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On this fiftieth anniversary of the IRE, all of us look forward to the advances sure to be
made in the next fifty years. But we thought it would he fun to look back fifty years and see
what the world was like in the year that the IRE was founded.

Peg Salzberg, the wife of AIL's Chief Scientist, contributed the ide« and most of the
material for this ad. It is arranged in the format that Tue New York TiMEs

NEWS SUMMARY

uses lo sunnmarize the news of the day.

the _year the ]RE was born

International

U. S. Troops land in China. U. S. Marines land in Cuba, Hon-
duras, and Nicaragua to maintain order and ta protect Ameri-
can interests.

General Monteagudo, commander in chief of the Cuban Gov-
ernment troops, formally turns over the government of the
province of Oriente to the civil authorities, declaring that the
revolution is over.

Russiantroopsadvanceinto Azerbaijan and northeast Khorosan.

The French General Gouraud defeats the Rogui of Sichtala,
said to have been France’s most troublesome enemy in Mo-
rocco.

War breaks out between Turkey and a confederation of
Greece, Serbia, Bulgaria, and Montenegro.

Andrew Carnegie sends a letter to the heads of all leading
nations, appealing for peace. “Get together often. Learn to
trust each other.”

Dr. Charles W. Eliot, former president of Harvard, returns
from a trip sround the world in the interests of universal peace.
1lis conclusion: ““International or national disarmament is not
taken seriously by the leaders and thinking men of the more
important peoples.”

The Arbitration League (which includes such eminent English-
men as Sir Arthur Conan Doyle, John Galsworthy, Sir William
Osler, and Sir William Ramsay) issues a “"'memorial protesting
against the use of acrial vessels in war™ and appeals *to all
Governments to foster an international understanding which
shall prevent the world from what they think would add new
hideousness to warfare. . . . To the argument that because
men fight on earth and water they may just as well fight in the
air, they reply that there has never yet been a moment when
it was practically possible to ban war machines of the earth or
the water, but there is a moment when it is practically possible
to ban those of the air. That moment is now before us, before
these machines have heen proved and great vested interests
have been formed.”

The board of directors of the Nobel Institute announce that
no Peace Prize will be awarded in 1912,

The Titanic, the world’s largest passenger ship, strikes an ice-
berg on her maiden voyage and sinks—with a loss of 1500
lives. (Iler wireless calls for help were heard by numerous
ships, but the radio room of the California, only a few miles
away from the sinking ship, had shut down for the night and
did not receive the distress signal.)

Captain Robert Falcon Scott and four members of his British
Antarctic Expedition reach the South Pole—only to find that
Amundsen with a Norwegian party had arrived about a month
earlier. (Scott’s party suffered extremely severe weather, and
on the way back their supplies ran short. Two men had already

died when Scott made his last camp—only 11 miles from a sup-
ply depot. The death of his party was not known until 1913,
when the rest of his expedition reached New Zealand. All sub-
sequent expeditions were equipped with wireless.)

A survey of noted Englishmen revealed this list of “The Ten
Greatest Living Men”’: Edison, Kipling, Roosevelt (Theodore),
Marconi, Lister, Chamberlain, Taft, Roberts, William II,
Metchnikoff. (Also rans: Wilbur Wright, Andrew Carnegie,
J. Pierpont Morgan, John D. Rockefeller, Puccini.)

The population of the world is estimated at 1,623,300,000.

ﬂ/-az'iona/

New Mexico and Arizona are admitted to the Union as the 47th
and 48th states.

April floods in the Mississippi valley leave 30,000 homeless

and cause damage of $30,000,000.

About 50,000 students will graduate from college this year;
this represents about 66 percent more students than graduated
ten years ago. . . . College tuition costs range from about $10
to $250: Harvard, Yale, and Princeton charge about $150.

A teacher sees the public school as *“'the most momentous
failure in our American life. Can you imagine a more grossly
stupid, a more genuinely asinine system tenaciously persisted
in to the fearful detriment of over 17,000,000 children and at a
cost to you of over $103,000,000 each year—a system that not
only is absolutely ineffective in its results, but also actually
harmful in that it throws every year 93 out of 100 children into
the world of action absolutely unfitted for even the simplest
tasks in life?”

There have been fewer lynchings in 1912 than in any previous
year since 1881—061 (v8 71 in 1911). But suicides have in-
creased from 12,242 in 1911 to 12,981 in 1912,

R. E. Olds, noted automobile designer, calls his Reo the Fifth
his Farewell Car because he believes that it represents the
ultimate in car design. The future, he says, will bring minor
changes, folderol and fashion, but a 35-horsepower 4-cylinder
car will doubtless remain the standard because greater power
is unnecessary and expensive. In the future, just this one car
will be made.

In six months, gasoline prices have increased from 6¢ per gal-
lon to 16¢ per gallon. ... "What do you know about mort-
gages?” I know all about mortgages. The first mortgage 1s for
the car; the second mortgage is for the upkeep.”

Headline on front page of **The New York Times,” December
28, 1912: “THE STOCK EXCHANGE IS TO REFORM
ITSELF”

The 51-hour-a-week law becomes effective in New York State.

... The Government sues the Erie Railroad for keeping fire-
men on duty more than 16 hours a day.
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As a result of the showing of American moving pictures, Ameri- G. W. Pierce, 2 Harvard professor, demonstrates a ’ ‘wireless
can styles of hats, shoes. clothing, and haircuts have become telephone™ with which he communicates between Gloucester
very popular in Belgrade. The American .IIIII).‘IS\-IdOI’ suggests and Cambridge, Mass.—a distance of about 35 miles.
ata iding farm machiner
;T,(,tul(l|l #:?,L::::J}::f:c?h':qpfr::Lu:,t"s i)t tarmimac e The new wireless station of the Navy Department at Arlington,
Va., which is one of the largest in the world, will send out time
Commissions delegated to investigate vice conditions in many su.n.nls to all parts of the United States.
large cities have uniformly found the public dancehall next to . . L. .
the saloon in the potency of its influence for evil. The Audion detector is coming into use, replacing crystals or y
the moving stecl tape in a magnetic field which are often used
During 1912, Broadway showed 97 new playﬂ. 36 new musical on board ships.
comedies, :m(l numerous revivals. **Peg o’ My lleart,” “Little
Women,” and “Within the Law” were some of the plays: /”“

George M. Cohan, Weber and Fields, and Laurette Taylor
were some of the performers. . .. The Metropolitan Opera
stars include Tetrazzini, Mary G.mlul. Scotti and Caruso.
Caruso earned about $90,000 in 1912 from *‘talking-machine
records.”

The Boston Red Sox win the World Series from the New York
Giants. (Christy Mathewson was a Giant pitcher.)

The chestnut tree blight is spreading and atfecting more and
more trees. Scientists and tree experts have not been able to
find any cure for it.

In a new wireless telegraph system devised by Prof. Zehnder,

no antenna is required.

OOV TOIV VIV VIO BRSBTS RO

LT
Marconi Station at Glace Bay, Cape Brel()n IsIund

TR

A law is passed (shortly after the Titanic disaster) requiring
ships carrying more than 50 passengers to have wireless equip-
ment capable of transmitting messages [ miles or more, an
auxiliary set with independent power supply, and at least two
skilled operators.

\ new law runurc% every station (operator) to obtain a license, s
to use %pul al call letters, and to (ltslgn.m. his normal sendmg =
and receiving wave lengths, (Fortescue, in a hook written in —
1912, describes the indiscriminate use of powerful transmitting A

apparatus by amateurs in the U.S.A. as resulting in chaos.)

llcndlinc on front page of *"The New York Times,” February

. 1912: “WIRELESS TO LINK ALL BRITISH EMPIRE” P

l‘\ery part of the empire, on which it is the Briton's proud =

boast that the sun never sets, will be linked by an immaterial VAN
chain formed out of the encircled either. A new Puck will girdle "

the earth.”

Sclence and ]nr)wtry

Headline in ““The New York Times,” February 1, 1912:
“GREAT BIOLOGISTS UNITE TO SEEK A CANCER
CURE” (Among them—Dr. Paul Ehrlich, Dr. A. von Wasser-
mann, and Dr. Metchnikoti.)

Headlines in "*The New York Times,” December 29, 1912:
*DR. LEO LOEB MAKES BOLD EXPERIMENTS IN CAN-
CER CASES. ST. LOUIS EXPERT ACHIEVES RESULTS
FROM COLLOIDAL COPPER THAT ARE CONSIDERED
REMARKABLE.”

Dr. 1L Glebeler reports *“The discovery of radium, uranium
and Lm.m.mon radiations in the spectruin of Nova Gemi-
norum.

Cutler-1lammer develops the ““world’s first practical, elec-
trically-controlled, pushbutton-operated gear shift mechanism
appllublt to the sliding gear transmissions of the automobile.”
The picture shows Miss Claire Rochester in her Premier car,
on which the C- Magnetic Gear Shift is regul.lr equipment.
(Miss Rochester is the famous “‘Liberty Girl,” who drove from
coast to coast in |1 days, to procure funds to illuminate the
Statue of Liberty.) Miss Rochester says she would not shift
gears by hand any more.

To raise_ money for charity, Miss Rochester drove up the
County Court House steps in San Antonio. llere is what she
says about the C-1I Magnetic Gear Shift: “‘For years I've
shifted gears by hand. Now, I simply press a button on my
Premier and electricity does the shifting for me. Today I
wouldn’t be bothered with the difficulty of shifting gears by
hand. No other up-to-date motorist should and wouldn’t if they
saw the Magnetic Gear Shift of the Premier.”

(In 1912, the [9-year-old Cutler-llammer organization em-

ployved 230 people. The median age of the forty people who to-
day make up AIL's senior statf was minus six years in [912.)
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your
service...

ation facilities
to solve your cooling needs

Rotron offers you unique services to test your
equipment under actual operating conditions of air
density, altitude, and other environmental conditions
affecting the cooling of your electronic packages,
space age instruments, and scientific apparatus.
Advanced laboratory facilities are located at the
main Rotron plant in Woodstock, N. Y. and in
Glendale, California.

This is a no-charge service, operated to provide
practical engineering assistance to our customers. The
unmatched physical facilities
are under the supervision

of competent personnel,
well-versed in the art of
forced air cooling equipment.

Call or write today
for complete

information r\ =

®
ROTRON] ROTRON nig.coinc.

WOODSTOCK, NEW YORK  ORiole 9-2401

West Coast: Rotron/Pacific, Division of Rotron Mfg. Co., Inc.
6915 San Fernando Rd., Glendale 1, Calif. « Victoria 9-3712
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. , Meetings /i
D with Exhibits

it

@® 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

May 14-16, 1962
NAECON (National Aerospace Elec-

tronics Conference), Bilimore lotel,
Dayton, Ohio

Exhibits: Mr. Robert J. Stein, 19 Beverly
Place, Dayton 19, Ohio

Way 2325, 1962

National Telemetering Conference,
Sheraton Park Hotel, Washington,
D.C.

Exhibits: Mr. L. H. King, Jansky &
Bailey Co., Shirley llighway & Edsall
Rd., Alexandria, Va.

May 24-26, 1962

IRE Seventh Region Conference on
“Space Commmunications,” Olympic
llotel, Seattle, Wash.

Exhibits: Mr. J. K. Schloss, 1520 N.E.
106th, Seattle 55, Wash.

June 12-14, 1962

Armed Forces Communications &
Electronics Show, Sheraton Park
Hotel, Washington, D.C.

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

June 18-19, 1962

Chicago Spring Conference on
Broadcast and Television Receiv-
ers, O’Hare Inn, Chicago, 1ll.

Exhibits: Mr. John H. Landeck, Admiral
Corp., 3800 W. Cortland St., Chicago
47, 1L

June 25.27, 1962

Sixth National Convention on Mili-
tary Electronics, Shoreham Hotel,
Washington, D.C.

Exhibits: Mr. L. D. Whitelock, 5614
Greentree Rd., Bethesda 14, Md.

June 25-27, 1962

Sixth National Conference on Pro-
duct Engineering & Production,
Los Angeles, Calif.

Exhibits: Mr. Lionel Crown, Interna-
tional Computer, 4301 Redwood Ave.,
Los Angeles 66, Calif.

August 21.24, 1962

Western Electronics Show and Con-
ference (WESCON), Ambassador
Hotel & Memorial Sports Arena, Los
Angeles, Calif.

Exhibits: Mr. Don Larson, WESCON,
g-35f La Cienega Blvd., Los Angeles,
alif.

(Continued on page 10.1)
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HYREL® ST Capacitors, developed and q

udlified

for use in the Minuteman Missile, are
NOW available to you in ALL RATINGS!

® Quality /00 times greater than that of
former high-reliability components! That’s the
ultra-high-reliability now demanded of
electronic parts in the Minuteman missile’s
intricate guidance and control system.

® An unmatched test history of over
127 million unit-hours backs up the design of
HYREL ST Capacitors to withstand the
rigorous performance requirements specified
for Minuteman components.

® The pioneer in solid tantalum capacitors,
Sprague is one of 12 nationally-known
manufacturers chosen to participate in the

Air Force’s Minuteman Component Develop-
ment Program of Autonetics, a division of
North American Aviation, Inc.

® All of the special processes and quality
control procedures that make HYREL ST
Capacitors the most reliable in the world can
now help you in your military electronic cir-
cuitry. A tantalum capacitor engineer will be
glad to discuss the application of these capaci-
tors to your missile and space projects. Write to
Mr. C. G. Killen, Vice-president, Industrial
and Military Sales, Sprague Electric Company,
235 Marshall St., North Adams, Mass.

SPRAGUE COMPONENTS L spRnGUE
CAPACITORS INTERFERENCE FILTERS HIGH TEMPERATURE MAGNET WIRE
MIC- NETWOR
RESISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS d THE MARK OF RELIABILITY
MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES i 1
TRANSISTORS PULSE-FORMING NETWORKS FUNCTIONAL DIGITAL CIRCUITS

*Sprague’ and ‘@ are registered tradewnarks of the Sprague Electric Co.

PROCEEDINGS OF THE IRE May, 1962 9A
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The “belicve-it-or-not”
product of the digital
module industry!

3C PACS SERIES H

ULTRA-HIGH SPEED
DIGITAL LOGIC MODULES

Being inserted above is the SM-40 plug-in serial delay ey
line memory which stores 1600 bits at 16 mc repeti-

tion rate. Shown is rear view of H-BLOC which has

capacity for up to 40 H-PACS.

The H-PAC Series truly represents a significant
contribution to the advancement of the state-of-
the-art of high speed digital logic. They provide
unsurpassed reliability and circuit design features
unavailable anywhere else. Some of the many
outstanding H-PAC characteristics are:

+ fan-out of 6 at 16 mc per output
+ fan-out of 10 at 10 mc per output
+ rise/fall time less than 10 nanoseconds

+ ordinary logic wiring techniques are util-
ized—shielded cables or twisted pairs are
not required

Most important, H-PACs are fully-proven by cus-
tomer usage. They are “in stock” — ready for
quick delivery.

Our 12-page Catalog H-1 contains comprehensive
technical data. Please write, wire, or phone for
your copy today.

PRODUCTS DIVISION

H-PACS/S-PACS/T-PACS/MIL.PACS/CORE MEMORIES/DICOTRONS/SONILINES

3C COMPUTER CONTROL COMPANY, INC.

EASTERN PLANT: 983 CONCORO STREET/FRAMINGHAM/MASSACHUSETTS
WESTERN PLANT: 2251 BARRY AVENUE/LOS ANGELES 64/CALIFORNIA

. il
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(Continued from page 8A)

!

August 29-September 1, 1962

Second International Conference on
Information Processing, Munich,
Germany

Exhibits: Dr. Heinz Billing, Max Planck
Institute, Munich, Germany

September 3-7, 1962

National Advanced Technology Man-
agement Conference, Opera House,
Seattle World’s Fair Grounds, Seattle,
Wash.

Exhibits: Mr. Hugh Fairclough, 1624
22nd Avenue East, Seattle 2, Wash.

October 1.3, 1962

Eighth National Communications
Symposium, Hotel Utica & Utica
Municipal Auditorium, Utica, N.Y.

Exhibits: Mr. Charles Glaviano, 45
Meadow Dr., Rome, N.Y.

October 2-4, 1962

Seventh National Symposium on
Space Electronics & Telemetry,
Fontainebleau Hotel, Miami, Fla.

Exhibits: Mr. Charles H. Doersam, Jr.,
Instruments for Industry, 101 New
South Road, Hicksville, L.I., N.Y.

October 8-10, 1962

National Electronies Conference, Mc-
Cormick Place, Chicago, Ill.

Exhibits: Mr. Rudy Napolitan, National
Electronics Conference, 228 N, LaSalle
St., Chicago, Il

October 15-18, 1962

Symposium on Space Phenomena &
Measurement, Statler Hilton Hotel,
Detroit, Mich.

Exhibits: Mr. J. B. Bullock, University
of Michigan, Ann Arbor, Mich,

November 1-2, 1962

Sixth National Conference on Prod-
uct Engineering and Production,
Jack Tar Hotel, San Francisco, Calif.

Exhibits: Mr. W, Dale Fuller, l.ockheed
Missiles & Space Div., P.O. Box 504,
Sunnyvale, Calif.

November 4-7, 1962

Fifteenth Annual Conference on En-
gineering in Biology and Medi-
cine, Conrad Hilton Hotel, Chicago,
1.

Exhibits: Professional Associates, Inc.,
6520 Clayton Rd., Saint Louis, Mo.

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 information.
You may address these notices to the
Advertising Department and of course
listings are free to |RE Professional
Groups.

WHEN WRITING TO ADVERTISERS PLEASE MENTION-—PROCEEDINGS OF THE IRE Moy, 1962



HOW TO TORTURE A MICROWAVE COMPONENT

Metcom puts every one of the microwave components it manufactures through a very special
kind of hell known technically as Dynamic Environmental Testing.

Here, for example, a beacon magnetron, hocked up to the barrel-shaped vibrator in the center
of this picture, is about to receive, electronically, the shaking up of its life. When it has passed this
particular test, it (and every other beacon magnetron with our name on it) will be placed in a
vacuum, and alternately frozen and cooked at temperatures ranging from —54°C to 125°C. And
that’s not all. Some from each lot will be sterilized — some will be tested to ultimate destruction.

No part of our job is more important than subjecting our own products to this uniquely thorough
dynamic environmental testing — to this very special kind of hell. Extra-rigorous testing is the best
guarantee there is of extra-reliable performance.

Whatever your requirements in microwave components, make sure they're by Metcom ... because
Metcom makes sure.

for better microwave tubes and devices. .......

Write for our folder comainir(;s
brief specifications on over 3
microwave tubes and devices.

METCOM INC.

| Y SALEM, MASSACHUSETTS

Anode assembly Magnetron aging Magnetron life test

PROCEEDINGS OF THE IRE May, 1962
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INSULATION FOR WATER-COOLED SYSTEMS

For carrying cooling water which must undergo a change in potential, use
of Lapp porcelain eliminates troubles arising from water contamination
and conductivity, sludging and electrolytic attack of fittings. Permanent
cleanness and high resistance of cooling water is

TUBE SUPPORTS assured—for positive cooling and long tube life.
for air-cooled tubes

No longer is it necessary for equipment
manufacturers to design supports for
forced-air-cooled tubes. After producing
many such special designs, Lapp has engi-
neered and built a complete series of in-
sulating supports for air-cooled tubes.

Use of these supports facilitates design of LAPP PORCELAIN PIPE

LAPP PORCELAIN WATER COILS
Twin-hole and single-hole models in sizes to pro-
vide flow of cooling water from 2 to 90 gallons
per minute. Cast aluminum mounting bases, lead
pipe or flexible metal hose for attachment.

transmitter and other high-power cir- Inside diameters 34” to 3", in straight, 90° and
cuits. Simple, compact, efficient and at- 180° elbpws, fictings. Swi.vel-type coqnections.
tractive in appearance, in porcelain or Standoff insulators attach directly to fitting bolts.
steatite, they make for economical produc- Write for Bulletin 301 with specifications for
tion, casy interchangeability, and availa- Lapp Porcelain Water Coils and Porcelain Pipe.

bility of replacement units. Write for
Bulletin 301, with complete description
and specification data.

LAPP GAS-FILLED CONDENSERS

Capacitance for high-voltage, high-current duty

The record of more than 18 years’ service, in thousands of instal-
lations, proves the reliability of the Lapp Gas-Filled Condenser.
For duty at high voltages and high currents, this unit offers the
advantages of extreme compactness . . . low loss . . . high safety
factor . . . constant capacitance under temperature variation . . .
grounded tuning shaft. . . and rugged sturdiness. Units available
in four tank diameters, 7’ to 18” . . . in fixed or variable capaci-
tance . . . capacitances to 30,000 mmf; current ratings to 390 amps
at 1 mc; voltages to 85 Kv peak. Write for Bulletin 302.



ENTRANCE H
INSULATORS 3

To eliminate losses which occur in e
ordinary types of bushings at radio
frequency, Lapp units use air as Ll
major insulation, porcelain path o
being lengthened by its “bowl”  —*& . W}
shape. In wide variety of types for o AR

most electrical and mechanical re- - MR-
quirements. ®
‘,-u. .

STAND-OFF o “.7,
INSULATORS . 7 ~==

]

Dependable mechanical and elec- alne
trical performance—and trim good .‘»Q
looks. Hundreds of standard and ..-1
special types available. v
Write for Bulletin 301, listing en- i LY
trance and stand-off insulators. “ ) & i

i [}

PLUG-AND-RECEPTACLE UNITS
for sectionalizing circuits

For panel-rack or other
sectionalized circuits,Lapp
offers a variety of plug-
and-receptacle units. Any
number of contacts can be
provided (in multiples of
twelve). Male and female
contacts are full floating,
for easy alignment and
positive contact. Contacts

T
BEARAL . . ,

[“‘B non ;Aﬁj silver plated, terminals tinned for solder-

e . ing. Insulation is steatite, the low-loss

= [ ceramic . . . non-carbonizing even under

leakage flashover resulting from contami-
nation, moisture or humidity. Write for
complete electrical and mechanical speci-
fications and recommendations.

JUU YUY
L‘}‘da:am

SPECIAL ASSEMBLIES

Lapp business is electrical porcelain, its application,
design, manufacture, and assembly. Our skill is in our
knowledge of the capabilities, and limitations, of
ceramic insulation . . . in engineering ingenuity to meet
specified requirements . . . and in efficient production.
If you have need for insulating parts and associated sub-

ANTENNA
STRAIN

INSULATORS

The largest of the por-
celain rod insulators
shown develops 12,000
Ib. strength. Available,
as specified, with rain
shield andfor corona
rings. Smaller units, in Iq
porcelain or steatite, |
for all strain or spread- |

4

er use. Engineering |
and production facili- | 3
ties also available for

special performance " ¥
units See catalog 301. '

ANTENNA TOWER
INSULATORS

Most of the world’s radio
towers are supported by
Lapp insulators, including
the tallest guyed mast ever
built. Through the Lapp
“compression cone,” im-
mense loads can be carried
by electrical porcelain.
Write for data on Lapp
footing insulators for self-
supporting radiators, mast-
base insulators, or guy in-
sulators.

assemblies, we may be able to show you how they can LAPP INSULATOR CO.,

be made most economically, to perform most efficiently.

INC.
RADIO SPECIALTIES DIVISION
150 SUMNER ST., LEROY, N. Y.




IRE News and Radio Notes

Current IRE Statistics
(\s of December 31, 1961)

Membership—98,084
Sections—111

Subsections—33

Professional Groups—29
Professional Group Chapters—295
Student Branchest—224

t See June, 1961, issue for a list,

Calendar of Coming Events
and Author’s Deadlines*

1962

May 1-3: Spring Joint Computer Con-
ference, Fairmont Hotel, San Fran-
cisco, Calif.

May 3-4: 1st International Congress on
Human Factors in Electronics, La-
fayette Hotel, Long Beach, Calif.

May 4-5: Bay Area Symp. on Reliability
and Quality Control, U. S. Naval
Postgraduate School, Monterey,
Calif.

May 8-10: Electronic Components Conf.
Marriott Twin Bridges Hotel, Wash-
ington, D. C.

May 14-16: MAECON, Dayton, Ohio.

May 14-16: Symp. on Thermionic
Power Conversion, Antlers Hotel,
Colorado Springs, Colo.

May 14-18: 156th Annual Convention
of the Medical Society of the State
of New York.

May 18: Space Medicine Spectra Anno
V of Space Exploration, Statler Hil-
ton Hotel, New York, N. Y.

May 22-24: Nat’l Microwave Theory
and Techniques Symp., Boulder,
Colo.

May 22-24: Conf. on Self-Organizing
Principles, Museum of Science and
Industry, Chicago, Ill.

May 23-25: Nat'l. Telemetering Conf.,
Sheraton Park Hotel, Washington,
D.C.

May 24-26: IRE 7th Region Conf. on
“Space Communications,” Olympic
Hotel, Seattle, Wash.

June 18-19: Chicago Spring Conf. on
Broadcast and Television Receivers,
O'Hare Inn, Chicago, Ill.

June 25-27: 6th Nat'l Conf. on Product
Engrg. and Production, Los Angeles,
Calif.

June 25-27: 6th Nat'l Convention on
Military Electronics, Shoreham Ho-
tel, Washington, D. C,

June 25-30: Symp. on Electromagnetic
Theory and Antennas, Tech. Univ.
of Denmark, Copenhagen.

June 27-29: Joint Automatic Control
Conf., New York Univ., New York,
N.Y.

June 27-28: 9th Annual Symp. on Com-
puters and Data Processings, Elk-
horn Lodges, Estes Park, Colo.

* DL = Deadline for submitting ab-
stracts,

(Continned on page 15A)
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N BS OFFERs
Rabp1o ProracatioN COuRrsk

The National Bureau of Standards will
present a three-week course in Radio I’ropa-
gation from July 16-August 3, 1962, at the
Boulder Laboratories, Boulder, Colo.

The course, sponsored by the NBS Cen-
tral Radio ’ropagation Laboratory in asso-
ciation with the University of Colorado, is
designed to give scientists and engineers
from universities, industry, and government
agencies access to the latest advances in
radio propagation research and show how
this knowledge can best be applied to the
design and development of communication
systems. It will consider communication via
the entire range of useable radio frequen-
cies in the atmosphere, space, underground,
and underwater, and will extend into the
modes of propuagation which are being ex-
plored for the future.

The Central NBS Radio Propagation
Laboratory in Boulder conducts continuous
studies designed to develop new methods of
communication and more efficient use of
the methods which now exist. This Labora-
tory is the central information agency of the
government on the propagation of radio
waves at all frequencies along the surface of
the earth, in the atmosphere, and in space.
The course is being offered as part of the
Laboratory’'s responsibility to help industry
and government design the most efficient
communication systems possible.

To facilitate transfer of academic credit
for students working on graduate degrees in
arcas related to radio propagation, the
course will be included in the Graduate
program at the University of Colorado.
Such students must plan an additional half
day at the end of the course to write a final
examination.

The 1962 course will employ a unitied
approach to both ionospheric and tropo-
spheric propagation stressing their similari-
ties and differences. Increased emphasis will
be given to both fundamental physics and

to systems applications. Lectures will be sup-
plemented by regularly scheduled informal
discussions conducted by all lecturers within
a particular topic group.

Prerequisites for the course are a Bache-
lor’s degree in electrical engineering, physics,
or other suitable academic or practical ex-
perience. A tuition is $300 for the entire
course running from July 16 through Au-
gust 3. A small additional University
registration fee will be required of students
who also desire academic credit.

Registration will be limited and early
application should be made to ensure con-
sideration. To facilitate local arrangements,
registration will be closed July 1, 1962. IFur-
ther details of the course and registration
forms will be available March 1, 1962, from:
Edmund . Brown, Education Director,
Boulder laboratories, National Bureau of
Standards, Boulder, Colo.

PGVC PRESENTS
CHAPTER OF THE YEAR AWARD

The Institute of Radio lingineers Pro-
fessional Group on Vehicular Communica-
tions presented its Chapter of the Year
Award for 1960-1961 to the Chicago Chap-
ter. The award was presented at the 12th
National Conference of the Professional
Group Vehicular Communications held in
Minneapolis, Minn., on November 30 and
December 1, 1961. J. E. Farley, presently
Chairman of the Chicago Chapter, accepted
the award for Chicago.

This Chapter organized an active pro-
fessional program covering the fast moving
developments in the mobile radio field last
year. Included in their program were papers
and meetings on Satellite Communications,
Airlines Radio, and a field trip of the new
communication facilities at O'Hare .\ir-
port, Chicago, Ill.

1960-1961 PGVC Chicago Chapter Officers: Left lo right: G. P. Schleicher (Membership), Jack Germain (Chair-
man), J. E. Farley (Vice.Chairman), F. Hilton (Secretary-Treasurer), B, ID. Wickline (Arrangements).

Moy, 1962



Captain Kenneth M. Gentry, USN, (lef?) receiving his decoration “Cavialeri Ufficiale” of the Order *Al Merito
della Repubblica ftaliana.” from Admiral Pecori Geraldi, Chief of talian Naval Staff.

CarTaIN KENNETH M. GENTRY
RECEIVEs DECORATION

Captain Kenneth M. Gentry, USN,
(Retired) has been decorated by the Italian
government for his work in establishing a
Supreme Allied Commander Atlantic anti-
submarine warfare research center in l[taly.
The decoration, called “Cavialeri Ufhciale”
of the Order “Al Merito della Repubblica
Italiana,” was presented by Chief of Italian
Naval Staff, Admiral Pecori Geraldi, in
Rome.

Captain Gentry served as Subcommittee
Chairman of the Naval Research Advisory
Commiittee which visited NATO countries
to investigate organizing the NATO re-
search laboratory. The recommendations of
this subcommittee and the subsequent nego-
tiations between nine NATO nations re-
sulted in setting up the center in LaSpezia,
[taly. Captain Gentry served as its first
Military Director, and for his work as di-
rector was awarded a Letter of Commenda-
tion from SACLANT, and a Letter of Ap-
preciation from the Scientific Advisory
Council of the nine NATO nations.

At present, Captain Gentry is Associate
Director of Research and Development for
Undersea Warfare and Electronic Counter-
measures for the Motorola Military Elec-
tronics Division, Chicago, 11l

IEE-IRE COOPERATE
IN LoNpON TV CONFERENCE

The International Television Conference
will be held in London, England, May 31 to
June 7, 1962. The Conference is organized by
the Electronics and Communications Section
of The Institution of Electrical Engineers in
association with the Television Society, the
British Kinematograph Society and the
IRE. The association of the IRE in the Con-
ference will provide an important example of
Anglo-American cooperation in the profes-

PROCEEDINGS OF THE IRE May, 1962

sional electronic field, which, it is hoped,
will set a pattern for the future.

The Conference will overlap the last
three days of the International Instruments,
Electronics and Automation Exhibition at
Olympia, London, and arrangements are
being made for those attending the Confer-
ence to attend the exhibition. The technical
program will also include visits to various
laboratories and industrial organizations.

The Chairmanof the Conference Organiz-
ing Committee is Robert C. G. Williams who
is also Chairman of the IRE Advisory Com-
mittee in the United Kingdom. Information
and registration forms may be obtained by
writing the Secretary, The Institution of
Electrical Engineers, Savoy Place, London,
W.C.2, England.

The provisional sessions of the Confer-
ence are as follows:

Thursday, May 31—Opening Session.

Friday, June 1 (morning)—Systems
Standards; (afternoon)—Signal Pick-Up
Tubes.

Monday, June 4 (morning)}—Frequency-
Assignment Problems, with a parallel session
on Television Recording—Programme and
Commercial; (afternoon)—Standards Con-
version, with a parallel session on Medical
Uses.

Tuesday, June 5 (morning)—Point-to-
Point Links, with a parallel session on Out-
side-Broadcast Equipment; (afternoon)—
Studio Design, with a parallel session on
both Scientific Applications and Data
Transmission.

Wednesday, June 6 (morning)—\\Vire
Broadcasting for Domestic Television, with
parallel sessions on Studio Design and Light-
ing, and Industrial Applications; (afternoon)
—DBroadcast Transmitter Equipment, with
a parallel session on Low-Light-Level Appli-
cations.

Thursday, June 7 (morning)—Domestic
Receiver Equipment, with a parallel session
on Space Applications; (afternoon)—Color
Television.

Calendar of Coming Events
and Author’s Deadlines*

(Continued from page 144)

June 28-29: 4th Nat’l Symp. on Radio
Frequency Interference, Town House
Hotel, San Francisco, Calif.

July 17-18: Data Acquisition and Pro-
cessing in Medicine and Biology,
Whipple Aud., Strong Mem. Hosp.,
Rochester, N. Y.

Aug. 14-16: Internat’l Conf. on Pre-
cision Electromagnetic Measure-
ments (former title: Conf. on Stand-
ards and Electronic Measurements),
Nat'l. Bur. Standards, Boulder, Colo.

Aug. 21-24: WSCON (Western Elec-
tronics Show and Conf.) Los Ange-
les, Calif.

Aug. 27-Sept. 1: 2nd Internat’l Federa-
tion of Information Processing So-
cieties Congress, Munich, Germany.

Sept. 3-7: Internat’l Symp. on Informa-
tion Theory, Brussels, Belgium

Sept. 3-7: Nat'l Advanced Technology,
Management Conf., Seattle, Wash.

Sept. 3-7: 4th Internat’l Congress on
Microwave Tubes, Kurhaus Hotel,
Scheveningen, Netherlands

Sept. 4-7: ACM Nat'l Conf., Hotel
Syracuse, Syracuse, N. Y.

Sept. 13-14: 10th Annual Engineering
Management Conf., Hotel Roosevelt,
New Orleans, La.

Sept. 13-14: Nat'l Symp. on Engineer-
ing Writing and Speech, Mayflower
Hotel, Washington, D. C.

Sept. 19-20: 11th Annual Industrial
Electronics Symp., Hotel Sheraton,
Chicago, Ill.

Sept. 28=29: 12th Annual Broadcast
Symp., Willard Hotel, Washington,
D.C.

Oct. 1-3: 8th Nat'l Communications
Symposium, Utica, N. Y. (DL*:
June 1, 1962, G. Baldwin, Paris Rd.-
R.D. 2, Clinton, N. Y.)

Oct. 7-12: AIEE 1962 Fall General
Meeting-—3rd Ann. Symp. on Switch-
ing, Circuit Theory and Logical De-
sign, Chicago, 1ll. (DL*: Apr. 1,
1962, W. Semon, Sperry Rand Res.
Ctr., North Rd., Sudbury, Mass.)

Oct. 15-18: Symposium on Space Phe-
nomena and Measurement, Statler
Hilton Hotel, Detroit, Mich.

Oct. 22-24: ECCANE, Emerson Hotel,
Baltimore, Md. (DL*: June 4, 1962,
W. C. Vergara, Dept. 466-2, Bendix
Radio, Towson 4, Md.)

Oct. 30-31: Spaceborne Computer En-
gineering Conf., Disneyland Hotel,
Anaheim, Calif. (DL*: June 15, 1962).

Nov. 1-2: Sixth National Conf. on Prod-
uct Engineering and Production,
Jack Tar Hotel, San Francisco,
Calif. (DL*: June 11, 1962, G. F.
Reyling, Varian Associates, 611
Hansen Way, Palo Alto, Calif.)

Nov. 4-7: 15th Annual Conference on
Engineering in Biology and Medi-
cine, Conrad Hilton Hotel, Chicago,
. (DL*: June 1, 1962, D. A, Hola-
day, Univ. of Chicago, 950 E. 59
St., Chicago, 1il.)

Nov. 5=7: Northeast Res. and Engi-
neering Meeting, Boston, Mass.
Nov. 12-14: Radio Fall Meeting, King
Edward Hotel, Toronto, Ont., Can-

ada.

* DL = Deadline for submitting ab-
stracts.
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Tudor R. Finch (right). chairman of the 1961 International Solid-State Circuits Conference, presenting one
of the annual conference awards to Hewitt D. Crane (left) for his outstanding paper on the Neuristor delivered

during the 1961 meeting.

SoLIp-STATE CIRCUITS
CONFERENCE Di1GEsTs OFFERED

Digests of Technical Papers for the
1962 International Solid-State Circuits Con-
ference held at the University of Pennsyl-
vania and the Sheraton Hotel, Philadelphia,
Pa., February 14, are being offered. The
digest (112 pages) includes illustrated con-
densations of all of the conference papers.

Copies are now available at $5.00 each
and can be obtained from: H. G. Sparks,
The Moore School of Electrical Engineering,
University of Pennsylvania, 200 S. 33rd
Street, Philadelphia, P’a. Remittance (pay-
able in U. S. currency) should be made pay-
able to the order of: Solid-State Circuits
Conference.

UNIVERSITY OF CALIFORNIA
PRESENTS SUMMER COURSE

The seventh annual summer Reliability
and Statistical Methods in Industry Course
will be presented at the University of Cali-
fornia, Los Angeles, Calif., July 30, through
August 24, 1962. The course will be jointly
sponsored by the Dept. of Engineering and
University Extension in cooperation with
the Los Angeles Sections of the American
Society for Quality Control, American Soci-
ety of Mechanical Engineers, American In-
stitute of Industrial Engineers, American
Institute of Electrical Engineers, the Small
Business Administration and the Society for
Non-Destructive Testing.

The program will be divided into two
sessions, each consisting of four courses of
two weeks each. The courses are planned for
key people whose responsibilities are con-
cerned with improved production including
inspectors, managers, engineers and others
involved in research and development.

16A WHEN WRITING TO ADVERTISERS PLEASE MENTION-—PROCEEDINGS OF THE IRE

Staff for this program is specially se-
lected from all parts of the United States and
includes recognized experts in their respec-
tive fields.

For a brochure of this program giving full
details of the above courses and other gen-
eral lectiires and special features, contact:
Edward P. Coleman, Professor of Engineer-
ing, University of California, l.os Angeles 24,
Calif,

NEW GEOsCIENCE PG
ANNOUNCES OFFICERS

At the first organizational meeting of
IRE's newest Professional Group, No.
G-29 on Geoscience Electronics, nine mem-
bers of an anticipated 15-member adminis-
trative committee were elected. The meeting
was held in Dallas, Tex., on February 15,
1962, under the guidance of Chairman pro-
tem Robert \W. Olson, Texuas Instruments,
Dallas. The committee members are, in addi-
tion to Chairman Olson (I°): M. A. Arthur
(SM), Humble Oil, Houston, Tex.; \V. T.
Born (F), Geophysical Research, Tulsa,
Okla.; R. A. Broding (SM), Century Geo-
physical, Tulsa, Okla.; Sidney Kaufman
(SM), Shell Development, llouston, Tex.;
B. H. List (M), Texas Instruments, Dallas,
Tex.; W. Harry Mayne (SM), Petty Geo-
physical, San Antonio, Tex.; F. C. Smith,
Jr. (SM), Dannemiller-Smith, Houston,
Tex.; H. W. Smith (SM), University of
Texas, Austin, Tex.

The remaining six positions on the ad-
ministrative committee will be filled at its
next meeting to be held during the 1962
SWIRECO Convention, April 11-13, in
Houston, Tex. It is planned for these to
represent other geographical areas and dif-
ferent branches of the geosciences from
those listed above. Interested members of
the IRE are invited to attend.

SPACE SYMPOSIUM
CALL FOR PAPERS

A Symposium on Space Phenomena and
Measurement will be held in Detroit,
Mich., October 15-18, 1962, Co-sponsors for
the Symposium are the IRE Professional
Group on Nuclear Science, the Atomic En-
ergy Commission, and the National Aero-
nautics and Space Administration.

Space environments and measurements
will be emphasized during the three-day
meeting but, in addition, a parallel session
will be presented on selected topics on space
nuclear propulsion, energy conversion, nu-
clear instrumentation and radiation effects.
Typical of the space exploration topics to be
included are: Measurement in the Radiation
Belts, Solar and Galactic Cosmic Ray Be-
havior, Electromagnetic IFields in the Solar
System, and X-Ray and Gamma Ray As-
tronomy.

*apers are being accepted for both ses-
sions of this meeting. One hundred word
abstracts should be submitted before July 1,
1962 to: Mr. Michael 1hnat, AVCO Corp.,
201 Lowell St., Wilmington, Mass. A rough
draft of the paper should be submitted to
the same address prior to September 1, 1962.

Further details relating to the Symposi-
um can be obtained by writing: Dr. Harold
E. DeBolt, AVCO Corp., 201 Lowell St.,
Wilmington, Mass.

INDUSTRIAL ENGINEERING
SEMINARS HELD AT CORNELL

Cornell University, Ithaca, N. Y., will
hold Industrial Engineering Seminars from
June 12 through June 15, 1962, The Sem-
inars are being sponsored by the Dept. of
Industrial and Engineering Administration,
Cornell University.

Participants enroll in one of the following
eleven groups and also attend general ses-
sions: Industrial Management, Engineering
Administration, Capital Investment I’lan-
ning (Theory and Practice), Operations
Management of the Smaller Company,
Work Measurement, Applied Operations
Research, Systems Simulation Using Digital
Computers, Techniques of Mathematical
Programming, Queuing and Inventory
Theory, Statistical Decision Making (The-
ory and Practice), and Statistical Reliability
Analysis (Theory and Practice).

The discussion leaders and speukers will
be specialists from both industry and the
staff of Cornell University.

The Seminars are offered to operating
management personnel in line supervision
and staff positions in industrial engineering,
production engineering, engineering admin-
istration, operations research, research and
development, quality control, production
and inventory control, cost control, mate-
rials management, warehousing, purchasing,
data processing, and the controller's func-
tion.

For additional information write: J. W,
Gavett, Seminars Coordinator, Dept. of In-
dustrial and Engineering Administration,
Upson Hall, Cornell University, lthaca,
N. Y.
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PANORAMIG

‘“the pioneer is the leader”
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JoiNT CONFERENCE
O~ AutoMaTiC CONTROL

The University of Texas, Austin, Tex.
has been selected as the location of the
fourth Joint Automatic Control Conference,
June 19-21, 1963. The first invitation of
papers will be made in February 1962, with
abstracts due at the end of September and
manuscripts by November 1. Such timing, an
innovation with the 1962 JACC, will permit
the mailing of complete preprints to pre-
registrants as much as a month bhefore the
conference.

Since the 1963 congress of the lnter-
national Federation on Automatic Control
follows the JACC by only three months and
should overlap it only slightly in attendance,
authors of 1FAC papers are being urged to
submit them also for JACC presentation.
Such dual submission is approved by the
American Automatic Control Council, and
is in fact encouraged for purposes of prac-
tice and criticism. Because of 1FAC copy-
right restrictions, such papers will be pre-
printed in abstract only.

Of the five member societics of the spon-
soring council, the American Institute of
Chemical Engineers has prime responsibility
for the 1963 JACC. Dr. Theodore ).
Williams, of Monsanto Chemical Co., St.
Louis, Mo., is General Chairman; Dr. Otis
l.. Updike, University of Virginia, Char-
lottesville, Va., is Technical Program Chair-
man; and Dr. William A, Cunningham,
University of Texas, Austin, Tex., is Local
Arrangements Chairman. Papers on control
theory, applications, or components will be
solicited through the sponsoring societies.

PaciFic ENERGY CONVERSION
CONFERENCE SET FOR AUGUST

The Pacific Energy Conversion Confer-
ence will be held at the Fairmont Hotel, San
Francisco, Calif., Angust 13-16, 1962,

The Conference is being sponsored by
the American Institute of Electrical Engi-
neers. Its purpose is to bridge the gap be-
tween scientific investigation and practical
application. Topics to be covered are: En-
ergy Storage, Thermoelectric, Magnetohy-
drodynamics, Thermionic, [Photovoltaic,
and Fuel Cells.

AIrR ForceE MARS
ANNOUNCES SCHEDULE

The schedule of broadcasts of the Air
IForce MARS Eastern Technical Net, oper-
ating Sundays from 2 to 4 r.M. EDST on
3295, 7540, and 15,715 kc, has been an-
nounced for May and early June:

May 6—*“Rectifiers for Amateur Radio
Power Supplies.” A panel of rectifier engi-
neers will discuss the theory, operation and
application of germanium and silicon recti-
fiers. J. Mengenast, moderator.

May 13—*“Presentation of the 1961
Edison Radio Amateur Award.” Rebroad-
cast of ceremonies attendant to the presenta-
tion of the 1961 Edison Award to William
G. Welsh, WISAD/6. Major General J. B.
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Bestic, Director of ‘l'elecommunications,
U. S. Air Force, speaker.

May 20—“Novel Equipment for the
MARS and Amateur Radio Station,” R.
Gunderson, Brille Technical Press.

May 27—*“Applications of Drift Tran-
sistors to Radio Receivers,” J. Englund, RCA
Research Laboratories.

June 3—“Transistor Multivibrator and
Logic Design Considerations,” B. Lohman,
RCA Semiconductor Products Division.

Grouvre TRAVEL PLaN
To IFIP CoNGRESs-62

IRE, members planning to attend the
IFIP Congress-62 may take advantage of
the new reduced-fare group travel plan. This
major international conference on informa-
tion processing, which is organized by the
International Federation for Information
Processing, will be held in Munich, Germany,
Augnst 27-September 1, 1962. Papers and
exhibits on computing and data processing
will be contributed by experts from many
rountries.

The reduced fare applies to a group of
25 or more who travel together, round-trip,
on the same regularly scheduled flights. IFor
example, the fare from New York to Munich
and back is $353.00 for each member of such
a group, compared with the $568.80 indi-
vidual fare on the same economy-class jet
flights. This substantial saving is available
to paid-up IRE members of any grade and
accompanying members of their immediate
family. Groups with various flight dates and
routings will be arranged as interest war-
rants. For further information please write
to: W. Buchholz, IBM Development Lab.,
P.O. Box 390, Poughkeepsie, N. Y.

Reservations should be made soon be-
cause seasonally heavy travel at the time of
the Congress may limit the number of
groups that can he organized.

NaATIONAL ADVANCED-TECIINOLOGY
MANAGEMENT CONFERENCE SET

The National Advanced-Technology
Management Conference will be held at the
Opera House on the Seattle World's Fair
Grounds, Seattle, Wash., September 3-7,
1962. The sponsors for the conference will
be: the American Institute of Chemical En-
gineers, the American Institute of Electrical
Engineers, the American Society of Civil
Engineers, the American Society of Mechan-
ical Engineers, the IRE, the Society of
American Military Engineers, the Society
for Advancement of Management, the Insti-
tute of Management Sciences, the National
Society of Professional Engineers, and the
University of Washington.

The theme of the conference is: An Ex-
position of Modern Systems Management
. .. Its Development and Practical Applica-
tion During an Era of Accelerating Tech-
nology. The conference is designed to create
an atmosphere sunitable for the exchange of
ideas, both theoretical and practical, on this

subject for advanced-technology program
managers.

Panel subjects under consideration are:
1) Information Management in Both Civil
and Military Science and Technology, 2)
How to Organize our Forces to Compete
with the Russians in the Military Area, 3)
A Summary of the Conference—to allow the
exchange of ideas about what the panel
members have found most signilicant in
what has been presented.

Workshop subjects under consideration
are: 1) Planning the overall program, 2)
Controlling the configuration of the end
product, 3) Quality assurance, 4) Final sys-
tem evaluation, 5) Allocation and control of
resources, 6) “lixploding™ technology.

The Proceedings ot the conference can be
purchased for $8.00 by writing to the:
National Advanced-Technology Manage-
ment Conference, 512 First Avenne North,
Seattle 9, Wash.

PROFESSIONAL GROUP NEWS

At its meeting held March 8, 1962, the
IRE Executive Committee approved the
following new chapters: Joint PG on Audio
and Broadcasting—NMontreal Chapter; PG
on Broadcasting and Broadcast and Tele-
vision Receivers to be combined to form one
Joint Chapter—Dhiladelphia Chapter; PG
on Communications Systems and Vehicular
Communications to be combined to form one
Joint Chapter—Philadelphia Chapter; PG
on Antennas and Propagation and Micro-
wave Theory and Techniques to be com-
bined to form one Joint Chapter—Phila-
delphia Chapter.

MILITARY ELECTRONICS
CONVENTION PROCEEDINGs

Convention Proceedings for the Third
National Winter Convention on Military
Electronics, held in Los Angeles, Calif.,
February 7-9, 1962, may be obtained from
the IRE Business Office. Mark requests at-
tention: Ray Banks, 1435 South La Cienega
Boulevard, l.os Angeles 35, Calif.

ScHEDULE CHANGED FOR
MAECON

The dates for the 1962 Mid-American
Electronics Conference scheduled for Nov-
ember 13 and 14, at the Hotel Muchlebach,
Kansas City, Mo., have been changed. The
conference will be held instead November 19
and 20 at the Continental Hotel, Kansas
City, Mo.

The conference's theme will be “Elec-
tronics and Automation.” Technical Papers
Chairman is Dr. J. N. Warfield, University
of Kansas, Lawrence, Kan.

For information regarding booth space
write: Charles E. Day, ¢/o R. W. Farris Co.,
Inc., 1715 Baltimore, Kansas City, Mo.

May, 1962



MODEL LE

Lindeck Microvolt Source for use as:

*A comparator in the calibration of volt

ratio boxes, saturated standard cells

and similar instrumentation.

A direct measuring instrument in_the

microvolt range.

Ranges: 0-1/2/5/10/20/50/100/200/500
uv; 1/2/5/200 mv; 2 v.

Accuracy: == .5% of full scale

Readout: SRIC Model C. 100 division,
6.3" hand-drawn scale. Accuracy
.25%. Diamond pivoted!

Application is described in NBS Paper

RP1419, “Testing and Performance of

Volt Ratio Boxes". Copies available

upon request.

Model PCM “Pocket-Pot.” A
new multirange, high sensitiv-
ity, miniature potentiometer,
with self-contained galvanom-
eter and battery operated
standardization circuit. in-line
readout. Continuous resolu-
tion on slidewire with 1 mv.
divisions. Infinite resistance
at null. Total measuring range
0-5.100 v. Plug in unit avail-
able to increase measuring
range to 500 v. and 1 amp.
(Model PC-S). Accuracy
+.05% of reading; =.5
mv. on x1 range; %=.1 mv.

on x.1 and x.01 ranges.

e
1,234 567 8

COMMANDER
TYPE 9120

SINGLE WINDOW

@ READOUT
A 4 dial, 7 figure precision potenti-
ometer with single window readout and

a resolution of 1 part in 20 million. Total
measuring range of 2.099,999,9 volts in
steps of .1 uv. is achieved without the
necessity of switching ranges. Accu-
racy =(.0015% of reading +.1 av.)

Facilities are incorporated to enable
the user to completely “Self Check”
the potentiometer within its guaranteed
accuracy. All positions on the measur-
ing dials are calibrated steps (no slide-
wire). Thermal emf's are less than .1 uv.

ELECTRICAL

SENSITIVE RESEARCH

MEASURING INSTRUMENTS SINCE 71927

COMMANDER
TYPE 9152P

w3,

portable constant temperature

MODEL PC-R

“Plug-in" Wheatstone Bridge for
use with PocketPot to make DC
resistance measurements from .1
@ t0 9.999 megohms. Accuracy is
%1% from .1 @ to 10 ©; =2%
above 10 @ to 1 megohm; 2%
above 1 megohm to 9.999 meg-
ohms.

COMMANDER Type 9770: Constant
current source for standardizing a
DC potentiometer or supplying a
stable current to any circuit in the
range of 10 ma. to 100 ma. Current
stability is =(1 ppm + stability of

air bath designed to eliminate the haz- @ reference cell).

ards involved in transporting_saturated
standard cells. It is an ideal transfer
standard when direct intercomparison
of saturated standard cells is desired
between a calibration laboratory and
NBS or between variously located cali-
bration facilities of the same organiza-
tion. Enclosure accommodates three
saturated cadmium cells constructed
with a porous partition to greatly im-
prove portability. Cells can be certified
to +.0001%

Weight (30 Ibs.) and box size (18" L x
10" W x 10” H) are convenient for hand
carrying. Provision is made for opera-
tion from a portable battery pack, a
110 volt AC line or a car cigarette
lighter outlet. Enclosure is maintained
at a nominal 32°C and is guaranteed
not to vary more
than +.01C° even
after continuous ex-
posure to ambient
temperatures down to
0°F (~17.4°C) in still air.
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COMMANDER Type 9180: A 3 dial, 5
figure version of the Dauphinee Po-
tentiometer. Accuracy =+.002% of
reading. Range: —10uv. to +2.10100
v. in steps of 10 uv. on X1. Additional
ranges of X.1, X.01 and X.001 with
resolution to .01 uv. Thermal emf's
less than .1 uv. “Self Checking”.

COMMANDER Type 9174: A dual
range, 2 dial, 4 figure microvolt po-
tentiometer. Thermal emf's less than
.02 uv. Accuracy *.01% of reading.
Range: —10 uv. to 4+ 1010 wv.

Model ESX: AC/DC, 0-150 v., electro-
static voltmeter with DC _scale ex-
pansion enabling practical readings
down to 2 v. Input resistances from
1x 10" Q.

SENSITIVE RESEARCH

INSTRUMENT CORPORATION

New Rochelle, N. Y.

COMMANDER
TYPE 9790

@ A DC amplifier for the measure-

ment of low level voltages in the frac-
tional microvolt range. Features are

1..03 uv. lowest range.
2. Immediate recovery _from overloads

of 1,000,000%.
. .003 uv. stability over a 24 hour period.
. Facility_for compensation of stray
thermal emf's.
5. Easy accessibility for maintenance
purposes.

& W

Output is 1 ma. into 1500 Q, or 1 mv., 10
mv. or 100 mv. F.S. Input resistance of
50 @ to 1000 2 depending on input trans-
former selected. Continuously variable
gain control. Calibration signals to the
input (accuracy =*5%) are .03/.1/.3/1/
3/10/30/100/300 uv. Response time is 2
to 5 seconds to 90% F.S.

COMMANDER instruments
are manufactured

for Sensitive Research by

Guildline Instruments, Ltd.,

Smiths Falls, Canada.
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Conference on Self-Organizing Systems

MUSEUM OF SCIENCE AND INDUSTRY, Cuicaco, ILL.,, May 22-24, 1962

Tuesday Morning, May 22

“The Organization of Organization,”
0. Selfridge, lincoln Lab., Massachusetts
Institute of Technology, Lexington, Mass.

“Self-Organizational Systems,” M. D).
Mesarovic, Case Institute of Technology,
Cleveland, Ohio.

“Self-Organization in the Time Do-
main,” D. M. MacKay, University College
of North Staffordshire, Dept. of Communi-
cation, Keele, Staffordshire, Eng.

“Integrative Processes,” J. D. Cowan,
Warren S. McCulloch, Research Lab. of
Electronics, Massachusetts Institute of
Technology, Cambridge, Mass.

Tuesday Afternoon

“Information Input Overload,” J. G-
Miller, Mental llealth Rescarch Institute,
University of Michigan, Ann Arbor, Mich.

“Learning Signal Detection,” M. Kac,
Rockefeller Institute, New York, N. Y.

“Optimization Through Evolution with
Sexual Recombinations,” H. J. Bremer-
mann, University of California, Dept. of
Mathematics, Berkeley, Calif.

The Automatic Formation of a I’rogram
which Represents a Theory,” S. Amarel,
Radio Corporation of America, Princeton,
N.J.

Wednesday Morning, May 23
“Natural and Artificial Svnapses,” L. D.

Harmon, Bell Telephone Labs.,, Murray
Hill, N. J.

“Logical Aspects of Neuristor Systems,”
H. Crane, Stanford Research [nst., Menlo
Park, Calif.

“Some Probabilistic Aspects of Au-
tomata with a Pushdown Memory,” M. P.
Schultzenberger, Harvard University Medi-
cal School, Boston, Mass.

“Efficient Adaptive Systems and their
Realization,” J. H. lolland, University of
Mich., Ann Arbor, Mich.

“Empirical Laws and Physical Theories;
Discussion of the Respective Roles of In-
formation and lmagination,” L. Brillouin,
Columbia University, New York, N. Y.

Wednesday Afternoon

“Majority Logic,” S. Muroga, Inter-
national Business Machines Corp., York-
town Heights, N. Y.

“Interaction Between a Group of Sub-
jects and an Adaptive Automaton to I’ro-
duce a Self-Organizing System for Decision
Making,” G. P’ask, Systems Research Ltd.,
Richmond, Surrey, Eng.

“Cybernetic Ontology and the Trans-
junctional Operator,” G. Gunther, Univer-
sity of lllinois, Urbana, Il

“Some I’roblems of Basic Organization
in Problem-Solving Programs,” A. Newell,
Carnegie Institute of Technology, Ditts-
burgh. ’a.

“Training Sequences for Mechanized In-

duction,” R. J. Solomonoff, Zator Co., Cam-
bridge, Mass.

Thursday Morning, May 24

“Adaptive ‘Neuron’ Memory System,”
B. Widrow, Stanford University, Stanford,
Calif.

“A Comparison of Several Perceptron
Models,” Frank Rosenblatt, Cornell Uni-
versity, Ithaca, N. Y.

“A New Class of Multi-Layer Series in
Coupled Perceptrons,” A. G. Konheim,
International Business Machines Corp.,
Yorktown Heights, N. Y.

“Simple Tests for Linear Separability as
Applied to Self-Organizing Machines,” R. C.
Singleton, Stanford Research Inst.,, Menlo
Park, Calif.

Thursday Afternoon

“Remarks on the Algebra of FFunctors,”
K. Menger, Illinois Institute of Technology,
Chicago, Il

“A Feedback Coding Theory of Learning
and Cognition,” H. H. Kantner, Armour
Research Foundation, lllinois [nstitute of
Technology, Chicago, 11l

“Some Similarities Between the Be-
havior of a Neural Network Model and
Electrophysiological Experiments,” P. G.
IFarley, Lincoln Lab., Massachusetts Insti-
tute of Technology, Lexington, Mass.

“The Representation of Information by
Neural Net Models,” PP. H. Greene, Uni-
versity of Chicago, Chicago, Il

1962 National Microwave Theory and
Techniques Symposium

Tuesday Morning, May 22
Session I—Microwave Frontiers

Chairman: Dr. D. D. King, Electronic
Communications, Inc., Timonium, Md.

“Millimeter \Wavelength Resonant Struc-
tures,” R. V. Zimmerer, M. V. Anderson,
G. L. Strine, and Y. Beers, National Bureau
of Standards, Boulder, Colo.

“Superconducting Delay Line,” R. J,
Allen, A. J. Cummings, and F. M. Kudo,
Martin Marietta Corp., Baltimore, Md.

“Ferroclectric Phase Shifters for VHF
and UHF," M. Cohn and A. F. Etkenberg,
Electronic Communications, Inc., Timoniun,
Md.
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BouLbgR, CoLo., May 22-24, 1962

Tuesday Afternoon
Session II—Theory, Waveguide Properties

Chairman: Prof. A. A. Oliner, Microwave
Research Institute, Polytechnic [Institute of
Brooklyn, Brooklyn, N. Y.

“Microwave Propagation in an Over-
dense Bounded Magnetoplasma,” B. Wieder,
National Bureau of Standards, Boulder, Colo.

“Measurements of Field Strength on Res-
onator Boundaries by Perturbation of
Radiation Field,” /. Hefni, Lincoln Lab.,
M.I.T., Lexington, Mass.

“General Power Loss Method for At-
tenuation of Cavities and Waveguides,”
J. J. Gustincic and R. E. Collin, Case Insti-
tute of Technology, Cleveland, Ohio.

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

Session III—Theory, Waveguide
Discontinuities

Chairman: Prof. A. A. Oliner, Microwave
Research Institute, Polytechnic [Institute of
Brooklyn, Brooklyn, N. Y.

“Perturbation Theorems for Waveguide
Junctions, with Applications,” D. M. Kerns
and 11", T. Grandy, Jr., National Bureau of
Standards, Boulder, Colo.

“Investigations of the Retlection from a
Junction of an Ideal Rectangular \Waveguide
with One Having Rounded Inside Corners,”
. J. Anson, R, 1I". Beatty, D. M. Kerns, and
W. T. Grandy, Jr., National Bureau of
Standards, Boulder, Colo.

May, 1962



Sorry,
but your resistor specs
just went out of date

Now Corning supplies total AR
less than 3% with no derating

Start a design with known limits of resistance deviation as
tight as that and you can specify other components with
more certainty and more freedom.

Drop an amplifier stage? Use broader tolerance, cheaper
tubes or transistors?

That’s what our new Corning Design Tolerances are all

Model | Resistance (chms) | Corning Design Tolerance
NF 60 100 to 100K

(Meets Mil-R-10509D) 65 100 to 348K 3%

N 60 10 to 133K

(Meets MIl-R-10509D) 65 10 to 499K 3%
70 10 te 1 meg.

20 51 to 150K

c 5% (plus purchase
(Meets Mil-R-22684) 32 51 to 470K

tolerance of either
2% or 5%)

42 10 to 1.3 meg.

PROCEEDINGS OF THE IRE May, 1962

about. They give you a percent deviation from nominal that
includes the purchase tolerance, maximum AR due to TC,
and maximum load-life drift. They’re based on extended
performance at full power and 70°C. ambient for over
30,000 hours.

We’ve assigned them to resistors that cover the 10 ohm—1
meg. range: the fusion-sealed NF, the precision N, and the
low-cost, high-performance general purpose C. They're
available fast, and at factory prices, from your local Corning
distributor.

A new folder, “Design Tolerances for Tin Oxide Resis-
tors,” gives you full information. Write for a copy to Corning
Glass Works, 542 High St., Bradford, Pa. . . . and sharpen
your pencil.

CORNING

Electronic Components
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“Electromagnetic Diffraction by a Planar
Array of Circular Disks,™ I, H. Eggimann
and R. E. Collin, Case Institute of Technol-
ogy, Cleveland, Ohio.

“The Representation of \Waveguides
Containing Small Ferrimagnetic Ellipsoids,”
L. K. Anderson, Bell Telephone Labs.,
Murray IIill, N. J., and H. J. Shaw, Stan-
ford University, Stanford, Calif.

Wednesday Morning, May 23
Session [V—Filters

Chairman: Dr. S. B. Cohn, Rantec Corp.,
Calabasas, Calif.

“Interdigital, Band-’ass Filters,” G. L.
Matthaei, Stanford Rescarch Institute, Menlo
Park, Calif.

“Microwave Bandstop Filters with Nar-
row Stop Bands,”™ L. Yeung, G. L. Maithaei,
Stanford Research Institute, Menlo Park,
Calif., and E. M. 1. Jones, TRG-West,
Menlo Park, Calif.

“The Design of Branch-Guide Couplers,
with Applications to the Suppression of
Spurious Frequencies,” L. Young, Stanford
Research Institute, Menlo Park, Calif.

“An Electronically Turnable Band-Pass
Microwave Filter,” [I. Kaufman, Space
Technology Labs., Inc., Canoga Park, Calif.,
and W. II. Steier, University of Illinais,
Urbana, Il

Session V—High Power

Chairman: Dr. S. B. Cohn, Rantec Corp.,
Calabasas, Calif.

“A New Technique for Multimode
Power Measurement,” J. J. Taub and J.
Goldberg, Airborne Instruments Lab., Deer
Park,L.I.,N. Y.

“A Novel lligh-I’'ower Harmonic Sup-
pressor,” E. Wantuch and R. M. Maines,
Airtron, Inc., Morris Plains, N. J.

“Layered Media as Hligh Power Micro-
wave Absorbers,” S. R. Steele and R. J.
Briges, Raytheon Co., Burlington, Mass.

“Fine Grain Spectrum Analysis of Pulsed

Microwave Amplifiers,” R. F. Koontz, Radio
Corp. of America, Moorestown, N. J.

Wednesday Afternoon
Session VI—Measurements

Chairman: R. IW. Beatty, National Bu-
reau of Standards, Boulder, Col.

“Subtle Differences in System Noise
Measurements and Calibration of noise
Standards,” 1. AMukaihata, B. Walsh,
M. F. Bottjer, and E. B. Roberts, Hughes
Aireraft Co., Culver City, Calif.

“An Accurate Millimeter Wave Loss and
Delay Measurement Set,” M. B. Chasck,
Bell Telephone Labs., Murray Hill, N. J.

“Microwave PPhase Comparator,” J. 4.
Kaiser, H. B. Smith, Jr., V. H. Pepper, and
J. H. Little, Diamond Ordnance Fuze Labs.,
Washington, D. C.

“Waveguide Perturbation Techniques in
Microwave Semiconductor Diagnostics,”
K. S. Champlin and D. B. Armstrong, Uni-
versity of Minnesota, Minncapolis, Minn.

Session VII—Components

Chairman: R. 1", Beatty, National Bu-
rean of Standards, Boulder, Colo.

“Further Developments in Dielectric
Waveguide Devices for Millimeter Wave-
lengths,” C. E. Barnes, Bell Telephone Labs.,
Murrav Hill, N. J.

“Phase Shift Characteristics of Dielectric
Loaded Waveguide,” G. F. Bland and A. G.
Franco, International Business Machines,
Yorktown Heights, N. Y.

“Ferrite Switches in Coaxial or Strip
Transmission Line,” C. E. Fav, Bell Tele-
phone Labs., Murray Hill, N. J.

“A 6 KW DPeak Power Varactor Du-
plexer,” J. C. Iloover, Sperry Microwave
Electronics Co., Clearwater, Fla.

Thursday Morning, May 24
Session VIII—Limiters

Chairman: M. T'. Lebenbaum, Airborne
Instruments Lab., Deer Park, L. 1., N. Y.

“Bandwidth of Tem Diode Limiters,”
R. V. Garver and J. A. Rosado, Dianond
Ordnance Fuze Labs., Washington, D. C.

“Frequency-Selective Limiting,” K. L.
Kotzebue, Watkins-Johnson Co., Palo Alto,
Calif.

“Operation of a Microwave Garnet
Limiter,” R. L. Comstock and L. J. Varnerin,
Bell Telephone Labs., Murray Hill, N. J.

“A Coincidence Region Power Limiter
Using Monocrystal Lithium Ferrite at 6500
Me,” S. Okwit, Airborne Instruments Lab.,
Deer Park, L. 1., N. Y.

Session I X—Parametric Amplifiers

Chairman: M. T. Lebenbaum, Airborne
Inustruments Lab., Deer Park, L. I.,N. Y.

“Multiple Pumped Parametric Ampli-
fiers,” G. Spacek and R. Brewster, General
Motors Corporation Defense Systems, Santa
Barbara, Calif.

“Broadband Parametric Amplifiers,” R.
Pettai, Micro State Electronics Corp., Murray
Hill, N. J., and B. B. Bossard, Radio Corp.
of America, N. Y., N. V.

“large Signal PProperties of Non-Degen-
erate  Varactor Parametric Amplifiers,”
D. Jackson, Boeing Co., Seattle, Wash.

“Design of a Wideband Tunnel Diode
Preamplifier for Phased Array Radars,”
D. . MacGlashan, Bendix Corp., Baltiniore,
Md.

Thursday Afternoon

Session X—(Invited Session) Future
of Microwave and Solid State

Chairman: Dr. K. Tomiyvasu, General
Electric Co., Schenectady, N. Y.

“Masers and Millimeter Waves,” Prof.
F. S. Barnes, University of Colorado, Boulder,
Colo.

“Microwaves and Solid State,” Dr. B.
Lax, Lincoln Lab., M.1.T.., Lexington, Mass.

“Coherent Wave Optics, New IFrontier
of the Microwave Art,” A. G. Fox, Bell Tele-
phone Labs., Holmdel, N. J.

IRE Seventh Region Conference

OryMeic HOTEL, SEATTLE, Wasi., May 24-26, 1962

“Space Communications” is the theme of
the 1962 IRE Seventh Region Conference
which will stress the impact of electronics on
the cultural and social life of the future.

All hotel reservations are being handled
only through the Seventh Region Confer-
ence Housing Bureau. The bureau will hold
hotel space until April 23. Your request
must be accompanied by a deposite of $15.00
a room, payable to “IRE Seventh Region
Conference.” Acknowledgment will be made
by the hotel. Cancellations must be received
by May 8 for any refund.

The Board of Directors of the IRE and
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of WESCON are also meeting during the
period of the Seventh Region Conference.
The program will be as follows:

Thursday Morning, May 24
Session 2A—Antennas

Moderator: Dr. N. Yaru, Hughes Air-
craft Co.

“Giant Aperture Antennas for Space
Applications,” C. J. Sletten and P. Black-
smith, Jr., Electromagnetic Radiation Lab.
AFCRL.

“Antennas for the Naby Space Surveil-

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

lance System,” C. A. Bartholomew, Space
Surveillance Group NRL.

“Cassegrain Design Procedure,” P. A,
Jensen, Hughes Aircraft Co.

“High Power Dual Polarized Monopulse
Feed,” E. D. Burnett, Hughes Aircraft Co.

Session 3A—Electronics in Education

Moderator: T L. Martin, Dean, College of
Engineering, University of Arizona.

Panel members: Prof. W. W. Harman,
Electrical Engineering Dept., Stanford Uni-
versity.

May, 1962



How much better is 2N960 Series Epitaxial Mesa?

»

r

#

pLUG Il

REPLACEMENT CHART®

| i
o | ZNIGO | 2N96T | 2N962 | 2N364 ! 2N965 | 2N966
croalloy Oiffused | 2NS01 2768 2N979 INTT9
2NB46 28769 M1493A 2N976
2N984 281500 2M982
| | | 2nes3 | i
Vesa [ 2705 NI | ow7s2 | ow7es | 2wree [ 2w1300
. . . . . . . N710 | 2NT11A 2N938 2N1683 2NT94
Is it true that Motorola's germanium. epitaxial, 2N960 switching ! Wil | 2nosa ‘ * [
o . o . . 2N781 2N1301
series will supplant nearly all other germanium micro-alloy, drift, ' !
. . - . . Micto alloy l 224 | 281122 I 2M1411 24393
mesa. and other transistor types for high-speed switching applica- | | w2 |
- . . . . ) | T 1
tions? And is it true that the Motorola series is even faster and per- Aoy [ | e
. ° | 5 3 ey I | | |
forms better than advertised? The best way to find out is to try it! i =5 |l . | et
. . pe . 20644 2N14AS0
Use the adjacent Replacement Chart and Specifications as a | meas | J
guide. and try any of these six remarkable new Motorola devices 1 geability of types shown 15 on the basis of performance in most switching circuit applications
in your circuits. Judge for vourself what the advantages are. _|
Samples are available from your local Motorola District Office. I MOTOROLA GERMANIUM EPITAXIAL SWITCHING TRANSISTORS
Ask also about Motorola’s low prices — in many cases, they are ! 2N960 | 2N961 | 2N962 | 2N964 | 2N965 | ZN966 | UNITS
. " . -
considerably lower than those for old type devices. I 10 50 0oma | 20| 20| 20| a0| a0 | a0 | —
. W
Some of the Published Advantages of the Motorola 2N960 @10 mA" 20| 20f 20| 18| 18] 18 | vens
LT @ 50 mA a0 | 40| a0 | 35 | 35| .35 | Voits
Sanies: Lo . @ 100 mA 76| 70| 70| 60| 60| 60 | Volts
faster switching time Ty
oLn a 1¢=20 mAdc 300 mc all types
guaranteed minimum Beta over a wide current range Var=1.0 Vdc
. specified at 10, 50, and 100 mA | s
low saturation even at 100 mA :':‘m"(‘)‘:&dc Soiy soil 90 | 80Nl 804 S0 B gL
. c=
rugged Motorola mesa construction 14=5 mAdc 125 | 125 | 1s0 | 125 | 125 | 150 | ec
the most comprehensive and conservative published ' = 0.6 nsec typical all types
specifications of any similar switching transistors (!
proven reliability from the world's largest manufacturer of y 0.5 nsec typical all types
germanium epitaxial transistors “ All types have 150 mW dissipation in free air,
Il 300 mw at 25°C case temperature

For more information on this important

new mesa series, contact your Motorola | | 1
District Office, or call or write: Motorola

Semiconductor Products Inc., Technical I o l A
Information Department, 5005 East

McDowell Road, Phoenix 8, Arizona.

Semiconductor Products Inc.

MOTOROLA DISTRICT OFFICES:
Belmont, Mass. / Burlingame, Calif. / Chicago / Cleveland / Clifton,

N.J. / Dallas / Dayton / Detroit / Garden City, L.|. / Glenside, Pa. ) A SUBSIDIARY OF MOTOROLA. INC 1882
Hollywood / Minneapolis / Orlando, Fla. / Phoenix / Silver Spring, Md, T p——
Syracuse / Toronto, Canada. 5005 EAST McDOWELL ROAD » PHOENIX 8, ARIZONA
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Praof. D. K. Weaver, Director of Electron-
ics Research Lab., Montana State Universily.

Prof. A. V. Eastman, Chairman, Electri-
cal Engineering Dept., Universily of Wash-
inglon.

Prof. D. O. Peterson, Director of Electron-
ics Research Lab., University of California,
Berkeley, Calif.

Thursday Afternoon

Session 1A—Propagation and Ionospheric
Physics

Moderator: R. A. Helliwell, Radio Sci-
ence Lab., Stanford University.

“Topside Sounder,” R. 1.
National Bureau of Standards.

“Measurementof Ion Composition Above
the F: Peak,” T. W. Flowerday and D. D.
McKibbin, Lockheed Missile and Space Co.

“Interpretation of VLF Propagation-
Measurement on the LOFTI Satellite,” R. L.
Smith, Radio Science Lab., Stanford Univer-
sity; L. H. Rorden, Stanford Research Insti-
tute; R. A. Helliwell, Radio Science Lab.,
Stanford University. .

Knecht,

Session 1B—Satellite Communication

Moderator: Dr. G. H. Keitel, Philco
Corp., Palo Alto, Calif.

(Title to be announced), S. H. Reiger,
The Rand Corp.

“A Review of Defense Communications
Satellite Program,™ R. L. Clark, Department
of Defense, Washington, D. C.

“The Impact of Communication Satel-
lites on Civilian Communications,” R. T.
Haviland, General Electric, Philadel phia, Pa.

Session 2C—Advanced Circuit
Techniques

Moderator: Lt. Col. J. K. Schloss, USAF
(Ret.)

“Principles, Practices and Problems of
Protective DPackaging of Semi-conductor
Devices,” Dr. S. 8. Flaschen, Semiconductor
Product Div., Matorola Inc., Phoenix, Aris.

“Protection  and Interconnection  of
Space Quality Microcircuits,” G. J. Selvin,
Microelectronics Lab., Sylvania Electric Prod-
ucts.,

“Packaging of Miniaturized Electron-
ics,” E. C. Singletary, Texas I[nstruments
Inc., Dallas, Tex.

“System  Packaging  with  Molecular
Electronics,” J. McKinley, Air Arm Division,
Westinghouse Electric Corp.

Packing

Friday Morning, May 25
Session 2B—Devices

Moderator: W. G. Shepherd, [lead of
Electrical Engineering Dept., University of
Minnesota.
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Beam
C. M.

“High Power Linear Electron
Tube for Space Communication.”
Veronda, Sperry Electronic Tube Div.

“The  Solid-State  Traveling-\Wave
Maser,” Dr. R. W. DeGrasse, Microwave
Electronics Corp.

“MM Wavelength Vacuum Tube De-
velopment,” G. Convert, Compagnie generale
de telegraphie Sans Fil, Paris, France,

“The Design of Optical Masers,” Dr.
J. C. Axtell, The Boeing Co.

Session 3C—Electronics in Business

Moderator: H. W. Haines, Vice Presi-
dent Finance, The Boeing Co.

“Impact of Electronics on Suppliers of
Equipment,” W. Hume, President of 1.B.M.
Data Processing Div.

“Impact of Electronics on Systems and
Methods of Applying Electronics in Busi-
ness,” N. Ream, Director of System and
Procedures, Lockheed Co.

“Impact of Electronics on Business in
European Market,” . Reinoud, Director in
Chief, Netherlands Postal and Telecommuni-
cations Services.

“lmpact of Electronics on Finance,
Banking and Stock Market.” J. H. Moller,
Director Merrill Lynch, Pierce, Finner and
Smith.

Session 3E—~Student Papers

Moderator: Prof. I. J. Sandorf, Univer-
sity of Nevada.

“Impact of Electronics on People Busi-
ness and Management in Century 21,” J.
Diebold, President John Dicbold and Associ-
ales.

Friday Afternoon

Session 1D—Space Experiments and
Communication

Moderator: S. H. Reiger, The Rand Corp.

“Ranger III Lunar Impact Television
Experiment,” R. C. Ileyser, Jet Propulsion
Labs.

“JPL Venus Radar Experiment,” M. H,
Brackman, Jet Propulsion Labs.

“Influence of the Sun on Space Com-
munication,” D. W. Swayze, Philco Corp.,
Palo Alto.

“An Approach to Space Craft Data
Handling and Experiment Control,” R. W,
Waller, Chief Engineer, Western Div., Com-
puter Control Co.

“A Microwave Radioweter for a \'enus
Fly-By Probe,” D. Jones, Jet Propulsion
Labs.

Session 2D—Secondary Power

Moderator: W. C. Scott, Chief, Space
Power Technology Program, NASA.
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“Solar Thermo—DMechanical Power,”
J. A. Rudy, New Devices Labs., Thompson
Ranto-Wooldridge.

“Solar Photovoltaic Devices,” A. Klam-
mer, Jr., Power Sources Unit, The Boeing Co.

“Biological Fuel Cell,” Commander F. W.
Anders, Bureau of Ships, U.S.N.

“Nuclear Radioisotope Power,” Capt.
R. T. Carpenter, Auxiliary Power Branch,
U. S. Atomic Energy Commission.

Session 3D—Electronics in 2012 AD

Moderator: Dr. L. Fields, Manager, Mi-
crowave Tube Div., Hughes Aircraft Co.

“Automatic Handbook,” N. Rochester,
1.B.M.

“Electronic Nirvana,” D. E. Noble, Exec-
utive Vice President, Motorola, Phoentx.

“Electronic Mastering of Ship,” Rear
Adm. Bennett, Vice President Director of En-
gineering, Sangamo Electric Co.

(Title to be announced), W. 0. Mec-
Guigan, Assistant General Manager Engi-
neering, Stanford, Research Institute.

“Electronics and Health Care,” V. K.
Zworykim, Vice President and Technical
Consultant, David Sarnoff Research Center
RCA Research Labs., Princeton, N. J.

Saturday Morning, May 26
Session 1C—Radio Astronomy

Moderator: R. S. Lawrence, National
Bureau of Standards.

“Jupiter Radiation,” Dr. J. D. Warwick,
University of Colorado.

“University of Illinois Radio Telescope,”
Dr. G. W. Swenson, University of Illinois.

“Radar Reflections from the Solar
Corona,” Dr. J. M. Chisolm, Lincoln Labs.

“The 300 ft. Transit Radio Telescope at
the National Radio Astronomy Observa-
tory,” Dr. J. W. Finley, National Radio As-
tronomy Observatary.

Session 2E—Radiation Effects on
Electronic Equipment

Moderator: W. L. Brown, Bell Telephone
Lab.

“Radiation Environment for Space Elec-
tronics,” Prof. S. F. Singer, University of
Maryland, JPL.

“Radiation Effects on Solar Cells,” Dr.
J. M. Denny, Space Technalogy Labs.

“The Implication of Nuclear-Powered
Space Systems to the Radiation Effects
I’roblem,” Dr. J. C. Lee, Lockheed Missiles
and Space Div.

“Prediction  of Transient Radiation
Effects on Electronic Equipment,” Dr. G. L.
Keister, The Boeing Co.
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VARIABLE RESISTORS

Complete Line. Whatever you need, CTS has it or can make it to your Exact Requirement.

HIGH QUALITY

CTS’ world-wide sales organization will Lou DSPEAKERS
help solve your variable resistor iR :m:g RESISTANCE CTS
(watts) (ohms) SERIES c
COMPOSITION VARIABLE RESISTORS ‘ ‘ \
. COMMERCIAL 15/16" 1/4-1 20002—10 megs | 45 ;
15/16" 1/4 25002—15 megs | Q
3/4" 2/10.3/10 | 2500—5 megs | 70 .
6 5/8" 2/10-1/4 |2509—2.5 megs | 200 {
9/32" 1/10 5000—10 megs | M250 . \ -
'
2 & 3 section . - X
sida by Side 1/4-1/3 | 25002—10 megs xgg /
us2 *Carbon- »,\ 4 ’.’
2 & 3 section of| GBS . '
side by side 1/4 5000—10 megs ;igg‘ -
MIL-R- ;
S P ske—somegs |wve | sm Complete Line
MILITARY 1.1/8" 2 1009—10 megs | 96 RV4 F 2 i
-— 1-1/8" 2 100¢:—10 megs | 95 rom 3” tweeter...through
- 15/16" 1 1000—5 megs 90 RV2 all-purpose round and el-
;%16” i;g 18811—;55mees gg RS liptical . . . to 15" woofer.
B 1—2.5 megs Precision workmanshi
172" 3/4 1000—2.5 megs | 300* |RV6 produces the closeststhoﬁ
— WIREWOUND VARIABLE RESISTORS -Carbon-Ceramic erances between moving
COMMERCIAL 1-17/32" |4 39—25K 25 coil and magnet. Mod-
!"‘ 1-17/64" g 3u—15K 552 - ern facilities. Request
1-1/4" 10—50K w i Data sheet P-101 from
3/4" 1-1/2 to 3 [1/2u~5K 110 | R13 CTS of Paducah. Inc
1 “
MILITARY 1-17/32" |4 30—25K 25 RA30 Paducah, Ky.
1-17/64" |2 3a—15K 252 RA20
1.1/4" 2 3u—15K wP RA20
CERMET VARIABLE RESISTORS Request Data Sheet
(with Space Age 1-3/64" |3 1000—2.5 megs | 400t 179
High Slablllly 500°C Metal- 3/4" 1-1/2 100¢—2.5 megs | 500t 180
Ceramic Element) 172" | 3/4 100u—5 megs | 600 175
—
tSemi-precision I ;
) e —-
~C‘ﬁ POWER | RESISTANCE
c1s
DIMENSIONS :::::45 (ohms) SERIES
COMPOSITION TRIMMER RESISTORS Request Data Sheet
COMMERCIAL {1-1/4x.295x.350|1/4 |5000—1 meg 80
7/16x5/16x1/2 |1/8 |250u—2.5 megs | 220 | 184 e
MILITARY 1-1/4x.295x.350 [1/4 |5009—1 meg 80 ceramic
.344 Dia. x .240 [1/10[2500—2.5 megs
CERMET TRIMMER RESISTORS
1/2x1/2x.260 B 1000—1 meg 178
1-1/4x.295x.335 (1 1000—1 meg 180! 177
Only P.C. sizes are shown. Lead sizes are smaller. SELEGTOR
~ER
o, . SWITCHES
~ = '"l NON-DRIET, COMPACT
N\ - 1-1/8” dia., 2 to 12
ositions, rotary wa-
\f_z,_, i positi rotary

CERAFER—Cermet resistance
element. Wafers for micromodule

systems. Low cost resistor and con-
ductor layouts for printed circuitry
on ceramic. 59-300K per square.
Request Data Sheet 181.
CERADOT—Solid cermet,

050" dia. x .030" long or as

5042

100K, with or without

CERMET
FIXED RESISTORS

required, 1/10 watt,
leads. Request Data

Sheet 185.

Founded

BRAE

fer switches for com-
mercial and military
applications. Unprece-
dented switch uniformity
from entirely new automated
manufacturing concept.
quest Data Sheet 182,

\.-.

’/,r'f ﬂ

12
REMOTE OPERATED

VARIABLE RESISTORS
& SWITCHES

Re-

Variable resistors withcon-
tinuous motordrive or elec-
tromagnetic step drive.
Also available with at-
tached on-off switch.

DATA SHEET REQUESTS HONORED PROMPTLY, ASK BY NUMBER

CORPORATION
c-rs Eikhart, Indiana
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Factories coast-to-coast for your convenience: Elkhart & Berne, Indiana; South Pasadena,
California; Asheville, North Carolina; Paducah, Kentucky and Streetsville, Ontario, Canada.
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Chicago Spring Conference

(Y1lare INN, DEs PrLaiNEs, [LL., JUNE 18-19, 1962

The Chicago Spring Conference will be
held at the O'Hare Inn, Des Plaines, lll.,
June 18 and 19, 1962. R. W. Galvin of
Motorola will be the guest luncheon speaker.

The tentative program for the conference
follows:

Monday Morning, June 18
Session 1

“Cross-Modulation and Modulation Dis-
tortion of RIF Transistors,” G. E. Theriault,
Radio Corp. of America.

“A New UHIF TV Local Oscillator,” L. R,
Maguire, Sylvania Electric Products, Inc.

“Transistors in UHF Television Tuners,”
S. M. [Veaver, Texas Instruments Incorp-
olated.

“Gamma Distortion in the TV System,”
G. 1", Fyler, Zenith Radio Corp.

Monday Afternoon
Session 11

“A lligh-Performance Silicon Transistor
Television Receiver,” J. A. MacIntosh, S.

Professional Groups*

Aerospace and Navigational Electronics
(G-11)—G. M. Kirkpatrick, Electronics
Equipment and Systems Lab., GE Co.,
Syracuse, N. Y.; H. R. Mimno, Cruft
Lab., Harvard Univ.,, Cambridge 38,
Mass.

Antennas and Propagation (G-3)-—Dr. H.
Fine, Applied Propagation Branch, Tech-
nical Research Div., FCC, Washington,
D. C.; S. A. Bowhill, Pennsvlvania State
Univ., University Park, I’a.

Audio (G-1)—C. M. Harris, Electronics
Res. Labs., Columbia Univ., New York
27, N. Y.; M. Camras, Armour Res.
I'oundation, Tech. Ctr., Chicago 16, Il

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

Bio-Medical Electronics (G-18)—G. N.
Webb, Dept. of Medicine, Biophysical
Div., Johns llopkins Hospital, Baltimore
5, Md.; L. B. Lusted, Dept. of Radiology,
Univ. of Rochester, Rochester 20, N. Y.

Broadcast and Television Receivers (G-8)—
1. F. Bell, Zenith Radio Corp., 6001 \V,

* Numes listed are Group Chairman and TRaNs-
AcTIONS Editors.
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A. Schwartz, P. J. Bénétean, Fairchild
Semiconductor, Division of Fairchild Camera
and Instrument Corp.

“Recent Developments in Deflection
Circuits,” K. W. McGlashan, Advance Ross
Electronics Corp.

“Transistor Failure Modes in High
Power Switching Operation,” J. IV, Mathews
Philco Corp.

“Highlights of Stabilized TV Deflection,”
J. Sennik, Dominion Electrohome Industries
Lud.

“A New Silicon High Performance Video
Output Transistor,” R. Gudis and C. Kile,
Lansdale Division, Philco Corp.

Tuesday Morning, June 19
Session II1

“A Four-Transistor Line Operated Re-
ceiver,” S. H. Kuehler and K. G. Cherry,
Texas Instruments Incorporated.

“Ferrite Antennas for AM Broadcast
Receivers,” I1. J. Laurentand C.A. B. Car-
valho, Bendix Radio Division, Bendix Corp.

“Television Stereo System,” R. B. Dome,

General Electric Co.

“A Mechanical Ultrasonic Signal Source
for Remote Control Systems,” L. J. Sien-
kiewics and H. T. Goldstein, Weslinghouse
Electric Corp.

Tuesday Afternoon
Session IV

“Practical Design Considerations for
Low-Cost FM Stereophonic Receivers,”
R. J. Nelson and O. P. Hart, Radio Corp. of
America.

“A Two-Transistor ¥ M Broadcast Band
Tuner for a 12-Volt Automobile System,”
W. F. King, Amperex Electronic Corp.

“New Capacitor Products for Use in
Radio and Television Receivers,” IV, M.
Robinson, Cornell-Dubilier Electronics Divi-
ston, Federal Pacific Electric Co.

“I'he Design of a Low Cost, High Sensi-
tivity FM Tuner,” D. Ruby, Zenith Radio
Corp.

“A  Self-Protecting Transistor Power
Amplifier,” G. Randolph and N. Kramer,
Knight Electronics Corp.

Dickins Ave., Chicago 39, lli.; C. W.
Sall, RCA, Princeton, N. J.

Broadcasting (G-2)—R. F. Guy, 264 Frauk-
lin St., Haworth, N. J.; W. L. Hughes,
School of Elec. Engrg., Oklahoma State
University, Stillwater, Okla.

Circuit Theory (G-4).Dr. J. H. Mulligan,
Jr., College of Engrg., New York Univ,,
University Heights, New York 53, N. Y.;
M. E. Van Valkeuburg, Dept. of E.E.
Univ. of lllinois, Urbana, 111,

Communications Systems (G-19)—R. L.
Marks, Rome Air Dev. Ctr., Griftiss AFB,
N. Y.; E. J. Baghdady, Elec. Engrg.
Dept., M.L.'T., Cambridge 39, Mass.

Components Parts (G-21)—F. E. \Wenger,
Headquarters, ARDC, Andrews AIB,
Washington 25, D). C.; G. Shapiro, Eugi-
neering Electronics Sec., Div. 1.6, NBS,
Connecticut Ave. and Van Ness St.,
Washington 25, D. C.

Education (G-25)—G. E. Moore, \Westing-
house Elec. Corp., East Pittsburgh, Pa.;
W. R. LePage, Dept. of E.E., Syracuse
Univ,, Syracuse 10, N. Y.

Electron Devices (G-15)—\. A. Adcock,
Texas Instruments, 6000 Lemmon Ave.,
Dallas 9, Tex.; G. Wade, Speucer Lab.,
Raytheon Co., Burlington, Mass.

Electronic Computers (G-16)—\\". L. Ander-
son, 1408 Lexington Rd., Falls Church,

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

Va.; Prof. N. R. Scott, Dept. of Llec.
Engrg., University of Michigan, Ann
Arbor, Mich.

Engineering Management (G-14)—T. W.
Jarmie, Engineered Electronics Co., 1441
E. Chestnut Ave., Santa Ana, Calif.;
A. H. Rubenstein, Dept. of Indus. Engrg.,
Northwestern Univ., Evanston, 1l

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

Geoscience Electronics (G-29)—R. W.
Olson (Acting Chairman), Texas Instru-
ments, Inc., Dallas, Tex.; Editor to be
advised.

Human Factors in Electronics (G-28)—
R. R. Riesz, Bell Telephoue l.abs., Mur-
ray Hill, N. J.; J. 1. Elkind, Bolt Beranek
and Newman, Inc., 50 Moulton St., Cam-
Bridge, Mass.

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

Information Theory (G-2)- -G. L. Turin,
E.E. Dept., Univ. of California, Berkeley,
Calif.; A. Kohlenberg, Melpar Inc,, 11
Galen St., Watertown, Mass.

Instrumentation (G-9)——H. \V, Lance, Nat'l.
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PEA
on?\ no guarantee

*of similarity!

One pea may be damaged by insects
or disease . . . or may be quite different
simply through a caprice of nature.

.

THERE 1§ A

DIFFERENGE IN
Highest Precision
Resolution D E F LE GTI 0 N Low Current
Stator Yoke Yoke
TYPE Y25 0 E s . TYPE Y57
Compact Specialists in yokes, Syntronic’'s team of experts 1”7 1.D.
Rotating knows more about yoke design, engineering and m Push-Pull
Yoke quality control than anyone else. A solid record il Yoke

of leadership for over 10 years—acknowledged

throughout the industry.

This specialized experience means more to you

TYPE Y16 ° than' yOl.'I may know.. “Little” things make. a big T — TYPE Y59

quality difference . . . like fast spot recovery time . . . : ‘ A
Low Capacity smallest, roundest dots . . . geometrical precision = 1/8” 1.D.
Push-Pull . rapid settling time . . . least spot growth from RNa?/ Transistor
Yoke for Speed center to edge ...smallest residual magnetism. Yoke

Mighty important, actually. Syntronic cares enough

to make them right. You can depend on it.

Syntronic claims—and delivers—the most precise ‘ “;\v
TYPE F10 _yrokes that can be rnade. Every time. Year 'after year. & TYPE F40
&” o your exact requirement. And Syntronic’s team of \ \ '

Precision — experts can help solve your yoke problems. d
Electro-magnetic r Since there is a difference, benefit from it. Get the | =y L4 Dynamic-static
Focus Coil most from your dispiay. Focus Coil

o
INSTRUMENTS, INC. ¥
@ % 100 Industrial Road, Addison, Illinois @
Phone: Kingswood 3-6444
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Bureau of Standards, Boulder, Colo.;
G. B. Hoadley, Dept. of E.E., North
Carolina State College, Raleigh, N. C.

Microwave Theory and Techniques (G-17)
T. N. Aunderson, EMT Corp., Syosset
Industrial Park, 210 Michael Dr., Syosset,
L. I, N. Y.; D. D. King, Electronic
Commun,, Inc., 1830 York Rd., Timoni-
um, Md.

Military Electronics (G-24)—\V. L.. Doxey,
EC Dept.. USARDL, Fort Monmouth,
N. J.; D. R. Rhodes, Radiation Inc., Box
37, Melbourne, Fla.

Nuclear Science (G-5)-—L. Costrell, Nu-
cleonic Inst. Sec., NBS, Washington 25,
D. C.; R. F. Shea, Dig Power Plant

Sections®

Engrg., Knolls Atomic Power Lab., Gen-
eral Electric Company, Schenectady,
N. Y.

Product Engineering and Production (G-22)
—A. R. Gray, Astronics of Florida, Inc.,
1110 S. Woods St., Box 5606, Orlando,
Fla., D). B. Ehrenpreis, 325 Spring St.,
New York, N. Y.

Radio Frequency Interference (G-27).
—H. E. Dinger, Naval Research Lab.,
Washington 25, D. C.; O. P. Schreiber,
Technical Wire Prods., Inc., 129 Der-
mondy St., Cranford, N. J.

Reliability and Quality Control (G-7)
L. ]J., Paddison, Sandia Corp., Sandia Base,
Albuquerque, N. Mex.; W, X. Lamb, Jr.,

22124 Dumetz
Calif.

Space Electronics and Telemetry (G-10)—
K. M. Uglow, Jr., 2228 Oriole Dr., Sara-
sota, I'la.; IF. T. Sinnott, Mail Zone 549-
30, Counvair-Astronautics, San Diego 12,
Calif.

Ultrasonics Engineering (G-20)-—\’. Salmon,
Stanford Research Inst., Menlo Park,
Calif.; O. E. Mattiat, Res. Div., Acoustica
Associates Inc., 415 E. Moutecito St.,
Santa Barbara, Calif.

Vehicular Communications (G-6)—R. P.
Gifford, General Electric Co., Rm, 206,
Mountain View Rd., Lyuochburg, Va.:
\W. G. Chauey, AT&T Co., 195 Broadway,
New York 7. N. Y.

Rd., Woodland Hills,

Akron (4)--C. M. Kelly, 2915 Silver Lake
Circle, Cuyahoga Falls, Ohio; D). Grant,
1206 Thorndale Dr., Akron 20, Ohio.

Alamogordo-Holloman (7)—\\, S. Stotts,
1507 Michigan Ave., Alamogordo, N. Mex.,
H. T. Castillo, 2611 Poutiac Ave., Alamo-
gordo, N. Mex.

Albuquerque-Los Alamos (7)---R. K. Moore,
608 Vassar Dr., N.E. Albuquerque,
N. Mex.: . 1. Jean, 1017 Alcazar, N.E.,
Albuquerque, N. Mex.

Anchorage (7)—I1. D. DeVoe, Box 644,
Anchorage, A\laska; J. T. Little, Star
Route B, Box 3453, Spenard, \laska.

Atlanta (3)—B. E. DMouatgomery, 6520
Bridgewood Valley, Atlanta 5, Ga.; R. S.
Duggan, Jr., 1112 Mason \Woods, Dr.,
N.E,, Atlanta 6, Ga.

Baltimore (3)—J. I. \Vilner, 2610 N.
Charles St., Station WBAL, Baltimore 18,
Md.; E. B. Cole, Jr., 103 Glenwood Rd.,
Bel Air, Md.

Bay of Quiate (8)—M. B. Broughton, Elec.
Engrg. Dept., Royal Military College,
Kingston, Ont., Canada; E. E. Pascal, 45
Benjamin St., STE-32, Belleville, Ont.,
Canada.

Beaumont-Port Arthur (6)-—H. W' Bartlett,
3790 lronton, Beaumont, Tex.; R. Cun-
ningham, Rte. 1, Box 181, Kirbyville,
Tex.

Benelux—Herre Rinia, PParklaan 24, Eind-
hoven, Netherlands; G. J. Siezen, 3
Konig Willem [II Laan, Blaricum, Hol-
land.

Binghamton (1)—F. \V. Schaaf, R.D. 1,
Apalachin, N. Y.; D. W. Deno, 3149
Briar Cliff Ave.,, R.D. 1, Vestal, N, Y.

Boston (1)—G. I>. McCouch, Alcott Rd.,
Concord, Mass.; R. E. Scott, 114-H
Northeastern Univ.,, Boston 15, Mass.

Buenos Aires—]. M. Barcala, 71-385 La

* Numerals in parentheses follo\\_'ing sections. desig-
nate region number. First name designates Chairman;
second name Secretary.
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Plata, FCNGR, Republica, Argentina;
E. J. Kirkscether, Arenales 3598-A,
Buenos Aires, Argentina.

Buffalo-Niagara (1) —I). P. Sante, 4530
Greenbriar Rd., Williamsville 21, N. Y.;
F. A. Timberlake, 169 Greenhaven Ter-
race, Tonawanda, N. Y.

Canaveral (3)—C. E. Mattox, 209 Beverly
Rd., Cocoa, Fla.; \W. J. Haberhern, Jr.,
118 Atlantic Blvd., Eau Gallie, Fla.

Cedar Rapids (5)—S. M. Morrison, 2034
Fourth Ave., S.E., Cedar Rapids, lowa:
A. E. Anderson, 1054 34 St.. N.E,, Cedar
Rapids, lowa.

Central Pennsylvania (4) —\\". J. Ross, 105
Elec. Eugrg. Dept., University Park, Pa.;
J. L. Brown, Jr., Ordnance Research Lab.,
P.O. Box, 30 State College, 1’a.

Chicago (5)—W. B. McClelland, 160t
Cherry St., Park Ridge, I11.; . D. Huston,
233 S. Villa Ave., Elmhurst, 11l

Chile—]. del Rio, Corp. de Radio de Chile,
Casilla 1407, Santiago, Chile; J. de la
Quintana, IBM World Trade Corp.,
Cassila 3630, Santiago, Chile.

China Lake (7)—D. W. Kermode,
USNOTS, P.O. Box 577, China Lake,
Calif.; D. P. Kasper, 1803-B Young Cir-
cle, China Lake, Calif.

Cincinnati (4)—A. J. Bissonette, 680 Tyler,
Milford, Ohio; J. \W. Murray, 5603 Green
Acres Court, Cincinnati 11, Ohio.

Cleveland (4)—R. Kazarian, 2031 Lakeview
Ave., Rocky River, Cleveland 16, Ohio;
J. 1. Sheetz, Ohio Bell Telephone Co., 700
Prospect Ave.,, Rm. 704, Cleveland 15,
Ohio.

Colombia—W. \Vestphal, Carrera Fa, #40-
62, Bogota D. E., Colombia, S. A.;
B. Alzate, Calle 48, #23-26, Apt. 401,
Bogota, Colombia, S. A,

Columbus (4)—F. A. Wolf, 354 Chatham
Rd., Columbus 14, Ohio; E. N. Wyler, 109
W, Stafford, Worthington, Ohio.

Connecticut (1)—S. C. Wadhams, 13 Der-
wen St.. Glenbrook, Conn,; P. N, John-
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stone, Twin Lakes Rd., North Branford,
Conn.

Dallas (6)—1". ’rickett, Jr., 805 Clearwater
Dr., Richardson, Tex.; C. K. Hager, 2709
Greenbrook Dr., Garland, T'ex.

Dayton (4)—R. J. Framme, 316 Claranua,
Dayton 9, Ohio; 8. Weissman, 805 Ep-
pington Dr., N., Trotwood, Ohio.

Denver (6)—-I1. S. Johnson, 1241 Monaco
Pkwy., Denver 20, Colo; I, P. Venditti,
Deunver Res. Tust., Univ. of Denver, Deu-
ver 10, Colo.

Detroit (4)—-1. V. Stocker, Dept. of Elec.
Engrg., Wayne Univ., Detroit 2, Mich.;
L. E. Barber, 402 N. Troy St., Royal Oak,
Mich.

Egypt—H. M. Mahmoud, 24 Falaki St.,
Cairo, Egypt; El-Garhi [. El-Kashlan, 46
Suez-Kanal St., Engineering City, Im-
baba, Cairo, Egypt.

Elmira-Corning (1)—7T. G. Keeton, 611
McDowell Place Elmira, N. Y.; R. K.
Ainey, Westinghouse Elec. Corp., Box
284, Elmira, N. Y.

El Paso (6)—A. M. Rojas H., 2326 Copper
St., El Paso, Tex.; C. \W. Brown, 325
Encino Drive, El Paso, Tex.

Emporium (4)—H. \V. Herbert, Sylvania
Electric Products, Inc., Emporium, Pa.;
R. F. Bergdahl, R.IF.D. 2, Emporium, Pa.

Erie (1)—R. S. Page, 1224 Idaho Ave., Erie,
PPa.; K. [. Challstrom, Buffalo Rd.,
R.D. 1, Harborcreek, Pa.

Evansville-Owensboro (5)—K. G. Miles,
2105 East Gum St., Evansville 14, Ind.;
F. R. Snyder, 2521 Iroquois Dr., Owens-
boro, Ky.

Florida West Coast (3)--R. E. Henning,
Sperry Microwave Electronics Co., Box
1828, Clearwater, Fla.; C. \W. Benfield.
605 First St., S.E., Largo, I’la.

Fort Huachuca (7)—]. \W. Virden, 102
Crandel St., Fort Huachuca, Ariz.; L. J.
Knight, 135 Jeffords St., Fort Huachuca,
Ariz.

Fort Wayne (5)—C. I

Mason, 1519}
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FABRICATING
MICROMODULES
T0 MOBILE ROOMS

Magnetic Shields Custom Fabricated to Any Size or Shape

The industry’s widest range of production facilities ... in 3 factories:
PRESS FORMING AND DRAWING ¢ HYDROFORMING
¢ SPINNING ¢ HAND FABRICATION OF PROTOTYPES

Already Tooled for Samples or Production
¢ Simple designs to elaborate e« Micromodule size to a com-

complexes. pletely prefabricated mobile

. . . shiclded room weighing 5

* Single or multiple laminae tons which can be trans-
constructions. ported anywhere — an

achievement unique with

ALSO AVAILABLE Magnetic Shield DlVlSlon.*

* Processed stock for fabrication in your own plant.
* Co-operative design facilities.

Use this SINGLE CONVENIENT SOURCE for all magnetic
shielding requirements. Saves you countless design hours . . . helps
speed your project . . . lowers your costs.

We recommend NETIC and CO-NETIC magnctic shielding mate-
rials because they are non-shock sensitive, non-retentive, do not
require periodic annealing and provide completely effective shield-
ing for optimum results.

NETIC and CO-NETIC are widely specified for satellite, missile,
protecting recording tapes, data processing and for innumerable
other military, scientific and laboratory applications as well as for
commercial applications.

PHONE YOUR NEAREST SALES OFFICE TODAY:

BALTIMORE, MARYLAND LOS ANGELES, CALIFORNIA
HOpkins 7-3766 WEbster 1-1041

UNION CITY, NEW JERSEY  pALO ALTO, CALIFORNIA
UNion 4-9577 DAvenport 1-5064

MERIDEN, CONNECTICUT SAN DIEGO, CALIFORNIA

MiAMS FLORIDA et Ut

Highiand 4-1118 S AL I
st 3-

WESTMOUNT, MONTREAL

QUEBEC 0 " PHOENIX, ARIZONA
WEllington 7-1167 AMhurst 4-4934

DALLAS, TEXAS HOUSTON, TEXAS
FLeetwood 1-1615 HOmestead 5-7780

MAGNETIC SHIELD DIVISION

Perfection Mica Company

18322 N. ELSTON AVENUE, CHICAGO 22, ILLINOIS

ORIGINATORS OF PERMANENTLY EFFEC NETIC CO-NETIC MAGNETIC SHI
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Micro miniature
shield and cover,
punch press

operation.

Sequence of
shield cans,
punch press or
spinning.

Complex
configuration
multi-lamina
shield,

hydroformed.

CRT shield
2 illustrating
T combination of

= hand fabrication,
spinning and sizing.

Backward wave

r n tube shield

assembly design,

' involving hand
fabrication and

~ hydroform or

"-») spinning.

Special purpose
shield, hand
fabrication
(levitated gyro).

Tape preserver
can be spun,
hydroformed or
punch press
fabricated.

Data storage tube
shield, hydroform
or spinning, plus
hand fabrication.

Large fabricated
special structure
(shaker table
shield), approx.
60" dia. and

57" high.

g% Composite photo
" 2} demonstrating that

magnetic shielding
£ qualities of NETIC
,_4./ : alloy material are not
N ) -y affected by vibration,
S— Y shock, (including
dropping), etc.




Crescent Ave., Fort Wayune, Ind.; D, W.
Von Berg, 4015 Wedgewood Dr., Fort
Wayne, Ind.

Fort Worth (6)—S. T. Lanham, Sr., 5017
Vicki, Fort Worth 17, Tex.; M. F. Shep-
herd, 2324 Clearview, IFort Worth, Tex.

France—]. R. Pernice 15 Rue de la Iais-
anderie, Paris 16, France; J. D. Lebel,
Lab. de Physique, Ecole Normal Supe-
reure, 24 Rue Lhomond, Paris §, IFrance.

Gainesville (3)—A. D. Sutherland, 1626
N.W. 14 Ave., Gainesville, Fla.; A, T.
Raczynski, Sperry Elee. Tube Div.,
Gainesville, Fla.

Geneva—G. C. Gross, 1'I.U,, Palais Wil-
son, Geneva, Switzerland; Secretary to be
advised.

Hamilton (8)—I'. H. Edwards, United-Carr
Fastener Company of Canada, Ltd., 231
Gage Ave., N., Hamilton, Ont., Canada:
C. C. Minchel, Canada Westinghouse Co.,
Elee. Tube Div., Plant 2, Hamilton, Ont.,
Canada.

Hawaii (7)--E. A. Piety, 2030 Home Rule
St., Honolulu 17, Hawaii; G. H. Stagner,
525 Lunalilo Home Rd., Honolulu 16,
Hawaii.

Houston (6)-—L. A. Mullan, Radio Station
KTRH, Rice Hotel, Houston 2, ‘l'ex.;
J. A. Bever, 5221 Lincrest Lane, Houston
27, Tex.

Huntsville (3)—1). 5. Rowe, 8602 Camille
Dr., S.E., Huntsville, Ala.; J. A. Power,
4003 Marie St., Apt. L Huntsville, Ala.

India—Ofhcers to be advised.

Indianapolis (5)-S. M. Stuhlbarg, 4904
Staughton Dr., Indianapolis, Ind.; R. C.
Olsen, 4040 Adams Court, N., Indianapo-
lis, Ind.

Israel- -Chairman to be advised; H. Iischler,
Weizmann lnst. of Science, Dept. of
Electronics, Box 26, Rehovoth, Israel.

Italy—A. Marino, Via Guido d’Arezzo 14,
Rome, ltaly; G. P. Tarchini, Laboratorio
Ricerche Elettr., Via de Parlamento N.
33, Borgolombardo, Milan, ltaly.

Ithaca (1)—H. L.. leydt, GE Advanced
Elec. Ctr.,, Tomkins County Airport,
Ithaca, N. Y.; M. E. Hollar, Advanced
IZlectronics Ctr., G.E. Co., [thaca, N. Y.

Kansas City (6)—I‘. A. Spies, Bendix Avia-
tion Corp., Box 1159, Kansas Citv 41,
Mo.; K. D. Benedict, 1032 East Alwon,
Independence, Mo.

Kitchener-Waterloo (8)—13. 5. McConachie,
Raytheon Canada, Ltd., 61 Laurel St.,
E., Waterloo, Ont., Canada; W. J. Grey,
Raytheon Canada, l.td., Box 8, 400
Phillips St., Waterloo, Ont., Canada.

Las Vegas (7)—]. tl. Jurmain, Edgerton,
Germeshausen, Grier, 300 Wall St., Box
1912, Las Vegas, Nev.; L. S. Krever, 617
I'win Lakes Dr., Las Vegas, Nev.

Little Rock (6)- —R. V. Anders, 5801 Winda-
mere Dr., Little Rock, Ark.; W. C.
Allsopp, Jr., Ark. Industrial Electric Co.,
5020 Club Rd., Little Rock, Ark.

London (8)-—1. \W. W. Stewart, 1 Susan
Ave., London, Ont., Canada; R. W.
Johnsou, 9 Ingleside Place, London, Ont.,
Canada.

Long Island (2)——]J. W. Kearney, Airborue
Instruments Lab., Walt Whitman Rd.,
Melville, .. 1., N. Y.; C. LL. Doersam, Jr.,
tnstruments for Industry, 101 New South
Rd., Hicksville, L. 1., N. Y.

Los Angeles (7)—]. |. Guarrera, 17160
Gresham St., Northridge, Calif.; 5. E.
Ingebretsen, 15435 Tupper St., Sepulveda,
Calif.
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Louisville (5)—Il. T. Swmith, Kentucky
Rural Elec. Co-op Corp., 4515 Bishop
Lane, Louisville 18, Ky.; E. L.. Marven,
Sr., 811 Camden Ave., Louisville 15, Ky.

Lubbock (6)—LtI. A. Spuhler, Texas Tech.
College, Dept. of E.E., Lubbock, Tex.;
E. . Kilcrease, 2114 38 St., Lubbock,
Tex.

Miami (3)—G. A. Liedholz, 6060 S.\V. 114
St., Miami 36, IFla.; ]. R. Haeger, 1240
S. Alhambra Circle, Coral Gables 46, Fla.

Milwaukee (5)—I. H. Houle, 1000 S. 56
St., West Allis 14, Wis.; K. J. Schlager,
1519 N. 118 St., Wauwatosa 13, Wis.

Mobile (3)—C. R. Hicks, 4128 N. Marietta
Dr,, Mobile, Ala.; E. G. Schone, Box 4102,
Mobile, Ala.

Montreal (8)—Il. Il. Schwartz, 5212 Kiong
Edward Ave., Montreal 29, Que., Canada;
A. Breton, Ecole Polytechnique, 2500
Marie Guyard Ave., Moutreal 26, Que.,
Canada.

Newfoundland (8)—Chairman to be ad-
vised; I, A, Mulloy, §5 Calver Ave., St.,
John's Newf., Canada.

New Orleans (6) —-G. Allen, 4239 St. Charles
Ave., Apt. C, New Orleans, 15, La.; N. R.
Landry, 6079 Louisville St., New Orleans
24, La.

New York (2)—H. W. Pollack, 300 Lennox
Road, Brooklyn, N. Y.; £, Schutzman,
College of Engrg., New York University,
University Heights, New York 53, N. Y.

North Carolina (3)—\\. E. Lanford, 3260
Nottingham R, Winston, Salem, N. C.;
J. L. Barron, Southern Bell T and T Co.,
Box 240, Charlotte, N. C.

Northern Alberta (9)—-L. N. Donovau,
24 Birch Dr., Box 136, St. Alberta, Alta.,
Canada.; R. A. Mcl.ean, 9516 69 \ St.,
Edmonton, Alberta, Canada.

Northern New Jersey (2)—-tl. 5. Wertz,
111 Parsonage Rd., Short Hills, N. |.;
M. L. Levine, Tung-Sol Electric, Inc.,
545 N. Arlington Ave,, East Orange, N. J.

Northwest Florida (3) --I°. J. Sites, 29-BB
Boatner Dr., Eglin Village, Eglin AFB,
Fla.; . G. Wise, Box 878, Fort Walton
Beach, Fla.

Oklahoma City (6) L. Black, 1701 N.\V.
35 St., Oklahoma City 18, Okla.; J. M.
Ashworth, 3934 NV, 34 St., Oklahoma
City 12, Okla.

Omaha-Lincoln (5)—J. A. Rogers, 3815
Marcy St., Omaha 5, Neb.; C. llyde, 312
IFerguson Hall, Univ. ol Neb., Lincoln 8,
Neb.

Orlando (3) —J. R. Matzinger, 1825 White-
hall Dr., Winter Park, Fla.; C. E. Mec-
Ginnis, 1720 Shawnee Trail, Maitland,
Fla.

Ottawa (8)—\Vv. R. Conway, 2075 Wood-
crest Rd., Ottawa 1, Ont., Canada; S. G.
Jones, 1910 Haig Dr., Ottawa 1, Ont.,
Canada.

Philadelphia (3)—R. M. Showers, Moore
School of Elec. Engrg., 200 S. 33 St.,
Philadelphia 4, Pa.; I’. A, Lathrop, 19
Sweetgum Rd., Levittown, a.

Phoenix (7)—I11. R. Hyder, I11., 2523 N. 57
St., PPhoenix, Ariz.; R. K. Peterson, 2034
\W. Rancho Dr., Phoenix 15, Ariz.

Pittsburgh (4) -R. [. Van Nice, 112 Dela-
ware Court, Glenshaw, Pa.; R. I. O'Sheq,
Rear 125 Woodvale Ave., Johnstown, 1.

Portland (7)-—M. L.. Morgan, 12907 S.\V. 62
Ave., Portland 19, Ore.; C. H. Moulton,
1625 S.\WV. 87 Ave., Portland 1, Ore.

Princeton (2)-—-R. D). Lohman, RCA,

Somerville, N. J.; O. E. Dow, RCA Labs.,
Princeton, N. J.

Quebec (8)—R. M. Vaillancourt, 638 Ave.
Mon Repos, Ste. FFoy, Quebec 10, Que.,
Canada; K. A. Laurie, 775 Calixa LaVal-
lee, Apt. 15, Quebec 6, Que., Canada.

Regina (8)—S. K. Smith, c/o Saskatchewan
Govt. Tel.,, 2350 Albert, Regina, Sask.,
Canada; G. H. Beuker, 2901 Athol St.,
Regina, Sask., Canada.

Rio de Janeiro—J. A. Wiltgen, Caixa Postal
450, Rio de Janeiro, DI, Brazil; C. .
Chapin, ¢/o Riggs National Bank, Du-
Pout Circle Branch, 1913 Massachusetts
Ave., N.\WV,, Washington 6, D. C.

Rochester (1)—-J. 1.. Wheeler, 535 Roundo
Lane, Webster, N. Y.; ). W, Healy, Jr.,
Univ, of Rochester, River Campus Sta-
tion, Rochester 20, N. Y.

Rome-Utica (1)—R. A. Zachary, Jr.,, 11
Arbor Dr., New Hartiord, N. Y.; C. J.
Civin, 4 Colonial Dr., New Hartford,
NUY.

Sacramento (7)—A. O. Rohde, 3160 Adams
Rd., Sacramento 25, Calif.; J. C. Bissett,
8717 Jonnie Way, FFair Oaks, Calif.

St. Louis (6)-—G. E. Baruard, 639 N. 69 St.,
lmast St. Louis, HL.; E. A. Kuhlman, 9020
Cardinal Ter., Brentwood 17, Mo.

Salt Lake City (7)—A. W. Vodak, 2587
Sherwood Dr., Salt Lake City, Utah.;
H. J. Redd, 1771 Severn Dr., Salt Lake
City 17, Utah.

San Antonio-Austin (6)—\V. L. Donaldson,
129 El Cerrito Circle, San Antonio 12,
Tex.; C. R. Graf, 207 Addax Dr., San
Antonio 1, Tex.

San Diego (7)-—E. \W. Carlson, 3154 Brem-
erton PL, La Jolla, Calif.; A. C. Greeley,
2615 Kim 'L, San Diego 11, Calif.

San Francisco (7)-—S. I. Kaisel, Microwave
Ilectronics Corp., 4061 Transport St.,
Palo Alto, Calif.; Acting Secretary: A 1.
Waterman, Jr., LElectronics Research
Lab., Stanford University, Stanford, Calif.

Schenectady (1)-—'T. G. Mihran, G.E. Re-
search Lab., Box 1088, Schenectady,
N. Y. F. J. Ellert, G.E. Co., Bldg. 37,
Rm. 578, 1 River Rd., Scheuectady, N. Y.

Seattle (7) —-\W\. ]. Siddons, 6539 39 St.,
N.E., Scattle 15, Wash.; W. L. Green,
7202 N. Mercer Way, Mercer Island,
Wash.

Shreveport (6)—E. J. Culling, 3252 Sarah
St., Bossier City, La.: E. C, Strickland,
2914 Bolch St., Shreveport, La.

South Bend-Mishawaka (5)—I1. \W. Vogt-
mann, Bendix Mishawaka Div., 400 S,
Beiger St., Mishawaka, Ind.; N. O. Kindt,
50635 Dresden Dr., South Bend 17, Ind.

South Carolina (3)—]. Taylor, 6417 West-
shore Rd., Columbia, S. C.; J. Bouvy,
4700 Oakwood Rd., Columbia, S. C.

Southern Alberta (8)——R. E. Smith, 1507 -20
A St., N.W., Calgary, Alta.,, Canada;
G. E. Parkinson, 735 35 St., N.W., Cal-
gary, Alta., Canada.

Syracuse (1)—G. F. Platts, 101 lroquois
Lane, Liverpool, N. Y.; G. M. Kirkpat-
rick. 202 David Dr., N. Syracuse 12, N. Y.

Tokyo—Miyaji Tomota, Yokogawa Elec.
Works, Ltd., 3000 Kichijoji, Musashino-
Shi, Tokyo, Japan; Fumio Minozuma, 16
Ohara-Machi, Meguro-Ku, Tokyo, Japan.

Toledo (4)—R. B. Williams, |Jr., 5945 Sum-
wmit St., Sylvania, Ohio; Il. R. Holmes,
3557 149 St., Toledo, Ohio.

Toronto (8)—G. T. Quigley, Philips Indus-
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AT TEXAS INSTRUMENTS:

New capabilities in antenna research

WITH THE AID OF SCIENTIFIC-ATLANTA EQUIPMENT

Recently the Apparatus Division of Texas Instru-
ments Incorporated built a new antenna research
laboratory to allow more advanced work on a wide
range of applications. These include radar equip-
ment and systems for airborne early warning,
submarine detection, and airport and airborne
surveillance. Scientific-Atlanta supplied the anten-
na pattern instrumentation consoles and position-
ing equipment which includes the following major
items:

a wide range, low noise receiving system (model
402 A); an antenna pattern recording system (model
APR 20/30); an antenna pattern integrator (mmodel
API-1); and an azimuth over elevation antenna
positioner (model PAE 5).

This instrumentation, along with signal sources
from S through K, bands, a complete linc of stand-
ard test equipment, an anechoic chamber, an in-
side test range, and 150 acres of outside test ranges,
gives Texas Instruments one of the most sophisti-
cated antenna test facilitics in the country.

N R R Ty Ty
SRR
g

\‘-\‘\ AR LN

o e
)
y

®
-
=
~
-
>
~

Texas Instruments engineers report that their
Scientific-Atlanta equipment enables them to make
quick, accurate and reliable one-way pattern/gain
measurements, antenna backscatter experiments,
and studies of advanced methods of electronic
scanning, all contributing to missile antenna de-
sign programs and experiments relating to antenna
theory.
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Antenna positioner installed in Texas Instruments’ anechoic chamber
(microwave darkroom) is one part of the Scientific-Atlanta instrumented
facility.

For more details on the Texas Instruments

fa(,:lhty and how Sc:epuﬁc-Atlanta can Texas Instruments’ installation
design, construct and install an antenna uses a completely equipped
Scientific-Atlanta console.

test facility that suits your needs,
| please write to:

' SCIENTIFIC-ATLANTA, INC.

T 2162 Piedmont Road, N.E. Atianta 9, Georgia Phone: 875-7291

Challenging opportunities for electronic engineers
with five to ten years’ circuit design experience.
Please send complete resume to Personnel Manager.
An equal opportunity employer.
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tries, Ltd.,, Vanderhoof Ave., Leaside,
Toronto 17, Ont., Canada; F. A. Ford,
Canadian Gl Co., Ltd., 830 Lansdowne
Ave., Toronto 4, Ont., Canada.

Tucson (7)—R. L.. Patterson, 5418 E. Sec-
ond St., Tucson, Ariz.; J. L. Dunn, 72§
W. Comobabi Dr., Rt. 6, Box 319C,
Tucson, Ariz.

Tulsa (6)—I°. M. Ferguson, 1133 N, Lewis,
Tulsa 10, Okla.; D. I’ lHearn, 748 S, 87th
E. Ave., Tulsa 12, Okla.

Twin Cities (5)—H. D. Shekels, 1942 Beech-
wood, St. Paul 16, Minn.; A. L.. Martin,
Jr., 8714 Second Ave. S., Bloomington 20,
Minn.

Vancouver (8)-—H. A. Hoyles, 1846 Beau-

Subsections

lynn PL, Westlynn Park, North Van-
couver, B. C. Canada: T. D. Cushing,
Lenkurt Elec. Co. of Canada, N. Barnaby
P.O., Vancouver, B. C., Canada.

Virginia (3)—G. L. Harvey, Sperry DPied-
mont Co., Rte 29, Charlottesville, Va.;
E. J. Brauner, 1412 Brookville La.,
Lynchburg, Va.

Washington (3)—B. S. Melton, 3921 May-
fair Lane, Alexandria, Va.; \W. B. Swift,
C-E-I-R, Inc., 1200 Jefferson Davis Hwy.,
Arlington 2, Va.

Western Massachusetts (1)—R. 11. Shupe,
52 Elaine Dr., Pittsheld, Mass.; W. B.
Conover, Genera! Electric Co., 100
Plastics Ave., Pittslield, Mass.

Western Michigan (4)—]. D. Barfus, 6482
52 St.,, S.E., Grand Rapids 8, Mich.;
J. Czerniak, 2744 Bellevue Rd., Muske-
gon, Mich.

Wichita (6)—R. L. Schrag, Elec. Engrg.
Dept., Univ. of Wichita, Wichita 8, Kan.;
W. G. Louie, 758 Manstield Drive,
Wichita 7, Kan.

Williamsport (5)—]J. J. De Gan, 117 Eldred
St., Williamsport, ’a.; T. I>. Warne, 324
Tinsman Ave., Williamsport, Pa.

Winnipeg (8)—\W. H. Galpin, 175 Lanmark
St., Winnipeg 9, Man., Canada; R. L.
Punshon, Canadian Broadcasting Corp.,
540 Portage Ave., Winnipeg, Man,,
Canada.

Buenaventura (7)—L. IX. Wood, 630 .
Highland Dr., Camaritlo, Calif.; j. A.
Frederick, 455 Corsicana Dr., Oxnard,
Calif.

Burlington (5)—R. A. Wilcox, Box 561, Apt.
120, Burlington, lowa; PP. D. Keser, Box
123, Burlington, lowa.

Catskill (2)- C. R. Eickhorn, Jr., 29 Ratter-
man Rd., Woodstock, N. Y.; R. A.
lleassler, R.1). 5, Box 52, Kingston, N. Y.

Crescent Bay (7)—I1. lams, 1325 Goucher
St., Pacihic Palisades, Calif,; H. 1. Wil-
son, 16623 Gilmore St., Van Nuys, Calif.

East Bay (7)--1-. A. Aas, 2684 Keunedy St.,
Livermore, Calif.; I'. Hamm, Jr., 4364
Colgate Way, Livermore, Calif.

Eastern North Carolina (3)--V. D. Duncan,
Country Club Homes, Apt. K-3, Raleigh,
N. C.; J. 8. Hill, 11, 2114 Buckingham
Rd., Raleigh, N. C.

Fairfield County (1)—R. Townsend, 56
Gardiner St., Darien, Conn.; L. Pritkin,
2 Boxwood Rd., Norwalk, Conn.

Lancaster (3)-—-Y. Uyeda, 1924 Pine Dr.,
Lancaster, PPa.; R. M. Matheson, 2728
Brookheld Rd., Lancaster, I’a.

Las Cruces-White Sands Proving Ground
(6)—H. Coleman, Rte. 1, Box 4B, lLas
Cruces, N. M.; Secretary to be advised.

Lehigh Valley (3)—]. Il. Volk, 411 Grant
St., Easton, PPa.; A. [. Larky, Lehigh
Univ., Dept. of Elec. Engrg., Bethlehem,
Pa.

Memphis (3)--C. Ray, Dept. of Neuro-
surgery, Baptist Memorial Hospital,
Memphis 3, Tenn.; Brother 1. J. Haas,
Christian Brothers College, Memphis 4,
Tenn.
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Merrimac Valley (1)--D. D). Sagaser, Bell
Telephone Labs., 1600 Osgood St., North
Andover, Mass.; W. Banton, 21 Walnut
St., North Andover, Mass.

Mid-Hudson (2)-—R. |. Domenico, 1BM
Research Lab., Poughkeepsie, N. Y.;
W. Cadden, 67 Round Hill Rd., Pough-
keepsie, N. Y.

Monmouth (2)—I’. E. Griffith, 357 Cedar
Ave.,, West Long Branch, N. J.; V. E.
Reilly, 25 Lenox Rd., Eatontown, N. J.

Nashville (3)—G. I’. McAllister, 2923 Twin
Lawn Dr., Nashville 14, Tenn.; W, B.
Kincaid, Jr., 210 Graeme Dr., Nashville
14, Tenn.

New Hampshire (1)—R. O. Goodwin, 130
Colgate Rd., Nashua, N, H.; J. Butler.
Groton Rd., R.IF.D. 2, Nashua, N. H.

Northern Vermont (1) R. A. Marcotte,
Valleyview Dr., RD 1, Essex Junction,
Vt.; W. C. Chase, \WDEV, 9 Stowe St.,
Waterbury, Vt.

Orange Belt (7)—J. F. Mcllwee, 435 N.
Live Qak Ave., Glendora, Calif.; R. J.
Sticht, 705 N. Fast End Ave., Pomona,
Calif.

Palm Beach (3) —R.F. Wernlund, 2115
Lake Bass Circle, Lake Worth, Fla.; \'. IV,
Adams, Jr., 521 Inlet Rd., N. Palin Beach,
Fla.

Panama City (3)--]. I'. Ault, 1305 Cornell
Dr., Panama City, Fla; R. C. Lowry,
2342 Pretty Bayou Dr., Panama City,
Fla.

Pasadena (7)—F. L. Mosely, 700 Fleutridge,
Pasadena 5, Calif.; J. C. Croshy, 9018
Youngdale, San Gabriel, Calif.

Piedmont (3)—Officers to be advised.
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Pikes Peak (6)-—-13. J. Bittner, Box 3217,
North End Station, Colorado Springs,
Colo.; A. O. Behnke, 204 Westcott Ave.,
Colorado Springs, Colo.

Reading (3)—L. H. Von Ohlsen, Jr., 2015
Beraville Rd., Greenficlds, Reading, Pa.;
R. M. lLel.acheur, 1637 Dauphin Ave.,
Wyomissing, Pa.

Richland (7)—R. A. Harvey, 657 Cotton-
wood Dr., Richland, Wash.; D. D. Bisby,
703 Catskill, Richland, Wash.

San Fernando Valley (7)-R. L. Halpern,
3315 Longridge Ave., Sherman Oaks,
Calif.; J. L.. Brown, 17408 Mayflower Dr.,
Granada Hills, Calif.

Santa Ana (7)—Dr. \. Yaru, Hughes Air-
craft Co., Fullerton, Calif.; H. . IFoster,
Autonetics, Anaheim, Calif.

Santa Barbara (7)— . k. Hacke, Box 535,
Santa Barbara, Calif.; S. R. Boyle, De-
fense Electronics Div., General Electric
Co., 735 State St., Santa Barbara, Calif.

Southwestern Ontario (8)—R. A. Clark,
2558 Byng Rd., Windsor, Ont., Canada;
Secretary to be advised.

Tidewater (3)—Ofhicers to be advised.

Victoria (8)—C. L. Madill, 2786 Murray
Dr., Victoria, B. C., Canada; A. M, Bax-
ter, 620 Rockland Place, Victoria, B. C.,
Canada.

Westchester County (2)—M. Ziserman, 26
Edgewood Rd., Hartsdale, N. Y.; M. L.
Brailey, 12 Dupont Ave., White Plains,
N. Y.

Western North Carolina (3)—I°. F. Bate-
man, 926 Stanfield Dr., Charlotte 9, N. C.;
C. W. Whitley, 2810 Dunlavin Way,
Charlotte, N. C,
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MINCOM SERIES CM-100 RECORDER / REPRODUCER

Data loss from dropouts is practically eliminated in the CM-100, due to this unique system'’s
predetection recording capability. In ordinary post-recording, a dropout more than 6 db down is gen-
erally considered a data loss; the CM-100's operational predetection performance retains such
signals through superior phase characteristics and extended bandwidth. Mincom's CM-100
Recorder/Reproducer, performing longitudinal recording with fixed heads up to 1.5 mc at 120 ips,
also offers 7 or 14 tracks, trouble-free dynamic braking, complete modular plug-in assembly, built-in
calibration, instant push-button selection of six speeds. Versatile, reliable, a model of simple main-
tenance and operation, the CM-100 is tops in its field. Write today for detailed specifications.

Mincom Division gm MINNESOTA MINING £ MANUFACTURING CO.

LOS ANGELES 25, CALIFORNIA . WASHINGTON 4, D.C,
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BUILT FOR

Model
693

This attenuator handles input powers of
at least 20 watts CW or 10 KW peak
applied to either terminal. Available in
attenuation values from 1 db to 20 db
and covering the frequency range from
DC 101500 mc, the Model 693 has these
other

Weinschel Features:

@ Black anodized aluminum body with
cooling fins dissipates heat efficiently,
preserves stability.

® “Type N” stainless steel connectors
giving long service life and excellent
corrosion resistance.

® Critical dimension of inner contact
depth held to =+ 0.005 inches, closer
than that required by government
specifications.

e Certificate of calibration showing in-
sertion loss test data with guaranteed
accuracy explicitly stated.

WEINSCHEL

ENGINEERING

e

10503 METROPOLITAN AVENUE
KENSINGTON, MARYLAND
Tel.: 949-0141 (Area Code 301)
TWX: KENS 446
In California: 631 Wilshire Bivd.
Santa Monica
TWX: SMON 7185

00

Univac Military Operations, St. Paul,
has hired two new engineers to supervise
the electronic design of advanced micro-
miniature aerospace conmiputers.

W. C. Timm

T. M. Sammis

They are: Theodore M. Sammis,
(SM’61), supervising development engi-
neer, and Walter C. Timm (S'53-A’55-
M'60) principal development engineer,
both former senior group engineers at Mc-
Donuell Aircraft Corp., St. Louis, Mo.

Mr. Sammis supervised the design of
miniature aerospace digital equipment at
McDonnell. He previously was a super-
vising engineer at Hazeltine Electronics
Corp., Little Neck, N. Y.

Before joining McDonnell, Mr. Timm
was on the technical staff of Bell Tele-
phone Laboratories, Whippany, N. J. He
is a member of the American Institute of
Electrical Engineers.

2,
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Joseph D. Schantz (5'33-A'35-SM'44)
has been appointed manager of the ZMAR
program at the eastern operation of Syl-
vania  Electronic
Systems, Waltham,
Mass., a major di-
vision of Sylvania
Electric Products,
Inc.

Since July 1960,
Mr. Schantz has
served as Director
of Engineering at
the division’s Wal-
tham Laboratories,
which recently
combined with the
Data Systems Operations at Needham,
Mass., to form the eastern operation. Pre-
viously, he served successively as Chief
Electronics Engineer, Assistant Manager
of the avionics division, and finally as
Director of Plans and Programs for Bell
Aircraft Corp., Buffalo, N. Y. Mr.
Schantz also served as a research engineer
with RCA and as manager of the military
projects division of Farnsworth Television
and Radio Corporation.

He received his Bachelor's degree in
electrical engineering from Gettysburg
College and his Master’s degree from the
University of Michigan.

j. l). SCHA?\TZ
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John D. Smith (M’59) has been ap-
pointed head of the Mechanical Engineer-
ing Department at the Data Systems
Division of Litton Systems, Canoga Park,
Calif.

Mr. Smith was graduated from the Uni-
versity of Denver in 1941 with a B.S. de-
gree in electrical engineering, and from the
University of Southern California in 1955
with an M.S. degree in electrical engineer-
ing.

In the newly-created post Mr. Smith
will be responsible for mechanical engi-
neering for the advanced command and
control systems developed and manufac-
tured by the division. Before joining Litton
systems he was maunager of the displays
laboratory at the [{ughes Ground Systems
Division, [Fullerton.

Mr. Smith is a member of the AIEE.

°
o

It was recently announced that Dr.
Thomas E. Tice (5'46-A'50-SM'55-F'61)
has been appointed to the position of Chief
Engineer of the An-
tenna and Micro-
wave Group, at
Motorola Inc., Mil-
itary  Electronics
Division,  Scotts-
dale, Ariz.

Dr. Tice, a na-
tive of [Florence,
Ala. was prior to
this appointment '
the director of Ohio
State University’s T. E. Tice:
Antenna  Labora-
tory, Columbus, Ohio, and was responsible
for research in microwave circuits, wave
propagation, antennas, and electromag-
netic field theory. Concurrently, Dr. Tice
held the rank of Professor, OSU Depart-
ment of Electrical Engineering.

He was a former communications of-
ficer with the U. S. Army Signa! Corps
and was responsible for the installation and
maintenance of Army airways communica-
tions equipment and air navigational aids
in North Africa and Arabia.

Dr. Tice served as Editor-in-Chief for
McGraw-Hill’'s “Techniques for Airborne
Radome Design” in 1957.

Dr. Tice is a member of Sigma Xi, Tau
Beta Pi, Eta Kappa Nu, and Chi Beta
Phi. He is also a member of the Air Force
Advisory Group on Passive Satellite Com-
munications, the [RLE Seventh Region
Student Paper Competition Committee,
and the IRE Phoenix Section Awards
Commiittee.

0
e

Eugene F. Shell (M'51) of Endicott,
N. Y., has been promoted to Assistant Sys-
tems Manager at IBM's Space Guidance

(Continued on page 36A4)



A SIGNIFICANT BREAK-THROUGH
IN TRANSISTOR TECHNOLOGY...

CDC

The Best High-Power, High-Speed Switching
Transistors Ever Developed Provide the Optimum
Combination of Voltage, Power, and Speed

The Sprague ECDC Transistor is the first to combine the optimum
features of the electro-chemical precision-etch techniques and dif-
fused collector techniques in one highly-mechanized process.

The ECDC Transistor meets these 7 conditions for an ‘‘ideal”

@ TYPES 2N2099 & 2N2100

These P-N-P Germanium Electro-Chemical,

|
Diffused-Collector Transistors are espe-

transistor: j cially designed for core and film memory
1. Very low collector-to-case thermal resistance through the utilization of driver applications. They feature excel-
high thermal conductivity material as the collector body, resulting in } lent beta linearity from less than 1 ma

high power dissipation. to over 400 maq, high frequency response,

and low saturation resistance. The low-height
TO-9 case is ideally svited to meet equipment
3. Precision-etched emitter pit permits placement of emitter junction at designers’ needs.

proper resistivity for optimum breakdown voltage and frequency response.
. - . . . TYPES 2N2096 & 2N2097
4. High conductivity surface surrounds emitter pit and close emitter-to-base

. . . 1
spacing results in extremely low base resistance. L

2. Thin base width for high radiation resistance and lower storage time.

Ayt

h

'} Types 2N2096 and 2N2097 are electrically

5. Precision-etched collector provides optimum control of collector series ¢l@ identical to Types 2N2099 and 2N2100,
resistance with attendant low saturation voltage, low storage time, and respectively, except for their TO-31 Case,
high breakdown voltage. with its threaded stud mounting.

6. Low collector series resistance as a result of the use of high conductivity ‘
material for the mass of the collector area. For complete information on ECDC Tran-

7.The structure and manufacturing processes are suited for automated ;'"wf" wrg‘,’ f'°d”;' M°'ke;;"9' ,Secc"°"'
production equipment with immediate in-process feedback. foRsisTol_“ivision, oprague “ectric Lom-

pany, Concord, New Hampshire.

*Trademork of Sprague Electric Co,

SPRAGUE COMPONENTS

R
TRANSISTORS INTERFERENCE FILTERS HIGH TEMPERATURE MAGNET WIRE s p n n G U E
CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS

MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES THE MARK OF RELIABILITY
RESISTORS PULSE-FORMING NETWORKS FUNCTIONAL DIGITAL CIRCUITS
MICROCIRCUITS TOROIDAL INDUCTORS ELECTRIC WAVE FILTERS

‘Sprague’ and ‘@ are registered trademarks of the Sprague Electric Co.
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The ADL-Strong
Arc Imaging Furnace for

CRYSTAL GROWING RESEARCH

The ADL-Strong ARC IMAGING FURNACE is opening new areas
of crystal growing research, well beyond the capabilities of previously
available systems. The non-contaminating and continuous radiant
heat source produces a peak black-body temperature of up to 4000°K.
The Verneuil powder feed system and the boule platform are com-
pletely enclosed, permitting selection of inert, oxidizing or reducing
atmospheres in pressures ranging from ten microns to sixty p.s.i. The
powder feed rate and the vertical and rotational speeds of the growing
boule are all individually adjustable.

Other models of the ADL-Strong Furnace are available for a wide
range of general high-temperature research, solid propellant ignition
studies, and high-temperature mass spectrometry. For complete
technical data and price information, write: RESEARCH EQUIP-
MENT, Arthur D. Little, Inc., 20 Acorn Park, Cambridge 40, Mass.

Avthur 0. Little, Inc.

APPLIED SCIENCE - RESEARCH EQUIPMENT
ENGINEERING - MANAGEMENT CONSULTING

>

I
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(Continucd from page 34A)

Center in Owego.

Mr. Shell joined
IBM in May, 1952
after having served
as an engineer with
the Air Force in a
civilian capacity at
Wright Patterson
Air  Force Base,
Dayton, Ohio,

His IBM as-
signments have
been in design coordination and devel-
opment engineering in the Owego bomb
navigation programs. He was one of the
original group assigned to manage the ad-
vanced system study in October, 1955
that led to development of the B-70
ASQ-28 Bombing Navigational Missile
Guidance System.

In May, 1958 he was named Manager
of the ASQ-28 P’roject Office and in April
1960 was appointed Functional Manager of
the ASQ-38 Project Office.

0,
<

S. Paul Shackieton (M'31-SM'43), en-
gineering consultant, has joined the staff
of I'TT Communication Systems, Inc.,
Paramus, N. ].
Since his retirement

e S & 1
from Bell Tele- !
phone  Laborato- |
ries, Inc., he has ‘

served as consult-
ant to NSA and the
President’'s Com-
mittee on Scien-
tists and Engineers
in Washington and
to RCA in New
York. lle has also
been employed as
assistant to the Director of Research at
Maxson Electronics and with Lehigh De-
sign Co., Inc. of Arcs Industries. e is
presently working on worldwide communi-
cation systems under DOD) contracts at
ITT Communications Systems, Inc.

»

S. P. SHACKLETON

°
o

Tom Tracy (M'55) has been named
Marketing Manager of Datamec Cor-
poration, Sunnyvale, Calif.

Mr. Tracy for-
merly was North-
west District Man-
ager of Ampex
Instrumentation
Products, with
headquarters in
Palo Alto. Before
joining Ampex in
1959, he was associ-
ated with the in-
strument, transis-
tor and data han-
dling divisions of
Minneapolis-Honeywell for 10 years as a

T. Tracy

(Continued on page 40A4)
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THE .7
cRvoovNee B4
HELIOM
REFRIGERATOR

a new milestone

Closed-cycle refrigeration at liquid helium temperatures is now available
in proven hardware. Arthur D. Little, Inc. — under the initial sponsorship
of International Business Machines Corporation and continuing sponsor-
ship by the U.S. Army Ordnance Corps through Bell Telephone
Laboratories, Inc. — has extended the development of its patented
Gifford-McMahon cycle to produce the ADL CRYODYNE HELIUM
REFRIGERATOR. The Refrigerator will provide up to 250 milliwatts
of refrigeration at liquid helium temperatures and will function normally
regardless of physical orientation. A number of units were completed
in 1961 and by December 31st had accumulated, in aggregate, more than
10,000 operating hours. A CRYODYNE Refrigerator on one endurance
test run exceeded 1500 hours of continuous operation without mainte-
nance or control manipulation.

Because of its demonstrated reliability, its compact size and simplicity of
design, the CRYODYNE Refrigerator lends itself to a wide range of
application in cooling superconductive, quantum electronic, and IR
devices. For complete technical data and price information, write:
CRYOGENIC EQUIPMENT, Arthur D. Little, Inc., 20 Acorn Park,
Cambridge 40, Massachusetts,

APPLIED SCIENCE - RESEARCH EQUIPMENT
ENGINEERING « MANAGEMENT CONSULTING

PROCEEDINGS OF THE IRE May, 1962

IS
Albert Hatch (left) and Dr. Howard McMahon
discuss the results of a test run. Dr. Mc-
Mahon and William E. Gifford, now Pro-
fessor of Mechanical Engineering at The
University of Syracuse, were co-inventors of
the refrigeration cycle vsed in the CRYO-
DYNE Refrigerator. Albert Hatch is in charge
of engineering development of the Refrig-
erator at ADL.

Avthur 4. Little, Inc.
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2800 a ez _ (Arrow points to truck. Compare 42 counter-weight towers— Enormous variometer coil for
dozen Pentagon Buildings . . . two iden-  Helix House size in first photo.) 36 of them like this—carrying  inductance to tune the antenna
tical antenna arrays . . . center towers 8-story Helix House contains an-  tremendous counter balances  system through a range of 14 to
nearly as high as the Empire State tenna coupling and automatic  of 202 tons each to maintain 30 KC very low frequency
Building support the gigantic spider web  de-icing equipment to rid the  ,nd correct antenna tension  These VLF oy - )
of steel towering a thousand feet up and  immense antenna system of ice. 04 <" is up o trate the depth . Rene:
embracing two square miles . .. nearly Buried beneath the ground: an- strain from winds up to  trate the depths of the sea to
an entire peninsula at Cutler, Maine. other 11 million feet of copper 150 knots or ice forming on  submerged submarines.
(Arrow indicates comparative size of wire in the radiating system ter- the 64 miles of bronze

Helix House to tower.) minating in the sea water itself. ~antenna.

THIS AMAZING ENGINEERING ACHIEVEMENT RESULTED FROM SUPERB
TEAMWORK BETWEEN THE PRIME CONTRACTOR — CONTINENTAL ELEC-
TRONICS . . . THE UNITED STATES CONGRESS . .. AND THE U.S. NAVY ...
WORKING TOGETHER IN HARMONY TO STRENGTHEN AND SOLIDIFY NA.
TIONAL DEFENSE. THAT THE U.S. NAVAL RADIO STATION AT CUTLER WAS
COMPLETED IN RECORD TIME, ONE FULL YEAR AHEAD OF SCHEDULE IS ADE-

QUATE TESTIMONY TO THE SMOOTH EFFICIENCY OF THIS COMBINED EFFORT. . wmmsmmmenes e s | -
o~ -
: ff ————— 2
R o i A
r— ®

MANUFACTURING
4212 South Buckner Boulevard W Dallas 27, Texas

DESIGNERS AND BUILDERS OF THE WORLD'S

—
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Huge Helix coil 20 feet in diameter and 40 feet
tall is wound with 3% inch Litz Wire . . . just
one of the scores of huge components that
combine to give this new communication
station maximum power . . . range . . . reliab-
ility . . . and the special penetration possibil-
ities VLF possesses that no normal high fre-
quency radio provides.

Control console and portion of the unique
CEMC Type-125 2,000,000 watt VLF Trans-
mitter that propagates along the curvature
of the earth instead of bouncing off the IONO-
SPHERE : thus eliminating dead communica-
tion areas or skip distances to give this Naval
voice of command greater range and improved
reliability.

Ll -

In one instant 2,000,000 watts will blast the
U. S. Navy’s voice of command around the
world. At the control console, during opera-
tion, push-button simplicity provides a new
and highly reliable major element of command
to the U. S. Navy . . . another element of that
might by which the nation promotes the
keeping of the peace.

WORLD'S MIGHTIEST VOICE
OF COMMAND TO HELP KEEP
THE PEACE. OFFERING NEW
RELIABILITY

DEPENDABILITY
MAINTAINABILITY

=== ‘___?i..‘h-‘-'-“'*g"' —— ONE FULL YEAR AHEAD OF SCHEDULE!

COMPANY=, -\
EVergreen 1-7161 M SUEQSIDTARY OF LING-TEMCO-VOUGHT, INC. ,
.- MOST POWERFUL 'RADIO JRANSMITTERS
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(Continted from page 6.1}

sales engineer and sales supervisor.

Mr. Tracy was graduated from the
California Institute of ‘Technology with a
(Our robor's “eye” Ts B.S. degree in Applied Physics.

| N she end view of @ CL.403I

.
oo

‘The Polytechnic Institute of Brooklyn
announced the appointment of Dr. John G.
Truxal (5'47-A"48 SM'54-1'59) to a vice
presidential position. Dr. Truxal, the
former head of the electrical engincering
department since 1957, was named vice-
president for educational development.

Dr. Truxal, a native of Lancaster, Pa.,
received his B.\. degree from Dartmouth
in 1943, a B.S. in electrical engineering
from Massachusetts Institute of Technol-
ogy in 1947, and a Doctor of Science
degree from M.1.'T, in 1950.

He joined the Polytechnic faculty in
1954 as an associate professor of clectrical
engineering after serving with the faculties
at M.LT. and Purdue University.

Dr. Truxal is the author of “Controls
Systems Engineering,” and the co-author
of “Principles of Electronic lnstrinnenta-
tion.” He is a member of the IR Editorial
Board, the American Institute of Electrical
Engineers, 1’hi Beta Kappa, and Tau
Beta Pi.

.
oo

.
)
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(Continued on page 118.41)

Clairex Photoconductive Cells, like the human
eye, are ”"windows to the world”’ of control G A L L I “ M
system design. Our continvally expanding

line now includes the 5-1 series of hermeti-
cally sealed Cadmium Sulphide cells, employ- for technical and
ing a sensitive material formulation that
matches the spectral sensitivity of the human laboratory use
eye! These are the first real “electronic eyes”
and thus are particularly useful in applica-
tions involving human vision . . . such as
Daylight Switches, Photography, and Auto-
ma);icg Brightness Control in Television 99-9°/o

Receivers. GO

99.99%,
99.999,
99.9999,

in telecommunication

in highest
purity

Exported by

MEDIMPEX

Budapest, 502 ¢ P.O.B. 34
ORPORATION Hungary

Y ond New Faolties to meet Growing Needs

GWEST 30 STREET, NEW YORK 1, N. Y. ® MU 4.0930 ——————]
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Here Is MEASURED RELIABIITY!

Ten thousand EL-MENGO high reliability

DUR-MICA . g . .
CAPACITORS dipped mica capacitors were put on life test

at 85°C with 225% of the rated DG voltage
AR applied -After 26,500,000 actual test unit-
hours no failures of any type occurred.

The accumulated 26.5 x 10° test unit-hours without any failures can be used to calcu-
late many different failure rates depending upon the confidence level desired. However,
we shall explore the mecaning of the results at a 90% confidence level.

Assuming no acceleration factor for either temperature or voltage, we have verified
a failure rate of less than 0.01% per 1000 hours. (Actually, there is a temperature effect
and it has been found that, with the DC voltage stress remaining constant, the life de-
creases approximately 50% for every 10°C rise in temperature. There is also a voltage
effect such that, with the temperature stress remaining constant, the life is inversely
proportional to the 8th power of the applied DC voltage.)

Assuming no temperature acceleration factor and assuming the voltage acceleration
exponent is such as to yield an acceleration factor as low as 100, we have nevertheless
verified a failure rate of less than 0.0001% per 1000 hours.

Assuming no temperature acceleration factor and assuming the voltage acceleration
factor is on the order of 250 (test results are available to confirm this) we have ac-
cumulated sufficient unit-hours to verify a failure rate of less than 0.00004% per 1000
hours!

Note that all the above failure rates are calculated at a 9% confidence level!

Only 1 Failure in 14,336,000 Unit-Hours BRLAATLS 1431
for 0.1 MFD Capacitors DIPPED

Life tests have proved that El-Menco Mylar-Paper Dipped Capacitors — tested at CAPACITORS
105°C with rated voltage applied —have yielded a failure rate of only I per 1,433,600 MPD
unit-hours for 1.0 MFD. Since the number of unit-hours of these capacitors is in- TYPE

versely proportional to the capacitance, 0.1 MFD El-Menco Mylar-Paper Dipped
Capacitors will yield ONLY 1 FAILURE IN 14,336,000 UNIT-HOURS.

*
MINIMUM LIFE EXPECTANCY FOR 1.0 MFD “* MYLAR-PAPER DIPPED
CAPACITORS AS A FUNCTION OF VOLTAGE & TEMPERATURE

| ERRR | T OO O 0
w **THE NUMBER OF UNIT-HOURS IS INVERSELY
O 2 PROPORTIONAL TO THE CAPACITY IN MFD 1]
52 bR | [T
[ B 1
E 6 1 -C~ ~-h~~~:\.~ | - |
— P — |
8o L L]
& E . 'P- . A
g - AA=85 C TEMPERATURE ! 1 E
x e 88=105C rmmumls
€C=125°C TEMPERATURE
v mEE
1000 10,000 100,000 1,000,000 10,000,000

UNIT-HOURS FOR ONE FAILURE
% Registered Trade Mark of DuPont Co.

Write for Reliability Study and technical brochures.

we ELECTRO MOTIVE MFG CO.; nc.

SR WILLIMANTIC, CONNECTICUT
Dipped Mica » Molded Mica » Silvered Mica Films « Mica Trimmers & Padders
- Encu Mylar-Paper Dipped * Paper Dipped » Mylar Dipped  Tubular Paper
ARCO ELECTRONICS, INC., Community Drive, West Coast Manufacturers Contact:
Great Neck, L. I.. New York COLLINS & HYDE CO., 535 Middlefield Road,
Ezxclusive Supplier to Jobbers and Distributors Palo Alto, California
tn the U. S. and Canada 1250 E. Artesia Avenue, Long Beach, California

PROCEEDINGS OF THE IRE May, 1962 41A



CONTROLLED
GIIHER

For complete technical Information, call your
G-E Semiconductor Products District Sales
Manager. Or write Rectitier Components De-
partment, Section 23E62, General Electric Com-
pany, Auburn, New York. In Canada: Canadian
General Electric, 189 Dufferiri Street, Toronto,
Ontarlo. Export: International General Electric,
159 Madison Avenue, New York 16, N. Y.

e e e e
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ELECTRONICS

PROGRESS IN RECTIFIER COMPONENTS

_R revolutionary advance
in power semiconductors

REVERSE VOLTAGE ———3=

-—100ma

REVERSE
CURRENT

| |
RATEOD PRV 1700
1200 v v

AVALANGHE

A NEW 12 AMPERE RECTIFIER WITH PEAK
REVERSE RATING OF 1200 VOLTS, AND A SELF-
PROTECTIVE REVERSE "AVALANCHE™ POWER
DISSIPATION RATING UP TO 3900 WATTS

The most important step forward In rectifier technology since General Electric Introduced
the SCR, the ZJ218 Controlled Avalanche Rectifier is the first of a new generation of G-E
power semiconductors which eliminate a fundamental silicon rectifier limitation. Carefully
controlled non-destructive internal avalanche breakdown across the entire junction area
protects the junction surface, eliminates destructive local surface heating that permanently
Impairs or destroys the conventional rectifler's reverse blocking ability. In effect, ZJ218 has
built-in “zener” diode protection, even well beyond 1200 volts. 600, 800, 1000 and 1200 PRV
types are now available... aii with these outstanding features:

@ seif-protection againstvoitage transients...dissi-
Sl oia ] pates up to 3900 watts peak power in reverse
AGAINST VOLTAGE TRANSIENTS direction
@ new high reiiabiiity standards at PRV's up to
PRY AVALANCHE °V OLTAGE 1200 voits (as well as iower voitages)
@25°C @ protection of othercircuit components (inciuding
Min. Maox. transformers) from overvoitage through rigidiy
- spec'd max./min. avaianche characteristics
1200 1500 1930 @ simplified rectifier series operation in high voit-
1000 1250 1550 age applications . . . eiiminates need for shunt
resistors
800 1000 1290 @ permits continuous operation in avaianche
600 750 1030 breakdown region at high voitage...unharmed
by hi-pot and megger tests

GENERAL @3 ELECTRIC
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SAUGERTIES, N.Y. The Ferroxcube

|

LDR (Light Dependent Resistor) is a |

cadmium sulphide resistive element
offering a resistance ratio of 25,000 to
1 for a light intensity change from total
darkness to 1400 foot candles. This
interesting device costs as little as 25¢
in production quantities.

The applications of the LDR are
limitless. In addition to the obvious
use as a light switching device, it may
be used as an automatic voltage stabi-
lizer, whereby increasing voltage in-
creases light source which in turn de-
creases the resistance of an LDR. In
the same circuit with suitable fixed re-
sistance values, secondary voltages
can be exactly compensated. The LDR
is also used as a modulator for low fre-
quency audio signals, converting an
interrupted light source into related
electrical characteristics.

LDR units offer a dark value of
10,000 ohms minimum in total dark-
ness, and a light value at 92 foot can-

dles of 75 to 300 ohms. Resistance |

response time is better than 20,000
ohms per second as light fades. LDR’s
are available in disc-type or top-hat
configurations with bottom leads. An
Engineering Kit including LDR units

NEWS

/[ﬁ New Products
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These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your IRE affiliation.

Burnell Dedicates
Guillemin Laboratory

Science and industry joined in the
dedication (Oct. 26, 1961) of Burnell &
Co., Inc.’s, new Guillemin Research Lab-
oratory in Cambridge, Mass. Honoring Dr.
Ernst A. Guillemin, eminent M.[.T. scien-
tist who is also vice president in charge of
research of Burnell & Co., the lab is be-
lieved to be the first facility of its kind de-
voted exclusively to research in electronic
filters and networks.

Above, Dr. Guillemin (center) is shown
in a discussion with Dr. Lan J. Chu
(right), professor of electrical engineering
at M.1.T,, and Lewis G. Burnell, executive
vice president and director of engineering
of Burnell & Co., who were among the
guests at the dedication. The firm’s main

| plant is located at 10 Pelham Parkway,

and complete technical data is avail- |

able for only $10.00.
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43 FERROXCUBE

CORPORATION OF AMERICA
SAUGERTIES, NEW YORK
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FERROXCUBE CORPORATION of America
Saugerties, N. Y.
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i Tam interested in:

t [ Pot cores ] Memory cores,

! Planes and Stacks
+ [ Recording head cores

i O Custom ferrite parts

t O Non-linear resistive elements
 NAME

'

J COMPANY
|

'

]

1

1]

ADDRESS

WHEN WRITING

Pelham, N. Y.

Multi-Speed Reversible
Transmission

With continuous running input, this
transimission, designed by Autotronics,
Inc., Dept. T., P. O. Box 208, Florissant,
Mo., delivers eight binary ratio output
speeds in both directions plus an electro-
magnetically actuated instant brake. Out-
put torque is in excess of 45 Ib. in. at each
speed.

\With 1800 rpm input, the output speeds
are 360, 180, 90, 45, 22.5, 11.25, 5.625, and
2.8 rpm in both clockwise and counter-
clockwise directions. Speed and/or direc-
tion change takes place within 25 milli-
seconds.

TO ADVERTISERS PLEASE MENTION-—PROCEEDINGS OF THE IRE

Size is 3.6" diameter by 7.3" long ex-
cluding shaft extensions. Transmission is
shown in picture with cover removed.

Price dependent upon specifications and
quantity ordered. Contact: Art Lee, Sales
Manager, for additional information.

Photocell Punched
Tape Reader

A high speed unit is the newest addition
to the line of Photocell Punched Tape
Readers, according to an announcement
of Rheem Manufacturing Co., Electronics
Div., 5200 \V. 104th St., Los Angeles,
Calif. The new model, the RR-1000, is
nominally a 1,000 character per second
unit, and features completely transistor-
ized circuits, photovoltaic sensing cells and
rugged two speed motor drives.

This new high speed unit is believed to
be the lowest priced high speed tape reader
currently being marketed. The uni-direc-
tional model is priced at $1,450.00 and the
bi-directional model at $1,590.00.

The standard model includes 2:1 speed
ratio selectable with low level input, and
5, 7, and 8 level tape selection. Qutputs
can be selected for positive or negative
logic and positive or negative voltage level.
The reader is 5} inches high and 19 inches
wide for rack mounting.

For details contact Dr. \Wm. Leone at
the firm.

Mechanical Filter

A new low cost mechanical filter for
commercial and amateur communications
equipment is available from Collins Radio
Co., Components Div., I>. O. Box 1891,
19700 San Joaquin Rd., Newport Beach,
Calif

(Continued on page 404d)
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Old hat

Six months ago this Fairchild transistor was the newest thing
on the market. Now there’s a better one. Made by Fairchild.
Meeting the challenge of your own products is a criterion of
leadership in this fast-moving, fast-changing industry. That’s
why the search to make it GGG
(1) work better, (2) do more = AR C HILD

and (3) cost less—goes 0N |
24-hours a day at Fairchild. SEMICONDUCTOR

AMERA AND INSTRUMEN SORPORATION

FAIRCHILD SEMICONDUCTOR /545 WHISMAN RD., MOUNTAIN VIEW, CALIF./YORKSHIRE 8 8161 /TWX:MN vWw CAL 853/A DIVI DN OF FAIRCH
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Based on innovations in design and
manufacturing, the new 455 ke mechanical
filter will be available at cost reductions of
as mnch as 35 per cent under the standard
version of the same filter.

The new filter has steep skirted selec-
tivity with a 6 dby bandwidth of 2.1 kc and
a 60 b bandwidth of 5.3 ke—a shape fac-
tor of just over 2.5 to 1. One of the most
widespread applications of the new filter is
expected to be in single sideband trans-
mitters and receivers.

The filter is packaged in a phenolic case
and is suited for circuit board manufactur-
ing techniques involving dip soldering.
The filter is 2} inches long, and slightly
more than } inch wide and } inch high,
not including mounting studs and termi-
nals.

Production quantities will be available
with 120-day delivery after May, 1962.
Specific application, price and delivery
information can be obtained from the
firm.

Phase Meter For Pulsed
Microwaves

Wiltron Co., 717 Loma Verde Ave.,
I’alo Alto, Calif., has developed a phase
meter for pulsed microwave signals.

This new phase measuring capability is
of importance to microwave tube manu-
facturers, radar and communication sys-
tem designers, transmitter designers and
other users of microwave pulsed signals.
It means that for the first time there is an
instrument for measuring the RF phase
characteristics during a pulse and between
successive pulses.

The meter takes a us sample of the
pulsed signal being measured. After cali-
bration, the average phase during this
sample is presented on a direct reading
meter in degrees. The point of sampling
can be progressively moved through a
pulse to achieve a plot of phase for each
portion of the pulse. In addition, the entire
pulse phase pattern can be read out on an
oscilloscope. This permits the observation
of dynamic phase changes, with a response
time of about 0.2 microsecond.

The Model 305 sells for $2,450.00 and
must be used with one of Wiltron’s Phase
Detectors which are in the range of $950.00
and above. Delivery is 7 weeks.
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NEWS

{Continued from page 44.4)
These manufacturers have invited PROCEEDINGS

readers to write for literature and further technical
information. Please mention your IRE affiliation.

VHF Frequency Meter

The LA-70B VHFI Frequency Meter,
designed by Lavoie Laboratories, Inc.,
Morganville, N. J., can measure from 10
ke to 3,000 mc with an accuracy of
0.0001% between 20 mc to 3000 mc. In
addition, it is capable of gencrating fre-
quencies from zero to 3000 mc. Using an
oven-mounted 1 mc quartz crystal for
frequency control, the instrument has a
stability of 0.001% and resctability of
0.000025%,.

It is a direct reading meter, no tempera-
ture correction curves or calibration book
is required, and the instrument operates in
an ambient temperature range of 4°F to
130°F.

Useful for any frequency measurement
task, and particularly mobile radio service,
the instrument is useful in input, oscillator
and intermediate or harmonic frequency
measurements and any frequency en-
countered in VHF receivers. Since any
desired single frequency over the entire
range of zero to 3,000 mc is available as an
active output, alignments of VHI® re-
ceivers and other passive elements can also
be performed.

The LA-70B also features: output fre-
quencies of zero to 3000 mc with output
levels in the order of a few tenths of a volt;
internal impedance (as a generator) 3000
ohms; internal impedance (as a frequency
meter) 50 ohms; with power requirements
of 115 v, +109%, 60 cps, 130 watts maxi-
mum during warmup to 105 watts during
operation.

Transformers and
Inductors

Microtran Company, Inc., Valley
Stream, N. Y., has produced several new
lines of products.

Among these are a new line of PICO
minaturized transformers for miniatur-
ized printed-circuit board applications,
and a new stock line of toroid inductors.

»ll

The new PPICO series with leads on
0.1" grids is 5/16"X13/32"X15/32" high
and weighs 0.1 ounce. Gold-plated, high-
strength nickel alloy leads permit both
reliable soldered joints and high-density
welded packaging. Epoxy molded con-
struction per MIL-T-27, Grade 5, Class
R, 10,000-hour life. The 20 different items
in the I’ICO series are available in impe-
dance ratings from 3.2 ohms to 200,000
ohms.

The line of toroid inductors is available
in a wide choice of frequency ranges and
inductances. Types of construction avail-
able are: open frame, plastic dipped,
molded with lugs. The inductors are her-
metically sealed with a standard accuracy
of inductance of *29%,.

Detailed information, specifications,
comprehensive catalogs, pricing, and list of
distributors may be obtained from the

firm.
High Density
Contact Connector

Winchester Electronics, Inc., 19 Wil-
lard Rd., Norwalk, Conn., has announced
a new subminiature high density con-
nector.

n“:it Ty j
O‘.'.’:O‘
e
L4 ’."‘

Named the SRI) series, the connector
is designed for use with instrumentation
employing small modular packages. Ex-
tremely suitable for logic units in com-
putors, and allied applications, the con-
nector, (.6" square, has center jackscrew
for engagement and disengagement and is
readily adapted for potting.

The component has 32 contitcts; solder
dup and dip solder terminals; pin contact
brass, socket phosphor hronze—gold plated
over silver. Polarization is by pins in place
of contacts. Standard molding is diallyl
phthalate. Contact spacing is 0.094".

(Continued on page 48A)
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The development of science and technology in the past fifty years has been truly
remarkable. Application of the vast new knowledge from science has produced funda-
mental discoveries in clectronics. In turn, the various fields of electronics have con-
tributed new knowledge and instruments without which many advances could not have
been made.

As publishers in the sciences throughout this entire range, we are aware ot the
essential role of printed material in the progress of basic and applied research. Among

our new titles are many works of interest to radio and electronic engineers. Information
on any title will be furnished upon request to our offices or to your technical bookseller.
A selection of important recent books appears below.

Crossed-Field Microwave Devices
Editor-in-Chief: E. OKRESS
Editors: G. MOURIER, J. FEINSTEIN.
and E. KETTLEWELL

Assistamt Editor for Volume 1:
G. R. FEASTER

Volume 1, 1961, 648 pp., $22.00
Volume 2, 1961, 520 pp., $18.00

Microwave Engineering
By A. F. HARVEY

Late 1962, about 1025 pp.,
approx. $30.00

An Introduction to

Microwave Practice
By P. F. MARINER
1961, 238 pp., $9.00

Microwave Tubes

Proceedings of the Internotionol Congress on
Microwove Tubes, Munich, June 1960

Edited by J. WosSNIK
1961, 608 pp.. $50.00

Photo-Electronic Image Devices

Proceedings of the Second Symposium,
Septemb 1961, lond
Volume 16 of Advonces in
Electronics and Electron Physics
Edited by J. D. MCGEE, W. H. WILCOCK,
and L. MANDEL

Summer, 1962, in preparation

Optimization Techniques
Edited by GEORGE LEITMANN
Summer 1962, abour 475 pp.

Science and Information Theory
Second edition

By LEON BRILLOUIN

January 1962, 351 pp.. $9.00
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A Primer of ALGOL 60
Programming
Automatic Programming Information
Centre Studies in Data Processing No. 2

By E. W. DIJKSTRA
May 1962, 114 pp., $6.00

Ballistic Missile and
Space Electronics

Volume 2 of the Sixth Symposium on
Ballistic Missile and Aerospace
Technology

Edited by C. T. Morrow, L. D. ELy,
and M. R. SMITH

December 1961, 453 pp., $9.00

Energy Conversion for
Space Power
Edited by NATHAN W. SNYDER

Volume 3 of Progress in Astronautics
and Rocketry

1961, 779 pp., $7.25

Space Power Systems
Edited by NATHAN W. SNYDER

Volume 4 of Progress in Astronautics
and Rocketry

1961, 632 pp., $6.00

Guidance and Control
Edited by R. E. ROBERSON and
J. S. FARRIOR

Volume 8 af Progress in Astronautics
and Rocketry

May 1962, in preparation

Semiconductor and Conventional
Strain Gages

A Symposium held under the Auspices of the
Instrument Society of Americo, Jonuory 1961,
in St. Lovis

Edited by MiLLs DEAN, III
Spring 1962. about 300 pp.

Communications Satellites

Proceedings of o Symposium held in London,
Moy 1961, Orgonized by the British
Interplonetory Society

Advisory Editor: L. J. CARTER
April 1962, 212 pp., $7.00

Advonces in
Computers
Edited by Franz L. ALT

Volume 2, December 1961, 434 pp.,
$14.00

Advonces in
Space Science and Technology

Edited by FREDERICK 1. OrDWAY, II1
Volume 3, 1961, 482 pp.. $14.00

Solid State Physics
Advonces in Reseorch ond Applicotions

Edited by FREDERICK SEITZ and
DaviD TURNBULL

Volume 13, May 1962, about 475 pp.,
approx. $15.00

AP

ACADEMIC
PRESS

New York and London
111 Fifth Avenve, New York 3
Berkeley Squore House, London, W. 1
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What is your

Switch Problem™?

Special Needs Solved

48A

by Graynhill

One unit incorporates
a 2 deck, 4 pole,

#36 Series

Concentric Shaft Switch,
#24 Series

Spring Return feature,
and Push-Pull Switch
operated by '8’ shaft.

To Satisfy
a Specific Need

Solved! A customer’s problem with
this hybrid, combining features of several
standard Grayhill switches. Modifications of
existing Grayhill switches have solved tricky
packaging and control problems. Common
modifications are: non-standard shafts and
bushings, gold plated current carrying mem-
bers, taper tab terminals, cross shorting ro-
tors, external shorting bars, and others. Gray-
hill “design flexibility”, quality, and service |
combine to meet your requirements. Send ‘
your specifications, estimated quantity, and
delivery requirements for quotation.

Typical Rotary Switches by Grayhill provide:
o Multiple decks @ 1 or 2 poles per deck
e Break 1 amp. 115 VAC e Carry S amps.
e Low Signal Level Capability
o Meets MIL-S-3786A /4 (SRO4E36B3HP)
& MS161098

Write for Grayhill Engi-
neering Catalog describing
full line of Grayhill minia-
ture rotary and push button
switches, test clips, binding
posts, push post, transistor
sockets, and other miniature
components.

e hill

“N. Gineer'”

Area Code 312, Phone 354-1040
505 Hillgrove Avenue
Lo Grange, Illinois

PIONEERS |

N MINIATURIZATION

WHEN WRITING TO ADVERTISERS PLEASE

NEWS
\J New Products

. T

(Continued from page 46A4)

High Power Pulsed Oscillator

Oscillator, PG-650C, an improved version of the original
model, manufactured by Arenberg Ultrasonic Laboratory, Inc.,
94 Green St., Jamaica Plain 30, Mass., is used as a variable fre-
quency pulse modulated RF source for applications requiring high
power as well as extreme stability. Its chief application has been
in all phases of ultrasonic testing, nuclear magnetic resonance and
transient analysis.

The standard units provide 0 to 300 v peak to peak pulses into
93 ohms from 5 mc to 90 mec. The pulse length is continuously
adjustable from 1} to 20 usec and provision is made for external
or internal triggering from 50 to several thousand cps. Three cali-
brated delay ranges cover 20 to 120, 100 to 1100, and 1000 to
11,000 psec. In addition, fine controls giving a 1% change of the
coarse controls on pulse length, prf and delay are provided.

The pulse length can be reduced to a minimum of  gsec and
on special units extended to 50 or 100 gsec with a small increase
in the minimum continuously variable range.

The rise time is 0.4 usec or 3
cps, whichever is greater, on
standard units and the fall time
is shorter. Provision can be made
for increasing the rise or shaping
the envelope. The RI° pulse is
phase stable with respect to the
trigger and jitter can be held to
0.005 wsec. Droop or overshoot is
less than 59%. Because of the
push-pull gated oscillator action,
the total harmonic content is less
than 109%, consisting mainly of
the third harmonic and no noise or background is generated be-
tween pulses. RF leakage is detectable only with great difficulty.

The unit is contained in a shielded aluminum box with a rack
mounting front panel. The output may be taken either from a
balanced or unbalanced shielded U.H.F. receptacle.

The RF tuning is easily adjusted via a wide band spread
vernier dial and read on a straight line chart. The range can be ex-
tended from 300 kc to 150 mc on the standard unit with extra
coils, or from 12 ke to 210 mc on a modified unit,

Other features of the standard unit now are:

(1) Gated output for blanking or intensifying purposes available
during the RF pulse.

(2) Provision for two pulses of the same frequency and amplitude
separated by a variable delay initiated by the same trigger.
A modification will allow these to have different widths.

(3) External modulation of the RF pulses from a gate to allow
any sequence of variable pulse widths and spacings. The ap-
plication is mostly for nuclear magnetic resonance work but
external modulation will allow pulsing up to a 110 ke repeti-
tion rate for accurate measurements of sound velocity.

Variable Pulge Output

(Continucd on page 52A)
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Patents and the Electronics Company

The basis for Patent Law in the Constitution of the
United States reads: “The Congress shall have power
. . . to promote the progress of science and useful arts,
by securing for limited times to authors and inventors
the exclusive right to their respective writings and dis-
coveries.”

Patents Are Needed!

In the early days of the patent law, individual in-
ventors obtained patents on their inventions and bene-
fited in proportion to their commercial successes. Today
the individual has much less opportunity to work out
successful ventures alone and more often combines
forces with others. At the other extreme is the large
corporation with an elaborate system for exploiting the
inventions of its engineers even to the point of license
pools some of which have been knocked down by ap-
plication of Anti-Trust Laws. With serious difficulties
at both ends of the scale, the small company has come
into its own in patent matters. The small company with
proper handling can reap great rewards from the skill-
tul use of the Patent Laws of this and foreign countries.
Some of these rewards are set forth below:

Worth Patenting?

1. The growth and stability of a small electronics
business depends on many factors such as marketing,
management, financing, but fully as important is its
technical ability. Technical ability means, among other
things, a certain amount of development. This develop-
ment requires good engineers and good ideas. Many
of these good ideas are worth patenting.

Stimulant to Engineers

2. The patenting of new ideas is one of the best
stimulants to more and better ideas. This is really the
heart and core of the intent of the Constitutional provi-
sion for patents and it really works. New products re-
quire new ideas. New ideas flow readily from creative
engineers in the right environment. One of the ways to
help create this environment is to give the engineer the
recognition that the proper handling and patenting of
his ideas provides. A well integrated and competent
patent department can provide much of this stimulat-
ing cnvironment for the engineer. In a small company
in the electronics field a competent patent engineer/at-
torney can provide this patent department at a nominal
and predictable cost.

Patents Stabilize

3. Patents held by small electronics companies pro-
vide a strong stabilizing influence on the company’s
operations and its standing and recognition in the field.
Patents help establish a field of priority. This estab-
lished field of priority may be most valuable in its im-
plicit warning to competition. This is especially true

of competition from other companies who recognize
the value of patents and ask and give respect for the
fields of priority which they establish. This valuable
aspect of patents grows with the growth of the patent
coverage obtained, but requires the obtaining of good
patents. All this usually takes place, when properly
handled, without patent suits and only with the warn-
ings which are implicit with the issuance of carefully
drawn and apparently valid patents.

Patents Are Assets

4. Patents are property and have asset value. There

isa striking contrast between the company which after

years of operation has no patents and the one which
has gathered many. Many businesses are sold or obtain
financing on asset values greatly augmented by their
patents. Sometimes the patents are themselves sold at
considerable profit. A company which might otherwise
be an empty shell, when provided with a patent folio
can show substantial values. Patents are an equity ac-
cumulated over the years which might otherwise be-
come almost completely lost in the normal course of
business. This asset value alone makes patents an ex-
tremely good business practice. There are other im-
portant ways in which the asset value of patents may
be used. The licensing of patents especially for non-
competitive uses may be a source of considerable reve-
nue. Patents which are not being worked may be sold.
The patent department should be aware of these possi-
bilities and bring them to the attention of management
for decision.

Patents Do Protect

5. Finally, and this section is made the last for good
reason, patents may be used to sue others. The small
company is admittedly at a disadvantage here with re-
spect to the large corporation since patent suits are ex-
pensive. However, with careful management and the
proper attitude with regard to patents, suits are a last
resort. This is a subject with too many implications to
be discussed fully here. It is merely suggested that
patents may be dealt with and many important and
real values realized without resorting to patent suits.
The statement that a patent is only a right to sue,
glosses over the many advantages and values set forth
above, which may be had without even considering
suing others.

A Patent Is Insurance

A patent program may be regarded as an insurance
program; insurance that full value will be received for
contributions to advancement of the electronics art.

Printed through the courtesy of:

Alfred W. Barber Laboratories
32-44 Francis Lewis Blvd.
Flushing 58, N.Y.

Tel. 212-IN 3-3306
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IS YOUR COMPANY ON
THE OFFENSE FOR DEFENSE?

SIGNAL is your introduction to the men who control
government's growing $6.5 billion radio-electronics spending

Never before have our armed forces so badly needed the thinking and
products of the electronics industry. Advertising in SIGNAL, the official
journal of the Armed Forces Communications and Electronics Association,
puts you in touch with almost 11,000 of the most successful men in the
fleld—every one a prospect for your defense products!

Share in the defense and the profits!
Company membership in the AFCEA,
with SIGNAL as your spokesman, puts
you in touch with government decision-
makers!

SIGNAL serves liaison duty between the
armed forces and industry. It informs
manufacturers about the latest govern-
ment projects and military needs, while
it lets armed forces buyers know what
you have to offer to contribute to our
armed might. SIGNAL eoordinates needs
with available products and makes de-
velopments possible.

But SIGNAL is more than just a maga-
zine, It's part of an over-all plan!

A concerted offensive to let the govern-
ment. which has great faith in industry
and the private individual producer,
know exactly what’s available to launch
its far-sighted plans, Part of this offen-
sive is the giant AFCEA National Con-
vention and Exhibit (to be held this year
in Washington, D.C,, June 12-14) Here,
you can show what you have to contribute
directly to the important buyers. Your
sales team meets fellow manufacturers
and military purchasers and keeps “on
top” of current government needs and
market news.

Besides advertising in SIGNAL which
affords year-round exposure by focusing
your firm and products directly on the

proper market . . . besides participation
in the huge AFCEA National Conven-
tion and Exhibit . . . the over-all plan of

company membership in the AFCEA
gives your firm a highly influential organ-
t1zation’s experience and prestige to draw
upon.

As a member, you join some 175 group
members who feel the chances of win-
ning million dollar contracts are worth
the relatively low investment of time and
money. On a local basis, you organize

monthly chapter meetings and dinners,
meet defense buyers, procurement agents
and sub-contractors. Like the other 59
local chapters of the AFCEA, your team
gets to know the “right” people.

In effect, company membership in the
AFCEA is a “three-barrelled” offensive
aimed at putting your company in the
“elite” group of government contractors
—the group that, for example in 1957, for
less than $8,000 (for the full AFCEA
plan) made an amazing total of 459.7 mil-
lion dollars!

This “three-barrelled” offensive consists
of

(1) Concentrated advertising coverage in
SIGNAL, the official publication of
the AFCEA;

(2) Group membership in the AFCEA,
a select organization speeializing in
all aspects of production and sales in
our growing communications and
electronies industry; and

(3) Attending AFCEA chapter meetings,
dinners and a big annual exposition
for publicizing your firm and display-
ing your produets.

If you're in the field of communications
and electronies . . . and want prestige, con-
tacts and exposure . . . let SIGNAL put

your company on the offense for defense!
Call or write for more details—now!

.W”M AN

I A

Wm. C. Copp & Associates

72 West 46th Street, P
New York 36, New York
MUrray Hill 2-6606
Boston + Chicago -
Minneapolis + Los

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

(Continued from page 48A4)

(4) Provision for use as a pulsed amplilier
in order to use an external C\V source
of greater frequency stability than is
possible with a gated single stage oscil-
lator. This mode can be extended to
several gated stages of amplification.

(5) Operation as a C\V oscillator of 10 to
20 watts output in the standard fre-
quency range.

Connectors

Automatic Metal Products Corp., 314-
323 Berry St., Brooklyn 11, N. Y., an-
nounces the development of five new series
of micro-miniature

connectors. These

new series are as m
follows: TMM TMu
(Threaded) 50 ohm; i
TMM (Threaded) ﬁ_ I;: 3
75 ohm; MDMP v

(IPush On) 50 ohm;
MM1P> (Push On)
75 ohm and, TIPS
(Bayonet) 50 ohm.

Instyleand con-
figuration,  these
connectors closely
parallel the present
sub-miniature connectors as shown in
the firm’s brochure #sub min-1-660-5M.
They have improved electrical and en-
vironmental characteristics, and are recom-
mended for the most severe applications
at frequencies up to “X” band.

Standard cable clamping in all of these
series is Wedge-l.ock/Captive Contact.
Optional cable clampings are Wedge-
Crimp/Captive Contact, or an external
crimp type clamp. These cable clamping
techniques are said to cut assembly time
as much as 70% over previous methods.
As an optional extra, neoprene or silastic
strain relief boots in either black or stand-
ard RETMA colors may be supplied.

All connectors have Teflon insulation.
They may however, be supplied with al-
ternate insulation materials for special ap-
plications such as radiation resistance, etc.

In the Threaded and Push-on series,
plug members contain the female contact
and jack members contain the male con-
tact. In the Bayonet series, contacts are
reversed. Optional polarization of all of
these connectors may be obtained by re-
versing the male and female contacts.
Additional polarization may be obtained
by reversing both the contacts and insula-
tors. (By utilizing the various polarization
methods, three connectors may be placed
side by side on a pauel without the chance
of accidental mismating.)

gigsanny smazoss
- . .

(Continued on page 544)

Use your

your team (9 of your top men with you Angeles -+ San Francisco oo IRE DIRECTORY!
as manager and team captain), attend It's valuable!
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RFI ANALYSIS & PREDICTION
BY COMPUTER!

Any equipments or components you are producing
for missile weapons systems can be analyzed for
Radio Frequency Interference by Capehart’s
INTERDICT* Group. Under our analysis procedures,
RFI is computer-predicted on finished products,
prototypes, or preliminary designs. Every item of
electronic equipment which produces radiated or
conducted RF signals is considered a transmitter,
and every electronic equipment which is subject to
malfunction as a result of exposure to conducted or

radiated spurious signals is considered a receiver.

We will make specific recommendations and provide
design changes to bring your equipment within the
RFI specifications or inform you if it is already
within standards. Capehart’s INTERDICT Group per-
forms this same service for any other type of instal-
lation, site or system where RFI may be a potential
problem. Our approach in RFI diagnosis of over-all
operational requirements utilizing computer pro-
gramming has been proven on a number of elec-
tronic equipments, missile systems and military sites

including Cape Canaveral and Vandenberg AFB.

% Interference Detection and Interdiction by Countermeasures Team

COMPLIANCE WITH CURRENT MIL SPECS: MIL-1-26600 ® MIL-1-6051 ® MIL-1-6181D

Engineers interested in joining Capehart’s INTERDICT Group, or in other
opportunities at Capehart, are invited to contact our Professional Recruiter,

at the address below.

A 4

INTERDICT GROUP, Dept.

CORPORATION

CAPEHART CORPORATION

87-46 123rd Street, Richmond Hill 18, New York ¢ Hlckory 1-4400

PROCEEDINGS OF THE IRE May, 1962
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IN STOCK

from
2.6GG
to 40GG
...broadest
line of
waveguide
test
equipment isolators

B All of your ferrite test equipment isolator needs are available in stock ~— com-
petitively priced — from Ferrotec. In 8 waveguide sizes from 2.6GC to 40GC.
Unique design provides rugged mechanical construction and a high degree of
magnetic stability. New developments include coaxial test equipment isolators with
octave bandwidth coverage in 3 units, from 1GC to 8GC.

Shown: x-band isolaror Write for Dara Sheet
Frequency Insertion
Ranée Waveguide Isolation Loss VSWR Model

M Size Min. db  Max. db Max, No. Price
2600- 3950 RG-48/V 20 1.0 1.20 1-151L $340
3950- 5850 RG-49/U 25 1.0 1.15 -152L $240
5850- 8200 RG-50/U 30 1.0 1.15 1-153L $220
7050-10000 RG-51/U 30 1.0 115 1-154L $195
8200-12400 RG-52/U 30 1.0 1.15 1-155L $190
12400-18000 RG-91/U 30 1.2 115 1-156L $260
18000-26500 RG-53/U 25 1.5 1.15 11157L $280
26500-40000 RG-96/U 20 2.0 115 1-158L $320

FERROTEC INC.

217 CALIFORNIA STREET - NEWTON 58, MASS.
DEcatur 2-7600
Design « Development - Production of microwave ferrite components

‘ NEWS
New Products

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

(Continwed from page 52A)

Transformers and Chokes

LJ
Iﬂ.
* >4
‘

A new stock line of high current recti-
fier transformers and chokes with ratings
from 9 to 56 volts at 1 to 200 amperes is
now available from Signal Transformer
Co., 1661 McDonald Ave., Brooklyn 30,
N. Y. Primarily designed for low voltage,
high current applications, these items find
extensive use in power supplies for tran-
sistor circuits, computers, magnets, battery
charging and electro-plating. Units can be
obtained for 50 or 60 cps operation in both
open frame and encapsulated types. Avail-
able for immediate shipment from the
firm,

Solid State
Temperature Reference

A rack-mounted version of the Thermo-
Ref solid-state temperature reference is
now available from Genistron, Inc., 2301
Federal Ave., Los Angeles 64, Calif., from
all applications requiring close temperature
measurement tolerances and field rugged-
ness with laboratory accuracy.

Two 40-channel configuration of the
Genistron unit provides a choice of junc-
tion materials—chromel-alumel in the
Thermo-Ref Model 4010 and copper-
constantan in the NModel 4020, and other
materials as specified.

Reference temperature is 212°F (100°C)
with a special scale, visual calibrator, indi-
cating meter for voltage check point. Junc-
tion uniformity and temperature stability
are both £.2°I over the standard operat-
ing range of —20°F to +150°F which
allows laboratory accuracy in typical ap-
plications. Power requirements are 10
watts maximum at 115V, 60 cps with nom-
inal 15-minute warmup. TC channel to
channel isolation is in excess of 50 meg-
ohms. Custom modifications can be sup-
plied to meet specific requirements. The
Thermo-Ref meets applicable military en-
vironmental specifications. Designed for

{Continued on page 56.1)
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MUMETAL

IS THE ANSWER TO YOUR
MAGNETIC SHIELDING PROBLEMS

Instant relief to interference caused by extra-
neous magnetic fields is the net result of shields
made of Allegheny Ludlum’s Mumetal. These
shields protect components against stray exter-
nal fields or prevent neighboring parts from
being affected by a field-generating component
inside the shield. In electronics, Mumetal and
shielding are practically synonymous terms.

To develop its optimum shielding properties,
Mumetal must be properly annealed in a pure,
dry, high temperature hydrogen atmosphere
after fabrication. When properly annealed,
Mumetal has extremely high permeability and
is capable of attenuating stray fields to negli-
gible proportions.

In general, high permeability, shielding ex-
cellence and strain sensitivity go hand in hand.
In the optimum condition, Mumetal is rela-
tively soft. Shields in this condition should be

handled with care in order to preserve optimum
shielding efficiency.

In many applications, fabricating or field
conditions are encountered which make it im-
possible to avoid straining the material after
the high temperature hydrogen anneal. Even
when strained, Mumetal shields remain ex-
tremely effective.

The inherent ductility of Mumetal offers fab-
ricating advantages in forming, drawing, and
spinning operations.

For all your shielding requirements, insist on
Allegheny Ludlum Mumetal. And for more in-
formation, ask for a copy of EM12, a 20 page
technical Blue Sheet describing Mumetal, its
properties, annealing details, etc. Write
Allegheny Ludlum Steel Corporation,
Oliver Bldg., Pittsburgh 22, Pa., Address
Dept. IRE-5

A' ¥V SN BT I N\ V4 | = am
ALl r LUDLUM
A _
PIONEERING on the Horizons of Steel w08
PROCEEDINGS OF THE IRE Moy, 1962 55A



BINDING POSTS AND PLUGS

Miniature binding posts, plates and plugs are
available in addition to the regular line of
standard size units. The plates, plugs, and in-
sulated binding posts are available in black
orred. The plugs and plates are also available
in low loss mica filled phenolic.

JAMES MILLEN MFG. CO,,

NC.

MALDEN
MASSACHUSETTS

56A

Name
Address

€1CO, 3300 N. Biva., L.IC. 1, N. Y IRE.5 |
Send free 32-page catalog & deater's name. |

Send new 36.page Guidebook to MI-FI for |

which | enclose 25¢ for postage & handiing. ]

I

—— _

Cly . . Zone___ State _ - :

» 3300 N. Blva,, L.I.C. 1,
Eg Export Dept., Roburn Agencies

(EIL O

PUTS THE BEST IN

CREATIVE ELECTRONICS

INTO YOUR HANDS

28 pages of professional elec-:
tronic equipment in kit and wired
form—for Lab .. .Line...Home

NY.

431 Greenwich St, N.Y. 1

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE
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. New Products

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

tandard 19-inch rack mounting. the unit
is 10 inches deep.

I'ypical usage includes rack-mounted
I'ermo-Ref models as an integral com
ponent of temperature montor systems in
missile test stand operations, and other
applications when temperature accuracy is
important

IFor additional information, contact the
irm

Octave Amplifiers

\ new scries of packaged octave ampli-
fiers 1s now available from LEL, Inc., 75
\kron St., Copiague, N. Y. These low
noise, broadband RE amplifiers cover a
range of frequencies from 10 me 10 640 mc

I'he Model OMP-5-160 has a gain o
30 db minimum 0.5 db ripple and a
linear output of greater than 1 volt over the

g 160 1o 320 It is avaitlable as a
self-contained rack-mounted unit as shown
roas an amplific Iy, Model OMNX-S
160." The rack mounted units employ
solid state regulated power supply. Price
and delivery upon 1es

\verage noise re s 6 db

Miniature Preamplifier

Quanta Dyne, IO. Box 252, Menlo
Park, Calif., has introduced its Model Q-63
miniature amplifier. This ruggedized, ultra
sensitive, low-noise, solid-state preampl
tier can be used for original equipments o
test bench. Included among its many uses
ire microwave crystal hoosting and vide
preamplification

The Q-63 provides nominally 50 db
gain over the bandwidth of 30 cps to 100
kc and 40 db gain over the bandwidth of
10 cps to 600 ke, measured with typical
input impedance of 7 kohms, output im-
pedance of 4 kohms, source impedance
of 1 kohm, and lad impedance of 1

C Nl
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MICRO-MESH SIEVES DETERMINE

PARTICLE SIZE DISTRIBUTION - Accurately

Set of Buckbee Mears Co.
. Micro-miesh sieves,

standard sizes from 20

to 90 microns. Smaller

sizes to order. Background:

Enlarged evaporation mask
for Mesa transistor.

Buckbee Mears research in subminiature
mesh has solved many problems for the
industry. A few current items are—

EVAPORATION MASKS—Mesa Transistors
SHADOW MASKS—Color TV

STORAGE MESH—Radar Tubes
CALIBRATED DIALS—Test Equipment

Anything that can be drawn can be repro-
duced. Send us your problems

buckbee mears G‘

SETS FROM
20 TO 90
MICRONS

The accurate measurement of
particle size distribution of
cracking catalyst has become
practical. Buckbee Mears has
developed screen sets which
have been thoroughly tested
as reported on by Ketjen N. V.
Amsterdam*, and ASTME*.
One comment ‘‘micro-mesh
sieve method produces data
with great accuracy and repro-
ducibility.”” Another ‘‘the
sieves made by Buckbee
Mears Company appear espe-
cially attractive.’

According to these papers,
previous methods had dis-
advantages and results by
different methods varied con-
siderably. Now BMC sieves are
recommended as a primary
standard for testing size dis-
tribution of dry materials
(cracking catalyst).

*Copies of these papers will be sent

on request also complete sieve
information.

245 EAST SIXTH STREET . ST. PAUL 1, MINNESOTA
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Now, Plan Your COMPLETE Electronics Package
with Chassis-Trak of Indianapolis

For Space-Age Electronics Packaging, you can get . ..

¢ slides ® chassis ® panels ® cable retractors ® cabinets ® handles

e and related hardware from Chassis-Trak of Indianapolis

From the Light-Duty C-300 slide . . .
exceptionally compact, measuring
only 1.687” in height and .352" in
width and supporting loads up to 50
pounds . . . all the way up to Heavy-
Duty Slides which support hundreds
of pounds, you can find the right
slide, tailored to your application . . ,
whether it’s military or industrial,
standard or custom.

Chassis-Trak engineers will be
glad to furnish recommendations to

A Package for Every Major Missile Project from . ..
525 South Webster Ave., Indianapolis, Indiana

S8A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

meet your special problems. ., with-
out cost or obligation, of course.
Write today for engineering data
sheets.

NEWS
New Products

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

{Continncd from page 56A4)

megohm (high input impedance module
to work in conjunction with the ampli-
fier is also available).

The noise of the Q-63 is nominally 3
microvolts, measured with a source im-
pedance of 1 kohm and a load impedance
of approximately 6 K.

Mechanical specifications list the size
at 3" X3"X2”" less the BNC 1094/U con-
nectors, and the weight at 2 oz.

The external power supply require-
ments of 9 volts at approximately 3 ma
may be met by a Quanta Dyne miniature
battery pack, Model Q-630.

Ferrite Isolator

A new ferrite isolator is now being
manufactured by Instrument Systems
Corp., Microwave Div., 129-07 18th Ave.,
College I’0int 56, N. Y.

Model 3005-1 is an X Band, medium
power waveguide isolator, operating on the
IFaraday rotation principle, having sub-
stantial isolation characteristics coupled
with minimum insertion loss.

In normal applications, it is placed be-
tween the microwave source and its trans-
mission line to improve the stability and
reliability of the generator. The non-
reciprocal characteristic prevents imped-
ance variations, due to long line effects and
load mismatches, from appearing at the
source, thus providing broad band opera-
tion in addition to the elimination of fre-
quency pulling.

Constructed of aluminum, the isolator
operates into a 3:1 VSWR mismatched
load. The device has been qualified under
applicable government specifications for
Naval and Air Force environments. Cost
per unit is $210.

More information on isolators and
microwave ferrite components of all kinds
may be obtained by writing to Manager,
Microwave Division, at the firm.

AC Power Supply

A portable ac power supply that pro-
vides an adjustable output voltage from 1
to 140 volts has been developed by Indus-
trial Timer Corp., 1407 McCarter [ligh-
way, Newark 4, N. J,, for a wide variety

(Continwed on page 60A4)
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ALFRED ELECTRONICS

MICROWAVE SWEEP GENERATORS

Still the industry’s most advanced oscil-
lators. Series 620 single band models
and Model 605 use convenient plug-in
generator heads covering 1-26.5 kmc.
Models 6001B-6004C provide 1 watt
output, electronically swept or stable
single frequency, 1-12 kmc.

Features include built-in leveler and
narrow band symmetrical sweep, ad-
justable frequency markers, and Quick
Look readout. Drift, less than *.02%
per hour; residual FM, less than
+.0025% peak.

These units save valuable engineer-
ing time by providing constant RF
power input to microwave tubes and
other components under test. With
constant input, variations in output in-
dicate directly component transfer
characteristics. Microwave properties
are examined over continuous spec-
trum, assuring accuracy during broad or
narrow band testing. Prices: Model 620
series, $2,890-3,340; Model 605, $1,750;
Generator Heads, $1,500-1,990; Model
6001B-6004C, $7,250-8,690.

MICROWAVE LEVELERS

Ideal instruments for maintaining con-
stant power output (*1 db) with long
term stability. CW or square wave mod-
ulation. Fast response, very high gain
assure flat RF output from BWO’s. Also
available: Model 700 leveler amplifier,
which may be used with external RF
components. Prices: Microwave Level-
ers, $875-990; Model 700, $575.

PROCEEDINGS OF THE [RE May, 1962

MICROWAVE AMPLIFIERS

Alfred manufactures microwave ampli-
fiers for virtually every requirement —
general purpose, medium power, high
gain, and low to medium noise figure.
All models feature low spurious modu-
lation and stable operation. General
purpose amplifiers provide 30 db gain
and 10 mw power output with 25 db
noise figure. Medium power models
offer power up to 10 watts. High power
amplifiers provide up to 1 Kw pulse
power. Low noise amplifiers provide
noise figure from 6 to 15 db at frequen-
cies from .5 to 12 kmc.

In addition to standard amplifiers,
Alfred offers periodic or permanent
magnet focused amplifiers where light
weight and low input power is required
as well as amplifiers designed specifi-
cally for phase modulation. Prices:
General purpose amplifiers, $1,490-
1,690; Medium power amplifiers,
$1,550-3,590; Low noise amplifiers,
$3,150-4,990.

POWER SUPPLIES

Alfred furnishes four basic types of
power supplies. Model 250 Traveling
Wave Tube Supply operates low and
moderate power traveling wave ampli-

Testing insertion characteristics of
X-band filter with Alfred Swept Gen.
erator which consists of Alfred Micro-
wave Oscillator and Alfred Microwave
Leveler. This combination electronically
sweeps frequency linearly with respect
to time while maintaining RF power vir-
tually constant across the band.

fier and oscillator tubes. This instrument
provides all normal sources — helix,
collector, four separate anodes, grid,
heater, solenoid and blower—from one
compact unit.

Microwave Power Supplies Model
252, with the unregulated and regulated
solenoid supplies Model 253 and 254,
operate all presently known low and
medium noise figure TW tubes. Model
252 furnishes electrode and heater
power for permanent magnet focused
TW tubes. Electromagnet focused TW
tubes require in addition either Model
253 or 254 solenoid supply. Alfred’s
Sweeping Power Supplies serve as
general purpose sources for either elec-
tronically swept or fixed frequency op-
eration of voltage tuned magnetrons,
BWO’s and similar microwave tubes.
Alfred’s floating high voltage supplies
provide extremely stable and highly
regulated DC voltages, featuring wide
voltage and current ranges, very small
ripple and accurate voltage adjustment.
Prices: Model 250, $1,990; Models 252,
$890; 253, $300; 254, $400; Sweeping
Power Supplies, $1,650-1,690; High
Voltage Supplies, $690-1,090.

Free catalog available. Write to:

ALERED ELECTRONICS

3176 Porter Drive ® Palo Alto, California
Phone: DAvenport 6-6496
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ELECTRONIC

AND ELECTRICAL

COMPONENTS

HAVING AXIAL LEADS
(such as capacitors, diodes,

fuses and resistors)
ORGANICALLY QM
ALIRI3RY Model HD-3

at rates of up to Completely

ALY REMOTE
per

MASKING
HOUR SPRAY
COATER

Applies a solvent and abrasion.
resistant clear coating that protects
color coding and labeling or 2 light-
tight seal for silicon diodes. Coating is
confined fo desired area while racks,
loaded with
diodes move
continuously
2> through spray
" slation. The diodes,
while in the racks, are
spun so as {o assure an
even coaling and remain in
the racks for both spraying and baking
operations.

CM model Pr-1

POWDERED RESIN
COATING MACHINE

Automatic Feed and Controt
Adjustable Speed.

tM M;:;I TLA

AUTOMATIC TRAY
LOADING MACHINE

*
QM Model ML-1
MAGAZINE-LOADER

*

Send for fiterature,

CONFORMING
MATRIX
CORP.

899 NEW YORK
AVENUE
TOLEDO 11, OHIO
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| ﬁl@ New Pro':li‘gti ‘fs

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

(Contintted from page 58A4)

of applications in both laboratory and
production installations.

Called Model V'VS, the unit is basically
a package comprising a variable trans-
former capable of controlling loads up to §
amperes, voltmeter, input line and output
receptacle. Model VVS features a large
voltmeter showing the output voltage,
which is adjusted with a knob on the front
of the unit.

‘The portable unit is self-contained,
with a carrying handle, heavy duty line
cord and plug, and a convenient two-
prong build-in receptacle for output volt-
age.

Applications for Model \'VS are nu-

merous, including laboratory testing and
production control.

List price of the Model VV'S is $55.00,
subject to Industrial Timer's standard
quantity discount schedule.

Solid State
Frequency Multiplier

A higl efficiency, passive solid state fre-
quency multiplier was exhibited at the
IR show by Microwave Associates, Inc.,
Burlington, Mass.

‘The MA-8028 multiplier can be driven
with 3 watts CW power at about 36 to 40
mc and will deliver 200 mw at the 32nd
harmonic in the L-band range. ‘The band-
width is 1.25%,.

Three stages, featuring a compact
lumped-circuit design, are incorporated in
this multiplier, two of which are quad-
ruplers and the third stage a doubler. A
total of 5 varactors are used. No external
bias is required.

(Continued on page 64.01)

UNPARALLELED EXCELLENCE

[T/ GREIBAC Hj

PRECISION
METERS

 No empty claim this. Thousands of users
throughout the world will attest to this fact—

e GREIBACH PRECISION METERS ARE THE
FINEST, MOST ACCURATE AND DURABLE
METERS AVAILABLE—AT ANY PRICE.

Up to 40 Ranges in a Single |
Meter 0.2pA up. i
Voltmeters up to SQM/V |

[ ]
No Parallax—Impervious to |
Repeated Shock i

N

[ ]
Minutely Accurate
(Better than 0,025%)

[
i Permanent Calibration

[
125,000,000%
Overload Protection
) NE;;upi-s;nzs;;:e
True RMS Meter

L g

e

Why? Guild-quality craftsmanship combined
with the unique Greibach Frictionless Bifilar
suspended coil movement to achieve a degree
of stability, accuracy and dependability
unattainable by any other design.

{

4 Prove the validity of our claim by working with
a Greibach meter—or if this is not immediately
convenient—ask any qualified person who

has ever used a Greibach instrument.

We offer complete technical details and an
almost infinite number of models and ranges
in a beautifully illustrated, 20-page catalog.
Send for your copy today!

E@ GREIBACH INSTRUMENTS CORPORATION

D 315 NORTH AVENUE, NEW ROCHELLE, N. V.

WHEN WRITING TO ADVERTISERS PLEASE MENTION-—PROCEEDINGS OF THE IRE

PHONE: NEW ROCHELLE 3-7900
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probably the purest metal ever produced by man . . .

) ‘
’ :
\ - -
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»‘ -
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A curious metal is gallium. It melts in your hand, but doesn’t
boil until 1,983°C. Like water, but unlike most eclements, it
expands when solidified. Gallium exists in nature, particu-
larly in aluminous ores of the bauxite type. But because of
low concentration, it is not economical to process these ores
for gallium content alone. Discovered in 1875, this rare
metal only recently has shown commercial promise.
Gallium is extremely anisotropic. The variation in electri-
cal resistivity is thought to be greater than for any other
known metal, Gallium is widely used in semiconductor de-
vices such as tunnel diodes, high-speed switches and micro-
wave diodes. Gallium alloys readily with most metals, which
leads to applications as cathodes in specialized vapor-arc
lamps, in dental alloys, as low-resistance contact electrodes.
Gallium is used as a sealant for glass joints in laboratory
equipment, particularly mass spectrometers and vacuum
equipment. It shows promise as a heat transfer medium in
nuclear reactors. It is added in small amounts to certain
selenium rectifiers because it emits clectrons at fairly low

PROCEEDINGS OF THE IRE May, 1962

~Iio1

temperatures, It is being evaluated as thermionic valve
cathodes for the saume reason.

Today Alcoa produces three grades: 99.99 per cent pure,
99.999 per cent pure and 99.9999 per cent pure (Ga-4,
Ga-5, Ga-6)—probably the purest metal ever produced by
man. Alcoa’s spectrographic and electronic techniques are
the most rigorous and highly developed in the industry.

Are you interested in gallium applications—tried or un-
tried? Our rescarch and development people are available
for discussion. Pleasc write Aluminum Company of Amer-
ica, 972-E Alcoa Building, Pittsburgh 19, Pa.

For exciting drama watch ‘Alcoa Presents”
every Tuesday evening—ABC-TV

' ALCOA CHEMICALS

A ALUMINUM COMPANY OF AMERICA
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29 Fields of Special Interest-

The 29 Professional Groups are listed below, together with a brief definition of each, the name of

|

|
|

Aerospace and Navigational
Electronics
Annual fee: $3.

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

Mr. George M. Kirkpatrick, Chair-
man, General Electric Co., Syra-
cuse, N.Y.

42 Transactions, *9, Vol. 1, No. 3; \’ol. 2,
No. 1.3; Vol. 4, No. 1, 2, 3; Vol. 5, No. 2, 3,

; Vol.'6, No, 1 24VoI7N0123..
\'ol 8, No. 1,2, 3,

Antennas and Propagation
Annual fee: $6.

Technical advances in antennas and

wave propagation theory and the utili-

;_atzon of techniques or products of this
eld.

Dr. Harry Fine, Chairman, Applied
fropalglctlon Branch FCC, Washing-
on, D.C.

47 Transactions, *Vol. AP-2, No, 2; AP-4,
No. 4; AP-5, No. 1-4; AP.6, NolZ.3.4.
AP.7,'No. 1,2, 3, 4; AP8, No. 1, 2, 3, 4 , 5, 63
AP-9, No.1,2,3,'4,5, 6.

T

Audio
Annual fee: $2.
Technology of communication at audio
frequencies and of the audio portion of
radio _frequency systems, including
acoustic terminations, recording and

reproduction.
Dr. Robert W. Benson, Chairman,
Elec. Eng. Dept., Vanderbilt Uni-
versity, Nashville 5, Tenn.

61 Transactions, *Vol. AU- 1, No. 6; *Vol.

AU-2, No. 4 Vol, AU-3, No. 1, 3. 5. Vol

AU4 No. 1, 5-6; Vol. AUS No

AUs,Nol 25456 A 7&0.1.
2. 3. 4,5, 6; AU-8. No. » 2, 3, 4, s AU9,
No. 1,2, 3, 4. S.

|
|

Automatic Control
Annual fee: $3.
The theory and application of auto-

matic control techniques inchiding
feedback control systems.

Mr, John M. Salzer, Chairman, 909
Berkeley St.,, Santa Monica, Calif.
16 Transactions, PGAC-3-4-5-6, AC-4, No. 1,
2, 3; AC-5, No. 1, 2, 4; AC+6, No. 1, 2, 3.

Bio-Medical Electronics
Annual fee: $3.

The use of electronic theory and tech-
niques in problems of medicine and
biology.

Mr. George N. Webb, Chairman,

Dept. of Med. Bio hylicll Div.,
gohns Hopkins Hospital, Baltimore

23 Transactions, 8, 9, 11; ME-6, No. l 3.4
ME-7, No. 2, 3, 4; BME'8, No. 2, 3, 4

+

Broadcast & Television

Receivers
Annual fee: $4,

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

Mr. John F. Bell, Chairman, Zenith
Radio Corp., 6001 W. Dickens Ave,,
Chicago 39, IN.

30 Transactions, *7, 8; BTR-.l, No. 1-4,
BTR.2, No. 1-2-3; BTR3 No 1-2 BTR-4.
No. 2, 3-4; BTR-5, No. 1, 2; BTR, No. 1,
2, 3; BTR-7, No. 1,2 3.

Broadcasting
Annual fee: $2.

Broadca.rt transmission systems eng:~
neering, including the design and utili-
zation of broadcast equipment.

Mr, Raymond F. Guy, Chairman,
264 Franklin St., Haworth, N.J.

21 Trausactions, No. 10, 11, 12, 13, 14;

BC-6,
No. 1, 2. 3; BC7, No. 1, 2,3, 4

Circuit Theory
Annual fee: $4.

Design and !heory of operation of cir-
cutits for use in radio and electronic
equipment.

Dr. James H. Mulligan, Jr.,, Chair-

man, College of Eni ew York
University, New York 53, N.Y.

35 l'mnsacuons. CT-4, No. 3-4; CT-5, No. l.
; CT-6, No. 1, 2, 3, 4; CT-7, No. 2, 3, 4;
CT-3, No. 2, 3

Communications Systems
Annual fee: $2.

Radio and wire telephone, telegraph
and_ facsimile in marine, aeronautical,
radio-relay, coaxial cable and fixed sta-
tion services.
Mr. Ralph L. Marks, Chairman,
Ro‘l;le Air Dev. Center, Griffiss AFB,

23 Transactions, CS-5, No. 2, 3
2; CS7, No. 1, 3, 4; C$-8, No, 1
No. 1, 2, 3.

CS-6. No, 1,
3, 4; CS.9,

Component Parts
Annual fee: $3.

The characteristics, limitation, applica-
tions, development, performance and re-
liability of component parts.

Mr., Floyd E. Wenger, Chairman,

Headquarters ARDC, Andrews AFB
‘Washington 25, D.C.

25 Transactions, C1>-4, No 1, 2, 3, cr-s,
23.4'Cl-6 I\ul 2,3, Cl’7.L\o 1,
2 1 4; CP8, No. 1. 2,3

Education

Annual fee: $3.
To foster improved relations between
the clectronic and affiliated industries
and schools, colleges, and universities.

Mr. George E, Moore, Chairman,
Westinghouse Electric Corp., East
Pittsburgh, Pa.

}S ;I‘raneactlone, Vol. E-1, No. 3, 4

: E-2, No.
E-3, No. 1, 2, 3, 4; E-4, No. 1, 2,3

Electron Devices
Annual fee: $3.

Electron devices, including particularly
clectron tubes and solid state devices.

Mr., Willla A, Adcock, Chairman,
“ll:ens Instruments Co., Dallas 9,
ex

36Transactwn1, *Vol. ED-1, No. 3, 4 ED 3,
2, -4, 2, 3. 4; hDS No

ED.6, No, 1, 3; ED-7. Ne. 3, 3, 4; ED-a,No

1,2,3,4,5,6.

Electronic Computers
Annual fee: $4.

Design and operation of electronic com-
puters.

Dr. A. A. Cohen, Chairman, Rem-
i;(lfton-knnd Univac, St. Paul 16,
nn.

3: EC.7, No. 1,
3, 4; EC-8, No. 1, 2, 3, 4; EC9, No. 1, 2, 3,

;0 Transactions, EC-6, No. 2,
43EC10, N0, 1,2, 3,4

Engineering Management
Annual fee: $3.

Engincering management and adminis-
tration as applied to technical, indus-
trial and educational activities in the
field of electronics.

Mr. T. W. Jarmie, Chairman, Engi-

neered Electronics, 1441 East Chest-
nut Ave., Santa Ana, Calif.

23 Transactions, EM-4, No. 1, 3, 4; EM-5,
No, 1-4; 6, No. 1, 2, 3; EM-+7, No. 1, 2, 3;
EM-8, No. 1, 2, 3.

]
i

Engineerin% Wrmng and Speech

1 fe€: $3,

The promotion, :tud devclopmeut
and improvement of t e techniques of
preparation, organisation, processing,
editing, and delivery of any form of
information in the electronic-engineer-
ing and related fields by and to in-
dividuals and groups by means of direct

or derived methods of communication,
John M. Kinn, Jr.,, Chairman, IBM

Journal, 545 Madison Ave., New
York, N.Y.
10 Transacuons. Vol. EWS. l. No. 2; EWS.2,
EWS-3, No. 1, 2; EWS'4, No. 2,

I\o o (b &
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-IRE’s 29 Professional Groups

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

Geoscience Electronics

Annual fee: None
Rescarch and development in clectronic
mstrumentation for m'nphyncc and geo-
che mnlry especially gravity measure-
ments, scisnic measurcments, magnet-
ics, well- logaing, space crplorah(m
meteorology, oceanography, clc.

Human Factors in Electronics

Annual fee: §2.

Development and application of human
factors and knowledge germane to the
design of electronic equipment.
Mr. Robert R, Riesz, Chajrman, Bell
Tel. Labs, Murray Hill, N.]J.

4 Transactions, IIFE.1, No. 1, 2; HFE-2,

No. 1,

Industrial Electronics

Annual fee: §3.
Electronics pertaining to control, treat-
ment and measurement, specifically, in
industrial processes.

Mr. J. E. Eiselein, Chairman, RCA
Victor Div,, Camden, N. J.

16 'Iransactmns. *PGIE 1, 3, 5, 6, 7, , 9, 10,
: [E-7. No. 1, 2, 3; IE-8, \0 1, 2

Information Theory

Annual fee: $4,
The theoretical and ¢xperimental as-
pects of information transmission,
processing and utilization.
Dr. George L. Turin, Chairman,

Dept. of E.E niv. of California,
Berkeley 4, Callf
31 Transactions, PGIT 4 IT.1, ho 3; 1T-2,
No. 3; IT-3, No. 1, IT-4, l 2. 3,
4; ITs, No. 1, ,4;11‘6 Nol . 53
1 -7, No 1,2, 3

Instrumentation

Annual fee: $3,

Measurements and instrumentation uti-
lizing electronic techniques.

Mr. Harvey W. Lance, Chairman,
galtl. Bureau of Standards, Boulder,
olo.

21 Transactions. PGl-4, Vol. 1.6, No. 2, 3, 4*
Vol. 1.7, No. 1, 2; Vol, 1-8, No. 1, 2; Vol. 1.9,
\olZlVoll]ONol,Z

Microwave Theory and
Techniques

Annual fee: $3.
Microwave theory, microwave circuitry
and techniques, microwave measure-
ments and the generation and amplifica-
tion of microwaves.

Mr, Tore N, Anderson, Chairman,
;-:‘n’[('r Corp., Syosett, Long Island,
40 Tr:ms.\cmms, MTT-4, No. 3; MTT.S,
No. 3, 4; MTT-6, No. 1, 2, l, 4; MTT-7,
No. 2, 3; MTT-8, No. 1, 2, 3,4, 5, 6; MTT-9,
No. 1,3, 4,5,6.

Military Electronics

Annual fee: $2.

The electronics sciences, svstems, ac-
tivitics and scervices germane to the re-
quirements of the military. Aids other
Professional Groups in liaison with the
military.
Mr. Willie L. Doxey, Chairman, EC
lI:ejvt.. USASRDL, Fort Monmouth,

14 Transactions, MIL-1, No.
1; MIL-3, No. 2, 3, 4;
MIL-5, No. 1,2, 3, 4

1; MIL-2, No.
MIL.4, No. 2.3, 4;

Nuclear Science

Annual fee: $3.

Application of electronic techniques and
devices to the nuclear field.

Mr. Louis Costrell, Chairman,
N.B.S., Washington 25, D.C.

22 Tmnsncllons. NS.1, No. 1; NS-4, No. 2;
\'S-S, No. 1, 2, 3; NS-6, No. l 2, 3, 4; NS.7,
No. 1. 2.3, 4; NS-8. No. 1,2, 3, 4

Product Engineering
& Production

Annual fee: $2,

New advances and materials applica-
tions for the improvement of produc-
tion techniques, including automation
techniques.

Mr. Alfred R. Gray, Chairman,
l'A_lstmdyne Reliability Inc. Orlando,
a.

10 ,Transactions, No. 3, 4, 5. 6; PEP-5, No,
1.2,3, 4

Radio Frequency Interference

Annual fee: $2,

Origin, effect, control and measurement
of radio frequency interference.
Mr. Harold E. Dinger, Chairman,
Naval Research Lab.,, Washington

3 Tmnsnclmm RFI-1, No. 1, RFL.2, No. 1,
RFI.3 . 1.

Reliability and Quality
Control

Annual fee: $3.

Principles and practices used in reli-
ability and quality engineering of elec-
tronic products.

Mr L. Paddison, Chairman,

Sandia Col:p., Sandia Base, Albu-
querque, N.M,

22 Transnctlone, *3, 3, 10, 11, 12, 13, 14, 15,
RQC.9, No. 1, 2, 3; RQC-10. Y0.. 2, 3.

Space Electronics and Telemetry
Annual fee: $§3.

The control of devices and the meas-
wrement and recording of data from
a remote point by radio.

Mr. Kenneth V, Uglow, Chairman,
Electro-Mechanical Research Inc.,
Sarasota, Fla.

20 Transactions, TRC] No. 2.3; TRC-2,
No. 1; TRC-3, No. 2, 3; RC4 No. 1;
SET-5, No. 1, 2, 34 SE’i‘s No. 1, 2, 3-4;
SET-7, No. 1, 2,\, b

Ultrasonics Engineering

Annual fee: $§2.

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

Dr. Vincent Salmon, Chairman,

Stanford Research Inst., Menlo Park,
Calif.

10 Transactlons, PGUE, §, 6, 7; UE-7, No. 1,
2; UE-8, No. 1.

Vehicular Communications

Annual fee: §3.

Communications problems in the field
of land and mobile radio services, such
as public safety, public utilities, rail-
roads, commercial and transportation,
elc.

Mr. Richarda P, Gifford, Chairman,

genenl Electric Co., Lynchburg,
a.

18 Transactions, §, 8, 9, 10, 11, 12, 13; Vol.
VC-9, No. 1, 2, 3; Vol. 10, No. 1, 2.

PROCEEDINGS OF THE IRE

ENGINEERS

1 East 79th Street, New York 21, N.Y. ®

Moy, 1962

USE THIS COUPON

Miss Emily Sirjane PG-5.62
IRE—1 East 79th St., New York 21, N.Y

Please enroll me for these | RE Professional
Groups

.................................. $ . ieeaaan
.................................. &) aoooooooo00
Name ..oouivceninusnnsuiaoiccsnsosooeoassses
Address . coooieiiit ciiiiiie i
Place ooo.coiioieniciiniionisoisssssiasescssssns

Please encloge remittance with this order.

Professional group membership is limited to active
IRE members.
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NEW BETTER-THAN-EVER

RELIABILITY

for long-distance point-to-point communications

ORTHERN RADIO

NEW 16-CHANNEL TRANSISTORIZED
VOICE FREQUENCY DIVERSITY CARRIER
TELEGRAPH TERMINAL TYPE 235 MODEL 3

MIL DESIGNATION AN/FGC-61A

. Alt units militarized: components and design ap-
proved by U.S. Military.

. Converters have equalized gain and adjustable time
delay in each channel for better diversity performance
and interchangeability.

. Switching Panels provide “local” or ‘‘remote” s
lection of 2-channel or 4-channe! diversity modes.

. Combiners have adjustable gains in each channel,
for complete switching flexibility, and the combining
follows an ideally modified square law function for both
2-channel space or freq
frequency diversity.

. Keyers have adjustable ‘‘threshold” sensitivity con-
trol and simplified input circuit selection.

. Dotter and Delay Indicator provides test keying
signal source for keyers and delay equalizers in ail
channels.

Write for complete titerature,

y and 4-ch | space plus

Poce-Setters in Quolity Communicotion Equipment.

Norrzazry Rapio CorpANY, in.

147 WEST 22nd ST..NEW YORK 11, NEW YORK

in Conada: Northern Rodio Mfg. Co., Lrd,, 1950 Bank 51, Billings Bridge, Ottawa, Ontario.

- wANTENNABILITY

LOOK TO

Towers in guyed and
self-supporting types
for Microwave, FM
and TV antenna sup-
port, Vertical Radia-
tors, Loran, etc. in
all materials,

Antennas for all serv-
ices from VLF to
UHF including Log
Periodics, Rhombics,
Corner Reflector, Ver-
tical Radiators, etc.

YLON

TRYLON offers outstanding
Antenna and Tower capability.

Use this knowledgeable,
source that offers:

experienced

1. Worldwide experience in military,
civilian and government applications.

2. Full service and résponsibility includ-
ing: research, development, manvufacture
and installiation.

3. Resourceful, experienced personnel
with outstanding records of achievement.
4. Worth-while economies because we
do our own manvufacturing.

Full line of occessories. Full copobility

ond focilities for testing, reseorch ond
development.

Write, wire, or phone ond let us help
you on your requirements.

WIND 'I'URBINE COMPANY

WEST CHESTER, PA.
TRYLON TOWER AND ANTENNA SYSTEMS

Phone: OWen 6-3110

RESEARCH o DEVELOPMENT & MANUFACTURE '® INSTALLATION
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ﬁ:Q New Proudi‘g:

s i a1
These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your IRE affiliation.

(Continued from page 60A)

The body, of aluminum construction, is
53" long, 21" wide and 2* deep excluding
mounting pads and connectors. Total
weight is less than two Ibs. The nominal
input impedance is 50 ohms with type
“N " input and output connectors.

The multipliers are particularly useful
in telemetering or beacon transmitters,
antenna alignment, signal generation,
radar or fixed-frequency communications
driver stages, or in local oscillator service.
A major advantage is that precise fre-
quency control can be achieved in micro-
wave channels using crystal-controlled
drivers at frequencies under 100 mc.

These units are now in production and
are available within six wecks after receipt
of order. Prototypes are priced at about
$1600 with substantial price reduction on
quantity orders.

Bouldin New V. P.
For Westronics, Inc.

Wood W. Bouldin has been clected vice
president in charge of sales at Westronics,
Inc., 3605 McCart, I°'t. Worth, Texas. He
joined the hirm as a
sales engineer in
March 1959, having
previously served
three years in the
USAL as a B-36
pilot and two years
at Chance Vought
as a flight test en-
gineer. Heisa grad-
uate of John Rea-
gan High School,
Houston, and Texas
A&M  where he
carned his B.S. degree in 1954 in Industrial
Technology. Westronics, [nc. specializes in
its own proprietory line of industrial elec-
tronic recording and indicating instru-
ments for both domestic and foreign mar-
kets.

Mylar and
Foil Capacitor

\ Mylar and foil capacitor, "I'ype MW,
has been announced by the Capco Div.,
Texas Research and Electronic Corp., 6612
Denton Dr., Dallas 35, Texas. These ca-
pacitors are specifically designed for low
drift requirements. FFully stabilized, they

(Continued on page 66A4)
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MX-8051-32T1NN

MX-8038-3X1NW

MX-8034-2S1 NN

Harmonic Generators for Microwave Power

AVAILABLE models of varactor harmonic gen-

1
_ I Output | pabal | Dot
erators can now provide outputs over most of the } LUy App Mo | e | ominaly (Nominal
. . e S
microwave spectrum. Microwave Associates’ sev- MX-8052-16TINN | VHF — L o 860 o | 2
: . ‘o T MX.8052.24TINN | VHF — L | 40.43 | 960.1025| 12 1
s 1
eral years of experience in designing and building MX.8051.32TINN | VHF L 20 1280 o 0.2
: ; MX-8034.2S1 NN L—s 1125 2250 2 1
rm n
a wide range of varactor harmonic generators Mx.0087.128x1mw| vHF —x b 8192 o | oars
make possible a standard line of which several MX-8045-2X1WW C—x | 4500 2000 1.2 0.5
S—X |2800-3100| 8400-9300| 0.25 | 0.010

MX.8038-3X1NW
typical units are described here. ' - -
The above units are representative of our current line of over
60 standard harmonic generators. Write for our mew four
page short form Harmonic Generator Catalog.

These solid-state sources of microwave power
provide precise frequency multiplication, light-

weight, small size, and have low power require- : :

. MICROWAVH |
. ASSOCIATES, INC.

ments.

We would like to discuss with you how these units

can serve your requirements for highly reliable,
fixed-frequency RF power sources. If you have
special environmental or space requirements,
modifications of units in our standard line will

most probably save you considerable time.

PROCEEDINGS OF THE IRE Moy, 1962

United Kingdom Sales:
A Microwave and Semiconductor Devices, Ltd.
/x Skimpot Trading Estate, Luton, Bedfordshire, England

Other Export Sales: Microwave Internationai Corp.

36 W. 44th Street, N.Y.C., N.Y_, U.S.A. Cable: Microken
BURLINGTON, MASSACHUSETTS « WESTERN UNION FAX
TWX: BURLINGTON, MASS. 942 « BROWNING 2-3000

ecesescreereestrovatafooreras

sseevecsvecressrtinnen asrasssscvecacrratavasrrarens Mecescerecteesetatctttctrecseviattan



NOW

A family of
Precise
Thermistors

vsi produces a family of precise ther-
mistors which match standard Resist-
ance-temperature curves within *=1%.

4 —_—

2 R. —

-

- ;e

TtTirivt

~N
RESISTANCE IN OHMS

04 ~
8 F
LR
l
?
TEMPERATURE IN °C

102 '} $ L I '

0 20 40 60 [} 100

Resistance Temperature Churqcterislics—
Partial Range—YS1#44006 Thermistors (10K).

You can now use stock YSI thermistors
interchangeably as components in any
temperature transducer or compensator
circuit without individual padding or

balancing.
DATA

Base resistances at 25° C. of:

100 IK I0K
3000 3K 30K
100 K

e Each family follows the same RT
curve within £1% accuracy from
—-40° to +150° C,

e Cost under $5.00 each, with sub-
stantial discounts on quantity orders.

e Quantities under 100 available from
stock at YSI now.

e YSI can produce precise thermistors
with different base resistances and
beta’s where design requirements and
quantities warrant,

For complete specifications and details write:

T oR g
T

33008

. -l 0 P 0 0
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(Continued from page 64A4)

are available from stock in 1%, capacity
tolerance. The high moisture resistance of
the epoxy-impregnated wrap eliminates the
need for encapsulation. These capacitors
have a positive temperature coeflicient
with dissipation factors of less than 0.459%,
for values under 1.0 mfd and less than
0.75% for higher values at 25°C. Available
in standard ratings from 0.0005 to 2.00
mfd at 200, 400 and 600 volts dc, they are
priced from $.30 to $1.20 in 100 lots.

Tunable Magnetron

Metcom, Inc., 76 Lafayette St., Salem,
Massachusetts, offers for the first time a
waveguide output 2 KW X Band tunable

magnetron, The MXM-28 has been de-
signed to withstand missile type environ-
mental conditions in addition to working
under pure vacuum atmosphere. In addi-
tion, the MXM-28 has been designed to
undergo sterilization under customer's
specification for space environs.

The MXM-28 offers 2 KW peak power
at 3 KV and 3amperes input under extreme
shock, vibration, and temperature en-
virons,

The MXM-28 is available 60-90 days.

Magnetic Shields
For Dewar Flasks

Magnetic Shield Div., Perfection Mica
Co., 1322 No. Elston Ave., Chirago 22, 1L,
offers a new line of diversionary Netic and
Co-Netic magnetic
shields which mini-
mize effects of the
earth’'s  magnetic
tield as well as all
otherlow level fields
on samples being
tested under cryo-
genic conditions in
any size dewar
flask. ‘I'wo, three or
four concentric cy-
lindrical shields can
be used, one inside
the other. The shield illustrated is 36" high
and 15 OD. It consists of three inner
shields of high permeability Co-Netic
alloy aud one onter shield of heavy gauge

(Continued on page 68A4)

1=l

iIM-166/URT

STANDING WAVE RATIO INDICATOR

The TMC Model S'WR-1K (IM-166/URT) is a multi-purpose instrument
which will instantaneously provide visual indications of Forward Power,
Reflected Power, and Voltage Standing Wave Ratio.

The SWR-1K may be used in any 50 or 70 ohm unbalanced transmission
system covering 2-30 MCS with average powers up to 1000 waits.

The SWR-1K is used as an operational and maintenance tool at trans-
mitter stations and in electronic plants for production testing of transmitters
and in laboratories for RF transmission system measurements.

For additional information about the SWR-1K and other test equipment,
please contact TMC Test Equipment Division, Mamaroneck, New York.

The Test Equipment Division Of

THE TECHNICAL MATERIEL CORPORATION

World Wide Suppliers of Electronic C: icatil

and Subsidiaries

MAMARONECK, NEW YORK

OTTAWA, CANADA® ALEXANDRIA, VIRGINIA« GARLAND, TEXASsLA MESA, CALIFORNIA® POMPANO BEACH, FLORIDA
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TUNG-SOL
SUBMINIATURES

PROCEEDINGS OF THE IRE

May, 1962

RUGGED, RELIABLE SUBMINIATURES meeting
the most stringent military and industrial specifica-
tions are a Tung-Sol specialty. Most of the sub-
miniature tubes in the military preferred and
guidance lists (Mil-Std-200F) are available from
Tung-Sol.

TUNG-SOL SUBMINIATURES are available as
diodes and twin diodes, triodes and twin triodes,
indicator triodes for transistor circuit read-out,
pentodes, voltage regulators and references, and

thyratrons.

TUNG-SOL SUBMINIATURES are supplied for al-
most every kind of portable, wearable, airborne,
missile and space equipment: communications re-
ceivers and transceivers, telemetry, instrumentation
and computers, radar and video, radiosondes and

transponders.

TUNG-SOL SUBMINIATURES are used in all mod-
ern circuits: power supply, amplifier, gating, logic,
control, oscillator, mixer, detector, read-out, con-
verter, counter, trigger, switching, pulse generation,

relay and multiplier.

TUNG-SOL SUBMINIATURES operate over a wide
range of frequencies: d-c, a-f, i-f and r-f; wideband
or narrow band, HF, VHF and UHF.

WRITE FOR CATALOG containing detailed char-
acteristics and applications information about
Tung-Sol subminiature tubes. Tung-Sol Electric Inc.,
Newark 4, N. J. TWX: NK 193. Sales Offices: Atlanta,
Ga.; Columbus, Ohio; Culver City, Calif.; Dallas,
Texas; Denver, Colo.; Detroit, Mich.; Irvington, N.J.;
Melrose Park, Ill.; Newark, N.J.; Seattle, Wash.
CANADA: Abbey Eiectronics, Toronto, Ont.

®TUNG-SOL
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SAVE TIME
AND
SPACE

IMPROVE SYSTEM RELIABILITY
WITH THE NEW COJAX FROM COOKE

COJAX compactness makes possible a small patch field with
many thousands of possible circuit connections. COJAX improves your
system reliability by reducing your system downtime.

COJAX Model 22B is a shielded switching device for entering
coaxial or shielded transmission lines. Especially designed for video,
communication and antenna system applications, COJAX provides the
stability of a normally closed circuit between permanently associated
lines and the flexibility of alternate circuit routing by means of patch
cords.

A patch cord inserted in the COJAX automatically breaks the nor-
mal circuit and switches the signal into the patch cord circuit. A special
patch cord enables testing the normal circuit without tripping the
switch.

Miniaturized so that 22 COJAX switches may be installed in the
standard 19” (A) panel . . . ruggedized so that each side of the
COJAX will withstand more than 100,000 patching operations . . .
and so trouble free that the COJAX switching section has performed
without breakdown in over 15 million switching operations.

Write for literature and prices.

.

735 North St. Asaph Street * Alexandria, Virginia ¢ Kling 8-3889

VY YV YV YV VP Y Y VP Y Y VP P Y Y Y YV VY VY Y Y Y YV VY YVYYYVYYVYVYVYYYY

YYVYYYVYVYYYYVPVVVPYYVYVYY

Hermetically Sealed Crystals
Ovens with Hermetically Sealed Thermostats
Help with Frequency Control Problems

Write for free Catalog

Horthons Evaimeens

ROckwell 3.359|
845 Beloit St.

Laboratories, Tnc.

Burlington,

A AAAAAAAAAAAAAAALAALAD

TWX: BURL WIS 426 «
Wis. «

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

(Continucd from page 66A4)

Netic alloy. Shield sections are symmetri-
cally separated by rectangular aluminum
spacers positioned around the shield’s pe-
riphery parallel to its axis. This multi-sec-
tional air gapped construction was selected
because attenuations of 1,000 times or bet-
ter were required. Conduction of external
maguetic fields to the inver low level area
is minimized by progressively shortening
the inner Co-Netic shields and extending
the outer Netic shield beyond the iuner
shields at the open end.

A multi-section viewing port is pro-
vided. This consists of four sliding panels,
one in each shield section, which can be
manually opened or closed sequentially by
inserting a hand hook in the panel holes.
(Sce illustration.) The entire shield can be
parted at the middle of its length on a butt
joint junction seam with overlapping
flange.

In addition to dewar flask application,
the shield’s basic design permits general
laboratory usage for a wide variety of
other magnetic shielding applications. Al-
though designed specifically for de mag-
netic fields, the shield will prove even more
effective in medium or low level ac fields.
Electrostatic shielding is also provided by
simply grounding the outer shield.

Low retentivity and low shock sensi
tivity are inherently displayed by the
Netic and Co-Netic alloys used. All shicelds
have been amnealed and require no further
heat treating.

Delivery is four to six weeks. Prices are
subject to design complexities and size.
and range from $150.00 to $1500.00.

Crystal-Controlled
Frequency Standard

The model S1455, a 4.999600-mc¢ crys-
tal-controlled  frequency  standard, was
designed by Reeves-Hoffman Div., Dy-
namics Corp. of America, Cherry and
North Sts., Carlisle, PPa., as an aid to pre-
cise navigation and for use as a master
oscillator of “TRANSIT” operational test
equipment. Operating ambient-tempera-
ture range is from 0 to 60°C. Frequency is
5 me or frequencies nearby; aging, 1 part
10% per week; short-term stability 5 parts
10t per second. Output is §5 millivolts,
sine wave; power required, 2.7 watts at 12
volts dc regulated to 1% or better, or 33
watts at 28 volts dc regulated to 5%. Out-
put impedance is 50 ohms.

The oscillator measures 5 by 5 by 8}
., including hardware, and weighs 8 b,
Mounting is by two captive }-inch screws.

(Continned nn page 814)
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In the complete
BUSS line...

you can quickly find the right fuse and

Dual-element ‘“‘slow-blowing”,
single-element ‘‘quick-acting’” and
signal or visual indicating type fuses
. . . plus a companion line of fuse
clips, blocks and holders . . . are
available from one source — BUSS.
You'll save time and trouble by
turning first to BUSS when you
need fuses and fuseholders.

To safeguard against ‘kicks’ or
complaints, every BUSS fuse is
tested in a sensitive electronic de-

vice. Any fuse not correctly cali-
brated, properly constructed and
right in all physical dimensions is
automatically rejected to assure de-
pendable protection under all ser-
vice conditions.

Save engineering time on special
problems in electrical protection.
At your request, the BUSS fuse
engineers are at your service to help
you determine the fuse or fuse
mounting best suited to your needs.

fuseholder to meet every demand!

In many cases it is possible to find,
in the complete BUSS line, a fuse
and fuse mounting already available
in local wholesalers’ stocks, so that
your device can be easily serviced.

For more information on BUSS
and FUSETRON small dimension
fuses and fuseholders . . . Write for
bulletin SFB.

BUSSMANN MFG. DIVISION,
McGraw-Edison Co.
University at Jefferson, St. Louis 7, Mo.

BUSS fuses are made to protect - not to blow, needlessly.

BUSS makes a complete line of fuses for home, farm, commercial,
electronic, electrical, automotive and industrial use.

PROCEEDINGS OF THE IRE May, 1962
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accurate
amplification
of low-level
signals from

DC to
beyond 200 kc?

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

The KINTEL 121A/A is a non-inverting amplifier
with response from DC to beyond 200 kc. It
has fixed gains of 0, +1, +10, 420, +30,
+50, +100, +200, + 300, +500, and + 1000,
and a control that adjusts any fixed gain from
X1 to X2.2. Amplification is stable within
0.01%, accurate within 0.1% for all gains
other than +1 (0.2% accuracy at +1), linear
within 0.005% for outputs up to =15 volts
DC with loads of 200 ohms or more. Input
impedance is greater than 10 megohms (less
than 500 pf to 50 kc); output impedance is
less than 0.3 ohm and 50 uh. Frequency re-
sponse is flat within 0.25% to 2 kc, within
4% to 10 kc, within 3 db to 200 kc. Drift is
less than +2.0 uv equivalent input for over
40 hours at +1000 gain, Equivalent input
noise at -+1000 gain is 3 uv peak-to-peak in a
20-cps band, 3 uv RMS in a 50-kc band. Qutput
capability is =15 volts into 200 ohms, 100
ma into 10 to 100 ohms. Amplifier fits standard
KIN TEL cabinets and modules. Price $1000.

ELECTRONICS,INC

KIN TEL. DIVISION

5725 Keorny Villo Rood, Son Diego 12, Colif.
Phone 277-6700 (Areo Code 714)
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ASSOCIATION ACTIVITIES

The Military Relations Department
has been asked to gauge the interest of
EIA member companies in participating
in a program of exchanging abstracts of
electronic data processing programs
aimed at solving EDP problems. Ab-
stracts would be limited to computer tech-
niques, excluding  electronic  accounting
machine procedures. Each abstract would
consist of a onc-page written explanation
of the purpose, scope, and frequency of
the system being abstracted, together with
a brief description of the system. This
would be accompanied by a skeleton
schematic diagram of the system. The
purpose of the program is to exchange
useful information and assist manage-
ment in effectively applying EDP  tech-
niques.  Any  participant could contact
other participants directly if additional
information were desired, but there would
be complete discretion in each company
as to how much it revealed. The abstracts
would not be made available to EDP
manufacturers for propaganda purposes.
To insure mutual henefit, all participants
would be required to submit at least two
abstracts before receiving any from other
companies. FFirms interested in participat-
ing may contact Manager, Military Rela-
tions Department, E1A Headquarters, .
The Federal Communications Commis-
sion should freeze assignments of tele-
vision channel 14 until engineering
standards can be established to forestall
interference to land mobile radio fre-
quencies, EIA told the FCC last week.
EIA pointed out that UHFEF channel 14
(470-476 Mc) lies immediately adjacent
to the land mobile allocation (450-470
Me). “IT the Commission were to permit
unvestricted allocation of chamnel 14 in
these arcas, serious lurm could be caused
to land mobile users by the TV side
bands,” the Association declared. “Fur-
thermore, it is conceivable that inter-
ference could he caused by mobile users
to T\ reception. This interference would
be existent cven with the use of vestigial
side hand filters, which (the Commission)
proposes to climinate.” The comments on
channel 14 were among a number by EIA
in a filing in FCC Docket 14229, “Foster-
ing Expanded Use of the UHF Televi-
sion Channcls.” Comments on individual
proposals in the docket reflected the views
of several industry groups, represented
in the Association by the TV Broadcast
Equipment Section and the Land Mobile
Communications Scction, hoth of the In-
dustrial Electronics Division; and the
Consumer  Products  Division. EIA  de-
clared it supported the move by the Com-
mission to expand use of UHI television
chamels, Specifically, it made the follow-

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

ing points: 1) UHF TV transmitting
cquipment can be designed and built for
remote  control operation, and require-
ments proposed by the IFCC appear ade-
quate for remote control and monitoring,
2) Elimination of restrictions on antenna
directivity for UHF stations, as proposed
by the FCC, will permit greater flexibility
in station location and the possibility of
mecting market coverage requircments
with lower transmitter power. 3) On the
FCC’s recommendation 1o eliminate the
vestigial side band attenuation for all
UHF rcceivers, EIA restated an earlier
comment that attenuation should be a
function of transmitter power and rec-
ommended a formula for attenuation to
replace one proposed by the Commission.
The Association also said the recom-
mended elimination of the vestigial side
band filter might result in degraded per-
formance in some cxisting receivers hav-
ing significant response in the lower side
band region. 4) The proposed reduction
of the ratio of visual-to-aural power
should not be made, EIA declared, he-
cause reduction in sound power results
in deterioration of receiver performance
and a reduction in service coverage.

GOVERNMENTAI, AND LEGISLATIVE

The President last week established
the long-expected Director of Telecom-
munications Management to administer
Government radio frequencies. The new
post was placed in the Office of Emer-
gency Plamning (OEP), which took over
the telecommunications functions of the
Office of Civil and Defense Mobilization
when that agency’s responsibilities were
split between the Defense Department and
OEP last year. Concurrent with his Fx-
ccutive Order establishing the position,
President Kennedy disclosed the impend-
ing appointment of Dr. Irvin Stewart as
Director of Telecomnumications Manage-
ment, The 63-year-old Texan is a former
member of the Federal Communications
Commission and a past President of \Vest
Virginia University, Dr, Stewart will co-
ordinate telecommunications activities of
the Executive Branch of the Govermment
and will be responsible for formulating
its telecommunications policies and stand-
ards, He will also have authority to as-
sign radio frequencies to Government
agencies. The White House emphasized the
move will not affect the authority of the
FCC to regulate non-Federal use of radio
or other communications. From 1934 to

(Continued on page 72A4)

The data on which these NOTES are based
were selected by permission from Weekly Report,
issues of February 26, March 5 and 12, 1962,
published by the Electronic Industries Associa-
tion, whose helpfulness is gratefully acknowl-
edged.
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ANSWERS
ANSWERS

REQUEST CREDIT HISTORY ACCOUNT NUMBER 8,326

COMM LN 3,281 830,00

MIG LN 28,645 12,355,25

SAVINGS 8,450 1,500,00

CHECKING 2 552 944 964,10

AVERAGE BALANCE

AVERAGE BALANCE

PAID CURRENT

PAID CURRENT

1,000,00

840,50

ANSWERS...with CRAM and Remote Inquiry

provided by
the NCR 315
Computer System

NCR PROVIDES TOTAL SYSTEMS —FROM ORIGINAL ENTRY TO FINAL REPORT—

THROUGH ACCOUNTING MACHINES, CASH REGISTERS OR ADDING MACHINES, AND DATA PROCESSING
The National Cash Register Co0.-1,039 offices in 121 countries+78 years of helping business save money

PROCEEDINGS OF THE IRE
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The NCR 315 CRAM (Card Random Access
Memory) Computer System is more than just
another back-office electronic accounting ma-
chine . . . it is a vital electronic tool which con-
tributes to a higher-quality of management and
personnel effectiveness.

For example: in a bank, Inquiry Units placed
in the various departments enable authorized
personnel to interrogate the computer files at
will . .. to promptly answer requests for bal-
ances . . . to quickly obtain valuvable credit in-
formation . . . to obtain current, up-to-the-
minute reports on investments, trusts, loans, and
other essentia! data.

In industry, Inquiry Units can be located at
dozens of remote locations, enabling people

to communicate with the computer files. .,
even from hundreds of miles away. With the
NCR 315 you will be able to keep a “current-
finger” on the pulse of your business...to
get immediate answers to questions about in-
ventories, production, sales...and a host of
other timely facts people must have to effec-
tively manage .. .and to act while the “iron
is hot.”

The NCR 315 CRAM System provides many
exclusive advantages for Remote Inquiry, Data
Processing, On-Line Accounting, Operations
Research, Engineering and Scientific Applica-
tions. For more information, call your nearby
NCR representative or write to Data Processing

Systems and Sales, Dayton 9, Ohio.
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RUGGED:FONEYWELL METERS

Honeywell’s sealed, ruggedized panel instruments are about as
tough as meters can get. They shrug off all kinds of shocks,
vibrations, stresses and strains. They’re immune to dust, mois-
ture and ordinarily troublesome climatic and atmospheric
conditions. They’re not affected by magnetic panels because of
the special plated steel case. B A three-point rubber mounting
cushions internal shock. New fastening techniques and ma-
terials prevent magnet fracture, increase shear resistance, and
minimize whipping and collision between the dial and pointer
assembly. High torque-to-weight ratios permit larger radius
pivots and reduce the load on bearings. Special beryllium
copper hairsprings reduce zero shift, raise the fatigue point,
and reduce deformation. B For a catalog describing the full Iine
of Honeywell meters (including ruggedized models) write to
Honeywell Precision Meters, Manchester, New Hampshire.

HS2Z (2% inch sealed. rugeedized meter) illustrated. Built to conform to MIL-M-10304B

MILLIAMPERES

where electronics meets the eye”

Honeywell
Puecision, Wetow-
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(Continucd from page 70.-1)

1937, Dr. Stewart was a member of the
FFederal Communications Commission and
Chairman of the FCC Telegraph Division.
He was Director of the Commission on
Scientific Research from 1937 to 1946 and
in the latter year was elected President
of West Virginia University, 2 position
he held until 1938, Dr. Stewart joined the
State Department in 1930 as head of
clectrical comnumications for the Treaty
Division. 1n this post, he was a member
of various American delegations to inter-
national radio conferences in \Washing-
ton, Copenhagen, Madrid, and Mexico

City.

INDUSTRY MARKETING DATA

Electronics output and employment
will reach another all-time high in 1962,
the Business and Defense Services Ad-
ministration of the Department of Com-
merce reported last week. DBecause of
increasing defense procurement, accelerat-
ing space exploration programs, and
greater industrial demand, total output
of systems and equipment is expected
to exceed $7.2 billion n 1962, about 7
per cent more than in 1961, BDSA said.
Total output of components shauld ex-
ceed $3.7 billion. The projections do not
include the value of electronic research,
development, eviluation, and test expendi-
tures or distribution, service, installation,
and operating revenues, the agency pointed
out. Mannfacturers’ shipments of con-
sumer products are expected to increase
modestly in value, mainly hecause of new
product promotion of color television re-
ceivers, stereophonic  sound equipment,
clectronic toys and kits, and other prod-
ucts. Qutput of commercial and industrial
clectronic cquipment  will be  stimulated
by increased capital goods expenditures,
inclhuding plant modernization programs
and rapidly expanding space activities.
Substantial increases in defense expendi-
tures for advanced weapons systems of
high electronic content may he partially
offset by cuthacks and cancellations of
new  programs. Because most  electronic
components are used in the manufacture
of new equipment, output of components
will increase proportionmately. Both <o-
mestic and  foreign  competition will be
more intense; thus proht levels may not
keep pace with rising output, BDSA said.
Electronic  rescarch, development, test,
and cvaluation activitics—a major part
of total electronic effort—will continue
to increase rapidly and may exceed $2.8
billion in 1962, according to BDSA. The
major impact of advanced weapons and
space programs will be felt in the re-
scarch and development area. Ilectronics
output in 1961 gencerally followed expecta-
tions, it was reported, Factory value of
clectronics production reached an all-time
high of $6.7 billion—about 5 per cent above
the 1960 level of $6.4 billion, OQutput of
constmer clectronic products declined in

(Continucd on page 74.4)
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MICRO'DUCER IRON FIREMAN PRESENTS THE F/RST

SOLID STATE WAFER

TRANSDUCERS truly sensitive

For underground shock, seismic detec-

. .
tion, hidden minerols, conceoled explo- ;‘ jl lt P l l t h l
sions, stress geometry, under woter, u L- O e a C Lng re ayS
high oltitude, borometric & thousonds of
other opplicotions.

-—

2,000 Ib cell

Chonges resistonce 200K ohms in SENSITIVITIES

0-2,000 Ibs. & is sensitive to grams.

Series 92N 4PDT

500 other stock & special types to
choose from, including new stroin 80 Milliwatts
gouges that measure o millionth of on

inch with 5,000 ohms chonge directly, "
without amplification. Series 102N 6PD

Send for Bulletin # 300 150 Milliwatts

CLARK

ELECTRONIC LABORATORIES
Box 165 ¢ Polm Springs, Colif.

WEST-CAP

SEALED

CERAMICS

WEST-CAP SOLVES YOUR
WELDING PROBLEMS

7\10W°/ ENTIRE LINE OF

WEST-CAP
CAPACITORS

) ARE AVAILABLE
With staANDARD

WELDABLE LEADS

“Dumet’’ — with gold over silver plating.
Other compositions for special welding IRON FIREMANGes

applications on request.

Now, for the first time . . . a rruly sensitive multi-pole
latching relay! It's the Iron Fireman micro-miniature,
hermetically sealed 92N-102N series of relays. Available
in sensitivities as low as 80 milliwatts (92N), these two new
designs feature resilient bifurcated contacts for long life
and high reliability. The 92N-102N scries also incorporates
as a standard feature coil wiring that requires no orientation
mark and can be plugged into a pre-wired socket to function
properly in either of two positions 180° apart. These relays
are available in standard plug-in, solder-hook, three inch
Jead headers and a variety of mounting configurations.

Conforming to and exceeding the specifications of
MIL-R-5757D, these relays are approved for high reliability
aerospace applications.

Write to Iron Fireman Electronics Dir., 2838 S.E. 9th Are., Portland 2, Ore.

1509 FIRST STREET
| SAN FERNANDO,

“‘EL}E&%‘ |~ CALIFORNIA
RAAA L S LT prone M 1-8681
TWX S.F.CAL 9900
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ARNOLD 6T CORES:
PROTECTED AGAINST SHOCK,
VIBRATION, MOISTURE, HEALT...
AVAILABLE FROM STOCK

Compact and

hermetically sealed

The hermetically-sealed aluminum cas-
ing method developed exclusively 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 requirements.
It’s extra-rigid to protect against strains.
And it gives you maximum protection
against environmental hazards. Arnold
GT tape cores are guaranteed against
1000-volt breakdown . . . guaranteed
to meet military test specs for resist-
ance to shock and vibration . . . guaran-
teed also to meet military specs for opet-
ating temperatures. They require no
additional insulation before winding,

ADDRESS

and can be vacuum-impregnated
afterward.

And now a NEW Arnold service:
immediate delivery on your prototype
or production requirements for Delta-
max 1, 2 and 4-mil Type 6T cores in
the proposed EIA standard sizes (see
AIEE Publication 430). A revolving
stock of approximately 20,000 Delta-
max cores in these sizes is ready for you
on warehouse shelves. Subject to prior
sale, of course, they're available for ship-
ment the same day your order is received,

Use Arnold 6T cores in your designs.
Technical data is available; ask for
Bulletin TC-101A and Supplement 2A
(dated June *60).

DEPT. P-5

#&ARNOLD

SPECIALISTS in MAGNETIC MATERIALS

THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, NL,

é)i«. ln.duslriaIA

Engineering Notes
(Continwed from page 724)

the carly months of 1961 but increased
rapidly in the latter part of the year. The
volume of production of most consmmer
electronic products in 1961 exceeded that
in 1960, but the total value of shipments
declined almost 4 per cent. This was at-
tributed 1o a general shift in consumer
buying to less expensive models and a
decline in phonograph sales. Production
and sales of consumer clectronic products
are now at high levels, and output is ex-
pected by BDSA to increase abont 7 per
cent in 1962 . . . Japan’s exports of elec-
tronic products to the United States
during the first nine months of 1961
totaled $78.4 million, an increase of 24
per cent over the same period in 1960,
according to Japanese statistics, the
Electronics Division of the Commerce
Department’s Business and Defense
Services Administration disclosed last
week. Radio receivers and chassis to-
gether with sound recorders and  re-
producers accounted for 76 per cent of
the total value, compared with 81 per
cent of the total during January-Septem-
ber 1960, it was reported. BDSA said
products registering substantial gains were
sound recorders and reproducers, up $6
million; tube-type radios, up $5.7 million;
and radios with less than three transistors,
up $3.6 million. Exports to the United
States of radios with three or more
transistors  declined $7.3 million, while
shipments of this type radio 10 the rest
of the world increased. During January-
September 1961, Japanese exports of tele-
vision receivers to the United States
totaled nearly a million dollars. Exports
of transistors doubled in dollar volume
~-from $0.8 million to $1.6 million—while
tripling in quantity over exports for Janu-
ary-September 1960 . . . Factory sales
of transistors totaling more than 18
million a month during the last quarter
of 1961 boosted the year's total to
190,916,354, a whopping 62,987,768 more
than the 127,928,586 sold the previous
year, according to the EIA Marketing
Data Department’s year-end compila-
tion. But while sales volume was up by
an impressive margin, sales value dipped
from $301,432,285 in 1960 to $299,538,760
last year, a drop of $1,893,525. December
transistor sales at the factory remained
relatively stable compared to the previous
month. In  December, 18,166,839 units
worth $24,883,538 were  sold, against
18,342,285 valued at $24,034,703 sold the
month before,

ENGINEERING

Two new recommended technical
standards have been completed by EIA
engineering committees and published
by the Engineering Department. They
are: 1) RS-255—Simulated Life Test
Circuit for Scemiconductor Rcectifier Di-

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES, ~ '538R1A G4 () SEI)o 0TS 6 LA
Find them FAST in the YELLOW PAGES. (Continued on page 76A4)
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= NEW INSTRUMENTS

and COMPONENTS from PRD!
"8 PRD Electronics, Inc. &=

A subsidiary of Harris-Intertype Corporation
Brooklyn, New York « Los Angeles and Redwood City, Calif. - Haddonfield. N. J.

1. PRD N680 Calorimetric Power Meter 2. PRD 668 Peak Power Meter 3. PRD 809-A Klystron
Power Supply 4. PRD 277-B Standing Wave Amplifier 5. PRD X712 Signal Source 6. PRD 904-A
Noise Generator 7. PRD S712 Signal Source 8. PRD 279 Ratiometer 9. PRD 650-C Microwave
Power Meter 10. PRD 4000 Series Waveguide Switches 11. PRD 6608 Bolometer Mounts 12. PRD
3302 Calibrated Susceptances (For PRD 219) 13. PRD 232 & 233 Slotted Line and Carriage
...and many, many more’ Send for data' PRD Electrouics. Inc., 202 Tillary St.. Brooklyn 1, N. Y.



THE
NEW

WALKI HG’

VERSATILE oo v

Ik y A

RANGE

PORTABLE STANDARD VOLT-AMMETER

highly accurate
readings, especially

Voltage  1000,/300/100/30/10/3V 100062V
recommended for [RLEERIERL Approx. S0mV
. 300/100/30/10/3/1mA 150,100 (50mV) 53,7
research institutes 50mV (for external Shunts) s s
® These all-in-one units may be . ® Both AC and DC instruments are shielded
substituted for many single range units. from external magnetic fields.

Accuracy of both units within 15 of 19 fsd. 4
Calibration certificate accompanies each unit.
e Recommended for general testing

where long, easy-to-read scales are desired. Transformers self-contained.
¢ Simple foolproof operation. Range ® Units supplied with fitted velvet
selector peg gives secure contact. lined storage case,

76A

¢ Compact in size, units measure
only 7% x 10V, x 434.

AC13 RANGE VOLT-AMMETER

MODEL SPF-13R

Approximate
e Sca
- PO”E' Con

75/30v

0.75,0.3/0.15A 0.7/0.5VA

Other YEW portable standards available:

Rectifier Type Milliammeters and Voltmeters,
Thermocouple Type High Frequency Milliammeters and
Voltmeters, Electro-Dynamometer Type Wattmeters

Write today for literature.

YOKOGAWA ELECTRIC WORKS, INC.
40 Worth Street, New York 13, N. Y.

Working principle MPF-17R moving coil type.
Shunts and multipliers self-contained.
Working principle SPF-13R moving iron type.

le Di
Voltage 750,/300/150 150 7.5VA in any range

Current 30/15/75/3/1.5 150 21/1.2/1.0/09/0.8/0.8

AQJL, Iﬁduslrial &

Engineering Notes
{Continucd from page 744)

test circuit for use when actual life tests
would require the use of large quantities
of power due to the size of the rectifier
diode being tested or the number of units
under test. 2) RS-256—Dcflecting Y okes
for Cathode Ray Tubes (25 cents). De
fines the mechanical and clectrical pa-
rameters of 70°, 90°, 110°, and 114° de
flecting vokes.

Copies of the standards have been
mailed to cach EIA member company.
Additional copies are available from the
E1A Engineering Department, 11 \West
$2nd Street, New York 36, N.Y. Mini-
mum order is $I unless FEIA Standard
Coupons are used. Books of coupons may
be ordered from the Department for $25
cach.

A secten

ALBUQUERQUE-LOS ALAMOS
“Optical Masers,” G. Dacey, Sandia Corp.;
“Presentation on Photography,” R. Cudney, Le
Gaunt Studio; 2/21 /62,

ATLANTA
“Georgia’s Future in Peaceful Uses of Atomic
Energy,” W. B. Ilarrison, Georgia Inst. of Tech-
nology; 2/19/62.
BALTIMORE
Discussion of the provisions of the proposed
IRE-AIEE Merger, P. E, I1aggerty, Pres. of IRE;
2/12/62.
BEAUMONT-PORT ARTHUR
“Management of Polaris Program,” W. F.
Raborn, Jr., USN; 2/19/62.

CANAVERAL
“Errors in Sampled Data Systems,” L. Garden-
hire, Radiation, Inc.; D. McRae, Research Engi-
neer; 2/15/62.
CEDAR RAriDS
Installation of New Officers; 1/26/62.
“The ABC's of Wave Propagation in Plasma,”
M. Z. von Krzywoblocki, Michigan State Univ.
2/14/62.
CoLuMBus
“Kconomic Need For an Ohio Research Cen
ter,” W, E. Chope, Industrial Nucleonics Corp.;
2/13/62.
Erir
“Electrical Breakdown in Gases,” A. C. ].
Leyn, Duguesne University; 12/28/61.
“Piezoelectric Ceramics and Their Applica-
tions,” L. Shoot, Erie Technical Ceramics, State
College; 2/28/62.

FLORIDA WEST COAST
“Space Engineering,” B. G. MacNabb, General
Dynamics; 2/22/62.
ForT WAYNE

“Electro-L.uminescence,” M. Wasserman, Gen-
eral Telephone Labs,; Joint with AIEE; 1/11 /62.

“George Washington- -President and Engi-
neer,” J. Thimlar, Bowmar Instrument; “Plastics In
Construction,” E. Zieglar; 2/22/62.

(Continued on page 784)
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Bohmn comiesx

BRAINCHILD (it figures!)

This smart little machine weighs only six pounds, yet docs
just about everything the big, expensive machines do...and a
couple of things they can't.

The big machines add, subtract, multiply, divide.

So does the Bohn Contex.

Here’s what the expensive calculators can’t do.

They can’t double as high-speed 10-key adding-subtracting
machines.

The Bohn Contex can.

They can’t be operated by anyone after just a few minutes
instruction.

The Bohn Contex can.

Most important of all, the Bohn Contex is the first com-
pact, 10-key machine that's truly portable. Goes to work

anywhere.

Businessmen, salesmen, engineers, architects, students,
housewives find the Bohn Contex the casicst, fastest way to
figure bills, invoices, percentages, extensions, estimates, in-

come tax AL . All this for $125*

For hour-after-hour use, the Bohn Contex Electric. Sume
size, same features, but greater speed and case because the
motor does the work. Only $235*

ONLY $125 (it doesn’t figure!)

To a businessman who pays $500 to $1,000 for an office
calculator, the price of our Brainchild seems too good to be
true. Our suggestion: borrow a Bohn Contex and see how it
figures 10 save you mouney. Any dealer listed below will lend
you a hand (or electric) model. If the dealer in your city is
not listed, or you're not in a borrowing mood, just mail the
coupon. . £314.98

Bohn Business Machines Inc., Dept. BY

444 Park Avenue South, New York 16, N

Send detailed *'specs” on your Brainchild [ manual
[ electric. [ Send name of nearest dealer.

NAME __
FIRM___
ADDRESS.

CITY.

BOHN CONTEX CALCULATOR

Atlanta, DeKalb Office Equip.; Tidwell Co. Bakersfield, Valley Office Supply Baltimore, Lucas Bros. Billings, V/estern Office Equip. Boise, Kalbus Qffice Supply Boston, Thorp & Martin
Bridgeport, Frank McGuire Buffalo, OHfice Automation cﬁarleston, S.C., Fred Johnson Inc. Chicago, Horder’s; Benbow Cincinnati, Pounsford’s Columbus, Dorsey's General Office Equip. Dallas,
S. L. Ewing Denver, Kistler's Des Moines, Berry-Myron Detroit, Macauley’s Eugene, Clary Bus. Mach. Fresno, Stanton Office Mach. Houston, Maverick-Clarke Indianapolis, Rex. Bus. Mach.

Jacksonville, Frank Coar Agency Kansas Ciiy, Kansas City Loose Leaf Lancaster, P

Weaver Book Store Lansing, Hasselbring Los Angeles, Office Machines Inc.; Long Beach, California Calcu.

tator; Sherman Qaks, Vailey Stationers Louisville, Fetter’s Memphis, S. C. Toof Miami, Accurate Bus. Mach. Milwaukee, Clark Bus. Mach. Minneapolis, Farnham's Newark! New Jersey Office

Supply New Orleans, Amann Bus. Mach. New York, Mineola, L. ., D. Waldner Dgden, Weber Office Supply Palo Alto, Delmer Israel Pasadena, Anderson Typewriter Philadelphi

a, Pomerantz Phoe-

nix, Heinze, Bowen & Harringlon Pittsburgh, Milton Wiener Portland, Oregon Typewriter Raleigh, Business Machines Inc. Rochester, Dunphrey Duplicating Sacramento, David's Office Equip.
St. Louis, Von Soosten & Co. Salem, Needham's Salinas, Peninsula Typewriter Salt Lake City, Salt Lake Desk San Bernardino, Stockwell & Binney San Diego, Neison Bus. Mach. San Francisco,
Quality Office Mach. San Jose, Kennedy Bus. Mach. Santa Barbara, Lund Office Equip. Savannah, Chatham Typewriter Seattie, ). K. Gill & Lowman-Hanford Springfield, Mo., Carroll Typewriter
Tucson, Tucson Office Supply Washington, 0.C., Ginn's, Stockett-Fiske Wichita, Wilbur E. Walker Wilmington, Hilyard's Winston-Salem, Hinkle's In Canada, Scandinavian Bus. Mach., Montreal
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(Continued from page 76A4)

R e

HUNTSVILLE

“Fundamentals of Masers,” A. J. McKinnon,
Western Flectric Co.; 11/17/61.

“Plasma Physics Fundamentals,” R, C. Wat-
son, Jr., Brown Engineering Co.; 12/21/61.

“Saturn Telemetry System,” J. E. Rorex,
NASA—MSFC, Astrionics Lab.; 1/26/62.

“Radio and Light Waves, Their Similarities
and Differences,” G. F. Hull, Sylvania Engineering
Systems Lab.; Demonstrations; 2/23/62.

INDIANAPOLIS
Tour of Western Electric Company Plant;
2/15/62.
Kansas City

“Simulation of the Fractional Operators on the
Analog Computer,” C. Ilalijak, Unijversity of
Kansas; 2/13/62,

KITCHENER-WATERLOO

“Automatic Programming of a Radio Station,”
G. A. Robitaille, CFPL Radio; 2/19/62. (Canada)

LoNpoN
“A Precision Frequency Standard for X-Band,”
A. Marriage, Univ. of Western Ontario; “High
Frequency lonospheric Reflection,” R. Turnbull,
Univ. of Western Ontario; 3/5/62. (Canada)

PROVEN RELIABILITY-
SOLID-STATE POWER INVERTERS
over 260,000 logged hours— voltage-regulated,
frequency-controlled, for missile, telemeter, ground-
support, 1359C all-silicon units available now—

Interelectronics all-silicon thyratron-like goting elements and cubic-

= grain toroidal magnetic components convert DC to any desired number

78A

of AC or DC outputs from 1 to 10,000 watts.

Ultra-reliable in operation (over 260,000 logged hours), no moving
parts, unharmed by shorting output or reversing input polarity. Wide
input range (18 to 32 volts DC), high conversion efficiency (to 92%,
including voltage regulation by Interelectronics patented reflex high-
efficiency magnetic amplifier circvitry).

Light weight (to 6 watts/or.), compact (ta 8 watts/cu. in.), low
ripple (to 0.01 mv. p-p), excellent voltage regulation (to 0.1%), precise
frequency control (to 0.2% with Interelectronics extreme environment
magnetostrictive standards or to 0.0001% with fork or piexoelectric
standards).

Complies with MIL specs. for shock (100G 11 mlsc.), acceleration
(100G 15 min.), vibration (100G 5 to 5,000 cps.), temperature (ta 150
degrees C), RF noise (1-26600),

AC single and polyphase units supply sine waveform output (to 2%
harmonics), will deliver up to ten times rated line current inta a shart
circuit or actuate MIL type magnetic circuit breakers ar fuses, will start
gyros and motars with starting current surges up to ten times normal
aperating line current,

Now in use in major missiles, powering telemeter transmitters, radar
beacons, electronic equipment. Single and polyphase units now power
airborne and marine missile gyros, synchras, servos, magnetic amplifiers.

Interelectronics—first and most experienced in the solid-state power
supply field produces its awn all-silicon solid-state gating el ts, all
high flux density gnetic p ts, high temperature ultra-reliable
film capacitors and p ts, has plete facilities and knaw how
—has designed and delivered more working KVA than any other firm!

Far complete engineering data, write Interelectronics today, ar call
LUdlow 4-6200 in New York.

2432 Grand Concourse, New York 58, N. Y.
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Los ANGELES SECTION
“Image Storage in Information Retrieval,”
L. D, Stevens, IBM Corp.; Joint with Orange Belt
Subsection; 2/13 /62,

LoulsvILLE

Installation of Officers for year 1961-1962;
9/28/61.

“Transistor Theory and Application,” (Film),
E. W, Szecewa & G. Reiling, RCA; 10/19/61.

Executive Council Meeting; 12/27/61.

“Keeping Current in Plastics,” N. James, E. I.
DuPont Co.; Joint with AIEE; 2/9/62.

Miami

“A Synchronous Cardiac Pacemaker,” W,
Keller & D. Nathan, Cordis Corp.; 2/21/62.

MONTREAL
Visit to Ecole Polytechnique, J. C. Bernier;
2/14/62.
NEwW ORLEANS
“Educational Television Program Production
Systems and Studio Techniques,” W. S. Hart,
WYES-TV; Tour of facilities; 2/23/62.

NEw YoRK

“Fiber Optics,”—Panel Discussion, R. J.
Potter, IBM Corp.; J. W. Hicks, Mosaic Fabrica-
tions; L. Curtiss, American Cystoscope Makers,
Inc.; E, Snitzer, American Optical Co.; 3/7/62.

NORTH CAROLINA

“Sound Recording,” F. L. Hopper, Bell Tele-
phone Labs.; 2/16 /62,

OMAHA-LINCOLN

*“Contemporary Trends In Engineering Edu-
cation,” R. W, Schmelzer, Rensselaer Polytechnic
Institute; NSPE—Engineers Week Exhibition;
2/22/62.

PHILADELPHIA

Discussion of Proposed Consolidation of IRE
and AIEE; R. M. Showers; 11 /17/62.

“Crossroads for Engineers,” P. Haggerty,
President of IRE; 2/3/61.

SaN Dieco

“Applications of Pattern Recognition Tech-
niques to Medical Data Processing,” P. Broome,
General Dynamics/Astronautics; 2/7/62.

SouTH CAROLINA
“Muscles to Missiles,” J. L. Powell, Dept. of
Defense; 2/20/62.
SOUTHERN ALBERTA

“The Cause and Prevention of Signal Loss In
Parabolic Microwave Antennas,” J. C. Annett,
Andrew Antenna Corp.; 2/21/62.

ToroNTO

“Solid State Power Inverters and Converters,”
B. C. Hansen, Univ. of Toronto; 2/22/62.

Tursa
“The Two-Million Watt VLF Navy Trans-
mitter at Cutler, Maine,” Mark W. Bullock, Con-
tinental Electronics; 2/15/62.
VIRGINIA
“Active Satellites for World Wide Communi-
cation,” L. Pollack, IT&T Co.; 2/16/62.
WESTERN MASSACHUSETTS
Talk on The Proposed IRE-AIEIL Merger,
R. L. McFarlan, Datamatic Corp. and Raytheon
Mig. Co.; 3/5/62.
WINNIPEG

“Microwave Antennas,” J. Annett, Andrew's
Antenna Co.; 2/19/62.

(Continued on page 80A4)

Use your
IRE DIRECTORY!
It's valuable!

May, 1962



here’s how
a four-bend
waveguide
is processed
at specialty
automatic

1“\, h

Waveguide, taken from stock . . . is first B Special laminated shims must now be inserted 8 The proper die is then placed in position in
cut to proper length . . . and then annealed ) into the waveguide to prevent its collapse dur- the automatic bending machine preparatory to
for bending. ing the bending process. " making the first bend.

Here the waveguide is shown still in the bend- #8 The shims are now removed in preparation for J After each bend the waveguide is sized and
ing machine just after the first of the four 8 the next step in the bending process. 8 the angle is checked to assure that all toler-
bends has been made. 8l ances are correctly maintained.

Prior to each of its subsequent bends the waveguide must be properly positioned to give accurate After the final bend has been made, sized and
register of the next bend (illustration left). The second, third and fourth bends are shown here checked, rigid inspection takes place, assuring
as each has been processed on the automatic bending machine. accuracy of the completed waveguide.

manfacture to your prints.

Whatever your needs — bends, twists, offsets, coils, transitions, fabrica- & E ‘
tions, complete assemblies — SPECIALTY AUTOMATIC is ready to precision :

80 Cambridge Street, Burlington, Massachusetts « BRowning 2-0800
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Because

your two basic problems
— production time

and

narrowing profit margins
— are our

primary considerations
in the manufacture of

printed circuits.

PRINTED CIRCUIT CORP.

144 COMMERCIAL ST., MALDEN, MASS.

80A
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(Continued from page 78.1)

SUBSECTIONS

BUENAVENTURA
“Project 'Oscar,”” DD, Stoner, Stoner Electronics
Sales; 2/14/62. ]
CATSKILL
“Kconomic Growth Through Engineering,”
J. Medaris, Lionel Corp.; Joint with Technical
Societies; 2/21,62.

EASTERN NORTH CAROLINA

“Thermal Conziderations in Transistor Circuit
Design,” B. Rittman, Minneapolis-Honeywell;
2/9/62,

Mip-111'DSoN

“Economic Growth Through Engineering,”
J. B. Medaris, Lionel Corp.; Joint with Technical
Societies; 2/21/62.

NORTHERN VERMONT
“Communications Satellites,” J. D). Tebo, Rell
Tel. Labs.; Joint with Technical Societies; 2/19/62.
PaLm BeEacn
“The Electronic leart,” Dr. Nathan, Dr.
Center & Mr. W. Keller, Cordis Corp.; 12/19/61.
Panama City
“Microminiaturization Techniques,” L. Fara.
bee, RCA Corp.; 2,27/62.
SANTA ANA

“Fallout Defense,” W. F,

2/13/62.

Libby, UCLA;

THE MOST
COMPREHENSIVE MICROLINE OF

SOLID STATE ELECTRONIC

CHOPPERS

ACTUAL SIZE
8 |
1)
m
( | ‘ |
111 L l
[ i
MODEL 10 MODEL 70P MODEL 30
HIGH SPEED MICROMINIATURE LINEAR
LOW POWER NON-MECHANICAL STABLE
LONG LIFE INERTIALESS RUGGED

The transistor chopper {or modulatar) is a solidly encap-
sulated unit designed to alternately connect and dis-
connect a load fram a signal source. It may also be used
as a demodulator to convert an a.c. signal to d.c. It is
capable of linearly switching or chopping voltages over
a wide dynamic range which extends down to a fraction
of a millivolt and up to 150 volts.

These units are practically immune to the effects of shock
and vibrotion making them ideal for military, space ve- |
hicle and portable applications. The transistor chopper has
aninherently long life and is not subject to contact bounce,
wear, pitting or burning.

WRITE OR PHONE FOR BULLETINS ——

SOLID STATE ELECTRONICS €O.
153121 RAYEN STREET
SEPULVEDA, CALIFORNIA
EMpire 4-2271 @ STate 5-4473

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

“Clem ,We
shoulda used

HEXSEALS &
SEELSKREWS ™

Do you have suggestions for car-
toons? If so, send them on to us
...A PRIZE FOR EVERY ENTRANT!
You'll get a credit line too...if you
give permission.

Cartoon above suggested by H.
Lindauer, New York, N. Y.

Incidentally... HEXSEALS are
modular seals which fit onto
switches.

SEELSKREWS are self-sealing

SCrews.

We also manufacture
SEELBOLTS* SEELRIVITS*
RUBRGLAS*  SILICORINGS*

OUR PRODUCTS MEET ALL
APPLICABLE MIL SPECS

Our modular seals may be new to
you; let us send you our Catalog
359B. *Trade Mark

Write or call: MISS RIVA SOLINS

APM-HEXSEAL

CORPORATION
41 Honeck St., Englewood, N. J.
LOwell 9-5700
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NEWS
_1 New Products

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

(Continucd from page 684)

Octal/Decimal
Decoder

Computer Control Co., 983 Concord
St., Framingham, Mass., announces the re-
cent addition of the Model OD-30 Octal
'Decimal Decoder to its compatible series
of de to 1 and 5 megacyele S-PAC digital
modules.

The OD-30 contains a prewired binary-
to-octal decoder plus additional circuitry
to expand the matrix for BCD-to-decimal
decoding. Three additional inputs are pro-
vided to permit the matrix to be expanded

(Continued on page 82:1)

SECON/ENGINEERED

[lexible
reramic
InSulaled
Wire

for high temperature
and nuclear environments

After our flexible ceramic insulation is wound
and inserted in a component, a final heat
treatment produces a true ceramic body for
continuous use to 1000° F. For more informa-
tion, write to us at 7 Intervale St.

White Plains, N. Y.

WH 9-4757

o SECON

@) METALS

CORPORATION

PROCEEDINGS OF THE IRE May, 1962

NEW DIMENSIONS IN RELIABILITY

NOW

make solderless connections. ..anywhere
... without plugging into a power source

All the power you need is stored in the
handle! Here's important news for people
who make electrical connections. It’s the
new Gardner-Denver battery-powered
“Wire-Wrap”’® tool that brings new time-
saving convenience to the production line.
And it’s a must for the serviceman’s kit.

No more dangling extension cords or trailing
air hose that can damage delicate assemblies. Gardner-Denver
No dependence on elusive power outlets. battery-powered

This handy new tool weighs only 16 oz., yet “Wire-Wrap”
makes thousands of perfect electrical con- tool.
nections without recharging. And recharging
is easy . . . simply plug the battery into a
wall outlet overnight.

The new battery-powered model 14R2 “Wire-Wrap”' tool is another new
dimension that Gardner-Denver has added to the reliability of electrical con-
nections. Get the whole story in a hurry —phone or wire for new Bulletin 14-3.

“D EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW

L} GARDNER - DENVER

d Expressway, Quincy, Illinois

in Canoda: Gardner-Denver Compony (Concdo), Lid., 14 Cuiity Ave., Toronto 16, Ontario

81A



Gomponent

PEERLESS

Designed to Your
Requirements.....

Peerless power supplies are avail-
able with DC or AC inputs. AC in-
puts are normally 60 or 400 cps; DC
outputs extend to 10 ma or higher.
Regulation values normally range
from 5% to 10% from no load to full
load; peak-to-peak ripple voltages
are less than 1% of output voltage
within this range. When required,
closer tolerances can be supplied.

Peerless power supplies can be pack-
aged to meet any operating require-
ments from commercial to Mil. Spec.
And, their dimensions and configura-
tions may also vary to meet specific
volume requirements. For complex
applications, Peerless has designed
and manufactured power supplies that
provide two or more outputs, operate
in ambients up to 126°C and withstand
shocks up to 50 G’s. Whether your
requirements are conventional or
exotic, Peerless can solve the design
problemsand manufacture in quantity
to your exact specifications.

NEW! B
Send 0
Coupon <)

For

free ()
Catalog Q

Contains detailed specs on 48 widely vaned types
of Peerless power supplies and p
Eshmatmg Speclhcatnons Sheet!

®PEERLESS

ELECTRICAL PRODUCTS

1 1
1 ]
] ]
] ]
] 1
i i
1
I A OIVISION OF ALTEC LANSING CORPORATION |
| 1515 S. Manchester Ave.,Anaheim, Calif. |
] NEW YORK + LOS ANGELES ]
: Please send your new catalog, :
: “PEERLESS POWER SUPPLIES", :
1 1
1 ]
1 ]
] ]
) ]
) ]
) ]
) ]
1 ]
] ]
10 ]
| ]
)

| understand there is no obligation.

Name
Title
Company
Address
< City State

-
(C) 1961 ALTEC LANSING CORPORATION
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NEWS (APD) data acquisition system for process
N control applications developed by Genisco,
ew Products Inc., 2233 Federal Ave., l.os Angeles 64,
s —————— e, Calif.

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

(Continued from page 81:1)

to 16, 32, or 64 outputs by connecting ad-
ditional decoders. One or more of these
additional input lines may be used for
strobing or sampling the matrix.

The BCD-to-decimal decoder uses the
octal matrix for the “zero” through “seven”
output lines, and two additional independ-

ent gates, included on the IPAC, for output _ The new unit adds the advantages of
lines “eight” and “nine.” The two inde- high speed sampling to the accuracy and
pendent gates are standard NAND gates stubility of the original APD. The system
and may be used as such if BCD-to-deci- directly converts a low level electrical in-
mal decoding is not required. One of these put signal to a pulse linearly related in
gates has six inputs, the other has two. duration to the input signal amplitude. It

Both gates have modes for expanding the is applicable with DC-voltage, low im-
fan-in to a maximum of ten. Each output pedance sensing instrument sources such
will drive the specilied number of standard ~ as thermocouples, resistance thermo-
5-PAC loads plus stray capacitance. meters, strain gage transducers.
Packaging features include a 43" X7 The pulse du'ratlon output is digitally
glass-impregnated epoxy card, etched wir- measured for display, recording, or for
ing, an anodized aluminum frame, and a further processing for input to digital com-

34-terminal hermaphroditic type connector puting equipment. The system retains the
designed for insertion into a standard, pre- permanent “sample and hold” feature of
wired 19- or 28-connector S-BLOC housing. the original APD and can be designed to
operate either in sequential or parallel

APD Data data sampling modes. (Output values can

S be in engineering units.) Modular design
AcqtuSlthIl SyStem permits systems of several hundred chan-

nels to be built.

Sampling rate of 200 chanunels per sec- . T
pune e Operational characteristics include $-

ond is now available in a new high speed
version of an analog to pulse duration (Conhnned on pagc 844)

‘ S — —
MICROWAVE COAXIAL COMPONENTS

The complete Sage catalogue includes twenty-six lines of coaxial
and waveguide components, covering the frequency range from DC through 40 Gc.
The tables below highlight three of the coaxial lines.

Model  Frequency Migimem  Max.  Body Dim.
Ne Range Directivily VSWR % x1%x  Price
@ 8 60-125 mc 30db 1.20 2, $225.00
749 125250 mc 20db 120 Yy 175.00
TEMLINE 750 250500 mc  20db 1.20 6w 1500
HYBRIOS 751 $00-1000mc 20db 125 k U 175.00
752 1000-2000mc 20db 125 2'g 175 .00
753 2000-4000mc 20db 1.2% 1 175.00
754 4000-8000mc 15db 1.35 . 225.00
Coupling: 3db -+ 0.5db
Mode!  Frequency 8ody Dim.  Crystals  Price with
No. Range Output  174a11%x  Supplied Crystals
291 Dual 1 (2) INAIGE  $275.00
93 1BBOme g, 30000
2501 ODual 6%  (2) INIGE  $250.00
TOARIAL 2503 B0S00me Gioie 275.00
511 Dual 3% () INGIGE  $250.00
BALANCEO 2513 S001000me oo 275.00
MIXERS 2521 Dual 236 (2) INAIGE  $250.00
253 1000°2000me Gy 275.00
2531 Dua) 24 (2) INAIGE  $250.00
2533 2000-4000me oo 275.00
2541 y Dual 2% (2) IN23E/ER $300.00
2543 4000-8000me oy 325.00
intermediate trequencies through 120 mc are standard
Mode!  Frequency Mazimum Mazimom
No Range VSWR Insertion Loss  Price
305+ 1.15 DC-5000mc $100.00
COAXIAL 305W+ 0C-12.400m¢ 1.30 5000-12.400me Less than 0.1db 110.00
3400 1.15, 50 mc-4 Ge 0.15db, 175.00
ROTARY 50 me-12.4 e J 1-25.4-8G¢ 50 mc-4 Ge
JOINTS 340Wee 1.35,8-12.4 Ge 0.25db, ( 195.00
4.12.4 Ge
*Contacting junction **Capacitively coupled
NOTE: Models 305W and 340W are weatherized versions of Models 305
and 340, respectively

Engineering inquiries concerning special requirements are invited.

SAGE LABORATORIES, nc.

fo= 3 HURON ORIVE « NATICK, MASSACHUSETTS « CABLE AOORESS: WARWICK-BOSTON « TWX: NATICK 479U
OIRECT OIAL COOE 617 OLYMPIC 3-0844
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of prefessional development

... a challenge

GIVE
YOUR YOUNG
ENGINEERS

A HEAD START

Send today for this professional development kit prepared by successful engineers

The first five years after graduation are the most im-
portant years of an engineer’s career. That’s why this
carefully planned program of professional development
can help your engineers—just as it is now helping so
many others.

This kit, sponsored by eight of the foremost engineer-
ing societies provides a framework for planning, focuses
attention on six vital areas:

1. Starting your career 4. Responsible citizenship

2. Education after college 5. Sclected reading

3. Professional identification 6. Personal appraisal
The complete kit contains a 48-page reference manual,
a statement of the responsibilities and ethical principles
of the engineering profession, a selected reading list. a
personal appraisal booklet, and a brochure outlining the
complete six point program.

Start now to help your engineers plan their careers with
professional help . . . send in the coupon today.

COMPLETE KIT $2.00—quantity discounts on request

r‘ ————————————————————————— B
| ENGINEERS COUNCIL FOR PROFESSIONAL DEVELOPMENT |
| 345 East 47th Street, New York 17, N. Y. |
| Gentlemen: Please send me _First Five Years :
I Kit (s) for which § is enclosed. |
| Name |
‘ Position I
| Firm |
I Address :
| City, Zone, State |
e e et e e e e . . o O e N b |



— RARE GASES -

PUREST OBTA?NOABL%
O OOO
ALL YOU NEED

—from the foremost producer
of atmospheric gases!

© Produced under continuous mass
spectrometer control.

¢ Fast nationwide delivery.
e Guaranteed ultra-high purity.

e Scientifically blended and tested
mixtures for any need.

e Quality based on more than 50
years of rare gas know-how.

® Complete technical service,

SEND FOR NEW 20-PAGE
ONE-SOURCE RARE GAS BOOKLET

First comprehensive
price and specification
list for all rare gases
and mixtures . ..

CLIP COUPON —ATTACH TO
BUSINESS LETTERHEAD
Rare Gases, Dept. IRES
Linde Company
Division of Union Carbide Corporation
270 Park Avenue, New York 17, N. Y.

[0 Please send a copy of your booklet
listing prices, specifications, and in-
formation on LINDE Rare Gases.

O Have a representative
contact me,

LINDE
COMPANY

“Linde*” and “Union Carbide” are registered
trade marks of Union Carbide Corporation.

UNION
CARBIDE

r
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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NEWS
oducts

ﬁ‘!@New P

LR IS0

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

(Continued from page 824)

millisecond sampling time for each chan-
nel, resolution of 0.1% (1 part in 1000),
repeatability of +£0.1% £ one output
count per 1000; linearity of £0.1%, of full
scale input, sensitivity of 5 millivolts mini-
mum full scale input. Source impedance is
a nominal 100 ohms for thermocouples.
Converter output is 10-volt pulse with less
than 2 microsecond rise and fall times,
output impedance of 1800 ohms. Power
requirements: Approximately 1 watt
/channel, 110 volts, 60 cps. Special sam-
pling rates from 5 to 500 samples/second
are available on order. I'or additional in-
formation, contact the firm.

Dual Preset
Counter-Controller

A new all transistorized 100 ke dnal
preset counter-controller has been an-
nounced by Computer Measurements Co.,
12970 Bradley Ave., San Fernando, Calif.

The 780 Series counters are designed to
solve control problems, such as motor over-
speed, shearing to length, high speed coil
winding, weighing, sorting, batching, func-

(Continued on page 854)

“BEAMED-POWER"” ANTENNAS

NOW MAILING! PL88 — technical
data, pricing bulletin describing
Advanced-design commercial and
citizen-band base-station antennas
and accessories. Includes Tower,
Rotator, ‘Baluns,” Masting and
Transmission line data, plus nice-
to-have-around ‘‘info."” Request
your copy, today; no obligation.

WORLD RENOWNED AND RESPECTED
PERFORMANCE -6 to 1500 MC.

Communication
and TV Antannas

LABORATORIES

ASBURY PARK 46, NEW JERSEY, US.A,

A COST

ESTIMATING

SERVIGE

Within Reach of Your

Telephone

Whether you are a government official
preparing a budget estimate, or a con-
tractor preparing a bid proposal, PTM’s
cost estimating service can help you in

many ways,

® As an emergeney service when your

own engineers are overloaded.

® As a supplementary service
your own estimales,

® As an impartial estimate in the settle-

ment of disputes.

Accurately and

cuted, our estimates are a

breakdown giving you material costs,
weights, man hours of labor in all clas-

sifications, sources of supply

materials, purchased items, alternate de-
sign and material suggestions,
other information needed for your pres-

entation.

Our clients include:
American Machine & Foundry
Andrea Radio Corp.

Boguc Flectric Mfg. Co.
Burroughs Corp.

Consolidated Avionics Corp.
Control Instrument Co., Inc
Electronic Signal Co., Inc.
General Precision Labs.
Huyck Systems Co.

J. AL Maurer, Inc.
Nationat Broadcasting Co.

For prompt service, phone—
In Washington, D.C.—
Enterprise 1-2063

In New York City—
Barclay 7-2063

Or write

Mr. Walter Middleton, President

PTM TECHNICAL
CONSULTANTS

120 Liberty Street
New York 6, N.Y.

professionally exe-

International Business Machines Corp.

Philips Electronics, Inc. and others.

to check

detailed

for raw

and all

Co.
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tion programming and timing, and vari-
able pulse generation. CMC offers this
instrument with a two-year free service
warranty,

THERE’S A WORLD

OF EXPERIENCE
IN

The counter-controller is a direct-read-
ing solid state electronic counter provid-
ing output information in the form of
pulses and relay closures at any two pre-
selected counts within the capacity of the
unit. Capable of operating at rates up to
100,000 counts per second, the instrument
accepts input information from any stand-
ard transducer such as a photocell, tach-
ometer, flow and pressure pickups, switch
closures, and so forth. Selection of the pre-
set numbers is accomplished by thumb
wheels adjacent to each decade. Input
sensitivity is 0.1 volt,

The series is available in two-through
six-decade models. Power consumption is
40 watts. The unit measures 51" HXx 17" \V
X 12" D) and weighs 21 pounds. It is avail-
able in either rack or cabinet mounting.
Prices range from $975.00 to $1350.00. De-
livery 60 days.

For complete technical information,
please address Bob Steele, sales manager at
the firm.

EVERYTHING
MARGONF’S DO

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

Marconi telecommunications equipment

(Continucd on page 86A)

S YOU HAVE AN
OBSTRU(“ON LIGHTING 1
! PROBLEM? .

‘our Best Answer is
|| HUG‘H& & PHILLIPS, INC. i

~—the mos! dependable source of

Obstruction Lighting Equipvmn‘!.‘ |
l he widest selection of Qon!vo'
| —'Alovm Apporatus in the industry. -l
s mm TS mm W - wWE WE WS e

Model LC 2076
For 4 towers with “A-2" or “A-3" light-

SURVEYS % Marconi's telecommunica-
tions survey teams are at work in many
parts of the world. Marconi's is the only
company maintaining a permanent re-
search group working entirely on wave
propagation.

INSTALLATION % Marconi's instal-
lation teams undertake complete re-
sponsibility for system installation, in-
cluding erection of buildings and civil
engineering works as well as the ingtal-
lation of the telecommunications equip-
ment and auxiliary plant.

PLANNING % Marconi's vastexperience
is reflected in the quality of its system
planning organisation whichis constantly
employed on planning major telecom-
munications systems for many parts of
the world.

MAINTENANCE % Marconi's provide a
complete system maintenance service
and undertake the training of operating
and maintenance staff, either locally or
in England. Marconi’s will also establish
and manage local training schools for
Post and Telegraph Authorities.

MARCONI-

ing, FOUR CIRCUIT FLASHER, PHOTO
CONTROL with 20 ft. remote photo-tube
cable. 115/230 V (indoor housing).

MANY OTHER MODELS AVAILABLE
Write for literature on your specifie problem

r— HUGHEY & PHILLIPS, INC. —

l Manvfocturers of

300MM Beacons, Obstruction Lights, Photo-

I Electric Controls, Beacon Flashers, Special
Junction Boxes, Microwave Tower Light Con-

I trol and alarm Systems, Tower Isofation Trans. '

COMPLETE COMMUNICATIONS SYSTEMS SURVEYED, PLANNED, INSTALLED, MAINTAINED

COMMUNICATIONS DIVISION, MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED,
CHELMSFORD, ESSEX, ENGLAND.

formers. and Complete Kits for: Tower
Lighting, Sleetmelter Power and Control,

3200 N. San Fernando Blvd. Burbank, Calif.

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

Hl®
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. NEWS
New Products

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

(Continued trom page 85A4)

Halogen-Sensitive
Leak Detector

General Electric of Schenectady, N. Y.
has introduced a new halogen-sensitive,
electronic leak detector specihcally  de-
signed for use in halogen-contaminated at-
mospheres. Desiguated the H-5I" and fea-
turing a new proportioning probe, this de-

tector is sensitive enough to detect halogen
leaks as small as 1 /100 onnces Refrigerant-
12 per year even when contamination
levels reach 1000 parts R-12 per million
parts air.

* 1 :

LA

NEED ASSISTANCE

OPTICAL ELECTRO-MECHANICAL
INSTRUMENTATION...

aun 171 N[
\JL\UL\_] AJ

DESIGN ENGINEERING...

LET WOLLENSAK OPTICAL COMPANY
BE OF SERVICE TO YOU...

We are specialists in the development and manufacture of custom optical-
mechanical devices . . . concentrating on products which require high engi-
neering excellence and precision manufacture.

We have worked with many of America’s largest corporations, such as
GE, Philco, RCA, Haloid Xerox assisting them with sub-assemblies, opti-
cal-mechanical engineering and manufacture of units, in which we are
extremely capable. Why not contact us on your next problem.

Call or write.

Ulollensak Division

=83+88 REVERE CAMERA COMPANY

ROCHESTER 21, N. Y.

86A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

. A SUBSIDIARY Of 3M COMPANY

The H-5P leak detector can he used to
test pressurized enclosures by manually
probing scams, joints and welds. \When a
leak is detected, an audible alarm sounds.

In operation, the H-31* draws air from
the atmosphere and from a pure air filter
in the control unit. The proportioning
probe rations the amount of air coming
from both sources. By adjusting the
probe’s proportioning valve, the operator
can reduce the amount of contaminated air
entering the detector and increase the
amount of pure air coming from the filter.
As a result, the effects of contamination
are neutralized and the H-5P operates at
full sensitivity.

Because of the new  proportioning
probe, the detector's sensitive element is
protected against exposure to large
amounts of contamination. General Elec-
tric engineers say that this will result in
mininm maintenance of the unit and
longer sensitive element life.

High Power TWT Supply

ATWT supply designed specilically for
high power ‘I'W's is available as a stand-
ard uunit. Developed by The Narda Micro-
wave Corp., liin-
view, L. [., N, Y.
and designated
Model 15101, the
unit is available in
eight weeks.

The beam sup-
ply is continuously
variable from —2
to 12 kv Dby
means  of  both
coarse and fine con-
trols on the front
panel. The DC bias
supply is also continuously variable from 0
to 250 V negative with respect to the cath-
ode, and it floats at the beam voltage. The
DC filament supply can be varied hetween
0 and 10 V and is connected to float at the
cathode voltage. The grid pulser, which
provides for complete control of the pulse
width, amplitude, and repetition rate, is
referenced to the bias supply and, there-
fore, also floats at approximately the beam
voltage. In all cases, each of these voltages
is completely controllable from ground
level at the front pauel.

Meters are provided to monitor both
voltage and current of the filament and
bias supplies, and the high voltage power
supply. The filament and bias meters are
located behind a shielded viewing panel.
An output is ilso provided for viewing the
performance of the grid pulser.

Other features included are a vac-ion
power supply, and a provision for external
synchronization at any repetition rate
compatible with the 0.005 maximum duty
cycle and pulse width range.

The price is $9,925. IFor additional in-
formation and more complete specifica-
tions, write directly to Narda.

Magnetic Tape Adapter

A magnetic tape adapter unit which
provides 1BM 1401 computer users with
read/write capability from GLE/ERMA

(Continued on poge 884)
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Low Current

Silicon Rectifiers

22 types, with ratings from 0.15 amps
to 1.50 amps; 100 to 2800 piv.

Medium Current
Silicon Rectifiers
36 types, with ratings from 2 amps to
35 amps; 100 to 600 piv; many with
choice of positive or negative base
polarity.

High Current

Silicon Rectifiers
36 types, with ratings from 50 amps
to 1000 amps; 100 to 600 piv; most
with choice of base polarity.

Tube Replacement
Silicon Rectifiers

Long life, cool-operating, compact
units replacing 959 of all popular
vacuum tube rectifiers. PIV ratings
from 1600 to 10,400; dc output cur-
rent ratings, 250 to 750 ma,

High Voltage Cartridge
Silicon Rectifiers

Ferrule mounted and axial lead
series, each in 18 different types; 600

to 16,000 piv.

\

\\.

\

"]-;
0
'f
¥

Silicon
Voltage Regulators

Regular series: 93 types in 14, 1, and
10 wattclassifications; 5.6 to 100 volts
breakdown. Special series: 17 types,
1 watt, 6 to 105 volts breakdown;
excellent performance at low cost.

{ invitations

PROCEEDINGS OF THE IRE

to invention in circuit design...
seven lines of Tarzian semicon-
ductor products offering depend-
able performance at realistic
prices, plus interested and in-
formed application engineering
service and production and de-
velopment facilities to help you
solve special problems or meet
special requirements. Tell us
your need or send for our newest
catalogs, or both.

1 J /ncC )

Surge Suppressors

136 types, polarized, single phase and
three-phase non polarized; max-
imum discharge currents from 0.25
to 33.0 amps. New application data
catalog.

SARKES TARZIAN, Inc.

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

SEMICONDUCTOR DIVISION o BLOOMINGTON, INDIANA

May, 1962

700 Weston Rd., Toronto 9 « Export: Ad Auriema, Inc., New York
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FLY UNITED JETS
T0 WESCON

Western Electronics
Convention and Show

Los Angeles— August 21 thru 24
Call your Travel Agent or United.

} g

THE EXTRA CARE AIRLINE

UNITED

Semiconductors
Resistors

Custom Melting, Complete Redrawing, Potentiometers

Strand and Vacuum Annealing Services
for fine wire processing to customers’
specifications.

Thermocouples
Electronic Tubes

Other Electronic
Applications

WRITE for valuable
brochure contain- N
ing fine wire com-
positions, perti-
nent properties
and applications.

precious, base, exotic
and special metals
— bare or
insulated

CONSOLIDATED REACTIVE METALS, inc.

115 Hoyt Avenue — Mamaroneck, N.Y. — OWens 8-2300
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or GE 210 to IBM format and vice versa,
is now available from Electronic Engineer-
ing Co. of California, Box 58, Santa Ana,
Calif.

The 754 maguetic tape adapter oper-
ates as o program control input/output
unit of 1BM 1401 and ties to it in place of
one IBM 729 Tape Unit. Data may be
edited or updated during the conversions
as progriummed by the IBM 1401. The
complete LRMA and [BM error detection
circuitry are provided in the system. All
data translated toand from the EECO 754
is in 1BM coding and format. Al normal
capabilities of the 113M 1401 are available
to process data.

The 754 is housed in two equipment
cabinets 69" high, with a total width of
48", a depth of 24%, and weighs 800 lbs. All
active components in the system are solid
state construction,

I’rice is $85,000 and delivery is 120 days
after receipt of order.

FFor additional information write Dita
Processing Section, Sales Department, of
the firm.

Ionization Gage

A new, low-cost, cold cathode ioniza-
tion gage (referred to as a Philips or Pen-
nings gage), designed for industrial appli-
cations and capable of vacuum measure-
ments from 1072 to 10~7 mm Hg, has been
announced by The Fredericks Co., Beth-
ayres, Pa. Designated the Televac Model
7\ Cold Cathode lonization Gage, this
instrinuent is of particular value in such
applications as vacuum wetallurgy, elec-
tron beam welders, vacuum welding, vac-

Moy, 1962



Printed circuitry by EP E C
meets the rigid specifica-
tions of use in missiles, guid-
ance systems, computers
and quality instruments
from separate and com-
plete East and West Coast
facilities: plants in Need-
ham Heights, Massachusetts
and Encinitas, California.

These plants are producing

today—

@ PRINTED WIRING &
ASSEMBLY

@ DIELOX—circuits on
aluminum base

@ CU-CON PLATED HOLES

@ PROTOMAKA, the labora-
tory unit for ‘do-it-your-
self’ processing of printed
wiring boards.

: s 3o 3
HIR

Main Office: 175 A" Street
Needham Heights, Moss,
Telephone: Hilicrest 4-3912

Western Division: Box 548
Encinitas, Calif.
Telephone: PlLoteau 3-6261

PROCEEDINGS OF THE IRE May, 1962

- » «» Dedicated to Quantity
Production of Quality TWTs

Not a claim, but a FACT . . . Huggins Laboratories consistently
achieves the industry’s highest annual production figures — an
enviable record of which we are proud.

To earn this record, Huggins' engineering-trained management
combined production-oriented facilities with the skill and technical
know-how of engineers and technicians to create a manufacturing
team which has the proven ability to deliver production quantities
on short delivery schedules.

Should your application require reliable TWTs in quantity, let
Huggins’ years of experience in producing quality TWTs in quan-
tity work for you. Contact our Sales Department and discuss your
needs.

“GGI Ns LABORATORIES INC.

dewlopment
enqincering

999 East Arques Avenue, Sunnyvale, California

736-9330 Area Code 408 TWX SUNV 908-U

89A



It stands
alone

You can’t buy HYDRAZINE-
ACTIVATED FLUX* or Core
Solder under any other brand
name. Fairmount is the sole
producer.
Hydrazine-Activated Flux and
Core Solder offers an
exclusive combinatian of
advantages:
® High wetting properties
for good ‘“‘bite.”’
e Non-corrosive connections.
e Residues removed by
heating or water rinse.

o No change on aging.

Good products

deserve good

components

‘Ulll(ll co., INt

MARVFACTURING CHENIRTE

components help
good products

perform better

-
T " It you use relays, solenaids, coils,

or switches, in your product,

your best source is Comar.
Custom-manvufaciured o your specs,
Comar components provide
maximum efficiency and
dependability at low cost.

Send for full details now!

These performance characteristics were confirmed in a recent
evaluation of leading fluxes used in the fields of printed wiring
and etched circuitry.

No one flux is best for all purposes. TEST HYDRAZINE
FLUX AND CORE SOLDER FOR YOURSELF. The liquid
permits pre-fluxing, is useful for soft-soldering a wide range of
. copper and copper-based alloys. The core solder flows at an
NV OMAr ELECTRIC COMPANY ideal rate, leaves a minimum of soldering residues. Write
/ for samples of either, or technical literature.

3349 Addison Street, Chicago 18, fllinoi
reet 90 18, flinois *U.5. Patent No. 2,612,459 and others

RELAYS » SOLENOIDS ¢ COILS » SWITCHES « HERMETIC SEALING

For users of high purity elements
a complete catalog of technical
data sheets providing informa-
tion on physical constants, anal-
ysis data and prices will be sent
to you with our compliments.
Simply fill in and clip out the
coupon below. No obligation at

all, drop it in the mail today.

American Smelting

and Refining Company

High Purity Elements Dept.

120 Broadway, New York 5, N.Y.

Gentlemen:

Please send me yaur current High
Purity Elements Catalog.

Company .......oceevniennnninenns

Address ........cociieeiiiiiiaaean
My interest in high purity elements is

T

90A

and its sales agents.
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(Continued from page 88A4)

uum brazing, vacuum evaporating, vac-
uum sintering, vacuum annealing, vacuum
heat treating, particle aceclerators, vac-
uum jacketing for liquid oxygen and hy-
drogen, and missile launch instrumenta-
tion.

Sensing tubes are metal, and include a
removable auode assembly for ease of
cleaning and inspection of inside of sensing
tube. Tubulation is of one-inch D to per-
mit rapid response to pressure changes.
T'he Tetevac Model 7A permits operation
in either single, dual or three range scales
from 1072 to 107 mm Hg.

By adding a thermocouple vacuum
gage as an integral part of the Model 7A,
complete and independent coverage of the
range from 1 to 1073 mm llg can be pro-
vided.

‘The Model 7A has no measurable drift
or meter oscillation and can be coupled
with an automatic controller for indication,
remote alarm or external control. Ter-
minals can also be provided for drivinga 10
millivolt, full scale, potentiometer-type re-
corder,

Several explosion-proof versions for use
in liquid oxygen and hydrogen vacuum
dewar-type tanks are available.

WHEN WRITING TO ADVERTISERS PLEASE MENTION-—PROCEEDINGS OF THE IRE

Available only from Fairmount

Fairmount
CHEMICAL CO., INC.
136 Liberty St., N. Y. 6, N, Y.

The instrument is produced in cabinet
pauel, chassis and rack mounted configura-
tions. Dimensions of the cabinet mounted
unit are: Height, 75"; width, 14}"; and
depth, 10", ‘The rack mounted unit meas-
ures 7" high (other heights available upon
request), 19" wide and 113" deep. For de-
tails write to the firm.

Motor Generator

Thirty-five per cent more space and a
reduction of 23 per cent in weight, is made
available through the use of the motor gen-
crator designed and developed by The
Bendix Corp., Eclipse-Pioneer Div., Teter-
boro, N. ]. Designated as the I'V-6000-1-
Al, the new unit is 1.375 inches long in a
size 10 frame, as compared to the conven-
tional length of 2.1 iuches. The unit is com-
parable in operating characteristics to the
Eclipse-Pioneer FV-100 series motor gen-
erators, aud is being made available in the
same variety of shaft configurations.

(Continned on page 924)
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PRECISION witn SIMPLICITY

FROM DEILCO RADIO

That’s the big feature in Delco Radio’s new 175 VA and 250 VA static inverter power supplies.
These all-transistor units offer increased reliability through simplified circuits. Both static inverters
are designed for either airborne or ground applications and will withstand overload and output
short circuit conditions indefinitely, delivering at least 11095 of rated output before going into
overload protection. Units automatically recover to full output upon removal of overload and
short circuit. Units are designed to meet the environmental requirements of MIL-E-5272C. For
further information on military electronics write Delco Radio’s Military Sales Departinent.

@
@

175 VA Static Inverter 250 VA Static Inverter

ELECTRICAL
SPECIFICATIONS

175 VA STATIC INVERTER 250 VA STATIC INVERTER

_l_nput Input

Voltage: 27.5 VDC =+ 1095 per MIL-STD-704 Voltage: 27.5 VDC =+ 109 per MIL-STD-704

Output Output

Power: 175 VA single phase 0.5 lag to 1.0 power Power: 250 VA single phase 0.6 lag to 1.0 power
factor factor

Voltage: 115 V adjustable from 110 to 120 volts Voltage: 115 V adjustable from 110 to 120 volts

Regulation: lI-volt change for any variation of load be- Regulation: 0.7 volt for any variation of load between zero
tween zero and 1109 of full load, and input and 1109 of full load, and input voltage be
voltage between 25 VDC and 30 VD(; tween 25 VDC and 30 VDC

Frequency: 400 = 1 cps. Frequency: 400 = .5 cps.
Frequency changes less than 1.0 cps. for all Frequency changes less than 1.0 cps. for all
environment, load and input voltage vari- environment, load and input voltage vari-
ation ation

Distortion: Less than 5% total harmonic Distortion: Less than 59 total harmonic

Efficiency: 809 at full load Efhiciency: 809 at full load

DELCO
RADIO

Division of General Motors « Kokomo, Indiana

PROCEEDINGS OF THE IRE May, 1962 1A



McLEAN BLOWERS

Help Maintain Rgliability
In TITAN Support Equipment

> 1
AR AR v
l . ‘
10\1
O 7?

McLean Blowers are known the world over for reliability. That's
why they are used in the Titan I Trainer racks shown above.
Developed and manufactured by THE MARTIN COMPANY, the
trainer completely simulates the control center for providing Air
Force personnel with experience in the checkout and flight opera-
tions of the mightiest ICBM. Full MIL-SPEC McLEAN Blowers
are used to cool the racks, helping to maintain the inherent relia-
bility of the vital electronic components and circuitry. McLEAN
offers a complete MIL-SPEC line of blowers as well as commer-
cial models. McLEAN Blowers are smart, compact and easy to
install. Over 100 models in various panel heights and CFM’s
are available.

McLEAN BLOWERS . . . Tops in Reliability and Performance
for over Twenty Years

_.{'-—

melean WRITE TODAY

New 16-Page
Condensed Catalog
ENGINEERING

m” MCcLEAN /:oravonris

World Leoder in Pockoged Cooling
P.0O. Box 228, Princeton, New Jersey

McLEAN Phone Areo Code 609 WAlnut 4-4440 nier.
MODEL 2EBS12A TWX PRN NJ 636U [
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(Continued from page 904)

In existing installations, the FV-6000-
1-A1 can replace conventional units with
comparable operating characteristics, re-
sulting in additional space for expansion.
In designing new installations, the unit will
provide for an overall reduction of the
space envelope.

The unit consists of a two-phase, four-
pole, 400-cps induction motor and a single-
phase generator, the rotors of both ele-
ments being mounted on a common shaft
in a single housing. One motor phase is
center-tapped, while the other has a split
winding for either parallel or series opera-
tion. The generator produces a single-
phase output, proportional to speed, of
0.42 volt at 1000 rpm, with a linearity of
4 of 19, up to 4000 rpm. Stainless steel
bearings and laminations assure resistance
to corrosion. The component weighs 2.3
ounces, and has an operating temperature
range of —55 to +125°C.

Bench Size
Diffusion Furnace

A bench size precision ditfusion furnace
has been introduced by Sutherland Mack-
lem, Inc. The 16" X16"X36" furnace is
mounted on a power and control console
only 15 inches high. In one to four 2}
alumina muffles it provides thermal flats
within +0.8°C over 10 to 14 inches long,
at any temperature between 500°C and
1300°C. At maximum operating tempera-
ture, the case temperature remains under

95°C.

-
-
-
-
&
[
1
.
)
S

The wound heating elements are op-
erated in three sections, with single-point,
three-mode, millivoltmeter temperature
control. Eight-point profile adjustment
and continuous differential end-section
controls set the thermal flat uniformity
over a wide range of operating conditions.
‘I'wo, three, and four tube models have
separate heating elements, with individual
adjustment for each.

The control system is based on silicon-
controlled-rectifier ac power modulators,
and fail-safe magnetic ‘Transphasers® with
error-rate damping control and reset ver-
Digital set-point, temperature re-

(Continued on page 944)
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MODEL  6db BANDWIDTH

] TL-2D5A 2 ke
E— L TL-4D9A 4 ke
— G TL-6D12A 6 kc
— Ee=aaM-—— TL-8DI16A 8 kc

—  _mesoam-———  TL-10D18A 10 ke
—-mESogW-———  TL-16D25A 16 kc
A - TL-20D32A 20 ke
— A TL-30D45A 30 ke
ST ST TL-40D55A 40 ke

— Wessaam-——  TL-45D60A 45 kc

— R TL-32E48C 32 ke
— T TL-50D85C 50 kc

(suffix "A" denotes 455 k¢ center frequency;
suffix "C" denotes 500 kc center frequency)

Now in stock in 12 bandwidths...
30 db rejection in 0.1 cu. in.

Clevite ceramic ladder filters provide more selectivity for their size than any conventional i-f filter. They
are fixed tuned and need no alignment—are non-magnetic and non-microphonic. Leading manufac-
turers now have Clevite ladder filters in their communications equipment. Improve your newest design
with these unique filters. Write now for complete specifications—Bulletin 94012, or for selectivity curves
available on each stock model. M Dimensions: %s" diameter x 14" long. W Selectivity: 60 db/6db
shape factor from 1.3:1 to 2.6:1. M Center Frequency Stability: within 0.2% for 5 years, and within
0.2% from —40° to +85° C. B Impedance: 1200-1500 ohms. W Designed for military environment.

CLEVITE ELECTRONIC COMPONENTS ... <o

DIVISION OF 232 FORBES ROAD, BEDFORD, OHIO  Maplewaod, N.J. /Chicago, Iil. / Denver, Colo. / Inglewood, Calif.




MINIATURE
. ELAPSED

ACTUAL SIZE e
1.81" x 0.37” x037”

TIME
METER

®

|ndachron

indachron . .

.a new and surprisingly simple develop-

ment in elapsed time metering based on electro-chemi-

cal transfer of mercury in

a sealed system, A precise

constant current generated by an integral regulating
and rectifying circuit plates mercury across a gap at
an exact rate, Movement of the gap is directly propor-
tional to time, Can be mounted and read in any position.

FEATURES: Connects directly to 100V-140V A.C., 60-

400 cycles ¢ Scales: 500,

1000, 3000 hrs.; 2 hrs, to

25,000 hrs. on order ¢ Direct reading ¢ 39 Accuracy

o Meets military vibration

and shock requirements o

APPLICATIONS: Preventative maintenance scheduling

¢ Reliability testing.

o Warranty validation e

WRITE FOR COMPLETE DETAILS

Gurtis Instruments, Inc.

45 KISCO AVENUE e

NEW

moderately priced
high-precision

SLOTTED LINES

MOUNT KISCO, N. Y.

g*» o Rated residual VSWR
=4, under 1.010; rated error in
& detected signal under 1.005.
o
z&‘ \ | X
d !
Ao An AMCI Type 2181 Slotted Line
with interchangeable precision
: tapered-reducers provides for
accurate measurements in several
transmission line sizes from Type BNC
to 15%8” or larger. An untuned rf probe is
Write for supplied as part of the slotted line.
complete Several tunable detector probes
information are available as optional accessones
on AMCI Type | Frequencyrange | Slotlength | Price®
Slotted 2181-2 300 to 4000 mc 20 inches $700
2181-3 200 to 4000 mc __30.inches ___$750_
21814 150 to 4000 mc 40 inches $800
2181-6 100 to 4000 mc 60 inches |  $925

*including an mpuo odupnl to Type N ond an unhmod rf probe but exclud-

s ond ble probes. Prices are F.O.B. Boston,

ing output top:

94A

X7 ALFORD ...
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(Continued from page 924)

cording, multi-point control, and other fea-
tures, are available s modifications to the
basic unit. The basic (single tube) unit,
complete, is priced at $3500 (packing and
shipping extra). Delivery 2 to 4 weeks. or
from stock as available.

Microwave Switch

Production of a new group of micro-
wave switches, which are now standard
items, is announced by Waveguide, Incor-
porated, 851 W. 18th St., Costa Mesa,
Calif.

These high speed switches are  de-
signed to meet the envirommnental condi-
tions of MIL-15-5272. For reliability micro
switches are used for both position indicat-
ing and solenoid control circuit. Precision
instrument bearings are used at all friction
points to insure maintenance of operating
characteristics. They may be supplied for
return to either outlet port upon failure of
external circuit. They are of light-weight
aluminum construction with maximum
body width of 1.865" and are suitable for
airborne, missile, space and shipboard ap-
plication.

Additional specilications are as follows:
VSWR, maximum 1.08:1; Insertion l.oss,
0.2 db maximum; lIsolation, 50 db mini-
mum; Maximum Pull-in current, 900 M.
Amperes ma at 28v dc; Maximum Hold-in
current, 200 M. Amperes ma at 28v dc;
Frequency Range of Line, 7.05 —18.0 kmc;
RF connectors: Mate with Standard
Waveguide flanges; Life, Design-tested to
greater than 200,000 cycles.

IFor further information write to the
firm.

RF Power Amplifier

Vector Manufacturing Co., Inc., South-
hampton, Pa. is marketing for use in air-
craft, missiles and spacecraft, a pressurized

(Continued on page 90.1)
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Westinghouse electronic tube leadership

Westinghouse leadership in electronic tubes dates back to the
first dry battery WD-11 tube made in 1920. In the great progress
of tube advances that followed, Westinghouse engineers have
contributed hundreds of improved tube types, and many entirely
new ones. Today, Westinghouse continues to stay ahead of the
field by creating new electronic tube capabilities that give design
engineers dramatic increases in systems and equipment per-
formance. The four tubes illustrated are only four examples of
recent Westinghouse tube developments:

Microwave switching tube WX-4405 is a C-band, high-power,
fast recovery time crystal protector featuring 0.1 to 0.2 micro-
seconds recovery time.

Image intensifier orthicon for extremely low-light level viewing
gives threshold pictures at 10*? ft. candles illumination on the
photocathode. Provides highest known sensitivity with good
resolution.

Astracon—new 150,000X photonimage amplifier tube—displays
sufficient electron gain to display single photoelectron phe-
nomenon.

High performance neutron detectors exemplified by the new
ECONOLINE WL-8105 ionization chamber. In neutron detector
production and development Westinghouse today has world-

PROCEEDINGS OF THE IRE May, 1962

wide leadership—more Westinghouse neutron detectors are in
use today than all other makes combined.

These tube developments are typical of Westinghouse leader-
ship in electronic tubes for: atomic energy; commercial, indus-
trial and military communications; radar; imaging systems;
information storage and display; industrial processing; military
aircraft and aerospace systems.

For the future, electronic tubes by Westinghouse have a planned
placein systems developments. As micro-electronics, cryogenics,
light frequencies, space explorations, new environments and
technologies become common accomplishments, Westinghouse
will provide electronic tube components to perform system
functions that will advance the ‘state of the art.”” Whatever
function your system has to perform, work with Westinghouse
. . . for special system needs. Westinghouse Electric Corp.,
Electronic Tube Division, Elmira, N. Y. You can be sure . . . if it's

Westinghouse
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the lacing tape with
a NON-SKID tread

You can’t see it, but it’s there! Gudelace is
built to grip—Gudebrod fills flat braided
nylon with just the right amount of wax to
produce a non-skid surface. Gudelace con-
struction means no slips—so no tight pulls to
cause strangulation and cold flow.

But Gudelace is soft and flat—stress is dis-
tributed evenly over the full width of the tape.
No worry about cut thru or harshness to
injure insulation . . . or fingers.

Specify Gudelace for real economy—faster
lacing with fewer rejects.

Write for free Dota Book.
It shows how Gudelace and
other Gudebrod lacing materials =
fit your requirements.

GUDEBROD Bros. siLK CO,, INC.

EXECUTIVE OFFICES
12 South 12th Street
Philadelphia 7, Pa.

'L

ELECTRONICS DIVISION
225 West 34th Street
New York 1, New York

Test equipment@

hudget too low =

double its
value the
Heathkit

® O

way

Heathkit test instruments are
professionally designed to
meet top performance stand-
ards, yet you save up to 50% ot
the cost of comparable equip-
ment by easyin-plantassembly.
Heathkits are the most popular

o~ LDoapssamm
HEATH COMPANY

Benton Harbor 4 , Michigan
O Please send FREE 1962 Heathkit Catalog ¥

P e L L L L L L DLt L
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(Continued from page 94A)

V'HE telemetry power amplifier with an
output of 50 watts. Using a unique innova-
tion in circuitry, the anode is mechanically
and electrically connected to the housing,
thereby providing a superior thermal con-
nection for vacuum tube cooling,

This 6 b, amplitier of 115 cubic iuches
is designed for application in FM telemetry
systems in the 215 to 260 mc range. The
unit features compactness and excellent
overall efficiency (typically 35%) with a
power gain of 10 db, and operates from a
standard 28 volt dc source.

RFI Filter

Ethicient and economical flters to keep
spurious incident RIF energy from trigger-
ing sensitive U. 8. Air FForce cameras are
now being produced by Astron Corp., 255
Grant Ave., Last Newark, N. [. The
filters, designated AF-1637, are used to
keep the line which controls the indexing
of the (ilm in airborne cameras free of acci-
dental or intentional RI interference.

The AIF-1637 (ilter operates conven-
tionally, by presenting a very high im-
pedance across the circuit but a low im-
pedance to ground, thus trapping ot sig-
nals at other than the operating frequency.
The unit is a stabilized multiple-pi Glter
comprising four capacitors, two of which
are single and two double, making six ca-
pacitive constants in all. It also contains

do-it-yourself kits in the world Name two center-tapped inductors. The entire
. investigate their ability to Address circuit was designed and fabricated to fit

stretchyourinstrumentbudget. inside a housing less than 1% inches long,

Send for your FREE 1962 Heath- City State 1} inches wide and } inch high including its

kit Catalog today! U e standoll tugs.
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The AIF-1637 filter meets the environmental requirements of
Department of Defense specification MIL-1"-1573D. Electrical
specifications are 50 ma and 28v dc.

Universal Transmitter

The 637 transmitter, a fixed frequency, erystal controlled unit,
wits designed by Erco Radio Laboratories, Inc., 637 Stewart Ave.,
Garden City, N. Y., as a
universal application trans-
mitter. It can be used for
any air-ground service in
the 225-400 mc communi-
citions band.

Modular  construction
features permit plug-in mul-
tiplier strip and 1.P. A, strip
to form a complete 10 watt
RIT unit in an 83X 19* rack
panel construction for low
power applications. [t re-
quires the addition of a
modulator panel unit which
is completely solid state and
requires 33" of panel space.
This unit features individ-
nal drawer-type modules with a low distortion compressor and
low power drain.

The power amplifier unit, when added to the above combi-
nation together with its power supply, completes the 50 watt AM
package. This unit can then operate in Class AB, mode as above

(Continued on page 98A4)

PLASTIC

Fasteners and Holding Devices

Etho-Loc Cable Clamps  Bulyrate Cable Clamps  Tab-Loc Cable Clamps
(Ethy| Cellulose)

Flat Nylon Clamps Nylon Half Clips Wedge Lock Band Clamp

Teflon Cable Clamps

Nylon Snap Clips Nylon Washers Nylon Strapping
Nylon Screws Nylon Hexagonal Nuts Nylon Cap Nuts Mmmllu' Tabs and
ah ‘* ;
aﬁ& a Oﬂf
an A
Threaded Nylon Rod “D" Washers Scml for samples and iatest bulletins.

W@?@?@P COMPANY, Inc.

5713-17 Northwest Highway, Chicago 46, .
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“TRON
OXIDES

for ferrites?”

“Yes-

MAPICOY”

“Why Mapico above all others? First, these
pure synthetic iron oxides are unmatched
for uniformity . . . and subjected to the
most precise production controls.”

“Then there’s range—a Mapico iron
oxide raw material for every end use area
from magnetic tape to, well, broadcast
receiver antennae.”

“That’s right. They’re made in three
typically different particle shapes, each
available in several ranges of particle size.
Selection of the right iron oxide gives
controlled electronic characteristics
and shrinkage.”

“And Mapico offers a useful, up-to-date
chart on these many oxides with detailed
data by particle shapes and properties.”

“Write for it today.”

MAPICO IRON OXIDES UNIT
COLUMBIAN CARBON COMPANY

380 Madison Avenue, New York 17, N. Y.
Branch offices and agents in principal cities

COLUMBIAN CARBON COMPANY
380 Madison Avenue, New York 17, N. Y.

Please send me the new, up-to-date chart on
MAPICO IRON OXIDES FOR FERRITES,
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Mr. RAFRIN*

got your goat?

He'll take other things, too,
including accurate teleme-
tering signals, clear radar
displays, correct computer
answers — almost anything
in the electronics communi-

cation field can fall victim
| to this menace. May we
recommend our protection?
Electro ® International has
satisfied Military require-
ments governing RFl Con-
trol for over a decade — all
over the world, Write for our
RFI Control Capabilities
Brochure.

‘?MAdio FRequency INterference

,“\ ‘_‘_.1) S L:ﬁ A

ELECTRO INTERNATI uAL

1
i
| Box391, Annapolis, Md., C0.3-2661
]

Subsidiary of Electro Instruments, San Diego, Cal.

-

——

NEWS
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(Continsted from page 97A4)

for AM, or can be switched to Class C con-
dition for use as an amplifier for FM ap-
plications. 1t may also be used with a high
level modulator for Class C AM operation
at increased power specifications: Carrier
Power is 50 Watts A3 in AB; mode. Fre-
quency Range is 225 to 400 mc. IF'requency
Control is with an oven regulated CR32/v
crystal for 0.002% stability. Output Im-
pedance is 50 ohms unbalanced. Input
Impedance is 600 ohms balanced. Fre-
quency Response is 300 to 400 cps £3 DB.
Distortion is less than 6% at 1000 cps for
95% wmodulation. Carrier Noise is at least
40 db below full modulation. Control
may be local or remote. On remote, up
to 3000 ohms of loop resistance may be
tolerated.

IPower Source is 115 volts 50/60 cps
single phase or 220 volts 50/60 ¢ps can be
provided on special order.

Panel Space Required is standard 19”
relay rack; 28 inches is required for the 50
watt A3 model.

Technical Bulletin 637-T is available
on request,

Portable Solid-
State Recorder

A low cost precision portable, solid-
state magnetic tape recorder/reproduce
system has been introduced by the Data
Recorders Div., Consolidated Electrody-

CORARL N e ee naniEe

Bell &

Pasa-

namics Corp., a
Howell, 360 Sierra
dena, California.

The Type PR-3300 unit can record
and/or reproduce up to 14 channels of di-
rect, FM or PDM data. Frequency re-
sponse is 100 ¢ps to 100 ke direct and 0 to
10 ke I'M. Maximum cumulative flutter is
0.39%, peak-to-peak up to 300 cps and
0.55%, peak-to-peak up to 10 ke at 60 ips.

The aluminum carrying case is 22}
inches high by 18} inches wide by 15}
inches deep.

Six standard speeds are available in
pairs of 60, 30; 15, 74; and 3%, 13 ips.
Speed pairs are selected electrically by
HIGH-LOW pushbuttons on the front
panel. All control functions are relay op-

(Continued on page 99.-1)

subsidiary  of
Madre Villa,

Swd’bk"ﬁy’ﬂae Be&(f

MODEL 80 SWITCH

» 4500 volt peak flashover at 60 cps
* 10 ampere current carrying capacity
e Current carrying members heavily silver plated

%ﬁuoto 1933

Kel-F stators and rotors
Black anodized die cast aluminum support bracket
Nylon detent wheel
Oil impregnated bronze sleeve bearing

¢ Steatite spacers

¢ Stainless steel detent arm

RAVIV SWITCH GORPORATION

MARLBORO, NEW JERSEY e Telephone: HOpkins 2-6100
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IN THE EXPANDING FIELD OF

THE UNIQUELY CONTROLLED
CHARACTERISTICS OF

CLAIREX®

PHOTOCONDUCTIVE
CELLS

.. ARE THE BASES
FOR A GROWING NUMBER OF

PRECISION APPLICATIONS

THE HEART OFTHE FAMOUS
“““MICROEYE" ...
in the Model 900 Polaroid® Latd
Camera is a Clairex cell of spe-
cial design, with a sensitivity
capable of controlling the pre-
cise adjustment of the exposure
mechanism over a light range
from less than 1/10 of one foot-
candle to several hundred foot
candles.
Clairex Corporation, through:

o CAREFULLY CONTROLLED
CHARACTERISTICS

* CUSTOM DESIGN AND
 ULTRA SENSITIVITY

has pioneered the use of photo-
condutive cells in the photo-
graphic industry. A growing num-
ber of high quality still and

movie cameras, exposure meters,
enlargey$-4nd projectors are now _
using/Bfair /@{ / =
/A ;
/s

/

Approximately Vo actual size

The broadest standard line —

5 Series in both glass and metal
packages plus unique abilities to
custom engineer . . . because “Photo-
conductors are our only business.”

LAIREX
ORPORATION

8 West 30 Street, New York 1, N. Y.
The Light Touch in Automation and Contrel

PHOTOGRAPHY |
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(Continued from page 98A4)

erated to permit remote operation.

The PR-3300 accepts either 1-mil or
1.5-mil mylar base tape or 1.5-mil acetate
base tape. Reels up to 10} inches in di-
ameter with EIA-type hubs can be accom-
modated. CEC precision reels are supplied
as standard equipment,

Operating power requirements are 115
volts +10 v, 60 cps single phase. Power
consumption is approximately 500 watts
for a complete 14-channel system; 450
watts for a 7-channel system. Details are
given in document 106-60.

Transistorized
Pulse Generator

Pulse generator Model 521 is the latest
addition to the line of digital equipment
produced by Digital Electronics Corp., 161
Sullivan Lane, Westbury, 1. 1., N. Y.

The gencrator is a low-cost, versatile,
general-purpose fully transistorized unit
desigued to meet the requirements for re-
search, development, and testing of low-
and high-frequency pulse and digital
equipment. A circuit in the Model 521
mitkes it possible to vary the frequency
and width in a single multivibrator circuit
as opposed to two in other tvpes.

Supplying a pulse repetition rate from
cps to 500 ke in five bands, the generator
has a pulse width from 0.8 to 120,000
microseconds, a rise time of 50 nanosec-
onds, and a fall time of 200 nanoseconds.
The amplitude is either positive or nega-
tive, 15 volts maximum, 5 volts into a 100-
ohm load. FFor other pulse generators with
dual polarities, a separate amplifier is
needed for cach polarity, with the Model
521, only one is needed. To produce the
two polarities, a dilferent voltage is applied
to the amplifier with a switch on the panel.

Short-circuit protected, this unit op-
erates with a nominal duty factor of 80%,.
With full amplitude at all loads and at all
frequencies, the minimum duty factor is
60%. A synchronizing output pulse (—5
volts, 1 microsecond wide) is available at
terminals on the front panel. To ensure
syuchrounization with associated equip-
ment, this signal is constant and is inde-
pendent of the frequency and amplitude
variations of the pulse output.

Weight is 2 pounds, dimensions are
8.25" wide by 5.0" high by 5.75" deep.
Power required is 115 volts, 60 cps, 5
watts,

Price is $89.50 f.o.b. Westbury, L. 1.,
N. Y.

Availability is 30 days. lFor detuils
contact 12, Wiseman, at the firm.

(Continued on page 1004}

KEPCO

CAB
REGULATED | %_o_c-;uppw
SE R IEsS
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s
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REAR
VIEW
FOR
ALL
MODELS
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A NEW KEPCO SERIES OF
LOW COST VOLTAGE AND
CURRENT REGULATED

DC POWER SUPPLIES

AVAILABLE FROM STOCK!

DC Output
Modet! No. Volts Amps Price
ABC 2-1M 0-2.0 (1.0 $179.00
ABC7.5-2M | 0-7.5 |20 $159.00
ABC 15-1M 0-15 |1.0 $159.00
ABC 30-0.3M| 0-30 |03 $119.00
ABC 40-0.5M| 0-40 |0.5 $159.00
ABC 200M 0-200 | 0.1 $199.00
ABC 1500M | 0-1500 | 0.005 [$274.00

Prices listed inciude Volt-Amp meler,

For unmetered units, delete sufix "M" from
Model No, and deduct $20.00 from price.
Model ABC 1500M includes voltmeter only.
For unmetered unit, delete suffix "M and
deduct $15.00 from price.

B 0.05% Line/Load Regulation

and Stability

0.5 mv (rms) Ripple

Adjustable Overload Protection

(Front Panel)

input 105-125v ac, 50-440 cps

Low Price is achieved by high

volume production without

sacrifice in quality and

reliability.

B Control Amplifier Terminals
mcluded for:

= Remote Constant Voltage

Programming

Remote Constant Current

Programming

Remote Error Sensing

Complementary Tracking

Voltage Compliance Extension

Slaved Tracking

FOR DETAILED SPECIFICATIONS
SEND FOR KEPCO CATALOG B-621

il I A

131-42 SANFORD AVE+FLUSHING 52, N. Y.
(212) IN 1.7000 - TWX # NY 4-5196
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BROADBAND

HIGH FREQUENCY

MATCHING
TRANSFORMERS

(1 KW to 20 KW)

Unbalance to Balance
or Vice-Versa and
Impedance Matcbing e

Frequency range: 2 to 30 me.

Power ratings: 1KW, 5KW

and 20KW.

These high frequency trans-
formers are ideal for matching
unbalanced radio transmitter
outputs to balanced amplifiers
and balanced antennas. Stand-
ard impedance transformations:
50 to 70 ohms unbalanced to
150, 300 or 600 ohms balanced
as required. Other impedance
ratios available on special order.

Low insertion loss — low
SWR — good balance.

Pioneers in the development
of baluns and unique RF coup-
ling devices B&W again sets a
standard.

Drop us a card requesting
Spec Sheet.

BARKER & WILLIAMSON, Inc.
QRadio Communication Cquipment Since 1932

BRISTOL, PENNSYLVANIA ¢ STiliwell 8.8681

NEWS
New Products

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

(Continued from page 994)

Miniature DC Amplifier

The new Model 611 Plug-In dc Amp-
liter developed by Wilson Greatbatch,
Inc., 10647 Main St., Dept. IR, Clarence,
N. Y., features small size, §* X 3" X 3" high;
light weight, } oz.; better than 0.02%/°F
zero stability, 150 K input impedance, bet-
ter than 0.3% linearity. Any dual power
supply from +6 V to +28 V dc may be
used. This amplifier is suited for bridge in-
puts. Over 500 amplifiers will fit on a
square foot of chassis space.

LS & 4

WILSON
GREATBATCH
INC.

OLARENOE,

N.Y.

Gain may be set hetween § and 100 by
means of an external resistor. Flat from dc
to over 6 kc.

The Model 611 is suitable as a gain ele-
ment for high-density physiological tele-
metering systems. One amplifier suffices
for body temperature, GSR, respiration of
pO: measurements. Two ampliliers cas-
caded suftice for EKG, EMG or Ocular-
motor measurements. ‘Three amplifiers
cascaded suffice for EEG brain wiave meas-
uremeunts.

Available from stock at $22§5 each.

Cadmium Sulfide
Photoconductors

Two new cadminm sulfide photocon-
ductor cells were displayed at the 1962
IR1Z Show by Sylvania Electric Products
Inc., a subsidiary of General Telephone &
Electronics Corp., 730 Third Ave., New
York.

(Continued on page 1021)

Interstate Electronics is delivering
the most reliakle ENERGY STORAGE

ELECTROLYTIC CAPACITORS

In the industry .

TYPE OCM ELECTROLYTIC CAPACITORS

are especially designed for use as
energy storage components in DC
circuitry where peak power require-
ments exceed the maximum output of
the associated power supply. They
operate under high temperature con-
ditions, minimize ripple voltage and
add stability and long life to low volt-
age power supplies.

J That's why many computer manu-

facturers use the SANGAMO DCM.
That's why you gain by turning to
SANGAMO for your capacitor needs.

Complele data on Type DCM Capacitors is
detailed in SANGAMO’'S Engineering

»D M W&” Catalog 2231. Write us for your copy.
INTERSTATE ELECTRONICS, Inc.

227 Fulton Street, New York 7, N.Y. « BEekman 3-8780...TWX, N.Y.1,4478
Specialists in Military & Industrial Electronic Components
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8Y-4302 = Laser light signal is projected onto phot itive cathode through 0!

“in the tube capsule.

New! Sylvania SY-4302 Microwave Phototube

From Sylvania —an important contribution to laser devel-
opment and optical communications feasibility studies —
SY-4302! Here is an extraordmanly practical device cap.lble
of reccnvmg light-transmitted microwave modulation in the
1.5Gc to'4.5Gc bandwidth as a:

Broadband Optical Receiver—capable of response to am-
plitude modulated light signals, either coherent or inco-
herent, with a corresponding reproduction of modulation
at the output. SY-4302 makes practicable measurement
of natural modulation, multimoding, frequency pulling
and spectral width of coherent light.

Optical Superheterodyne Receiver—when used with a
laser local oscillator, SY-4302 can serve as the mixer and
microwave IF sections of the receiver to detect and de-
modulate coherent light signals.

This totally new concept in laser reception can deliver suffi-
cient RF power output to drive a low level (]0-50mW) TWT
such as Sylvania TW-4261. It uses an extremely durable
photosensitive-thermionic cathode material and a broadband

slow wave helix. Cathode responds to light in the red region
of the spectrum and yields up to 0.5mA of photocurrent. It
can operate on photocurrent alone or with a low filament
voltage for increased output. In addition to this remarkable
development for S-band frequencnes Sylvania is currently
working on L, C and X-band microwave phototubes.

This is but another example of Sylvania ability to translate
advanced theoretical considerations into present-day design.
If your microwave application presents a component prob-
lem, why not call on the creative talents of Sylvania for an
answer. For tech data on SY-4302 write, Electronic Tubes
Division, Sylvania Electric Products Inc., 1100 Main St.,
Buffalo 9, N.Y.

$Y-4302 TYPICAL OPERATION

Conditions Characteristics
Collector Voitage with Cathode current 250 pA*
respect to helix 0 Vdc Helix current 40 pA
Helix voltage (approx.) 410Vdc  Grid #1 current 0 rA
Grid #1 voltage 0 vdc Grid #2 current 10 A
Grid #2 voltage 350 Vdc  #measured with approx. 3V on heat-
Heater voitage 3 Vdc er and no light energy from taser

SYLVAN IA

SuUBSIDIARY OF

GENERAL TELEPHONE &5156’7'/?0///06’

PROCEEDINGS OF THE IRE May, 1962
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« Sec footnote

THERE'S A BIG NEW BABY
AT OUR HOUSE!

Douglas Microwave has built an industry-
wide reputation as a manufacturer of com-
ponents and unwired test equipments.
Now, for the first time, Douglas expands
by entering the field of major RF and
Microwave equipment. Coupled with the
research strength of Douglas Research
Corp., (our subsidiary) we can now also
provide complete sub-systems, front assem-
blies and major packages for RF and
Microwave systems.

» footnote

DOUGLAS MODEL 501 STANDING-WAVE INDICATOR SET. The VSWR
Test Set is designed to measure the voltage standing-wave ratios of
apparatus operating in the frequency range from 8.5 to 9.6 KMC. it
is designed for use in field maintenance, installation and repair
of radar systems, as well as in production and laboratory testing.

THE DOUGLAS MODEL 502, BI-DIREC-
TIONAL POWER MONITORS, are compact,
versatile instruments, which are used
for intermittent or continuous measur-
ing of incident and reflected power or
for precise, convenient matching of
loads to lines. These instruments are
designed to operate in a 50 ohm coaxial
systems and normally are supplied with
Type N connectors.

{(Douaras

[ETT———

1

Y

8 Complete Data Sheets on #501, #502 plus complete

component catalog available on request.

IDOUGLAS microwave

PEE e B R SR R TN TS PN Py BAY NI PMAIAM

CO.,lInc.

NEWS
@ New Products

e

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

(Continued from page 100A4)

The new units, Types 8142 and 8143,
have an outside bulb diameter of 0.5 inch
and are end aluminated. They feature high
sensitivity and hermeticaily sealed-in-
glass construction. The cells are gaseous
back filed for a high dissipation safety
factor and include a special confidence
feature, a blue dot compound which turns
pink if the cell envelope becomes damaged.

Ultra-Fast Rise
Time Delay Line

Ad-Yu Electronics Lab., Inc., 249 Ter-
hune Ave., Passaic, N. ]., has introduced
a new type of delay line with bandwidth

| over 30 mc. The ratio of rise time can be
made less than 2%, yet the maximum at-
tenuation is less than 3 db. Chiefly, this is
due to utilization of a new principle of net-
work for linear phase shift, and adoption
of a new method to achieve correct
amounts of second and third order of mu-
tual coupling among sections. Two or more
units of this delay line with identical
impedance, may be connected in tandem.
In this case, the total time delay will be
the sum of each individual unit, and the
rise time will equal approximately the
square root of the sum of the squares of
the rise time of each unit.

There are a number of features for this
series: Phase linear beyond 30 mc; rise
time less than 2% of the total delay; dis-
tortion less than 2% of the signal ampli-
tude; light weight, small physical size,
and rugged construction.

The specifications are: Attenuation per
microsecond is less than 0.5 db minimum;
1 db maximum. Maximum input voitage,
500 volts for most types. The cutoff fre-
quency is 0.35 n/Td and the 3 db band-
width is at 0.175 n/Td, where Td is total
delay and n is the number of sections.
Temperature coefficient is 0.005%°C.
Accuracy of delay is £2%; and accuracy
of characteristic impedance is +10% (bet-
ter accuracy can be supplied on request).
Delay can be made from 0.2 us up to 18 ps.
Impedance available in the following vali-
ues: 50, 75, 93, 150, 220, 280, 320, 400, 500
and 700 ohms. Price: $49.00 and up. De-
livery: 2-3 weeks.

(Continued on page 1044)

Use your
IRE DIRECTORY!
It's valuable!
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Amperex
announces
a significant

. step
. toward

. instantaneous
electron
emission. ..

IO

Amperex sought the best means of producing the world's fastest
heating electron tube; found it in the Harp Cathode. As developed
by Amperex, Harp Cathode tubes permit warm-up in as little as 100
milliseconds. This major advantage, combined with low cathode
inductance, low operating voltage, and extreme ruggedness—make
Harp Cathode tubes the logical choice for transistorized mobile
and airborne communications, and any other application where in-
stantaneous response is a necessity.

Described simply, the Harp Cathode is a flat rectangle, strung harp-
fashion with many superfine wires. Its unique advantages are
largely a function of this physical arrangement. Thus, the minute
wire size provides a high surface-to-volume ratio, resulting in in-
stantaneous availability of thermal energy at the emissive surface.
The quantity of electrically parallel, directly heated wires assures
low cathode inductance. The low (1.6V) filament voltage affords the
closest approach to the “unipotential” cathode. Moreover, in actual
tests, tubes incorporating the Harp Cathode have given longer
service life than tubes with conventional cathodes.

The Amperex Harp Cathode Type 8042 Power Amplifier (25 watts
plate dissipation; 175me [CAS) is available in pre-production quan-
tities. It is the forerunner of Amperex Instant Heating Harp Cathode
mobile transmitting tubes which will include versions of the types
6360, 6939, 6907 and 5894 push-pull tetrodes.

ask Amperex about the instant heating tube best suited to your particular application.
AMPEREX ELECTRONIC CORPORATION . 230 Duffy Avenue « Hicksville, Long Island, New York

1N CANAOA: PHILIPS ELECTRON OEVICES LTO., 116 VANOERHOOF AVE., TORONTO 16, ONTARIO
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@m HALL EFFECT DEVICE
@m REFERENCE MAGNETS
@m MAGNETIC CIRCUITS

specializes in the practical de-
velopment of advanced con-
cepts in magnetics, such as the
Hall Effect, leading to prac-
tical applications in a wide
variety of manufacturing and
processing industries.

@m GAUSSMETERS =

T

13%6 NORTON AVE. COLUMBUS 12, OHIO
PHONE AX 4-4906

Precision

Quartzite offers skilled g
manpower plus specialized facilities
for fabricating and finishing
hard materials . . . to assure you the
maximum in speed, economy and accuracy.

q FERRITES

GARNET

\V CERAMICS

Write for Free Brochure

UARTZITE

PROCESSING, INC.

6 HOLYOKE ST., MALDEN 48, MASS.
Tel. DAvenport 2-1380 : 2-5400

104A

ELECTRONIC DESIGN ® DEVELOPMENT ¢ MANUFACTURING

Representatives in all principol cities
Export: Joseph Plosencia, 401 Broadway, New York 13, N.Y.
In Canada: Conway Electronic Enterprises, 1514 Eglinton Ave. W., Toronto 10

. NEWS
{ New Products

ORI s

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

(Continued from page 1024)

Counter-Timer
Frequency Meter

Transistor Specialties, Inc., I<ngineers
Hill, Plainview, L. 1., N. Y., announces the
availability of the Model 373 Counter/
Timer, for the measurement of frequencies
up to 10 megacycles, and time intervals
(period measurements) from 1 micro-
second to 10 seconds. By restricting the
crystal “clock” circuitry to 1 mc, and em-
ploying only a single signal chanuel, very
significant economies are effected, as are
simplification. of the panel controls and
manipulations associaterd with each test
setup.

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

New — hea\iier
METALPHOTO'.:

pre-sensitized s
photo-plates

Demand for heavy-duty applications brought
about this new, one-eighth inch aluminum anodized
METALPHOTO plate! Durable, corrosion-resistant,
it provides support as well as identification for use
on meters, controls, transformers, etc. 1t means
even more uses for METALPHOTO plates ... which
are quickly and easily processed in any standard
darkroom—as readily as any photo print!

METALPHOTO one-eighth inch plates are resistant
to solvents, acids, lubricants ., . even extremes
in temperatures!

Write for details, aond prices.

METAL TO CORPORATION

18537 SOUTH MILES ROAD ¢ CLEVELAND 28, OHIO

The Mode! 373 is, according to the
manufacturer, the most compact, Jowest-
priced all-solid-state 10 mc counter avail-
able. The level-sampling circuit, with 85
mv sensitivity, is used in the amplifier
channel, and the readout is the superior
7-Nixie in-line type used on the most ver-
satile and expensive counters.

The same high stability and accuracy
(£1 count, £3 parts in 107/week) are
achieved in the NModel 373, as in the most
complex and advanced counters in its
class. As in all TSI Counter/Timers, the
instrument provides full self-testing, as
well as frequency-standard output, con-
sisting of every decade of frequency from
1 mic to 0.1 cps, derived from the crystal
“clock.”

Reliability is enhanced by the use of
NOR-logic to reduce the semiconductor
count, and generous derating guarantees a
long, trouble-free life. Power consumption
is only 35 watts.

The 373 is illustrated in the attached
photograph. The cabinet measures 83"
X 103" X 123", The unit weighs 19 lbs.

Additional information can be ob-
tained from the manufacturer. Price is
$1,880 (single units), delivery within 30
days.

Taut Band
Measuring Instruments

A full new line of electrical measuring
instruments featuring highly compact taut
band suspension systems—interchangeable
with conventional movements—has been

(Continued on page 106A)
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ADVANCED

Electronic warfare
syst

em—

Signal Corps.

of

Spectrum survesdllance and radar beacon
check out system — A force & NASA

Microwave susceptibility analyzer,
1-18 G¢ — Signal Corps

... in electronic warfare...and communications
- Ee = e e =1y

Since AEL's inception over a M Antennas . . . Microwave  MECHANICAL ENGINEERING

decade ago, our capabilities in Devices & Amplifiers Offering broad experience in all aspects of mechanical engineering, AEL

R&D h t d is currently fulfilling prime military and commercial contracts in the
ave grown to a degree B Countermeasures research and development of . ..

which is often surprising to o Controls and servo mechanisms o Antennas and Pedestals

those not fully acquainted with B RF Interference e Fiberglass-reinforced plastics structures and components

our company's operations. The
illustrations shown here are

An Added Capability!

W Radar Test Equipment BIOPHYSICAL INSTRUMENTATION

just a few examples of our R& D W Range Instrumentation important R& D contributions are also being made by our Biophysical
. Instrumentation Laboratory including the telemetry of biophysical in-
accomplishments. We are mak- and Telemetry formation from animal and human subjects, and the study of sonic, ultra-

ing increasingly important con-
tributions in research, design

sonic and microwave energy transmission and reception in living tissue.

W Spectrum Analysis The scope of AEL research and development activity is so broad that we

. . . . suggest you send for our new 20-page AEL Capabilities Brochure to
gnd ‘development in the follow ® Automatic Ele.Ctromc obtain a deeper insight into what we can do for you. For your copy write
ing fields. Checkout Equipment to AEL's Government Sales Department.

- T A . - ﬂ=gl_l.: f‘ ﬁ7175 %

ST <4

Broadband crystat
video intercept
system — Signal Corps

Ultra.stabie signal
source, 40 mc to 40
Gec — Aur Force

Four-axis radar antenna

3 . and piatlorm — BuShips

) .

Panoramic data

receiver, 1-10 Ge
Air Force

Typical
microwave antennas

Space flight biophysical in-
strumentation and telemetry

American JEliectronic I.aboratorles, inc.

RICHARDSON ROAD, COLMAR, PENNSYLVANIA
Just north of Phlladelphla

Crealive engineers are urged to investigate the rewarding opportunities ot AEL
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LEADING LINEAR AMPLIFIER DESIGNERS
SPECIFY PENTA PL-175A BEAM PENTODE

If designing linear amplifiers is
your responsibility, consider the
Penta PL-175A 400-watt beam pent-
ode. Consider it and you’ll use it, just
as have many of the leading com-
munications equipment manufactur-
ers in the United States and Canada.

The PL-175A is, with increasing
regularity, being specified for linear
amplifier applications in place of 250
and 400-watt tetrodes. Designers
have learned that the PL-175A pro-
vides greater efficiency, higher out-
put, better lincarity, less distortion,
and improved reliability, as do all
Penta beam pentodes.

There are other advantages to the

PL-175A, too, such as the low grid-
plate capacitance, which reduces neu-
tralization problems. And the one-
piece plate cap and seal, with no
parts to loosen or fall off; and an
electrode geometry which ends an-
noying negative screen-grid current.
Beam pentodes have become the
standard of quality in linear amplifier
design. You can make your next linear
achieve the ultimate in performance
by following the example of leading
equipment manufacturers and using
the Penta PL-175A beam pentode.
Write for your free, factual data

sheet, a summary catalog of all Penta
products, and application assistance.

PENTA LABORATORIES, INC.
: 312 North Nopal Street
Santa Barbara, Calif.

®¥E1A Trade Motk Reg. U.S. Pat. OFf.

Export Agents: Frathom Co.,
New York 17, N. Y.

PL-175A

Beam Pentode

RENTA LABSORATORIIS 1NEG
SANTA RARBARA, CALIIO®MA
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These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Plcase mention your IRE affiliation.

(Continped trem page 1001)

introdneed by Weston Instruments Div.,
Daystrom, 014 Jrelinghuvsen Avel New
ark 1N
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I irst instruments ollered hy Weston
are 3.5, 150 8.5, and 7.5-inch tant band
medels which, in external appearanee, are
exaetly like the standard Weston e
tangutar 1900 series line in these sizes
Suceessful engineering design of tant hand
instrument moventents, which are dime
<sionally  interchangeable  with conver
tional  pivot-and-jewel movements, has
made this possible,

In taut band instriments, the sensitive
moy ing clement is suspeaded by 2 slender
metallic ribbons< aboy e and helow the mon
ing coil. When current is apphied to the n
trunient, the rotation of the moving conl
twists the suspension ribbons. When the

urrent is removed, the ribhons return the
Moy enent 1o its original position

Fhe taut band method has the
vantage of climmating the friction en
ountered hetween pivots and jewels, and
therehy increases repeatability . Sensitivity
s adso abont bve times greater than that «
cony entional nstrument<. The tant band

uspension s extremely rugeed and ot
stability is said to he superior to that
pivot-and-jewel mstiuments,

Professional =
Group Meetings 2

ALROSPACE AND .\._\\'I(;.\'I'l()x N,
ELECTRONICS
Baltimore —January 16

“Iixotie Methods in Space Communi
cations,” Dr. L. R, Bittman, Martin
Marietta, Baluimore, M.

ANTENNAS AND PROPAGATION
Boston- February 27

“Effects of Noise~ \ntennas- Trans-
mission Losses,” Dr. |, 1. DeBettencourt,
Consultant, Rayvtheon, Norwood, Nlass,

(Contincd on page 1s.1)
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Forpracise stepping
switches fameus for long lite,
high cxpacily and feesdom
frem malnlansses

‘Qtepﬁihg
Switches

give designers—

more levels
per.switch

more levels in
less space
more simplified

NO synchronization
problem

‘Type for type, CLARE Stepping Switches
provide more levels per switch...more levels
per inch of height, The 12-level, 52-point,
switch shown (CLARE Type 26), for instance,
is 4'%s in. high. It has four more 52-point levels
than comparable 52-point switches, yet it is
but ‘¥ in. higher than a comparable 8-level,
52-point switch. The smaller (Type 211), five-
level, 33-peint switch provides twice the levels
of any comparable 33-point switch.

This greater working capacity per switch...
and per inch...of CLARE Stepping Switches
permits more simplified circuitry and avoids
synchronizatien problems which arize when
multiple stepping switches are necessary to
do what is often a one-switch job with these
high-capacity CLARE units.

CLARE Stepping Switches include a full Iine
of spring-driven cam-operated or direct-drive
switches with capacities from 10 to 52 points.
CLARE engineering will cooperate with
designers to develop special switches to meet
unique requirements,

C. P. Clrer & Co., 8101 W, Pratt Bivd., Chicago 45, Wiinois.
Cable Aadress: CLARELAY. InCénada; C. P. Clare Canada
Lid.. 840 Caledonia Road, Toronto 19, Ontario. In Europe:
Europelee, les Clayes-sous-Bels {S. et 0.), France

DESIGN MANUAL M2A

CLARE & CO.
Ralays and calatad contro! componsnts
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SARKES .
RETAN,

]

the home f

PRACTICAL INGENUITY

IN ELECTRONICS

This modern 250,000 square foot plant is a far cry from the

Company’s modest beginning in 1944. Today, in this main
plant, in Bioomington, Indiana, modern manufacturing
methods—with an abundance of technical know-how—

combine to produce the world's finest
Tuners.

TV Tuners and FM

Here, and elsewhere throughout the Tarzian industrial
complex, some 2000 employees produce such diversified

electronic products as;

TV TUNERS FM TUNERS
BROADCAST EQUIPMENT
MAGNETIC TAPE FM RADIOS

(In addition to the extensive manufac
Sarkes Tarzian, Inc. owns and op

SEMICONDUCTORS
AIR TRIMMERS
and AM/FM RADIOS

turing facilities,
erates six full-

time radio and TV stations in Indiana.)

The engineering excellence, reliability and sensible pricing
of ALL Tarzian products are a part of the approach

to “Practical Ingenuity in Electronics.” Our reputation for

customer satisfaction has been built on this philosophy.

We intend to keep it that way,

Electronic Products of Tomorrow—Today

east hillside drive o bloomington, indiana

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

SARKES TARZIAN INC

edison 2-7251

Professional =

Group Meetings E

(Continned from page 1064)

“Granite Medium—Its Electrical Prop-
erties and Depth of LEntry Required for
Optimum [llumination,” G. J. Harmon,
Consultant, Raytheon, Norwood, Mass.

Chicago—Fcbruary 9
“Antenna and Propagation Problems

in Satellite Conumunications,” Dr. R, I°.
Yaug, Andrew Corp., Chicago, Il

Chicago—January 30
“Communications Antennas for Mer-

cury Space Capsule,” H. Walls, McDonnell
Aircraft Corp., St. Louis, Mo.

ANTENNAS AND PROPAGATION
MICROWAVE THEORY AND
TECHNIQUES

Columbus—February 27

“V'HF lonospheric Scatter Communi-
cation,” R. C. Kirby, Nat'l Bureau of
Standards, Boulder, Colo.

Los Angeles—Iebruary 15

“Antennas and Microwave Research
at Ohio State University,” I, Tice, Mo-
torola, I’hoenix, Ariz.

Orange Belt-Santa Ana—1December 7

“I'he Microwive Industry as scen by
the Microwave Journal,” W. Bazzy, Pub-
lisher, Microwave Journal.

“The Role of the Microwave IZngineer
in Today's Society,” 'T. Saad, LEditor in
Chief, Microwave Journal.

Philadelphia

“Microwave Variable Attenuators &
Modulators Using Pin Diodes,” Kuhn,
Hewlett-Packard, Palo Alto.

“Wide Band Tunnel Diodes,” Koop,
Philco Res. Div., Blue Bell, I’a.

-January 16

San Diego—January 11
“Microwave Measurements Utilizing
Swept Frequency Techniques,” H. Poulter,
Hewlett-1ackard Co., ’alo Alto, Calif,
Syracuse—January 18
“Propagation of Elastic Waves in
Crystals at Microwave Frequencies,” Dr.
H. lisu, General Electric Co.
Toronto—NMarch 5

“New Developments in Collinear Ar-
rays,” \W. V. Tilston, Sinclair Radio Labs.,
Ltd.

Aubio

San Diego—January 26

“Recent Developments in Mliniaturi-
zation and Transistorization of Profes-
sional Audio Components,” H. Souther,
Sonotec, Inc., Santa Ana,

(Continued on page 111.4)
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UHF to 90 Gc!

NARDA

can supply you with more than 606 P
H PRECISION microwave instruments, %V

components and hardware!

- r. £f. probes -  klystron mounts -

ﬂ(‘fﬁ

thermistors -

) s tuneable shorts -
Write for

P your free
/ LN =) s

' ridged waveguides -

e g

s
<

X

- ferrite circulators -
s

o >~‘; :'_
\_my

- hybrid junctions - instruments and modulators -

SEND FOR FREE CATALOG TODAY!

Address: Department PIRE-1-13

@@=y .. narda =

PLAINVIEW, L. I, NEW YORK - AREA CODE 516 GE 3-9000

PROCEEDINGS OF THE IRE May, 1962 109A



PROVED IN FLIGHT/FAIRCHILD PRECISION POTENTIOMETERS

In our mutual defense programs, failures cannot be tolerated. The ‘'Reliability Factor’” of all elements of defense be-
comes more and more important as the arsenals of both East and West become more and more sophisticated. In the
future, less business will go to the unproved, low priced producer. The systems engineer has learned that the lowest
initial component cost does not always result in the lowest system final cost. Fairchild precision components are proved
performers. They are flying with predicted excellence in many important European and American missile, special
weapon and space vehicle applications. They have earned a reputation for sustained high accuracy over a wide tempera-
ture range, lowest noise level and long life.

For more information, write Dept. 58 IRE.

NEW PRODUCTS OF FAIRCHILD RESEARCH

CONDUCTIVE PLASTIC
POTENTIOMETERS

Infinite-resolution, conductive plastic potentiometers having
Fairchild reliability “built-in”. Utilizes a continuous track of
specially prepared, conductive, high impact plastic co-molded
with an insulating base of the same heat-resistant material to
provide superior performance under temperature and humidity
extremes. Temperature cycling tests show that resistance
values are consistently reproduced. Resistance stability is main-
tained by Fairchild’'s unexcelled production skills which assure
sufficient conductor bulk to virtually eliminate effects of wear.
Low end-loss positive connections are achieved through co-
molding of silver terminations with the conductive track. In
addition, track geometry can be varied to obtain optimum func-
tional conformity. Reliable operating life of many millions of
cycles.

WIREWOUND POTENTIOMETERS

P
Es)

=

MULTI-TURN
3,5, 10, 20

Diameter: 1%” and 7”. Linearity: +0.25 to +.05%. Tempera-
ture range: —55°C to +105°C, standard. Hi-Temp units avail-
able. Power Rating: 2.5 watts at 40°C Multi-tapping and multi-
ganging possible.

SINGLE-TURN
Linear-Non-Linear ¢ Sine-Cosine

Over 28 models available. Diameters: from %" to 5”. Features:
High accuracy, high resolution, low noise, wide electrical angle,
wide temp. range. Variations on standard specs can be made
to meet extraordinary application requirements. Gangable with
no increase in diameter.

PRECISION LINEAR
DISPLACEMENT 4 G2 o
TRANSDUCER |

Has single or dual resistance elements. Available stroke ranges
from %" to 6”. Spring loaded return optional.

FAIRCHILD

RECTILINEAR TRIMMER
s S FAIRCHILD

L1
TRIM-TITE Fairchild’s Exclusive Nobl-Ohm® Resist- i L
ance element provides infinite resolution. co Tno s
MICROMINIATURE Electrically stable over wide temp. range con?onATlou
TRIMMERS from —55°C to +225°C. Available in two
sizes. Precise adjustments are made by a A Subsidiary of Fairchila
Postage stamp size. Available in a wide range of resistance 28% turn screw. Resistance ranges: 50 to Camera & Instrument

values. They meet and exceed MIL-STD-202A shock require-
ments (100-G's), vibration (25-G's at 2000 cps), temp. cycling
and load life; and MIL-E-5272B for environmental conditions.

25KQ): up to 50K() on special order, Corporation

225 Park Avenus
Ricksville, L. 1., K. Y.

6111 E. Washington Blvd.
Los Angeles, Calif.

TRANSDUCERS = RATE GYROS = POTENTIOMETERS = ACCELEROMETERS ————
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é}A Professional =
Group Meetings =

AvTtoMaTic CONTROL

Boston—February 20

“Attitude Control of Spacecraft,” Ilil-
debrandt, M.LT. Instrumentation Lab,
“Attitude Control of Satellites,” E. G.
Ogletree, M.I.T. Instrumentation Lab.

Boston—January 17

“Some Guidance and Control Aspects
of a Satellite Rendezvous Vehicle,” E.
Capen, C. King, and E. Wallner, Jr.,
RCA, Burlington, Mass.

Pittshurgh—February 12

“Phase Plane and Phase Space Tech-
niques for Nonlinear Control,” Dr. Z. 1.
Meiksin, University of Pittsburgh.

Pittsburgh—January 29

“Introduction to Noulinear Control,”
Dr. J. E. Gibson, Purdue University.

Bro-Mepicar ELicTroNICS

Baltimore—February 13

“Some Similarities Between a Neural
Network Model and Electrophysiological
Exp.,” Dr. B. G. Farley, M.L.T. Lincoln
Lab., Lexington, Mass.

Chicago—February 9

“The Role of the Eng ncer in the Hos-
pital,” Dr. D. A. Holaday, University of
Chicago Medical School.

Memphis—NMarch 1

“llearing—Htow Hi the Fi?” D. F.
Austin, M. D, J. ]. Shea, Jr., M. D,, and
K. Kinchen.

Memphis—January 18

“Problems in Artificial Circulation,”
J. W. Pate, M.D., and W. Lee, M.D., Uni-

versity of ‘Tennessee Medical Units,
Memphis.
BROADCASTING

Pittsburgh—February §

“FM Stereo Broadcasting,” R. M.
Linz, General Electric Co., Utica, N. Y.

CircuiT THeoRrY

Albuquerque-Los Alamos—February 19

“Fundamentals of Non-Lincar Sys-
tems, Part L7 Dr. W, W, Koepsel, Uni-
versity of New Mexico.

Philadelphia

“Network Syanthesis in the Time Do-
main,” Dr. B. Liu, Bell Telephone Labs.,
Murray Hill, N, J.

(Continued on page 1124)

February 22
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TELEME TER/N(-/ COMMAND ANTENNA ARRAYS

Representative of Taco's capabilities in the area of data acquisition
and command antennas, the D-1365 provides instantaneous selec-

tion of horizontal or vertical linea

r polarization, right-hand or left-

hand circular polarization sense, or operation of all 4 modes
simultaneously. Electrical and mechanical contro! of antenna is
accomplished by a single, centralized, remote control console.

Taco offers many designs of an-
tennas and antenna systems for
tracking, telemetering and surveil-
lance, plus unexcelled capabilities
in design, development and manu-
facture of systems to meet specific
requirements,

WRITE FOR
COMPLETE
TELEMETRY CATALOG...

Manually-oriented circular polarized antenna
for tracking and telemetry needs in the 108-
136, 215-265, 300-520, or 850-1020 MC/S
frequency ranges.

TECHNICAL APPLIANCE

defense and industrial division

CORPORATION
SHERBURNE, NEW YORK
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POLARIS

POWER CONVERSION

FOR
AMERICA'S
MIGHTY

MISSILES

witH PESCO STATIC INVERTERS

Filling the power conversion requirements of
America’s mighty missiles . . . used on such
first-line weapons as Polaris, Mace, and the Cen-
taur space vehicle . . . the Pesco Static Inverter
shown above has no moving parts, offers unsur-
passed efficiency in d.c. to a.c. inversion, ranging
from 250 va to 20 kva. Employing silicon semi-
conductors and magnetic components with oper-
ating temperatures up to 125°C., lightweight Pesco
Static Inverters feature single or multi-phase
operation . . . are adaptable to any requirement
for frequency stability or tolerance . . . permit
1009, load unbalance! This “first” in electronic
circuitry exemplifies the total capabilities of the
Pesco/Borg-Warner research engineering team . . .
Enother productliof from creative concept to production units.

Pesco/Borg-Warner

e For full details, send coupon below, or contact your nearest Pesco sales representative.

PESCO PRODUCTS DIV'SION PESCO PROOUCTS OIVISION o BORG-WARNER CORPORATION

Dept. 1.5 Vanowen St., Burbank, Calif.

BORG-WARNER CORPORATION Please send me Pesco Static inverter Bulletin 61100.
24700 North Miles Road Name
©  Bedford, Ohio Company

Export Sales: Borg-Warner Internationa! Corp. Street

36 South Wabash Avenue « Chicago 3, lllinois City Zone —_ State

114A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE Moy, 1962
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(Continued from page 1124)

Philadelphia-

Panel
sign.”

Panel: M. Wagner, Dept. of Defense;
Mrs. K. Jacoby, Philco; J. Kirtzberg,
Burroughs; J. B. Paterson, RCA; Dr. N,
Prywes, University of Pittsburgh; N, P.
Chinitz and T. D. Williams, Remington
Rand Univac.

-February 6

Discussion: “Automated De-

ELECTRONIC COMPUTERS
MiLiTARY ELECTRONICS

Omaha-Lincoln—March 5

Symposium: “Control of the Missouri
River.”

ENGINEERING MANAGEMENT

Baltimore—February 15

“A Psychologist Looks at Engineering
Management,” Dr. R. McWilliams, Wil-
liam Lynde and Williams, Philadelphia.

Philadelphia-

“Operations-Research—A  Tool for
Management,” Dr. D. Il. Wagner, Ket-
telle and \Wagner, Paoli, Pa.

February 13

Syracuse—February 13

“A Look at Defense Contracting,”
R. L. Shetler, General Electric, Syracuse,
N Y.

ENGINEERING WRITING
AND SPEECH

Northern New Jersey—January 18

“Formula for Platform Poise,” R. J.

Norko, RCA, Harrison, N. J.

INFORMATION THEORY

Baltimore—February 13

“Some Similarities Between the Be-
havior of a Neural Network Model and
Electrophysiological Experiments,” Dr.
B. G. Farley, M.L.T. Lincoln Lab.

MicrowavE THEORY AND
TECHNIQUES
New York—January 25

“Traveling \Wave Tubes and Their Ap-
plication,” Dr. J. W. Fitzwilliam, Bell
Telephone Labs., Murray Hill, N, J.

New York-—December 7

“Looking Back at Microwave Theory
and Techniques,” Dr. G. C. Southworth,
Bell Telephone Labs., Murray Hill, N. ]J.

(Continned on page 116A4)
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FROM NORTH AMERICAN

ELECTRONICS INC.

5):5)

MIL TYPES
AVAILABLE

JAN 1N253
JAN 1N254
JAN 1N255
JAN 1N256
USAF 1N429
JAN 1N538
JAN 1N540
JAN 1N547

USAF 1N1199
thru
USAF 1N1206

USA 1N1130
USA 1N1131
USA 1N1149

USA 1N2970B
thru
USA

USN

PKG. 6

PKG. 2 |

%" Stud

1N3004B

PKG. 10D

DISTRICT SALES OFFICES

NEW ENGLAND SALES OFFICE
North American Electronics, Inc.
71 Linden Street, West Lynn, Mass.
LYnn 8-4800 TWX: 805U

N.Y.-N.J. DISTRICT SALES OFFICE
North American Electronics, Inc,
14 Ogden Street, Newark New Jersey
HU 4.2051 TWX: 1248 N

‘WEST COAST REGIONAL SALES OFFICE
North American Electronics, Inc.
1136 N, La Brea BI., Hollywood 38, Cal.
HO 6-4253 TWX: LA 83

N()R'l’ll

71 Line

AMERICAN E

1N3016B

REPRESENTATIVES IN OTHER KEY CITIES

oot West Lyomn Maws. LYnn #1800

PKG. 6
PKG. 6
PKG. 6
PKG. 6
PKG. 2
PKG. §
PKG. §
PKG. §
PKG. 6

Mil-E-1 /1024
Mil-E-1/9898
Mil-E-1/9908
Mil-E-1/9918
Mil-E-1/1134A
Mil-E-1/1084A
Mil-E-1/1085A
Mil-E-1/1083A
Mil-E-1/1108
PKG. 6
PKG. 6
PKG. 6
PKG. 10D
Mil-S-19500/124A PKG. 6

Mil-£-1/1108
Mil-E-1/1287
Mil-E-1/1287
Mil-E-1/1306

Mil-S-19500/124A PKG. 6
Mil-S-19500/115A PKG. 4

FREE! NEW 1962 CATALOG
of North Ameri-
can's complete
line of semicon-
ductors, mcludmg
these Mil types.
Send for your copy
today.

LECTRONICS,

WX Lynin Mans #0540

INC.

115A



Value through Versatility—for delayed-sweep displays as well as
single-shot or recurrent or triggered main-sweep presentations
. and capability for accepting any of 16 plug-in units for partic-

ular dc-to-30 mc applications.

Value through Reliability—from an engineering company that has
manufactured laboratory oscilloscopes and associated instru-
mentation for 15 years.

Value through Continuing Assistance—from your Tektronix Field
Engineer ... not only to maintain the inherent capabilities in your
Type 545A ... but also to assist you with any facet of oscilloscope
application.

Type 545A performance characteristics include: Risetime of 12 nanoseconds—
with fast-rise Plug-in Units. Calibrated Sweep Range of 0.1 usec/cm to 5 sec/cm.
Calibrated Sweep Delay from 1 usec to 10 seconds. Single Sweep (for Time
Base A). 5X Magnifier. 10-KV Accelerating Potential. Amplitude Calibrator.
Electronically-regulated Power Supplies.

Type 545A (without plug-in units) . .
Type CA Dual-Trace Plug-tn Unit (as |Ilustrated) ............ $260
Type M Four-Trace Plug-In Unit

14 other plug-in units available. U.S. Sales Prices 1.0.b. Beaverton, Oregon

Call your Tektronix Field Engineer for a demonstration
of a Type 545A Oscilloscope in your own application.

Tektronix, Inc.
P. 0. BOX 500 - BEAVERTON, OREGON | Mitchell 4-0161 - TWX—BEAV 311 + Cable: TEKTRONIX

TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. » Atlanta, Ga « Ballimore (Towson) Md. » Boston (Lexington)
Mass. » Bufislo, N.Y. « Chicago (Park Ridge) NI, - Cleveland, Ohio » Dallas, Texas » Dayton, Ohio » Denver, Colo, » Detroit
(Lathrup Village) Mich. » Endicott (Endwell) N.Y.+ Greensboro. N.C. Houston, Texas e Indianapolis, Ind.» Kansas City

) Kan, « Los Angeles, Calif. Area (East LA. » Encino  Pasadena o West L.A) « Minneapolis, Minn. « New York
Clty Area (Albertson, LI, NY. . Stamford, Conn. » Union, N.J.) » Orlando. Fla. « Philadelphia, Pa. « Phoenix (Scottsdale)
Ariz. » Portland, Ore. » Poughkeepsie. N.Y. « San Diego, Calif. « San Francisco, Calif. Area (Lafayette » Palo Alto) »
Seatlle, Wash. » Syracuse, N.Y. « Washington, D.C. (Annandale, Va.).

TEKTRONIX CANADA LTD: Montreal, Quebec « Toronto (Willowdale) Ontario.

ENGINEERING REPRESENTATIVES: Kentron Hawaii Ltd., Honolulu, Hawaii. Tektronix is represented in twenty-five
overseas countries by qualified engineering organizations.

European and African countries, the countries of Lebanon and Turkey, please contact TEKTRONIX INTERNATIONAL
A.G., Terrassenweg tA, Zug, Switzerland, for the name of your local engineering representative.

Other Overseas areas, please write or cable directly to Tektronix, Inc., International Marketing Depariment, P. O. Box 500,
Beaverton, Oregon, U.S.A. Cable: TEKTRONIX.
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(Continued from page 1154)

MiLiTARY ELECTRONICS

Ft. Huachuca—February 9

“Modern Concepts of Standards and
Test Instruments,” W. G. Stickler, Nat'l
Bureau of Standards, Boulder, Colo.

Ft. Huachuca—February 15
“Informal Remarks on the Radio Fre-
quency Compatibility Program,” H. Ran-
dall, ODDRE, Washington, D. C.

Northwest Florida—February 8

“Microwave and Optical Masers in
Range Instrumentation,” Dr. H. C.
Rothenberg, General Electric, Syracuse,
N. Y.

Philadelphia—February 12

“Electronic
Techniques,” C.
Bluebell, Pa.

Character Recognition
Teacher, Philco Corp.,

Rapio FREQUENCY INTERFERENCI
Philadelphia—February 20

“Recent Activities in RFI Control,”
A. R. Kall, Ark Electronics Corp., Pa.;
R. Sugerman, American Electronics Lab.,
PPhiladelphia; F. Hamell, General Electric,
Philadelphia.

Washington, . C.—December 19

“Scoring Criteria for Determining
RFI Damage to Communication—Elec-
tronics System,” Dr. R. J. White, White
Electromagnetics, Inc., Bethesda, Mld.

RELIABILITY AND QUALITY
CoNTROL

Philadelphia—February 6

“Mechanisms of Failure in Missile and
Space Lquipment,” M. A. Wilson, Bur-
roughs Corp., Paoli, Pa.

Washington, D. C.—February 15

“Confidence Limits for Reliability
Estimates,” Dr. J. R. Rosenblatt, Nat’l
Bureau of Standards, Washington, D. C.

VEICULAR COMMUNICATIONS
New York-Northern New Jersey-
Long Island—January 23

“Frequency Analysis of Mobile Com-
munications Signals,” E. Feldman, Pano-
ramic Electronics, Mount Vernon, N. Y.

Washington, D. C.—February 26

“Impulse Noise Blankers—A Positive
Approach to the Ignition Noise Problem
in Mobile Radio,” J. McCormick, General
Electric, Lynchburg, Va

May, 1962



We like engineers who are never satisfied

Quality at Scintilla is more than a word—it's
a positive attitude. We believe our electrical
connector quality reflects our personal and
business integrity. Fhat’'s why engineers at
, Scintilla have the right—the obligation,
actually—to say ‘'no’” to the smallest deviation in qual-
ity. We conduct continuous engineering research and
development—seeking better designs and methods. We
maintain one of the highest ratios of inspectors-to-pro-
duction-workers in the in . This close control over

our electrical connector quality has done much to put us
in a top position in an important market—and to make
Bendix the brand most often selected for the most
demanding jobs. We are confident our electrical con-
nector customers will tell you that no company in the
industry produces higher quality than does Scintilla. This
acceptance, and our resulting volume, enables us to offer
reliable product performance at prices that meet—or
beat—any others. There's more to be said on this subject
of quality with economy. Write us at Sidney, N. Y,

Scintilla Division

SIDNEY, NEW YORK

Canadian Affiliate: Aviation Electric, Ltd., 200 Lavrentien Bivd., Monireal 9, Quebec. Export Sales & Service: Bendix International, 205 E. 42nd $t., New Yark 17, N, Y.
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¢ 160 WATT-SECOND

Sippican POWER SUPPLY

e 10-LB. WIDE RANGE
PINCER WELD HEAD

NOW AVAILABLE

New Model 14 pincer weld head: two rigidly held elec-
trode configurations available, 36° or 60°, with microm-
eter adjustment of electrode positioning in horizonta!l
plane. Contains desirable plug-in features, no inter-
connecting cabling. Applies exactly repeatable pressures
over widest range of any head on the market—14 to 10 1bs.

CHECK THESE OUTSTANDING FEATURES
MODEL NO. 2 — POWER SUPPLY

INPUT: 105-125 volts, 50/60 cps, 1.0 amps.

ENERGY STORAGE: 0.4 to 160 watt-seconds stepless control.

METER: 19 movement; 5 inch mirrored scale for precise control.

PULSE WIDTH: 1.00 to 2.00 milliseconds.

REGULATION: Variation in output energy is less than +.05 watt-
sec. or 2%, whichever is smaller, for input voltage
range of +=10%.

OIMENSIONS: 15%¢ x 5% x 1914 inches.

CONTROLS: On-Off switch, indicator lamp, fuse, watt-sec. meter,
and remote or local energy level control.

USED WITH: Model No. 10 Junction Box and Model Nos. 12, 14,
and 16 Heads.

FOR MORE INFORMATION — Request catalog WE-10 on Power Supplies and Weld Heads.

SIPPICAN ALSO OFFERS TRAINING PROGRAMS DESIGNED TO HELP YOU
ESTABLISH YOUR OWN WELDED ELECTRONIC PACKAGING FACILITY

Request Catalog WE-14

THE Sippic ATl corroration

P.0. BOX 87, MARION, MASSACHUSETTS .+ P.0. BOX 1193, SANTA ANA, CALIFORNIA

NEW

;&’ IRE People

(Continued from page 1184)

The appointment of Harold G. Caldine
(M'58) as Manager of the New England
District of HRB-Singer, Inc., was an-
nounced recently. In his new position he
[ will be engaged in applications engineering

and development liaison. He will also be
responsible for general customer activities
i and will perform market research.
| As an applications engineer for HRI3-
Singer during the past three years, Mr.
Caldine was responsible for the application
| of company products to Air Force and
| Army needs. As an engineer at the Rome
Air Development Center for seven years
prior to this, he was responsible for the de-
velopment of electronic equipment by
private contractors, and was project en-
gineer for the development of such units as
selective calling systems, teletype and voice
multiplexing and cryptographic equipment,
and digitalized closed circuit television sys-
tems. His previous experience includes sev-
eral years in the broadcast industry.

My, Caldine holds a B.A. degree in
physics from Syracuse University. He at-
tended Capital Radio Engineering Insti-
tute, Washington, D. C., and the Armed
Forces Radio School, Ft. Knox, Ky. He
belongs to the Armed Forces Communica-
tions and Electronics Association, as well
as various professional groups for licensed
pilots, and radiotelephone operators.

.
oo

The appointment of Charles C. Camillo
(A’50-SM’55) to the post of Vice-I’resi-
dent, Engineering, of IFXR, Danbury,
Conn., has been an-
nounced.

Mr. Camillo,
who joined Amphe-
nol-Borg in 1948,
was a member of
the American dele-
gation to the 1EC
Convention earlier
this vear in Geneva,

Switzerland. He
was Vice-’resident,
Engineering, of C. C. CaMiLLO

Amphenol-Borg's
RF Products division.

Mr. Camillo has contributed many
technical papers and articles on various
aspects of RIF transmission theory and
technology.

’ He was educated at lllinois Institute
of Technology and the University of Illi-

l nois, from which he holds a B.S. degree in
physics. He is active in a number of tech-
nical and scientific organizations, including
ARRL, IEC, and NEMA.

<

(Continucd on page 122A4)
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NEW 10-AMP o &
P&B RELAY IS DESIGNED

FOR COST-SAVING

INSTALLATION METHODS

s -

Fast, labor-saving power screwdrivers can be used to hook up lead
wires to the extra stout screw terminals of our new AK Series relays.

Thus you save time and money on your production lines. GENERAL:

Insviotion Resistence: 100
megohms min,

Breakdown Valtage:
rms between oll elements.

Temperature Range: AC and DC,

-55°C. 10 +45°C,

Weight: Approx. 5 ozs.

Puli-In:
AC 78% of nominal voltage.
DC 75% of nominol volloge.

Terminals: Heavy-duty screw type.

This new relay is sturdy throughout: its expected mechanical life is
3 million operations and the 4" diameter contacts are rated at 10 amps
at 115V AC non-inductive. Available for either AC or DC power.

Get all the facts today from your P&B representatives or cail us direct.

SIMILAR RELAYS HAVE U/L & CSA LISTING
The AB and the ABC have )}~ .
quick-connect terminals which

can be used for printed circuits.
Screw terminal adapters avail-
able. U/L and CSA listed for
10 amps at 115V 50/60 cycles.

S J
AB SERIES

ABC SERIES

1500 V.

4 P&B STANDARD RELAYS ARE
YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR

ENGINEERING DATA, AK SERIES

CONTACTS:

Arrangements: Up to DPDT,

Material: 14" diq, silver,

Rating : 10 amps ¢+ 115 volts or
5 omps (# 230 volts, AC non-induc.

COILS:

Resistance : 35,000 ohms max.

Pawer: 6.4 volt amps (AC), 2.0
watts (DC).

Duty: Continvous AC or DC (DC
coils will withstand 6 wotts at

+25°C.

AVAILABLE AT

POTTER &€ BRUMFIELD

DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY o

PRINCETON,

INDIANA

IN CANADA: POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO



PRIMARY INSTRUMENTS
FOR CHECKING
LABORATORY STANDARDS

B

DIRECT READING RATIO SET
LIMIT OF ERROR, 2 PPM

ANDALUSIA, PA,

FOR VERY EXACT COMPARISON OF STANDARD
RESISTORS, OR RESISTANCES IN DECADES OR
BRIDGE ARMS. PRICE $1,285.00

UNIVERSAL RATIO BOX

LIMIT OF ERROR 0.001 %

FOR PRECISE CALIBRATION OF POTENTIOM-
ETERS, WHEATSTONE BRIDGES, ODD VALUE
RESISTORS AND STANDARD CELLS.

PRICE $2,050.00

RESISTANCE STANDARDS

E-1243
N.B.S.
THE BASIS OF MOST ACCURATE ELECTRICAL
MEASUREMENTS NBS TYPE, MEASURED RESIST-
ANCE TO #0.001% at 25°C LIMIT OF ERROR,
#+0.005% REICHSANSTALT, MEASURED RE-
SISTANCE TO =+0.001% LIMIT OF ERROR
+0.01%.

E-1235
REICHSANSTALT

WHEATSTONE & KELVIN BRIDGES
ANTHONY & MUELLER BRIDGES
POTENTIOMETERS, ETC.

Send for Our Catalog
INSTRUMENT

G RAY COMPANY

448 MILL ROAD
ANDALUSIA, PA.
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Dr. William M. Hall (A’23-M'44-
SM'45) is the first member of Raytheon’s
staff to achieve the “Consulting Engineer,
Consulting  Scien-
tist, or Scientific
IFellow ™ level, a new
professional  level
created by the Ray-
theon Co., Lexing-
ton, Mass., for its
outstanding  non-
supervisory' en-
gineers and scien-
tists. Dr. Hall has
been a member of
Raytheon’s techni-
cal staff for the past
twenty-one years.

This new level permits the firm's spe-
cialists to contribute their best talent to
advanced technologies while advancing
their careers without need for accompany-
ing administrative responsibilities.

Dr. Hall was awarded the Bachelor’s,
Master’s and Doctorate degrees in science
from Massachusetts Institute of Technol-
ogy. He has written numerous papers and
holds about twenty-five patents in the
tields of sound measurements, infrared, in-
strument landing and radar.

W, H. HaLL

Reed E. Holaday (A’'56) has been
named senior scientist in Litton Industries’
Electron Tube Research Laboratory, San
Carlos, Calif.

Mr. Holaday has been associated with
Litton Industries for the last three years,
most recently as a senior engineer in charge
of high power pulse crossed field devices.
He was also klystron engineering manager
during this period. lle previously was
employed at the Stanford Electronics
Laboratory and the Sylvania Electronic
Microwave Tube Laboratory.

In 1955 Mr. Holaday earned his Mas-
ter's degree in electrical engincering at
Purdue University. In 1959 he received an
engineer’'s degree in electrical engineering
at Stanford University.

CONTROLLING

The widest choice of controls,
resistors and precision poten-
tiometers for the control of
electronics, is now available
through your Clarostat distrib-
utor. For information, prices,
technical data call WOrth
2-5308 in New York City.

t
CLAROSTAT

Hazeltine Electrounics Division has an-
nounced the appointment of John P, Han-
sen (SM’'58) as Manager of its Greenlawn,
L. 1., Laboratory. In this position he will
have complete administrative and opera-
tional responsibility. He will also head
the Greenlawn DProject Administration
Department.

Mr. Hansen, who is an assistant vice
president of Hazeltine Electronics Divi-
sion, joined Hazeltine in 1948 after serving
as a product and sales engineer with the
Sperry Gyroscope Co.

Mr. Hansen holds an engineering de-
gree from the DPolytechnic Institute of
Brooklyn, Brooklyn, N. Y.

(Continued on page 1244)

RECORDING
STORAGETUBESYSTEMS

Originated and Built By

IMAGE INSTRUMENTS, INC.

8 ELECTROSTATIC PICTURE
STORAGE AND RECALL SYS-
TEMS 8 LOW-LIGHT-LEVEL
CAMERA AND DUAL STORAGE
TUBE SYSTEMS 8 DOUBLE-
ENDED STORAGE TUBE SYS-
TEMS 8 DATA SUMMATION
UNITS 8 COMPUTER OUTPUT
STORAGE FOR TELEVISION
DISPLAY,

Standard storage tube systems
are readily available, A custom-
engineered system can be built to
meet your special needs.

. For further information,

write:
\\m‘

INSTRUMENTS, /nc.

2300 WASHINGTON STREET
: NEWTON LOWER FALLS 62,

MASS.
WOOOWARD 9-8440

ELECTRONICS

A

NEW YORK DISTRIBUTOR REPRESENTATIVE

LEON L. ADELMAN CO.

e 25 Chittenden Ave., New York 33, N. Y.
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AL CANRLACT VN

RESOLVERS, SYNCHROS and PHASE SHIFTERS

For data transmission; coordinate transformation
and conversion; computer chain; and sweep ap-
plications. Write for data file 805.

STANDARD RESOLVERS

Reeves praduces a full line of both caompensated and uncam-
pensated resalvers in standard BuOrd size 23, 15 and 11 cases.
The size 23 series has a functianal accuracy of 0.05%; resalvers
in the other twa series have an accuracy of 0.1%.

HIGH PRECISION SIZE 23 RESOLVERS

A new series of extremely accurate resalvers, which include o
0.01% functional accuracy computing resolver with 100%
compensation; and a data transmission resolver with 20 second
accuracy. They represent the ultimate in precision for resalvers
of this case size.

30-SECOND SIZE 23 SYNCHROS

These three wire synchros are the most accurate units available
in a standard BuOrd size 23 case. Both transmitters and control
transformers can be supplied, designed for either 400-cycle or
60-cycle input.

PRECISION PANCAKE RESOLVERS

0.005% functional accuracy computer resalvers with 100%
compensation; and 10-second accuracy data transmission re-
solvers. Integral bearing design permits direct maunting to
gimbal structure. Beryllium housings provide highly stable
operation under conditions of extreme temperature variation.

BOOSTER AMPLIFIERS

A complete line of vacuum tube ond tronsistorized booster
amplifiers, for use in conjunction with compensated resolvers.
Transistorized units contain twa fully encapsulated amplifiers
in a single case.

A Subsidiary of Dynamics Carporation of America

REEVES INSTRUMENT CORPORATION Roosevelt Field, Garden City, New York
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BALLANTINE True RMS VTVM

model 350

Measures

wide
range of
waveforms
with

4% ACCURACY

For highly accurate voltage measurements, the uncertainty introduced by waveform
distortion limits the use of average and peak-responding instruments. The Model 350
is a 0.25% accurate, true rms-responding instrument designed to overcome this limi-
tation. It provides the engineer with a rugged, reliable and easy-to-use laboratory or
production line instrument. It will measure a periodic waveform in which the ratio
of peak voltage to rms is not over 2.

The method of measurement with the Model 350 is similar to balancing a bridge: four
knobs are set for minimum indication and the unknown voltage is read directly from
a4 to5 digit NIXIE® in-line readout. The precision exceeds the stated accuracy by
5 to 10 times. Price: $720.

SPECIFICATIONS

Voltage Range...... 0.1V to 11999 V Frequency Range...... 50 cps to 20 ke
Accuracy. Y2%, 100 cps to 10 ke, 0.1 V Max Crest Factor covvvurnnnnnnnenn 2
to 300 V; ¥2% outside these limits Input Impedance .... 2 M2 shunted by
15 pF to 45 pF

Werite for brochure giving many more detaiis

- Sinco 1932

B BALLANTINE LABORATORIES .

Boonton, New Jersey

‘ @ IRE People1

(Continued from page 1224)

Thomas R. Bristol (A’50-M'52-S)\I’55)
has been named assistant to the manager,
Disptay Devices Department, for Litton
Industries’ Electron Tube Division, San
Carlos, Calif. His primary responsibilities
wilt be in department operations and ad-
ministration.

Mr. Bristol has been associated with
Litton Industries for three years, most
recently as assistant manager of the Linear
Beam Department. He also has served as
sales manager in applications engineering
for the Linear Beam Department.

leisa 1947 electrical engineering grad-
uate of Notre Dame University.

Mer. Bristol has a broad background in
the power tube field, including design, de-
velopment and applications engineering.
tle was employed by the Generat Electric
Co., Schenectady, N. Y., from 1947 until
joining Litton Tube Division.

Lieutenant Commander Howard Frei-
berger, U. S. Naval Reserve, (M’59) has
been appointed Commanding Officer
of Naval Reserve
Communications
Division 3-1, a unit
of the Selected Re-
serve specilizing in
the training of ra-
diomen and elec-
tronics technicians
for service in naval
communications.
1olding degrees in
physics  from the
College of the City
of New York and
Cotumbia, Mr. Freiberger has followed
paralleling military and civilian careers.
Iis experience includes work in electronics
at: the National Bureau of Standards;
a naval communications facility in Japan;
the Naval Material Laboratory in New
York; and the Navy Mine Laboratory.
He has also worked on the staff of a navat
force commander. Mr. Freiberger is cur-
rently in the Research and Development
Division, Prosthetic and Sensory Aids Serv-
ice of the Veterans Administration. In
this latter position he deals with electronic
instrumentation for bioengineering re-
search, and with electronic sensory aids
for the blind and other handicapped.

Mer. Freiberger is a member of the IRE
Professional Groups on Medical Electron-
ics and Human FFactors in Electronics, the
U. S. Naval Institute, and the American
Institute of the City of New York.

11. FREIBERGEK

0,
<

James Cheal (M'57) is Vice-President

and Director of Engineering of Omni

|‘ Spectra, Inc., Detroit, Mich. He is one of
five founders of the company.

’ Mr. Cheal headed microwave develop-

ment programs at Beadix Corporation,
CHECK WITH BALLANTINE FIRST FOR LABORATORY AC VACUUM TUBE VOLTMETERS, REGARDLESS OF YOUR REQUIREMENTS FOR : aboratories Divisi f
AMPLITUDE, FREQUENCY, OR WAVEFORM. WE HAVE A LARGE LINE, WITH ADDITIONS EACH YEAR, ALSO AC/oC AnD ocac | KResearch  Laboratories Division, before
INVERTERS, CALIBRATORS, CALIBRATED WIDE BAND AF AMPLIFIER, DIRECT-READING CAPACITANCE METER, OTHER ACCESSORIES,

ASK ABOUT DUR LABDRATORY VOLTAGE STANDARDS TO 1,000 MC. (Continucd on page 1264)
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| W N Space Age!
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. \ 4 . f ' FUNCTIONS -
éy <;-' “MAG MODS" provide four quad-
¢ . . rant operation, extreme stability,
3 : with negligible change of phase,
: /f , gain and zero position over a wide
UU s B A i/ temperature range. Design is sim-
p ple, rugged with no vacuum tubes,
4 y semiconductors or moving parts
to limit life. "MAG MODS" offer
y ® infinite design possibilities and
impedance levels — are adaptable
for algebraic addition, subtraction,
MAGNETIC MODULATORS s iling il
power and vector summing.
For Absol New “MICRO MAG MODS” are complete micro miniaturized APPLICATIONS ~
or Absolute maEnet eIl . T el
gnetic modulators featuring an essentially drift-free circuit with Specify “MAG MOD" for magnetic
Reliability ... superior phase and gain stability over extremely wide environmental Srapiificy [comiponantsT ol bYoUEn
ranges. All the ruggedness, dependability, wide dynamic range and reliability. These dependable in-
et stability that are characteristic of the larger “MAG MOD” Stftufl'l‘,f"ts 3'etw'det'_¥ e"‘:.plﬁtyed in
Infinite Standby Magnetic Modulators are engineered into this magnetic circuit. B i contls 'cana'gg I

For complete information, request Bulletin MM 101. Bulletins also
available on “MAG MOD” Miniaturized Standard and Multiplying
Magnetic Modulators, and GMO Series High-Stability Oscillators.

and Service Life ...

1
]
1
1
Products approximately i
two-thirds actual size |
:
1
1
1

pmmnmm e

puters, guided missiles, nuclear
equipment, antennas, gun turrets,
commercial power amplifiers and
countiess control systems.

Lo b oo d o [

All “*MAG MODS”
conform to MIL-T-27A
and MIL-E-5400

There is no Substitute
for Reliability

SSRRR S SN Rt ) B B B e

e
1 ]
TYPE NUMBER IMM-655-2 IMM-648-1 IMM-664-1 : IMM.680-1
'
Ref. Carrier Voltage and Frequency | 3V @ 400 cps 2V@2KC 10V@B0KC 115V @ 400 cps
fnput Control Signal Rarge 01to =100 «a OC 0to 300 «a OC 0to =100 xa OC : 0to =10 4a 0C
L) ¥
; 1 0to0 0.8 VRMS 0to 1.0VRMS O0to200mvRMS 0to 30 mv RMS
AM Phase Reversing AC Output Range 1 @ 400 cps @ 2KC @60 KC H @ 400 cps
RMS mv AC Output/ua OC Signal Input : 7 mv/ua 4 mv/ua 2 mv/ua : 5 mv/uad
Output Impedance : 14 K ohms 1000 ohms 11 K ohms : Approx. 150 ohms
External Load : 100 K ohms 5 K ohms 50 K ohms ] 100 ohms
Zero Orift over Temp. Range | +0.1 ;2 Max. 0.5 ua Max. - 1 0.05 xa Max.
] 1
Hysteresis in % of Max. Input OC Signal : 0.2% Max. 0.2% Max. 0.5% Max. : 0.1% Max.
% Harmonic in Output Product Wave ’ 15% 10% to 15% 5% i 20%
[ )
Temperature Range | ~55°C to +125°C —55°C to +125°C —55°C to +125°C : 55°C to +125°C
Frequency Response 1 5 K Series, 108 cps Qver 200 cps Qver 5 KC : Qver 100 cps
Approximate Weight (in Ounces) H 0.2 0.1 0.2 :
v ]
1 ]
: 1
i i
1 1
) 1
1 ]
1 1
1 |
1 1
1 1
1 1
[ 1

J L T e T o L

 Electrical zero point and gain,
repeatability and stability
over entire service life
o Extremely broad bandwidth
o Carrier frequencies as high
as | megacycle
e |Input signal current resolu-
tion better than 0.01.a
» Repeatable data over years
of continuous, unattended
operation
 High shock, vibration proof
o Low milliwatt power
consumption
o May be mounted directly on
printed circuit cards
o Light in weight

GENERAL
MAGNETICS

135 BLOOMFIELD AVENUE
BLOOMFIELD, NEW JERSEY



Sub-Miniature Indicator Lights

Conform to applicable Military Specifications.

NEON ..

Assemblies with Built-in Resistor —

{A patented DIALCO feature—U.S. Pat. No. 2,421,321) -—

Conform to MS$25257 ... Accommodate T-2 // / , |

Neon Glow Lamps: Type NE-2D (MS25252)

12 is recommended for general service on 105-125 volts AC or pC. The High Bright-
ness type NE-2] (not MS) may be used on 110-125 volts AC only.

Features: Stovepipe lens molded of high-heat plastic gives 180° light spread; available

in choice of signal colors... Two terminals... Rugged construction; phenolic insulation

of Mil. Spec. grade... Anti-rotation (locking) features prevent rotation of unit while

being tightened to panel... For complete data request Brochure L-159C.

INCANDESCENT

- Assemblies conform to M§25256

— Accommodate T-1-3/4 Incandescent bulb with

>~ midget flanged base, in voltages ranging from 1.3

to 28 (the 6 V. and 28 V. conform to MS25237).
For complete data request Brochure L-156E.

\\

No. 137-8836-931

T-1%

Samples on Request—at Once —No Charge

o

Foremost Manufacturer of Pilot Lights

DIALIGHT

CORPORATION

PILOT LIGHTS
“The Eyes of Your Equipment”

Model
TMR 5A

DIE

TELEMETRY
RECEIVER

o Plug-In Tuning Heads from
30 MC to 2400 MC

o Plug-In True Phase Demodulator

o Complete Predetection Record
and Playback Capabilities

Designed to meet the highest possible performance needs of general telemetry

applications throughout the complete frequency spectrum. Affords the user the

ultimate in modular construction techniques in anticipation of present and
future system requirements. Unsurpassed in performance, versatility and reliability.

For full information on the Model TMR-5A Telemetry Reeeiver and
other Telemetry Equipments and Systems, phone, wire, or write.

Visit us at Booths:
73-4 at NTC Show $-148-9 at AFCEA Show
87-8 at MIL-E-CON Show

Defense Electronics, Inc.

Serving WASHINGTON-ROCKVILLE INDUSTRIAL PARK
Government 5455 RANDOLPH RD., ROCKVILLE. MARYLAND
and Industry TWX KENS 793 WHITEHALL 6.2600
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joining Omni Spectra. He had been with
Bendix from 1952 to 1955. From 1955 to
1956 he was a systems engincer for the
Burroughs Corporation working on the
development of the prototype Sage com-
puter. After rejoining Bendix in 1956, he
headed a group working on the develop-
ment of a wide range of microwave com-
ponents. He has five patent applications
outstanding in the microwave field.

Mr. Cheul received his B.S, degree in
electrical engineering from Michigan State
University.

<

The appointment of Harvey Cohen
(8'55-M’55) as Eastern District Manager
for the Systems Division of Beckman [n-
struments, Inc., Fullerton, Calif., was an-
nounced recently. In the new post, he will
supervise the systems field engineering
staff in the eastern half of the U. S.

Formerly a field engineer, Mr. Cohen
has been a member of the Beckman or-
ganization since 1957.

Ile was graduated from the University
of Manitoba, Winnipeg, Canada, with a
BSc degree in electrical engineering, and
received a Master's degree in business ad-
ministration from Harvard University.

<

The appointment of Charles W. Hos-
terman (M'56) as Manager of Planning of
the Eastern Operation of Sylvania Elec-
tronic Systems, has
been announced.

Mr. Hosterman
has served as Man-
ager of Planning of
the Data Systems
Operations  since
January, 1961. He
joined Sylvania in
1943 as an assistant
supervisor of per-
sonnel at the com-
pany's Altoona,
Pa., electronic tube
plant. In 1944, he was transferred to the
Proximity Fuse Tube Operation, Hunt-
ington, West Va., as supervisor of person-
nel, and subsequently was named Manu-
facturing Superintendent there.

Between 1950 and 1958, Mr. lloster-
man served successively as the plant man-
ager of the Sylvania receiving tube plant,
Shawnee, Okla., assistant general man-
ager of the company's Electronics Divi-
sion, Woburn, Mass., and general man-
ager of the Semiconductor Division, Wo-
burn, Mass.

In 1958, with the formation of the Data
Systems Operations, Needham, Mass.,
Mr. Hosterman was named Business Man-
ager of that facility and later served as act-
ing Marketing Manager.

A graduate of Pennsylvania State Uni-
versity, he is a member of the American
Management  Association, Professional

C. W. HosTERMAN

(Continned on page 1284)
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Ringing response of a 24kc crystal
filter 200 cycies wide. Note
the small over shoot and

fow ringing.

® 38 8 83 ¥

crystal
filter

Those non-conformists at Burnell’s engineering laboratory
aren't satisfied .with just producing the broadest range of
crystal filters, toroids and communication networks: through
their constant efforts to satisfy tomorrow’s space age elec-
tronics problems, they have developed a whole new family
of sophisticated crystal filters, with exceptional and unusual
characteristics, contributing to increased circuit flexibility as
graphically demonstrated above.

Those same non-conformists have also made considerable

PIONEERS IN microminiaturization OF TORO|DS,
FILTERS AND RELATED NETWORKS

©0 W B ©) O6us 08 04 B 08

T

Comb fitter at 10mc. Tooth
—2he. Five in one case, onl
inch total.

progress solving other electronics/space age problems. A
typical example of this has been their work with the applica-
tion of Time Domain Synthesis; producing an unlimited
inventory of wave forms for new applications, and resulting
in substantial reductions of size and weight, eliminating the
need for complex active circuitry for its support.

*Join the non-conformists—write today for your free Non-
Conformist paper weight and Crystal Filter Catalog XT-455.
Yes! Your circuits can profit today from tomorrow’s research.

EXECUTIVE OFFICE Xl PACIFiC DIVISION
AND PLANT %\\ ), SOUTH PASADENA, CAL.
DEPT. Pl [TYLf} 9 MFD. IN CANADA
PELHAM, NEW YORK | AV 1 8Y EDO (CANADA) LTD.
PELHAM 8-5000 \{ /XS/ CORNWALL, ONT.

TELETYPE PELHAM 3633 WELLINGTON 2-6774

DIVISIONS: Groy & Kuhn, Inc., Pelham, New York ® GLP Electronics, Inc., Bristol, Conn. ® Guillemin Research Loborotory, Cambridge, Mass.
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20 Repair Centers for Oscilloscope Maintenance

You get prompt help from your nearby Tektronix Field Engineer. He is Tektronix
in your area, and he offers you comprehensive field services covering every
aspect of your instrument-maintenance needs.

Talk to him about your needs.

He will know the ways and means to most effectively solve any maintenance
problem you may encounter with your Tektronix equipment.

Your Tektronix Field Engineer can help you in many ways . . . with additional
training in calibration methods - with replacement parts for present equip-
ment .., with factory modifications in older equipment . . . with instrument main-
tenance at repair centers . . . with loaner instruments in special instances . . .
Or, you may want to take advantage of the periodic maintenance program pro-
vided by the Repair Centers.

In this program, your Tektronix Field Engineer schedules your equipment through
the fully-equipped facilities—and experienced Tektronix Maintenance Engineers
perform the work requested in the shortest possible time.

So. call your Tektronix Field Engineer when you need him,

Your selection of Tektronix equipment entitles you to his services—and through
continuing assistance, he can help you maintain the inherent capabilities in your
Tektronix oscilloscopes and associated instruments.

Tektronix, Inc.

P. 0. BOX 500 - BEAVERTON, OREGON Mitchell 4-0161 - TWX—BEAV 311 + Cable: TEKTRONIX

TEXTRONIX FIELD OFFICES: Albuquerque, N. Mex. « Atlanta, Ga. « Baltimore (Towson) Md. = Boston (Lexington)
Mass. « Buflalo, N.Y. « Chicago (Park Ridge) Iil. » Cleveland, Ohio » Dallas, Texas « Dayton, Ohio  Denver, Colo. » Detroit
(La.thrup Vvillage) Mich, « Endicott (Endwell) N.Y. « Greensboro, N.C.« Houston, Texas « Indianapolis, Ind.« Kansas City
(Mtssion) Kan. « Los Angeles, Calif. Area (East L.A. « Encino Pasadena « WestL.A) « Minneapolis, Minn. « New York
Cl(y Area (Albertson, L., N.Y. « Stamford, Conn, = Union, N.J.) = Orlando, Fla. « Philadelphia, Pa. « Phoenix (Scottsdale)
Ariz. « Portland, Ore. « Poughkeepsie, N.Y. « San Diego, Calif. = San Francisco, Calif, Area {Lafayette « Palo Alto) «
Seattle, Wash. « Syracuse, N.Y. « Washington, D.C. (Annandale, Va.).

TEKTRONIX CANADA LTD: Montreal, Quebec » Toronto (Willowdale) Ontario.

ENGINEERING REPRESENTATIVES: Kentron Hawaii Ltd., Honolulu. Hawaii. Tektronix is represented in twenly-five
overseas countries by qualified engineering organizations.

European and African countries, the countries of Lebanon and Turkey, please contact TEKTRONIX INTERNATIONAL
A.G., Terrassenweg 1A, Zug, Switzerland, for the name of your local engineering representative.

@ e reontefh,

(Continued from page 1264)

Group on Data Processing, National Man-
agement Association, Newton Chamber of
Commerce and the American Numismatic
Association.

o

<

The American Electronic Laboratories
has announced the appointment of Joseph
R. Jahoda (S'S0-A’S1-M'54-SM'S8) as
Vice President in charge of the newly
formed Washington
Division, Fairfax,
Va.

Mr. Jahoda re-
ceived his B.E.E.
degree from the Col-
lege of the City of
New York in 1950,
and his M.E.E. de-
gree from Polytech-
nic  Institute of
Brooklyn in 1954,

He was em-
ployed by the EDO
Corp. from 1953 to 1954. Prior to this
Mr. Jahoda was employed by Polytechnic
Reseirch and Development Test depart-
ment.

1le did work on advanced ECM system
design and development for the Sperry
Gyroscope Co. from 1954 to 1956. During
this period he served as evening Staff In-
structor at the Polytechnic Institute of
Brooklyn.

From 1956 to 1961, Mr. Jahoda worked
with Melpar, Inc. as a project engineer in
research and development of advanced
electronic countermeasure systems. le
served as a consultant in Medical Elec-
tronics to the George \ashington Uni-
versity, Washington Institute of Biophys-
ical Research, Inc. and Med Electronics,
Inc. from 1957 to 1961. In 1961 he served
as director of International Research Or-
ganization, Inc.

Mr. Jahoda is a member of the IRE
Professional Groups on Ultrasonic, Micro-
waves and Medical Electronics.

J. R. Janona
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Everett LeGette (M'60) has been pro-
moted to Regional Sales Manager in the
Western United States by Motorola Com-
munications  and
Electronics, Inc.

In this capacity,
Mr. LeGette will
direct the design
and sale of FM two-
way radio and
other communica-
tions systems and
equipment to in-
dustrial,  govern-
mental and busi-
ness organizations
throughout a six-
state area, which includes Colorado, West-
ern Kansas, Western Nebraska, New
Mexico, Southeastern \Wyoming and
Northern Texas. His headquarters are
located in Denver.

E. LEGETTE

g::::r%':.'g:.;:;':'J'spk.::'.mn"rg:(#’gu;x ly to Tektr , Inc., Inter | Marketing Department, P. O, Box 500, (Continued on page 1304)
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For the 107m year...
LAMBDA OFFERS THE STRONGEST PROOF
OF TROUBLE-FREE POWER SUPPLY PERFORMANCE

Every Lambda power supply sold since 1953 has been backed by Lambda’s 5-year guarantee,
which covers workmanship and materials (except for tubes and fuses). Any Lambda power supply
sold today is guaranteed to perform to specifications until 1967.

Ready for
Long Dependable
Service

In choosing this Lambda
Power Supply. you are benefit
ting from an outstanding record
of performance measured under
the most gruehng fieid conditions.
Long term, troubie-free operation in
heavy duty service, attested to by owners
and users of Lambda Power Supplies. has
made possible the unprecedented five year
guarantee that covers this piece of equipment

LAMBDA ELECTRONICE CORP

515 BROAS HOLLOW ROAD  NUNTIMETON L} NIW YORN + 518 MTATLS o ca0e

1he orignal purchaser, be relwined
CAIEES PIEBI, Prove 2T1er Gur 1OMASION e DE thvs Gefectve
We re3erve 1Re (1M 16 Gitcontanve mstrumenis without netice, and
10 mahe medrticolions m desgn oi say Lime wiihowl mcwsi g
GHIGIION 10 MIbe SuCh MOdicatins 16 wsituments prevsvily

Send for Catalog on LAMBDA'S
wide range line of regulated
transistorized power supplies

LAMBDA ELECTRONICS CORP.

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

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

Southeastern Region: W. A. Brown & Associates, Inc., Engineering Representatives La 120
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BOOKS OF LEADING CONTRIBUTORS
TO ANNIVERSARY ISSUE

rususieo ey VAN NOSTRAND

HARRY F. OLSON

Acoustical Engineering, 3rd Ed.
718 pp. $13.50

Dynamical Analogies, 2nd Ed.
278 pp. $6.75

JOHN R. PIERCE

Theory and Design of Electron Beams,
2nd Ed.
240 pp. $5.50

Traveling-Wave Tubes
272 pp. $5.50

WARREN P. MASON

Electramechanical Transducers, 2nd Ed.
419 pp. $8.50

Piezoelectric Crystals and Their Applica-
tions to Ultrasonics

825 pp. $10.00
Physical Acoustics and the Properties of

Solids
402 pp. $9.00

WILLIAM SHOCKLEY

Electrons and Holes in Semiconductors
592 pp. $9.75

KRAFFT A. EHRICKE
Space Flight Volume |
513 pp. $14.50
Space Flight Yolume 1l
Coming In September

G. C. SOUTHWORTH

Principles and Applications of Wave-

guide Transmissions
704 pp. $12.50

NEW SPRING BOOKS

A METHODOLOGY FOR SYSTEMS
ENGINEERING

by Arthur D. Hall. 466 pp. $12.00

A NEW APPROACH TO THE DESIGN OF
SWITCHING CIRCUITS
by H. Allen Curtis. 660 pp. Prob. $17.50

NONLINEAR OSCILLATIONS

by Nicholas Minorsky. 650 pp. $16.75

/

Van Nostrand

Publishers Since 1848
PRINCETON, NEW JERSEY
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{Continued from page 128.4)

He brings to his new position 18 years
of experience in radio communications.
Previously, he was Sales Manager for
Motorola in Southern California. e
joined Motorola in 1950 as a radio com-
munications representative, after manag-
ing a Motorola service station in San
Luis Obispo, California for three years.
He operated a radio common carrier sys-
tem for three years.

Mr. LeGette is a charter member of the
National! Mobile Radio System.
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Maurice W. Horrell (A'37-M'44-
SM’50) has been appointed Director of
engineering and manufacturing centers for
the UNIVAC divi-
sion of the Sperry
Rand Corp. He will
be responsible for
direction and coor-
dinationof all UNI-
V'AC  engineering
and manufacturing.

Mr. Horrell was
general manager of
the computer divi-
sionof Bendix Corp.
prior to joining
UNIVAC.

A registered professional engineer, Mr.
Horrell received his Master's and Bache-

CONTRONICS

presents

M. W. HORRELL

SYSTEM for
ALPHA-NUMERIC

DISPLAY

(You saw vs at the IRE Show!}

SAND features low cost character modi-
fication, deletion, and addition; symbols
are generated by individual plug-in
modules.

® Display Rate: 50,000 characters per
second ® Format: 32 lines of 32 charac-
ters ® Input: any six-bit code ® Output:
x-y oscilloscope.

Please write for details.

CONTRONICS, Inc.

43 Leon St., Boston, Mass.

lor’s degrees in electrical engineering from
Kansas State University. He is a member
of the Association for Computing Ma-
chinery, and the American Ordnance Asso-
ciation.

.
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Robert B. MacAskill (S'48-A"50-M'55-
SM’56) has been named Director of Engi-
neering of the J-V-M Division of Fideli-
tone  Microwave,

Inc., Brookfield, 111. r =

In his new posi- ! y '
tion, Mr. MacAskill
will  direct the
Research/Develop-
ment and Systems
Design Groups, and
be responsible for
new products.

Mr. MacAskill's
previous experience
includes microwave
antenna and prod-
uct development for The Hallicrafters
Co., and Mark Products. Previous to that,
he was a research and development con-
sultant in the microwave field, specializing
in antennas, systems and components.

Mr. MacAskill earned his degree in
electrical engineering at the University of
[Hinois. At present he is business manager
of “Scanfax,” the publication of Chicago
Section of the IRE. He also holds several
patents covering design and applications of
microwave components, and is the author
of many technical papers.

R. B. MACASKILL

K3
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(Continurd on page 254A4)

Microwave equipment

LSE MODULATO

standard
and solid-state

©°990
1 00
v e

The Model 504: wusec, Pulse Rep-

will pulse vari-
ovs types of
transmitting
tubes to 22
megawalts peak
drive power. The
unit has an out-
put of 0-35 KV
peak and 70a
peak with pro-
vision to match
load impedances
of 500 to 1,000
ohms. The 504
pulse widths are
0.5, 1 ond 3

SEND FOR

BURMAC

ELECTRONICS COMPANY, INC.

CENTRAL DRIVE
FARMINGDALE, LONG ISLAND, N.Y.

etition Rote, 50
to 4,000 pps.,
Duvty, .0013
max., Tube Fila-
ment Voltage,
0-20 V ot vp to
40 amp AC. The
Model 504 is
housed in o de-
lux cabinet de-
signed to mini-
mize R.F. noise,
No exposed volt-
age. Transmitting
tube mounts
through deck.
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This Arabic script means "Long
Life." For people who deal with
complex microwave prohlems, “'long life”
means Varian klystrons—pulse, CW, reflex.



The development of RCA Coscaded
Image Tubes follows the develop-
ment ond production of the RCA-
6914 ond the RCA-6929 single:
stoge Imoge Converter Tubes shown
ot right.

Another RCA First

INTENNIFICATION

t0100000X

...with RCA
Cascaded Image Tubes

RCA, world leader in photoelectronics, now
offers a wide choice of Cascaded Image Tubes
for light detection at very low levels of light.

Completely at home even in near darkness,
RCA Cascaded Image Tubes can deliver the
ultimate in accurate images of scencs with as
little as 10-* foot candle illumination on the tube.
In astronomy, for example, these tubes are used
in the spectroscopy of very faint stars. Stars
many light years away can be photographed in
1/100th of the time normally required.

RCA Cascaded Image Tubes also provide a
new tool for study of the atom and its nucleus.
The Cascaded Image Tube provides a means for
improved identification of particles by per-
mitting photography of selected nuclear cvents
within 1 microsecond of the time of occurrence.

RCA can design and make the
Cascaded Image Tube you need

RCA can design and build Cascaded Image
Tubes with very high sensitivity—out to the
threshold of absolute darkness—for operation in
various regions of the spectrum.

Talk over your needs with your RCA Indus-
trial Tube Representative. He can help you draw
upon the same research and development capa-
bilities that have made RCA photo-multipliers,
phototubes, and other photoclectronic devices
famous for a generation. Or, write: Marketing
Manager, RCA Industrial Tube Products, Lan-
caster, Pennsylvania.

RCA ELECTRON TUBE DIVISION

The Most Trusted Name in Electronics

®

INDUSTRIAL TUBE PRODUCTS FIELD OFFICES:
OEM SALES: Nework 2, N. J., 744 Brood St., HU 5.3900 « Chicago 54,

Il., Suite 1154, Merchandise Mart Plozo, WH 4.2900 « Los Angeles 22,
Colif., 6801 E. Washington Bivd., RA 3.8161 « Burlingame, Colif., 1838
€l Comino Real, OX 7.1620, GOVERNMENT LIAISON: Harrison, N. 1.,
415 South Fifth S1., HU 5.3900 « Doyton 2, Ohio, 224 N. Wilkinsan St.,
BA 6.2386 » Washington 7, D. C., 1725 K" St., N.W,, FE 7.8500.
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Shortening Shadows

ALFRED N. GoLDSMITH

Anniversary Editor

I[ HE LIFE of a man or an organization has been aptly compared to the sequence of
lights and shades during one day on earth. In the early morning, long shadows lie to the West
as the sun rises. Then these shadows shorten as the day advances until no shadows are visible
in the noonday blaze of light. And later, the shadows lengthen as the sunlight wanes, and twi-
light and night approach.

The Institute of Radio Engineers is fortunate in that it is still in its early morning amid the
slowly shortening shadows. Its career is young and promising. Its hopes and accomplishments,
while great and inspiring, are as yet only partly fulfilled. It has the cheerful stimulus of still
being far even from the noon of its life, not to mention the evening.

Yet even at this early stage of the career of the Institute, an assessment of its accomplishments
and an estimate of its future may be attempted. To this end, let us return in imagination to
1912, the year of the Institute’s formation. It was a very different world from that of today.
Knowledge of the communications and electronics field was limited. Vistas now clear were then
dim or obscure. Professional standing and cooperation were not at today’s encouraging levels.
And the number of persons skilled in the electronics field was small indeed.

It was our privilege to be associated at that time with the other two founders of The Institute
of Radio Engineers. Great tribute should be paid to these farsighted pioneers. Robert H.
Marriott, President of the Wireless Institute (one of the merged societies which formed our
Institute of Radio Engineers) was ever resourceful, determined, questioning, and analytic. And
above all, he was an indefatigable worker and a thoughtful planner. John V. L.. Hogan was a
highly skilled, inventive, and forceful pioneer. He was that rare combination: a man both
human in his reactions and humane in his instincts. Without the broad understanding and
generosity of these men, our Institute might never have come into being.

The original builders of the IRE were certainly no example of squatting on their hunkers.
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They were strong exponents of a much more logical creed that work conquers all. And work
they did, over the passing years, and in the face of many obstacles.

Yet they were fortunate as the years went on in encountering an ever more favorable and
respected environment. There were numerous fortuitous helpful events, and there were also
many planned and logical campaigns. The founders and their many associates were able to
function partly because of three major factors. One factor was the dependable and increasing
devotion and effort of the membership. It would be impossible to exaggerate the sacrifices and
labor which the membership readily gave the succession of officers of the Institute over the years.
The second factor was the continued and friendly cooperation of the communications and
electronics industry. Industry fully understood the work of the Institute and enthusiastically
backed its efforts and expansion. And the third factor was the truly explosive growth of elec-
tronics, which provided an opportunity and a challenge which were gladly accepted and turned
to the advantage of the Institute. And the Institute in turn contributed greatly to that expansion
over the years. Thus the membership, industry, and the expansion of the electronics field offered
the Institute its opportunities. Nor should it be forgotten that governments showed a clear
understanding of the worth of the activities of the Institute and encouraged their officials,
scientists, and engineers to affiliate with the Institute and to aid in its upbuilding. To all of these
forces recognition must be given and gratitude expressed.

Yet growth itself, from a numerical viewpoint, is not enough to ensure the basic success of
any professional organization or learned society. It must retain its personality. It must maintain
its ideas and ideals. It must display continuing vitality. It must avoid entangling alliances or
deviations from its true purpose. Accordingly it became necessary for the IRE carefully to plan
its growth along statesmanlike lines to the end that it would remain as youthful and vigorous as
in its earliest days. It would be too lengthy a recital to go into the details of the appropriate
measures adopted by the Institute to accomplish its aims. Some of these measures have become
classic and have blazed the trail for other engineering organizations which have wisely seen fit
to adopt them. The IRE established its Sections to meet the needs of members in a city and its
environs. It established subsections to fulfill the needs of smaller numbers of members in
suburban sections or in smaller population centers. It coordinated the activities of Sections and
subsections over large territories through the formation of Regional administrations. It coordi-
nated Regional activities through National divisions or their equivalent.

And, in addition to these “horizontal organizations,” the Institute established vertical or-
ganizations of all persons among its membership interested in a particular specialty. This led to
the formation of Professional Groups and of their local Chapters. Undoubtedly the end is not
yet. Additional organizations or administrations, and new forms of publication may in time be
needed to meet the ever-increasing desires of the membership. And, if the past is any index to
the future, the necessary statesmanship will be found to meet any current needs.

The IRE has carefully avoided such measures as would lead to its grounding on the shoals
of disaster which often lie in the path of learned societies as they expand toward maturity. These
pitfalls include insufficient interest in the organization by the individual member, of local geo-
graphic groups of members, of larger or regional groups of members, and of members imbued
with a sense of the national dignity of their compatriot members. Also avoided was the develop-
ment of insufficient interest resulting from the diverse activities of individual members of the
Institute—a situation which was well met by the Professional Groups. More broadly, the Insti-
tute has also avoided the dangers of involvement with political, sectional, partisan, commercial,
or personal viewpoints and activities which were not of a definitely engineering and scientific



1962 Goldsmith: Shortening Shadows 531

nature. It is easy for a learned society to forget its basic purpose of a search for truth, or for an
engineering institute to forget that the practice of its profession for the benefit of humanity is its
basic aim. The membership of the IRE may be proud in reviewing the past of the Institute and
noting its complete detachment from purposes alien to its basic aims.

However, the Institute has not established itself in a guarded ivory tower and without
contact or collaboration with others. One of its aims is continued cooperation and even coordi-
nated activity or a suitable degree of integration with other engineering and scientific organiza-
tions. Wherever the IRE could help in the organization, operation, or publication activities of
conventions, conferences, or symposia in collaboration with other engineering societies of stand-
ing, it has done so unhesitatingly and, at times, with considerable sacrifice. Since the establish-
ment of the IRE Professional Groups, this type of cooperation has been greatly broadened. In
fact, the roster of joint meetings or the like in which the IRE is engaged is almost startling in
its dimensions,

One very important aspect of The Institute of Radio Engineers is its international nature,
prescribed by its charter and consistently carried out in its activities. It has been said that science
knows no country and that truth is universal. Such fields as communications and electronics are
peculiarly adapted to the application of such doctrines, to the utmost practical limits.

Speaking more lightly, the techniques of communications and electronics might even make
it logical that the scope of the IRE should ultimately become cosmic. We might look forward
to the establishment of lunar and planetary Regions and Sections of the Institute in due course.
And after that, who knows? But who would dare place finite limitations on the activities and
studies which reach outward with the speed of light toward the infinite?

It may not be amiss also to emphasize that The Institute of Radio Engineers has sought
and achieved a unique form of leadership in its dedicated field. In the world there are indeed
many types of leadership. Some men, political parties, or nations maintain important positions
of power or influence by brute force and iron discipline. Some organizations hold their eminence
through guile, subtle persuasion, empty promises, or deceptive practices. But The Institute of
Radio Engineers, the mental child and professional expression of its membership, holds its
leadership only by service and accomplishment. Its sole aim is ever to give more to humanity
and to its members. Its accomplishments require little recital or egotistical praise. They speak
for themselves, and win hearty approval of all candid observers.

Thus the Institute will remain as a symbol of an epoch—the age of the approaching welfare,
comfort, and health of every man on earth, and of man’s conquest of space. And so, in the spirit
of seclfless aspirations to serve the interests of the people of the world and to express the best
professional aims and accomplishments of its membership, The Institute of Radio Engineers
looks forward through the decades and centuries toward ever wider, more useful, and more
enlightening accomplishments.
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T he Cfiftieth Anniversary Issue

MAY 13, 1962, marks the Fiftieth Anni-

versary of the founding of The Institute of
Radio Engineers.

At this special moment the IRE finds itself
poised precisely at the midpoint of a 100-year
span where, in the fashion of Janus, it can watch
simultaneously the gates of one half<entury
closing behind it and the gates of a new half-cen-
tury opening before it. It is a time when we be-
come more appreciative of the past, more aware
of the future, and more conscious of the fact that
they both converge upon the present.

It is a time also for remembering that the
founding of the IRE s50 years ago coincided
within a very few months with two other historic
developments: the conversion of the three-ele-
ment audion detector tube into an amplifier and
into an oscillator, momentous events in which an
IRE Charter Member, Lee de Forest, and IRE’s
first Vice President, Fritz Lowenstein, played
leading roles. Thus, in a very real sense this oc-
casion also commemorates the fiftieth anniversary
of the beginnings of modern electronics and com-
munications.

It is with these thoughts in mind that the IRE
has assembled, in the month of its golden anni-
versary, an issue of its PROCEEDINGs of unprece-
dented scope, size, and distinction. Its pages carry
the reader through a full century in time, from
1912 to 2012; its papers embrace the fields of all
28 Professional Groups of the IRE; its 180 con-

tributors were chosen from among the leaders of
the profession; its contents were written in their
entirety by special invitation.

The reader will note from the table of con-
tents in this issue that the material in the
following pages falls into three major group-
ings. The subject of the first group of articles is
the IRE itself. In the opening paper, an IRE fel-
low, who himself has been a member for 46 years,
discloses many interesting facts about the origins,
early history, and later growth of the IRE. This
is complemented by special commentaries by the
President, Past President, Secretary, and Execu-
tive Secretary, which provide a panoramic view of
the position of the IRE today and its role in the
future.

The unusual nature of the second group of
contributions in the issue is indicated by its title,
“Communications and FElectronics—2012 A.p.”
In this section forty-eight Fellows of the IRE,
in a series of brief essays, take the reader on a
unique journey fifty years into the future, and de-
scribe to him the likely state of the art in 2012
A.D. as they envision it. As far as is known, never
before has such a concerted assault on the barriers
of time been attempted by so eminent an assem-
bly of engineers and scientists.

The third group, which makes up the bulk of
the issue, consists of 113 papers in which leading
authorities take up in turn the fields of each of the
28 IRE Professional Groups and concisely sum-
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marize the evolution, present status and probable
future trends of each. This portion of the issue
presents a wealth of material concerning both
past and current developments in a form that has
never been published before. In a sense it com-
prises 28 condensed special issues in one.

In spite of the large size of the issue, the reader
will have no difficulty in finding those articles
that are of greatest interest to him. He will find
that the second part of the issue, “Communica-
tions and Electronics—2012 a.p.,” carries its own
subject and author index at the end of that sec-
tion. (Indeed, the subject index itself makes in-
teresting reading.) The third part of the issue,
dealing with Professional Group fields, is its own
index. It has been divided alphabetically by sub-
ject into 28 sections, one section for each Profes-
sional Group field. In addition, an author index
for the entire issue appears at the end.

Because of the special nature of this issue, the
regular monthly features which Proceepings
readers are accustomed to seeing at the back of the
issue have been omitted. These include Corre-
spondence, Books, Scanning the TraNsacTIONS,
Abstracts of IRE. Transactions, and Abstracts
and References. The May editions of these fea-
tures will appear in the June issue.

The appearance of this issue represents the cul-
mination of a two and one-half year effort. The
1ssue was initiated late in 1959 when the Board of
Directors asked Dr. Alfred N. Goldsmith, Fditor
Emeritus and co-founder of the IRE, to serve as
Anniversary Editor and to assume responsibility
for the conception, planning, and execution of an
Anniversary Issue of the ProceepinGs. During
the months that followed, the Anniversary Editor
received helpful advice and assistance from many
individuals and groups, including especially the
Editorial Board, former Editor Ferdinand Ham-
burger, Jr., the Executive Secretary, and the
Managing Editor.

In connection with the Professional Group sec-
tion of the issue, particular thanks are due the 28
Professional Groups and their respective spe-
cially-formed Anniversary Committees, whose
valuable suggestions of topics and authors and
generous assistance in reviewing papers contrib-
uted greatly to the success of this undertaking. In
particular, we are indebted to the following Pro-
fessional Group representatives for the valuable
service they rendered:

Batcher, Ralph (PGPEP)

Breiding, Eugene J.
(PGRQC)

Elias, Peter (PGIT)

Fagen, M. D. (PGUE)

Felch, E. P. (PGI)

Grace, J. N. (PGNS)

Grobowski, Zigmund V.
(PGRFI)

Gruenberg, Eliot
(PGSET)

Hechtman, Harold
(PGEM)

Herold, E. W, (PGED)

Hobbs, L. C. (PGEC)

Huggins, W. H. (PGCT)

Hughes, Wm. L. (PGBC)
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Johnson, J. Kelly
(PGBTR)

Liddell, Urner (PGBME)

McElwee, Eleanor
(PGEWS)

Macdonald, Angus P,
(PGVC()

Martin, D. W. (PGAU)

Mimno, Harry (PGANE)

Mittleman, Eugene
(PGIE)

Pritchard, W. L.
(PGMTT)

Rhodes, Donald (PGMIL)

Rogers, A. W, (PGCP)

Smith, Phillip H. (PGAP)

Truxal, John G. (PGE)

Jackson, Albert S,
(PGHFE)

Wallace, J. D. (PGCS)
Ward, John E. (PGAC)

The typesetting, printing and binding of more
than 100,000 copies of a 1200-page volume, with-
out disrupting the monthly flow of other issues of
the PRroceepiNgs, requires not only a well-
equipped and competently-run printing establish-
ment, but also the wholehearted cooperation of a
dedicated organization. We are especially pleased
on this anniversary occasion to acknowledge the
important contribution which the George Banta
Company in Menasha, Wisconsin, has made to
the IRE, not only in the production of this volu-
minous issue but in maintaining an unbroken rec-
ord of devoted service to the ProceEDINGs for a
period of thirty-five years.

Our final thanks have been reserved for the 180
prominent engineers and scientists who, upon the
invitation of the Anniversary Editor, so willingly
accepted and so ably carried out the onerous task
of preparing the outstanding contributions which
comprise this issue. So skillfu] are their presen-
tations that the average reader may not fully ap-
preciate the difficulty of the assignment which
each author faced, namely, to compress into a few
pages a lifetime of knowledge and experience. It
may be of some interest to note that among the
contributors to this issue are 43 IRE officers and
Directors, including 15 Presidents, and 119 IRE
Fellows.

Thus the reader may be confident that this is-
sue, in chronicling the past, assessing the present
and interpreting the future, is presenting the
judgments of those who are acknowledged as
spokesmen for our profession.

—The Managing Editor
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T be Institute of Radio Engineers
—CAifty Xars of Nervice

Laurens E. WHITTEMORET

FELLOW, IRE

A PREDICTION

(From an IRE information booklet, dated January 1, 1913,
at which time the IRE had 109 members.)

The form of government of the Institute is thoroughly democratic and each
member is given full opportunity to participate in all the advantages and privileges
of the Institute. It is confidently expected that the already considerable member-
ship will grow to the point where the greatest possible benefits will be extended
to the greatest possible number of those interested in the development of radio-

transmission.

InTRODUCTION

ER THE INFORMATION of the
members of the IRE, and especially those who
are included in the one-third of the members who
have joined during the past five years, there are
here presented an outline of the beginnings of
the Institute of Radio Engineers and some sig-
nificant facts as to its organization, aims and re-
cent accomplishments. Some statistics are in-
cluded to show the growth of the Institute and
the expansion of its activities over the §0 years
of its existence. A perusal of these statistics shows
how rapidly the Institute’s activities are moving
forward geographically, technically, profession-
ally and in education.

This paper 1s in some respects a revision, and
in some respects a repetition, of portions of the

*Received by the IRE, November 17, 1961.
t Short Hills, New Jersey.

review of the first 45 years of IRFs setvice to its
members, prepared under the sponsorship of the
History Committee of the Institute and pub-
lished in 1957.

Readers who are interested in more details of
events, organization changes, etc., during the first
45 years of existence of the Institute, may refer
to that paper which appeared in PROCEEDINGS OF
THE IRE| May, 1957, pp. §97-635. As an ap-
pendix to both papers there is given a list of pre-
vious publications of significance relating to IRE
history.

ForMATION OF THE INSTITUTE OF
Rapio ENGINEERs

The Beginning

Radio people, apparently from the outset, have
been characterized by a combination of two de-
sires—1) to talk with one another about their
accomplishments and their hopes, and 2) to write
and read about the things which they and their
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technical “brothers” have been doing. The desire
to present papers about “wireless” and to hear
and discuss them resulted in the establishment of
two organizations, one in Boston in 1907, and
one in New York in 1908, whose members be-
came the nucleus of the Institute of Radio Engi-
neers in 1912.

Society of Wireless Telegraph Engineers

The Society of Wireless Telegraph Fngineers
(SWTE) was formed in Boston, Mass., on Feb-
ruary 25, 1907, by John Stone Stone as an out-
growth of seminars held by engineers on the staff
of the Stone Wireless Telegraph Company.
Membership was eventually opened to men from
Fessenden’s National Flectric Signaling Com-
pany and some other organizations. Members of
this society were familiarly known as “swatties.”
John Stone Stone was the first President of this
society.

The Wireless Institute

Robert H. Marriott made what appears to have
been the first specific attempt to form a radio en-
gineering society composed of members from any
and all companies. On May 14, 1908, he sent a
circular letter to some two hundred persons inter-
ested in wireless asking their opinions regarding
the formation of such a society. On January 23,
1909, a temporary organization was formed to
draw up a constitution. The name of the new so-
ciety was “The Wireless Institute.”

Robert Marriott was elected first President of
The Wireless Institute, and served in that ca-
pacity during the three years of its existence.

By 1911 the Stone Wireless Telegraph Com-
pany had gone out of existence and the National
Electric Signaling Company had moved to Brook-
lyn so there was very little left of the SWTE.
The Wireless Institute was also struggling to
hold its membership and to keep out of debt.

Institute of Radio Engineers

It was early in 1912 that Robert H. Marriott
and Alfred N. Goldsmith, representing The
Wireless Institute, with John V. L. Hogan, who
was very active in the Society of Wireless Tele-
graph Engineers, held an informal meeting to
discuss the plights of both societies. Out of their
discussions there developed a meeting on the
night of May 13, 1912, at which members of

TWI and SWTE gathered in Room 304 of Fay-
erweather Hall at Columbia University in New
York City. A constitution was approved and an
election of ofhicers was held at which the follow-
ing were chosen: Robert H. Marriott, President;
Fritz Lowenstein, Vice-President; E. D. Forbes,
Treasurer; F. J. Simon, Secretary; Alfred N.
Goldsmith, Editor; and Lloyd Espenschied,
Frank Fay, J. H. Hammond, Jr., John V. L.
Hogan, and John Stone Stone, Managers.

As a name for the organization “The Institute
of Radio Engineers” was chosen. The original
membership roster of the IRE consisted of 46
members, 22 from SWTE and 25 from TWI.
One member, Greenleaf W. Pickard, was the only
charter member of IRE who had been affiliated
with both of the preceding organizations,

Oricinal. MEMBERs oF THE INSTITUTE oF
Rapio ENGINEERS AND THEIR AFFILIATION
wiTH PARENT SoCIETIES

Society of Wireless Telegraph Engineers

J. C. Armor W. S. Hogg
Sewall Cabot Guy Hill

W. E. Chadbourne F. A. Knowlton
G. H. Clark W. S. Kroger

T. E. Clark Fritz Lowenstein
E.R. Cram Walter W. Massie
G. 8. Davis G. W. Pickard
Lee deForest Samuel Reber

E. D. Forbes Oscar C. Roos

V. F. Greaves J. 8. Stone

J. V. L. Hogan, Jr. *A. F. VanDyck

The Wireless [nstitute

William F. Bissing
A. B. Cole

*P. B. Collison
James N. Dages

Frank Hinners
James M. Hoffman
Robert H. Marriott
A. F. Parkhurst

*Lloyd Espenschied G. W. Pickard
Philip Farnsworth H. S. Price
Frank Fay A. Rau

Edward G. Gage
*Alfred N. Goldsmith
Francis A. Hart

Harry Shoemaker
*Emil J. Simon
A. Kellogg Sloan

Robert L. Hatfield C. H. Sphar
Arthur A, Herbert Floyd Vanderpoel
R. A. Weagent

* Member of the IRE as of January, 1962.

After about a year, it was decided to incorpo-
rate the society. A meeting to decide details of
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this move was held at Sweet’s Restaurant on FFul-
ton Street in downtown New York on June 23,
1913. Those members with a more legal mind in
the make-up of the Institute, drew up Articles of
Incorporation, and on August 23, 1913, the or-
ganization was incorporated under the laws of the
State of New York.

In brief, the expressed aims of the new associa-
tion were:

“To advance the art and science of radio trans-
mission, to publish works of literature, science
and art for such purpose, to do all and every act
necessary, suitable and proper for the accomplish-
ment of any of the purposes or the attainment of
any of the powers herein set forth, either alone or
in association with other corporations, firms or in
dividuals to do every act or acts, thing or things,
incidental or appurtenant to or growing out of or
connected with the aforesaid science or art, or
power or any parts thereof, provided the same be
not inconsistent with the laws under which this
corporation is organized, or prohibited by the
State of New York.”

GrowTH OF MEMBERSHIP OF THE INSTITUTE OF RaDI0
F.NGINEERS AND 1Ts PREDECESSORS, 19071914

| SWTE

] TWI IRE
February 25, 1907 11
January 1, 1908 17
January 1, 1909 27
March 10, 1909 14
January 1, 1910 36 81
January 1, 1911 36 | 99
January 1, 1912 43 27
May 13, 1912 (22) | (25) 16
January 1, 1913 109
January 1, 1914 231

One of the most important functions of the
Institute was to preserve its technical papers, and
the remarks made regarding them, in published
form. One of the early decisions of the Institute,
therefore, was to publish a technical magazine
which was named THE PROCEEDINGS OF THE IN-
sTITUTE OF Rap10 ENGINEERs. The first issue was
dated January, 1913.

By the end of 1912, the Institute’s membership
had risen to 109 and during the succeeding year
it more than doubled. The rapid increase in
membership after consolidation, compared with

the slow rate of growth of SWTE and TW1, bore
out the wisdom of the founders who suggested
the merger.

The original ledger book of the Institute, in
which the names and dues payments of early
members were recorded, constitutes a veritable
Who’s Who in the early history of radio. The
names of many radio pioneers can be seen in the
accompanying illustration showing the first few
pages of the list of these members who joined the
Institute during the first year.

Name of the Institute

In considering a name for the new organization
the founders felt that something should be pre-
served from the names of both of the two com-
ponent societies. The word “Institute” was bor-
rowed from The Wireless Institute, and “En-
gineers” from the Society of Wireless Telegraph
Engineers. Because the word “radio” was gradu-
ally supplanting “wireless,” the title “The In-
stitute of Radio FEngineers” suggested itself.
There was considerable temptation to add
“American,” particularly since TWI and IRE
were modeled after the American Institute of
Electrical Engineers in certain other respects.
However, the temptation was resisted because it
was expected that the IRF, as the only radio en-
gineering society in existence, would be interna-
tional in scope, an expectation that was promptly
realized.

The Emblem or Symbol of the IRE

Neither of the emblems of the predecessor so-
cieties scemed readily adaptable to the new IRE.
The SWTE emblem pictured a simple form of
spark oscillator. The membership badge of TWI
showed a spark gap functioning in the center of a
dipole surrounded by a circular resonator pro-
vided with a micrometer gap for reception.

The founders of IRE decided not to use a rep-
resentation of any specific form of equipment or
physical structure but to devise a more general
and perhaps perpetual symbol. It was realized
that the Institute would always deal with elec-
tromagnetic energy, guided by conductors or pass-
ing through space, and that the distinguishing
character of the transmission process was the exist-
ence of electrical forces and of their correlative
magnetic forces. A representation of these forces
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Year

1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941

1942

1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960

1961

1962

PROCEEDINGS OF THE IRE

IRE Orricers, 1912-1962

President

R. H. Marriott
G. W. Pickard
L. W. Austin
J. S. Stone

A. E. Kennelly
M. 1. Pupin
G. W, Pierce

J. V. L. Hogan

Fulton Cutting
Irving Langmuir
J. H. Morecroft
J. H. Dellinger
Donald McNicol
Ralph Bown

A. N. Goldsmith
A. H. Taylor
Lee de Forest

R. H. Manson
W. G. Cady

L. M. Hull

C. M. Jansky, Jr.
Stuart Ballantine
L. A. Hazeltine
H. H. Beverage
Haraden Pratt
R. A. Heising

L. C. F. Horle
F. E. Terman

A. F. Van Dyck

L. P. Wheeler
H. M. Turner
W. L. Eventt
F. B. Llewellyn
| W. R. G. Baker
B. E. Shackelford
S. L. Bailey

R. F. Guy

I. S. Coggeshall
.D. B. Sinclair

. W. McRae

. R. Hewlett
Ryder
Loughren
Henderson

St

s

. D.
V.
.T.

P. E. Haggerty

Vice President

| Fritz Lowenstein
R. H. Marriott
J. S. Stone
G. W, Pierce
J. V. L. Hogan

|

Secretary

l Treasurer

|
| E. F. W. Alexanderson |

E.F. W, Alexanderson | Fulton Cutting

E. I.. Chaffee

J. H. Morecroft

J. H. Dellinger
Donald McNicol
Ralph Bown
Frank Conrad

L. E. Whittemore
Alexander Meissner
A. G. Lee

C. P. Edwards

E. V. Appleton
Jonathan Zenneck
B. van der Pol, Jr.
G. H. Barkhausen
Valdemar Poulsen
P. P. Eckersley

E. T. Fisk

P. O. Pederson

E. Terman

F.
A. T. Cosentino

W. A. Rush

Barton

Hackbusch

van der Bijl

M. Deloraine

Noel Ashbridge

R. L.. Smith-Rose

A. S. McDonald

R. A. Watson-Watt

Jorgen Rybner

H. L. Kirke

S. R. Kantebet

M. J. H. Ponte

Franz Tank

Herre Rinia

Yasujiro Niwa

C. E. Granquist

D. B. Sinclair

J. N. Dyer

J. A. Ratcliffe

J. F. Byrne

F. Ollendorff

A. M. Angot

T. A. Hunter
Ernest Weber

F. S.
R. A,
H. F.
E.

[J. M

E. J. Simon

David Sarnoff

E. D. Forbes
i J.H. Hammond, Jr.
“

j W. F. Hubley*’

L. R. Krumm

A. N. Goldsmith | Warren F. Hubley |

) & &8 8 & B & & &

layton

estman

:::::lk!k::::‘it

Haraden Pratt

1 u
|

5 Melville Eastham

{

Haraden Pratt

R. A. Heising

W. C. White
R. F. Guy

S. L. Bailey
D. B. Sinclair

W. R. G. Baker

£ & R R R R R R R

S. L. Bailey

|
\

|

l

Editor

|

A. N. Goldsmith

G. Cady

W.
A. N. Goldsmith

.G

J. R. Pierce
D. G. Fink
J. D. Ryder

F. Hamburger, Jr.

T. F. Jones, Jr.

May

" Hdgs. Manager

| J. M. Clayton

H. P. Westman

(Jan.—Oct.)
J. D. Crawford
(Nov.-Dec.)

J. D. Crawford
(Jan.-Mar.)

L.. B. Keim
(Apr.-May)

W. B. Cowilich
(Oct.-Dec.)

W. B. Cowilich

G. W, Bailey
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was adopted as part of the symbol; the electrical
force being represented by a vertical arrow and
the magnetic force by a circular arrow surround-
ing the electrical line and in the conventional re-
lationship to it. The shape of the resulting draw-
ing lent itself to a triangular placement of the
letters, I, R, and E. This, in turn, led to the se-
lection of a triangular emblem. Incidentally, the
letters 1, R, and E also symbolize the funda-
mental quantities, current, resistance and elec-
tromotive force, as well as the name, Institute of
Radio Engineers.

OFFICERS

The officers of the IRE from the beginning
have been President, one or more Vice-Presi-
dents, Secretary, Treasurer, Editor, and Directors
with the infrequent addition of an Assistant Sec-
retary or an Assistant Treasurer. The President
and Vice-President(s) have always been elected
by the IRE membership as have part of or all the
members of the Board of Directors. Beginning
in 1915, the elected members of the Board were
authorized by the Constitution to choose several
additional persons to complete the Board mem-
bership. The Secretary and Treasurer have for
many years been elected by the Board.

An accompanying table shows, for each year
since the formation of the IRE, the names of the
Officers who served during that year.

Beginning in 1930, it became the custom for
the Vice-President of the IRE to be a member
who resides in a country other than the United
States. In 1957 neither the President nor the
Vice-President was a resident of the United
States. In 1960, the IRE established two Vice-
Presidents. Initially, one resided in North Amer-
ica and the other resided outside of North Amer-
ica. In 1962, the former was replaced by a Vice-
President, elected by the voting members, whose
function is to assist the President. Also a new Vice-
President, elected by the Annual Assembly, was
created to serve as a coordinator between the Pro-
fessional Groups and the Executive Committee.
The office of the Vice-President residing outside
North America will terminate at the end of 1962.

As the IRE membership increased in num-
bers and geographical distribution, there devel-
oped an appreciation by the members of the
Board that some specific measures should be

adopted, possibly of an organizational nature,
to make more certain that the contacts between
the Board and the IRE membership would al-
ways be close and continuous and that the Board
would comprise a truly democratic representa-
tion of the IRE membership. After several years
of consideration of this problem, the Board of
Directors recontmended an amendment to the
Constitution which was adopted by the Institute
membership in 1947, providing for Regional
Directors, selected specifically to represent desig-
nated regions of the United States and Canada
from which they came and whose memberships
had elected them.

MEMBERSHIP

Growth in Numbers

It is fitting to consider as the “Charter Mem-
bers” of the IRE those members of the two
parent societies who became the first members of
the IRE when it was organized on May 13,
1912, The formal charter of the Institute of
Radio Engineers, however, was granted on Au-
gust 23, 1913.

The 1914 YEar Book gives an analysis of the
geographical distribution of the 271 Members
and Associate Members of the IRFE as of March
I, 1914, showing that there were members in
eight countries other than the United States.
The 1916 YEAR Book shows that the member-
ship of the Institute immediately began to in-
crease and by January 1, 1916, was only slightly
under 1000.

The Constitution, as adopted in May, 1912,
provided that the names of applicants for mem-
bership in the IRE should be sent out to each
member of the Institute, prior to their acceptance
as members. The members who were elected
were required to subscribe personally to the
Constitution of the IRE.

From the beginning, membership was open
not only to radio engineers (Member grade) but
also to those who had a real interest in radio
engineering even though they were not profes-
sionally engaged in this field (Associate Mem-
ber grade).

In 1914 the grade of Junior Member was
established for persons under 21 years of age.

One of the outstanding aspects of IRE mem.-



540 PROCEEDINGS OF THE IRE

bership is the substantial number and generally
increasing proportion of its membership living
in countries outside of the United States. The
IRE has taken special steps from time to time
to recognize outstanding members living in
other countries and to stimulate membership in
such areas. At the end of 1961 the IRE had
members in 9o countries outside of the United
States.

Significance of Membership Grades

In the IRE, as is customary in professional
societies, the several grades of membership are
intended as a basis for giving recognition to the

May

The Senior Member grade was established in
1943 as a means of providing a higher grade
than the Member grade into which members of
the IRE might advance on the basis of their ex-
perience and training. This enabled the Institute
to keep the Fellow grade as a special recognition.

Recognizing the desirability of encouraging
engineering students to become afhliated with
the Institute of Radio Engineers, a Student
grade of membership in the IRE was established
by constitutional amendment effective in 1932.

experience and achievements of the members TREND OF WEASERSHIP 191210 1961 Messtas
in radio engineering and the related technical I 1 1l j “,, o
ﬁelds. T et t 92,000
From the beginning, the Fellow grade has H ‘ L e
been intended to represent high attainment. T Hi o
Beginning with the year 1940, all entries to , T -
the Fellow grade have been by invitation rather j ‘ e
than upon application. The custom has been es- 1] [
tablished of presenting the Fellow awards at i ‘] ‘ : U e
meetings of the local Sections of which the re- L e
cipients are members, and 78 persons were being H Mo
honored in this way in the early part of 1962. T ! 1 e
About one per cent of the IRE’s total member- T o
. S e 13,000
ship of over 96,000 are of the Fellow grade. T | i
" ‘ | / 5,000
MEemBersHIP GROWTH IN U.S.A., CANADA AND ABROAD R4 18 (’ il wee
- — - - } : 13,000
I
Year ’Pl(féis:i[:ls| Canada l Abroad I Total ! M1 | » (. e
= S I f J‘ T '—H'lw';‘/“v* M A
May 13,1912 | 46 ' 46 FHHHHRFTT i HHHHHTE
Dec. 31, 1927 | 3550 184 476 4210 s 8 8 § 3§ ¥ 3§ & § § 8
“ 1936 3975 178 1042 5195
“ 1946 15,898 978 1278 18,154
“ 1956 51,551 2085 1858 ~ 55,494
“ 1961 88,956 3758 3837 96,551
MEemBErsHIP GROWTH BY GRADES
. Associate ‘ Associate l Senior N
Date Junior Student Non-Voting Voting Member Member Fellow Total
— — ]
May 13, 1912 46 46
Dec. 31, 1936 34 299 4092 637 133 5195
Dec. 31, 1946 2252 9890 1701 2330 1763 218 18,154
Dec. 31, 1956 10,384 18,491 388 19,110 6486 635 55,494
Dec. 31, 1961 19,167 13,566 52,284 10,570 964 96,551
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The previously existing grade of Junior Mem-
ber was dropped in 1943.

It was a natural development for the Student
Members at a given college to meet together to
discuss radio engineering questions among them-
selves or to hear addresses by visiting engineers,
and a number of informal Student groups or
“branches” came into existence.

The IRE Bylaws provide that every mem-
ber who has attained the age of 65 years, and
who has been a member of the IRE for 35 years
or more, is eligible for Life Membership with
waiver of payment of further dues. As of De-
cember 31, 1961, there were 272 Life Members
of the IRE.

STANDARDIZATION

From the beginning of its existence, the ofh-
cers of the IRE have recognized that standard-
ization is necessary for the orderly exchange of
information and for effective progress in a tech-
nological field.

The Standardization Committee in 1913 pub-
lished a report dealing with definitions of terms,
letter and mathematical symbols, and methods
of testing and rating equipment.

The current IRE standards are 89 in number.
Of these 44 standards deal with terminology,
symbols, and definitions of terms, and 4§ stand-
ards deal with testing or measurement methods.
Most of these standards have appeared in the
ProceepinGs and all of them are available in
reprint form. A list of the current standards is
published from time to time in the PRocEEDINGS.
As of the end of 1961, 18 current IRFE standards
have been adopted by the ASA as American
Standards.

Until recently, the IRE Standards have been
published either in separate pampbhlets or singly
in issues of the ProceepinGs. Now the Stand-
ards dealing with terminology and symbology
have been gathered together in one “IRE Dic-
tionary” of §0 pages containing 3700 technical
terms and definitions and five standards of letter
and graphical symbols.

SEcTIONS
Formation
The activities of the IRE, originally confined
to the New York area, quickly spread to other
cities as the membership increased. Small groups

of members in various localities began to hold
their own local meetings and elected their own
ofhcers for organizing and running these meet-
ings. These groups of members were called Sec-
tions,

The first local Section of the IRE was or-
ganized at Washington, D.C,, in January, 1914.
Section meetings were held each month for the
benefit of the group of perhaps a score of en-
gineers, then described as “a large number of
members residing in the vicinity of the capitol.”

Following the formation of additional Sec-
tions, an approved form of a Constitution for
Sections was made mandatory in 1930, by action
of the Board of Directors.

The New York Section, as such, was estab-
lished in 1942. Before that time the meetings
held in New York were considered meetings of
the Institute.

Effective January 1, 1946, the Board made a
change in the method of assigning territory to
Sections. Instead of assigning a small territory
around a city as the area of each Section it was
decided that the entire area of the United States
should be assigned to one Section or another.
This meant that every member of the IRE in
the United States would automatically be on the
membership list of a Section and would receive
notices of Section meetings.

Sections in Other Countries

On October 2, 1925, the first Canadian Sec-
tion was formed in Toronto at a meeting at-
tended by fifty-three IRE members and guests.
Now, thirty-six years later, the IRE has a mem-
bership in Canada of over 3700 members of all
grades. Meanwhile in 194§ the Canadian Coun-
cil of the IRE had been formed to coordinate
the activities of various Canadian Sections on a
national basis. This plan formed the basis of the
organization that later became effective in the
eight IRE Regions of North America.

The first Section of the IRE formally estab-
lished outside the United States and Canada was
the Buenos Aires, Argentina, Section established
in 1939.

By the end of 1961, the IRE had 14 Sections
in Canada and also 12 Sections outside North
America as follows: Benelux, Buenos Aires,
Chile, Colombia, Egypt, France, Geneva, India,
Israel, Italy, Rio de Janeiro, and Tokyo.
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Growth Under Regional Plan

The Sections were tied in more closely with
the administration of the IRE in 1946 when the
Sections were grouped into eight Regions and
each Region was given representation on the
IRE Board of Directors, each Regional Direc-
tor being elected on a biennial basis by the mem-
bership of the respective Region. Since then the
Regional Plan has provided an effective channel
of communication between the Board and the
membership of the local Sections. The growth
of this important “grass roots” activity has con-
tinued unabated so that, at the end of the year
1961, there were 99 Sections and 31 Subsections
in the United States and Canada, as well as the
twelve Sections in other parts of the world. A
list of Sections and their officers appears bi-
monthly in the ProceepINGs oF THE IRE.

ToraL Paip Memsersuip of IRE
ProressionaL Groups

At End of Year | No. of Groups | Total Paid Members

1948 2

1949 8

1950 10 8500*
1951 16 13,000*
1952 17 12,482
1953 20 21,797
1954 21 28,158
1955 23 36,562
1956 24 53,015
1961 29 87,060

* Estimated; includes both paid and unpaid mem-
bers.

ProrEesstoNnaL GrouP SYSTEM

The most basic change in the structure of the
IRE which occurred during its half-century of
growth was the establishment in 1948 of the Pro-
fessional Group System, providing for Groups
within IRE along lines of technical specializa-
tion of the members. The successful develop-
ment of the Professional Group System is prov-
ing to be an effective means of counteracting the
centrifugal tendencies that otherwise might have
accompanied the rapid expansion of the Institute.

The first two Professional Groups were au-
thorized by the Board on September 9, 1948.

These were Groups known as “Audio,” and
“Broadcast Engineers.”

The subsequent establishment of other Groups
has brought the list to 29 at the end of 1961. A
list of the Professional Groups appears bi-
monthly in Proceepines oF THE IRE.

The procurement of papers for national sym-
posia and management of these symposia are
now entirely in the hands of the Professional
Groups. The wide scope of activity of the mem-
bers of the IRE is indicated by the variety of
subjects of the Symposia sponsored by the vari-
ous Professional Groups, either solely or jointly
with organizations having related interests. Here
are some rather interesting examples:

Joint Automatic Control Conference, Cambridge,
Mass., September, 1960

National Symposium on Space Electronics and
Telemetry, Washington, D.C., September,
1960

Symposium on Electromagnetics and Fluid Dy-
namics of Gaseous Plasma, New York, N.Y.,
April; 1961

Fifth National Symposium on Global Communi-
cation, Chicago, I1l., May, 1961

National Symposium on Engineering Writing
and Speech, East Lansing, Mich., October,
1961.

Professional Group Chapters

There were 303 Professional Group Chapters,
organized by Group members in §7 IRE Sec-
tions, as of December, 1961. Chapter growth is
continuing at a healthy rate. The Chapters are
meeting regularly and sponsoring meetings in
the fields of interest of their associated Groups.

As of the end of 1961, about one-half of the
IRE members had, on the average, joined two
Professional Groups, for a total Professional
Group membership of 87,060. Over one-third
of the Student Members of the IRE, number-
ing nearly 7400, had, by the end of 1961,
joined one of the Groups covering their par-
ticular field of interest.

The comment was once made by John V. L.
Hogan, one of the Founders and past Presidents
of IRE, that “the Institute of Radio Engineers
can well be considered to be the federal body
which unites an increasing number of autono-
mous professional groups.”
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“Affiliate” Plan

In January, 1957, the Board took a step which
bids fair to be a notable one in IRE history.
Based on a need which had developed especially
in the case of the Professional Group on Medi-
cal Electronics, it adopted a plan which enables
non-IRE members whose main professional in-
terests lie outside the sphere of IRE activities to
become afhliated with certain of the IRE Pro-
fessional Groups in whose activities they wish
to share without having to join the IRE. To be
such an “Afhliate” of a Group a person must be-
long to an accredited organization approved by
that Group and by the IRE Executive Com-
mittee. Participation in the Affiliate Plan is at
the option of each Professional Group. On pay-
ment of the regular assessment fee of his Group,
plus $4.50, the Affiliate is entitled to receive the
TransacTions of the Group. The Affiliate Plan
is intended to recognize and provide for the
rapidly spreading influence of electronics in
every walk of scientific and technological life,
and to enable the IRE further to fulfill its aim—
that of advancing radio engineering and related
fields of engineering and science.

PusLicaTioNs
Proceedings of the IRE

In meeting the IRE objective of promoting
the exchange of radio engineering knowledge,
its publication program is perhaps the most im-
portant single activity of the Institute.

The PROCEEDINGS OF THE INSTITUTE OF
Rapio ENGINEERs was established originally as
a quarterly publication in 1913. An amendment
to the IRE Constitution, effective in 1916, au-
thorized the publication of six issues of the Pro-
CEEDINGs per year instead of four. Beginning
in 1927, the PRocEEDINGs has been published
monthly. In 1939 the name of the journal was
shortened to Proceepings oF THE IRE.

The first Editor was Alfred N. Goldsmith,
one of the three Founders of the IRE. It is un-
der the stimulus of his inspired leadership that,
through the ensuing years, the IRE has turned
out a publication which has been generally recog-
nized as the leading technical magazine in the
radio field.

At the outset, the contents of the PROCEED-
INGs consisted of certain papers and discussions

pages
GROWTH OF TECHNICAL ——— }‘9'000
AND { \
EDITORIAL MATTER He
B F.oished in } k 7
The PROCEEDINGS of the IRE
1913-1961 I

interpreted in terms of
present page size

Sl ERER Published in l l
TRANSACTIONS 1951-1961 =

1913

1920 1930

as presented at meetings in New York and other
cities. During the year 1913, thirteen technical
papers were published and a total of 268 pages
were occupied, an average of 67 pages per issue,
size 6} by 9 inches. The scope of the ProcEED-
INGs was soon broadened to include more tech-
nical papers, and also lists of newly elected mem-
bers, personal notes, ‘reports of meetings and
committees, and other information pertaining to
the Institute.

To accomplish a balanced publication pro-
gram, the IRE must supplement the contributed
papers by invited papers, either to fill gaps in
the coverage of new technical developments or
to present a general review of a given field in a
way which is helpful to a reader who is not a
specialist in that field.

Beginning in 1951, there have been published,
from time to time, numerous unusually large is-
sues of the Proceepines, each devoted exclu-
sively to a single subject. The first of these was
the October, 1951, Color Television Issue. This
issue consisted of 400 pages and was the largest
single issue of the ProcEEDINGs ever published
up to that time. i

The expanding field dealt with in these special
issues during the past few years is indicated by
the following illustrative titles:

Radio Astronomy Issue, January, 1958

Transistor Issue, June, 1958

Ionosphere-IGY Issue, February, 1959

Government Research Issue, May, 1959

Infrared Issue, September, 1959
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Bio-Medical Issue, November, 1959
Space Electronics Issue, April, 1960
Computer Issue (Second), January, 1961
Plasma Issue, December, 1961

As of January 1, 1954, Dr. Goldsmith was re-
lieved of active editorial responsibilities and “in
recognition of the invaluable service he has
rendered the Institute and his monumental con-
tributions to the growth and high standards of
its publications” was appointed Editor Emeritus.
Since January 1, 1954, five other person have
successively served as Editor. Previously, how-
ever, the Institute had established the position
of Managing Editor which is filled by a full-time
employee of the Institute.

The drop in the membership of the Institute
during the depression of the early 1930’s led the
Board of Directors to search for additional ways
by which the members could reap value from
the various services of the Institute. An im-
mediate step was the expansion of the “Institute
Notes” section of the ProceepinGs. This was so
well appreciated that since then, from time to
time, additional features have been added or the
material published has been recognized. As a
result, the ProceEDINGs OoF THE IRE now car-
ries, in addition to its main body of technical
papers, more than a dozen regular features and
“Departments,” most of them monthly.

Transactions of Professional Groups

The first major broadening of the IRE publi-
cation program was the appearance of the
TransacTions issued by the Professional
Groups. They immediately proved to serve a
very useful purpose as a quick, practical method
of providing Professional Group members with
technical papers in their particular fields of inter-
est. As early as 1951, six issues of such Transac-
Tions were issued by the Audio Group and two
issues of Transactions by the Airborne Elec-
tronics Group.

The growth of the Professional Group
Transactions is indicated by the fact that in
1961, 102 issues of TrRaNsacTIONs were published
by 28 Professional Groups containing a total of
over 1200 papers. The TransacTions have
circulations ranging from 1500 to 11,000 per is-
sue. Publication varies with the Group, from one
to six issues per year. Overall distribution is

about 360,000 annually. The total annual
TRANSACTIONs output now exceeds that pub-
lished in the PROCEEDINGS.

Convention Record

The papers that were presented at the Na-
tional Conventions of the IRE in New York
from 1953 to 1961, inclusive, have been pub-
lished as Volumes I to IX, respectively, of
what is now known as the IRE INTERNATIONAL
ConvenTION RECORD.

From 1957 to 1960 the IRE also published
the papers presented at the Western Electronics
Show and Convention in an annual volume
called the IRE WESCON ConvenTioN REc-
ORD.

Student Quarterly

In September, 1954, a new publication of the
IRE was launched. It was the IRE StubENT
QuarTERLY which is sent free to all Student
Members of the IRE as part of a program of in-
creased service to students. It contains news of
Student Branches, articles of technical value, and
papers of significance to students who are inter-
ested in considering carefully whether to devote
themselves to an engineering career.

The IRE STubpENT QUARTERLY is now in its
eighth year of publication and now ranks second
in circulation of IRF’s 31 periodicals. The ar-
ticles which it contains are so worthwhile and so
readable that it is the subject of an increasing
circulation on a subscription basis among other
than Student Members,

Indexes to IRE Publications

With the increasing quantity of material pub-
lished by the Institute, and in view of the widen-
ing areas of subject matter dealt with, it became
apparent that a general cumulative index should
be prepared and made available to all subscribers
to the ProceEeDINGs. Several such indexes have
been compiled from time to time. The four in-
dexes which now cover this material are:

Cumulative Index, 1913-1942 (Part II of Pro-
CEEDINGS, June, 1943)

Cumulative Index, 1943-1947 (Part II of Pro-
CEEDINGS, June, 1948)

Cumulative Index of IRE Publications, 1948-

1953
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Cumulative Index of IRE Publications, 1954~

1958

This latter index, printed as a separate pam-
phlet, includes references to the PROCEEDINGS OF
THE IRE, the IRE TransacTions, the IRE
InTERNATIONAL CONVENTION RECORD, the IRE
WESCON Recorp and the StupentT QUAr-
TERLY.

Year Book and Directory

The first published list of IRE members,
dated January 1, 1913, was a 24-page pamphlet,
size 3%2 by 6 inches, listing 100 persons. The
names of 9 of these persons still appear in the
current list of IRE members—the 1962 DirEc-
TorY. Five of these ten were Charter Members
of the Institute.

The first YEAR Book, published in 1914, was
followed by 13 others which were not always
issued annually, through 1949. In the earlier
years, the Report of the Committee on Stand-
ardization was included. With the 1950 edition,
the name was changed to DirecTory. Now pub-
lished annually in November, it is sent to all
members except Students. It contains alphabeti-
cal and geographical listings of all members ex-
cept Students, classified listings of products, and
an alphabetical list of commercial organizations.
The separate listing of those who hold the Fel-
low grade of membership, with a biographical
sketch of each, was begun in 1946.

Publication Growth

The IRE, in the first volume of the Pro-
CEEDINGS in 1913, published 13 technical papers.
In 1950, still in one journal| it published about
200 papers and letters. In 1961, in 31 publica-
tions, it published about 2000 papers, letters
and other significant items.

Through 1961, in total, about 7500 technical
papers, letters to the Editor, and book reviews
have been published in ProceepiNgs.

The growth in the total publication output of
the IRE is shown by the contrast between the
total size of the PRocEEDINGs and the YEar Book
published in 1914 and the size of the total of
IRE publications in 1961. The ProcEEDINGS in
1914 had a volume that, if printed on pages of
the size now utilized, would be 124 pages; the
1914 YEAR Book, if measured in pages the same
size as those of recent YEAR Books would be a

IRE Publications in 1961 Pages
Proceepings or THE IRE 4,304
ConveENTION RECORD (in 10 parts) 2,164
TransacTioNs of Professional Groups 8,336
DirecToRrY 1,612
STUDENT QUARTERLY 224
Miscellaneous Technical Publications 282

Total 16,922

total of 12 pages, making a total publication vol-
ume of 136 pages. The 1961 editorial output of
the IRE consisted of 131 issues of publications,
amounting to a total of 16,922 pages.

AWwARDS

The Institute of Radio Engineers, from the
beginning, has gone to some lengths to show
honors to those among its membership who have
made accomplishments of outstanding value to
the development of the radio engineering field.
Such honors are shown by the Board of Direc-
tors in granting awards. In addition, the grant-
ing of special honors for individual accomplish-
ments, by the action of Sections, Professional
Groups, and Student Branches has been author-
ized by the Board from time to time.

The IRE now bestows seven formal awards,
six of which are awarded annually in recognition
of outstanding technical and administrative
achievements in the field of radio communica-
tion. The names of the 138 persons who have
received these formal awards through the year
1961 are given in the 1962 IRE DirecToRY.

Medal of Honor

The Medal of Honor is given annually in
recognition of outstanding scientific or engineer-
ing achievements in the field of activity of the
IRE. This medal was first given in 1917 and
has been given annually since that year, with
the exception of the years 1918, 1925, and 1947
in which no award was made.

Founders Award

The Founders Award is bestowed only in
special occasions for outstanding leadership in
planning and administration of important tech-
nical developments. The award commemorates
the three radio pioneers who founded the In-
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stitute of Radio Engineers in 1912—Alfred N.
Goldsmith, -John V. L. Hogan, and Robert H.
Marriott. This award has so far been made to
six persons—David Sarnoff in 1953, Alfred N.
Goldsmith in 1954, Raymond A. Heising in
1957, W. R. G. Baker in 1958, Haraden Pratt
in 1960, and Ralph Bown in 1961.

Prize Award by Vliadimir K. Zworykin

The Prize Award by Vladimir K. Zworykin
was first awarded in 1952 and is to be awarded
annually for 20 times to the membeér of the
IRE who makes the most important technical
contribution to electronic television during the
preceding three calendar years or the impor-
tance of whose contribution to electronic tele-
vision shall have been realized during this
period. The award consists of a citation and a
check for $500 drawn from a fund of $10,000
donated to the Institute by Vladimir K. Zworykin
to encourage outstanding technical developments
in fully electronic television.

Memorial Prize Award in Memory of
Morris N. Liebmann

The Memorial Prize Award in Memory of
Morris N. Liebmann has been given annually
beginning in 1919. This award was originally
based on a fund made available to the Institute
for this purpose by E. J. Simon to preserve the
memory of Colonel Morris N. Liebmann, a
member of the Institute who gave his life in
the first World War. The award now consists
of a certificate and a check for $1000 given to
a member of the Institute who has made an im-
portant contribution to the radio art.

Memorial Prize Award in Memory of
Browder J. T hompson

The Memorial Prize Award in Memory of
Browder J. Thompson, established in 1945, 1s
given annually to the author or joint authors
under 30 years of age for a paper of sound
merit recently published in one of the technical
publications of the IRE, which has been selected
as constituting the best combination of technical
contribution to radio and electronics and pres-
entation of the subject.

The award comprises the income from a fund
established by voluntary contributions to pre-

serve the memory of Browder J. Thompson, a
Director of the Institute who was killed in ac-
tion in World War II while on a special mission
for the Secretary of War. :

Memorial Prize Award in Memory of
Harry Diamond

The Memorial Prize Award in Memory of
Harry Diamond, established in 1949, is given
annually to a person or persons in Government
service for outstanding contributions in the field
of radio or electronics, as evidenced by publica-
tion in professional society journals such as the
Proceepings oF THE IRE, or journals of -simi-
lar standing. The award consists of a certificate
provided for from proceeds of a fund estab-
lished by friends who felt that the professional
life of Harry Diamond, a Fellow of the Insti-
tute, exemplified the highest type of scientific
effort in United States Government service.

Prize Award by W. R. G. Baker

The Prize Award by W. R. G. Baker, insti-
tuted in 1957, is given annually to the author
of the best paper published in the TraNsacTIONS
of the IRE Professional Groups. The award
consists of a certificate together with a cash
award comprising the income from a fund do-
nated to the IRE by the late Dr. W. R. G.
Baker, former Chairman of the IRE Profes-
sional Groups Committee.

Other Awards

The Editor of the Proceepincs, Alfred N.
Goldsmith, was awarded in 1926 an embossed
and framed “Memorial to the Secretary of the
Institute” in recognition of his service to science
and engineering 1n the upbuilding of the Insti-
tute of Radio Engineers.

MEETINGS AND CONVENTIONS
National IRE Meetings

One of the principal purposes of the founders
of the IRE and of the charter members was to
hold meetings at which radio engineers could
exchange information on questions of mutual
interest. The first YEarR Book of the IRE, pub-
lished in 1914, stated that “Institute meetings
are held in New York monthly excepting in
July and August of each year for the presenta-
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tion and discussion of engineering papers. These
papers are presented by members who have spe-
cialized in some division of the subject and who
desire to lay their results before the profession.”

The annual IRE meetings in New York
through the year 1925 were considered to be
the meetings required by the provisions of the
IRE Constitution. After that date the election
of ofhcers was accomplished by mailing ballots
to the members as specified or permitted by suc-
cessive amendments of the Constitution without
the necessity of holding meetings for election
purposes. Beginning in 1926, therefore, the an-
nual meetings were much more in the nature of
National Conventions and had emphasis on tech-
nical papers rather than on the conduct of the
business affairs of the Institute.

An important feature of the National Con-
ventions of the past 1§ years, and of some of the
Regional Conventions, is the manufacturers’ ex-
hibit of equipment that is of interest to radio
engineers.

In 1959 the Board of Directors approved a
change in the name of the IRE Convention to
“IRE International Convention and Radio
Engineering Show.” The attendance at the 1961
Convention in New York included 997 persons
from countries outside the United States. This
Convention continues to increase in importance
each year and is internationally recognized as
one of the largest conventions of its kind in the
world.

Engineering Conferences and Symposia

For many years the IRE has cooperated with
other scientific and engineering organizations as
a joint sponsor, or in a similar capacity, in the
conduct of engmeermg meetings or of extensive
technical symposia.

In November, 1919, several technical papers
were presented by IRE members at a joint meet-
ing with the American Physical Society in Chi-
cago.

A National Electronics Conference, held in
Chicago in 1944, was attended by more than
2200 persons—more than had attended any IRE
National Convention up to that time. This was
the forerunner of many conferences sponsored
jointly with other societies and universities.

The engineering conference or symposium has

become one of the major activities of the IRE.
during the past few years, and the “Calendar of
Coming Events” has become a regular feature
of the Proceepings. This Calendar referred to
some sixty such meetings during the year 1961.

COMMITTEES

One of the most effective means for collabora-
tion among members of the IRE has been
through the activities of the various IRF, com-
mittees.

The three Standing Committees of the IRE,
as stated in the YEarR Book for 1914, were the
Papers Committee, Standardization Committee
and Publicity Committee. By 1915 another
Standing Committee was added—the Finance
Committee.

The broadening scope of IRE interests over
the years was accompanied by the establishment
of additional committees dealing both with tech-
nical subjects and with operational matters.

The IRE committee structure now embraces
26 Technical Committees with 130 Subcommit-
tees, along with 11 other Committees dealing
largely with management and operational aspects
of the Institute. A complete list of all Committees
of the Institute and of their members is pub-
lished semiannually in the issues of the ProcEED-
iNGs for June and October.

The effectiveness of the IRE throughout the
fifty years of its existence has been-due in no
small measure to the enthusiastic collaboration
of the many hundreds of committee members
and to their recognition that there could be no
satisfactory substitute for the contributions which
this activity makes to the more rapid and effective
development of the field of radio engineering.

CoopPeraTION WITH GOVERNMENTAL BoODIES
Technical Aspects of Radio Regulation

The problems of radio regulation are such as
to require, for their solution, a thorough con-
sideration of the physical facts as to the be-
havior of radio waves, the external performance
of radio transmitting equipment, and many of
the operating characteristics of radio receiving
apparatus.

When the Federal Radio Commission was
first established by law in 1927, it had no engi-
neering staff, and so it naturally looked to the
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engineers of industry for assistance on technical
matters. This led to new activities of the IRE;,
those of studying and preparing reports on a
series of problems put to it by the Commission
and its Acting Chief Engineer.

In a guest editorial in the PROCEEDINGS OF
tHE IRE, December, 1956, the Chairman of the
Federal Communications Commission com-
mended the IRE for its outstanding contribu-
tions toward advancement of the art of radio
communication and for the whole-hearted co-
operation it has always given all agencies of the
government concerned with utilization and ad-
ministration of the radio spectrum.

In 1956, at the request of the FCC, the Tele-
vision Allocations Study Organization (TASO)
was formed by the television industry. Its object
was “to develop full, detailed and reliable tech-
nical information and engineering principles
based thereon, concerning present and potential
VHF and UHF television service.” The results
of a two and one-half year study were de-
scribed in a series of papers assembled by the
IRE Professional Group on Broadcasting and
published in a TASO Issue of the PrRocEEDINGS
in June, 1960.

Joint Technical Advisory Committee (JTAC)

In response to a request from the FCC in
1948 for advice on a number of technical radio
problems with which the Commission was con-
cerned, a group of eight distinguished radio en-
gineers were asked to form themselves into the
Joint Technical Advisory Committee (JTAC).
This joint action was taken in June, 1948, by
the Boards of Directors of the IRE and the
Radio and Television Manufacturers Association
(RTMA). The purpose of JTAC was to con-
sult with Governmental agencies and other pro-
fessional and industrial groups to determine
what technical information was required to en-
sure the wise use and regulation of radio facili-
ties, and to collect and disseminate such informa-
tion. This Committee was in certain respects a
successor to the Radio Technical Planning
Board (RTPB), formed in 1943 with some-
what similar objectives.

JTAC has issued a series of technical reports
on questions of public interest on which the FCC
has sought information. JTAC has also pre-

sented technical testimony at meetings held
under FCC auspices.

The series of reports issued by JTAC over
the period of 14 years since its formation have
dealt with such subjects as FM broadcasting,
interference problems in TV, standards of good
engineering practice, principles for the alloca-
tion of frequencies in the land mobile and other
radio communication services, interference from
arc welders, use of single sideband, frequency-
diversity, space communication, etc.

This committee, under the joint sponsorship
of the Electronic Industries Association (EIA)
and the IRE, continues to be effective in its
studies of the ever-increasing technical complexi-
ties of the frequency-allocation problem. In 1961
it formed an Ad Hoc Subcommittee to study the
technical problems imposed by satellite relays,
including the multiple use of frequency alloca-
tions.

COOPERATION WITH OTHER TECHNICAL
ORGANIZATIONS

Early Activities

From the beginning, the Board of Directors
of the IRE has recognized the close relation-
ships between the field of activity of the Insti-
tute and the activities of other scientific and
engineering organizations. The IRE has there-
fore endeavored to keep closely in touch with
such organizations, and has appointed repre-
sentatives to serve on many joint committees.

In 1927 the IRE and AIEE undertook joint
sponsorship of the Sectional Committee on
Radio under the procedure of the American
Engineering Standards Committee (now called
the American Standards Association). This As-
sociation serves to coordinate the interests of busi-
ness, governmental and engineering organiza-
tions in industrial standardization.

In 1928 the American Engineering Standards
Committee invited the IRE to become formally
affiliated as a member body of that organization.
Several years later, the IRE accepted sole spon-
sorship of the Sectional Committee on Radio.

National T elevision System Committee (NTSC)

A notable example of the effectiveness of the
IRE in its cooperation with other technical or-
ganizations has been in connection with the work
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of the National Television System Committee
(NTSC), formed in 1940 by several industrial
organizations, which had a major interest in the
sound development of the television field. This
Committee presented to the FCC| in response to
its request, coordinated recommendations as to
the technical standards that should be recog-
nized as the basis for the licensing of television
broadcasting stations for both monochrome and
color television service.

In recognition of its distinguished contribu-
tion to the television industry and to the devel-
opment of color television, the NTSC received
the “Emmy” Award of the Academy of Tele-
vision Arts and Sciences in 19§4.

American Institute of Electrical Engineers

The two professional societies;, IRE and
AIEE, have many fields of mutual interest.
From time to time, the two societies have co-
operatively conducted joint ventures, as exem-
plified by joint student branches, and joint sym-
posia and meetings. In 1960 an AIEE-IRE
Joint Standards Committee was formed to ap-
prove, jointly in the names of the two societies,
such standards as it may consider suitable for
joint promulgation and where it is desirable that
a single standard be submitted to the ASA.

Effective January 1, 1961, it became possible
for a member of one society, based solely on the
qualifications submitted to that society for cer-
tain grades of membership, to join the other so-
ciety at an equivalent grade of membership
without payment of an entrance fee.

In October, 1961, action was taken by the
Board of Directors of the IRE and by the Board
of Directors of the AIEE appointing a joint
committee to study the feasibility, practicability
and form of a possible consolidation of IRE and
AIEE. Any such consolidation would be subject
to approval by the membership of the two or-
ganizations.

EpbucaTion

As indicated earlier in this paper, the Board
of Directors of the Institute, from the begin-
ning, has endeavored to attract members of Stu-
dent grade. Comprising 19,000 students in §00
schools all over the world, this is now the sec-
ond largest grade of members in the IRE, ac

counting for about one-fifth of the total mem-
bership.

The Student membership dues have always
been nominal. Wherever groups of fifteen or
more students are associated, in a given insti-
tution, Student Branches may be formed. At the
end of 1961 there were 217 such Branches of
the IRE, many of them organized in coopera-
tion with the AIFE. Fach Student Branch has
the benefit of guidance by an IRE Representa-
tive who téaches at the institution.

The Institute provides substantial subsidies to
the Student Branches in the form of rebates and
other aids. Each Student receives the PrRoceED-
iINGs and the STuDENT QUARTERLY and, for the
nominal additional fee of one dollar, may join
and participate in the activities of a Professional
Group of his choice, thus receiving the TrANs-
actions of that Group. The Special Issues of
the PRoCEEDINGs are recognized as virtual text-
books on their subjects.

One of the Standing Committees of the IRE
is the Fducation Committee, whose duty is to
advise the Board of Directors on the relations of
the Institute to electronic engineering education
at all levels. The Professional Group on Educa-
tion provides seminars and publications for the
discussion of educational philosophy, problems
and methods. Other Professional Groups have
arranged special meetings for the benefit of stu-
dents interested in their subjects. Each Section
of the IRE has a Student Coordinator and many
Section meetings have been arranged to meet
the special desires of students, including high-
school students. Each of the 8 IRE Regions
has established a Regional Fducation Commuittee
whose annual meetings are financed by the Insti-
tute.

A brochure entitled, “Flectronics—Career for
the Future,” issued as a result of the work and
energy of the Cedar Rapids, Iowa, Section of
the IRE in 1960, was revised and will soon be
reprinted through the cooperation of the EIA
and distributed to 28,000 high schools.

The Board of Directors, in April, 1961, ac-
cepted an invitation extended by the Engineers’
Council for Professional Development to be-
come a participating body of that organization.
In this way the IRE can assist in the promotion
of scientific and engineering education through
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guidance and the formulation of criteria. It can
also cooperate in the inspection and accredita-
tion of engineering schools.

The 1961 IRE Outstanding Student Award
was given to over 100 students who were judged
the outstanding young engineers at their respec-
tive schools by the IRE Sectionsin their area. The
winners are recognized for their professional
competence, scholastic ability and depth of char-
acter.

In 1961 a Student Affairs Secretary was
added to the headquarters staff of the Institute
to coordinate and guide the IRE program of ac-
tivities and services for its Student membership.

In these and other ways the Institute is en-
deavoring to encourage high-school graduates
who are interested in scientific and engineering
fields to learn more about the opportunities and
responsibilities of the life of an engineer. Hope-
fully, this will contribute to an increase in the
supply of competent engineering graduates with
high ideals for their profession and for service
to their community.

INTERNATIONAL COOPERATION

The founders of the IRE recognized that the
nature of radio transmission is such that radio
waves recognize no national boundaries. They
realized, too, that the problems in the radio field
and the accomplishments of radio engineers are
bound to be of interest to technical radio men
throughout the world. It has thus been tradi-
tional with the IRE to foster international co-
operation in radio, to encourage interest in the
IRE, and to promote its services and the spread
of its publications as widely as possible in all
countries of the world.

As a result of action taken at the International
Conference held in Washington, D.C., in 1927,
there came into being the International Radio
Consultative Committee (CCIR), an organiza-
tion which, through the participation of repre-
sentatives from all interested countries, has as
its continuing task the preparation of advisory
recommendations on technical questions that are
involved in the allocation of frequencies to vari-
ous radio services. Many members of the IRE
and its technical committees have cooperated in
the work of the CCIR and its Study Groups

ever since.

In 1931 the United States National Commit-
tee, operating under the International Electro-
technical Commission, asked the IRE to co-
operate with it in meeting some of the problems
of international standardization of terminology.
The IRE was very ready to lend its cooperation
in this direction by contributing results of its
own work on the standardization of terms and
definitions.

In November, 1960, the IRE Board of Direc-
tors agreed to establish, together with the EIA,
a joint Standards Advisory Committee to work
with the US National Committee of the IEC to
decide on representation at and participation in
international meetings of the IEC.

Cooperation between the IRE and the Inter-
national Union of Scientific Radio (URSI) has
been active since 1926. By IRE representation
on the USA National Committee of URSI
there is a formal link. On repeated occasions, at
International Assemblies and at meetings of the
USA National Committee, members of the In-
stitute have presented papers on radio transmis-
sion and other technical subjects. The IRE or
one of its Professional Groups has also been
joint sponsor of most of the meetings of the
USA National Committee. The close association
of IRE and URSI is emphasized by the publica-
tion in one issue of the PROCEEDINGs of a special
series of reports covering the URSI 12th Gen-
eral Assembly held in Boulder, Colo., in 1957.

In October, 1959, the Board of Directors held
its first meeting outside the United States.
This was held in Toronto, Canada, in connec-
tion with the IRE Canadian Regional Conven-
tion and Exposition. The occasion was utilized
to give special attention to the IRE position on
international science and electronic questions.

The first symposium sponsored by the IRE
outside North America was the International
Symposium on Data Transmission held at the
Delft Institute of Technology, The Nether-
lands, in September, 1960. It originated through
the initiative of the Benelux Section of the IRE.

A number of IRE Professional Groups have
taken occasion to recognize international inter-
ests or activities in their fields or have partici-
pated in meetings held by related international
bodies outside North America.

The Board of Directors, in January, 1961, au-
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thorized the appointment of an Ad Hoc Com-
mittee on IRE International Activities Qutside
of Fxisting Regions. The five members of the
Committee were all Fellows of the IRE; they
were from three countries, and three of them
were Past Presidents of IRE. In the early sum-
mer of 1961 they visited nine countries in Eu-
rope to explore with officials of major societies
and leading engineers how IRE might better
serve the professional interests of its many mem-
bers who reside outside North America.

CONSTITUTION

The Constitution adopted by the original
members of the Institute at a meeting on May
13, 1912, was a fairly simple document. It
stated the objectives of the Institute and recog-
nized three grades of membership—Honorary
Members, Members, and Associates. The busi-
ness affairs of the Institute were to be handled
by a Board of Direction of nine persons, consist-
ing of four Managers, President, Vice-President,
Secretary, and Treasurer, all of whom were to
be elected by.the Institute membership, and an
Editor of Publications who was to be elected by
the other members of the Board.

Several amendments adopted between 1914
and 1946 made certain changes in the member-
ship structure, method of voting, and the com-
position of the Board, including the provision
for regional representation.

By 1946 the offices of Executive Secretary,
Technical Secretary, and Technical Editor, as
full-time headquarters staff positions, had been
created by the Boards and it was clear that some
of the details of Institute procedures which had
previously been dealt with in the Constitution
should more properly be handled by the Board
of Directors itself or by members of the staff to
whom the Board would give authorization. Con-
stitutional amendments in 1946 and 1947 recog-
nized these principles and thus added other
powers to the Board and to the administrative
officers of the Institute, effective August 15;
1947.

A constitutional amendment was adopted in
1959 in order to conform with certain changes in
legal requirements. This amendment also fa-
cilitated operational activities of the Institute by
stating the fundamental broad principles of IRE

purpose and program, and putting responsibility
for establishing Bylaws and for carrying out de-
tails of procedure in the hands of the Directors
elected by the membership. This amendment
also permitted the election of more than one
Vice-President, in recognition of the need on the
part of the President of the Institute for assist-
ance in representing the IRE in its many public
relations and government contacts.

OrrFice LocaTions

The first meeting of members of the Institute
of Radio Engineers was held in Fayerweather
Hall at Columbia University, New York. For
several years most of the meetings for the pres-
entation of papers were held at that location.

The IRE had no headquarters staff office for
a number of years. Some business was conducted
at an office used by the 1913-1914 Treasurer,
John Hays Hammond, Jr., located at 71 Broad-
way, New York. A year or two later the IRE
moved “uptown” to 111 Broadway in the
shadow of Trinity Church. Subsequently, for
about six years beginning in 1918, the business
affairs of the IRE were conducted from the of-
fice of Alfred N. Goldsmith, who served both
as Secretary and Editor, located at the College
of the City of New York.

In the spring of 1924 the Board of Directors
felt that the IRE could afford to rent an office
and employ a full-time clerk. A small suite of
rooms was leased at 37 West 39th Street, closely
adjacent to the Engineering Societies Building
in which the monthly meetings for the presenta-
tion of technical papers were then being held.

Thereafter, in order to meet the expanding
requirements of the headquarters staff which was
continually being enlarged to serve the publica-
tion, membership and other needs of the Insti-
tute, a succession of moves to various office loca-
tions took place. By 1946 it had been found
practicable to obtain a suitable building at 1 Fast
79th Street (corner of Fifth Avenue) in New

. York City. This space was later supplemented

by the purchase of the two adjoining buildings,
one on 79th Street, and the other on Fifth Ave-
nue, the latter being occupied in 1961. This
Headquarters office thus serves as a base for the
production of the publications of the IRE and
for the cooperation of the IRE staff with Sec-
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The IRE owns and fully occupies three mansions on the corner of Fifth Avenue and
79 Street in New York City. The corner building, 1 East 79 Street, was purchased in
1946. The building to the right at 5 East 79 Street was acquired in 1954, and the
building to the left at 984 Fifth Avenue in 1961.

tions, Professional Groups, and Student
Branches, and with other technical bodies with
which so many joint meetings and symposia are
arranged.

OFFICE MANAGEMENT

During the first few years .of the existence of
the IRE, the Secretary or the Editor made
available for IRE work the part-time services of
one of the members of his regular office staff.
This, together with the use of the individual
services of the Secretary, the Editor, and others,
kept the drain on the Institute’s treasury at a
minimum.

By 1924 the volume of correspondence neces-
sitated by the large increase in the membership

and the additional work involved in preparing
material for publication in the PRocEEDINGs had
reached a point where the Board of Directors
was beginning to realize that more adequate pro-
visions needed to be made for office space, cleri-
cal assistance, and supervisory attention.

This led to a succession of enlargements of
the staff, and to the employment of a full-time
Assistant Secretary who became Secretary in
1927.

Late in the year 1944, in order to broaden the
activities of the IRE, including the expansion of
the publication program, the Board of Directors
decided to establish three new staff positions—
Executive Secretary, Technical Editor, and
Technical Secretary. This was a major step in
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recognizing the fact that the supervision and op-
eration of the administration of the activities of
the IRFE could no longer be a part-time job for
individual members of the Board of Directors.
The Fxecutive Secretary, whose services the In-
stitute was fortunate enough to obtain, was
George W. Bailey, who had had some years of
administrative experience as an officer of the
American Radio Relay League and whose abil-
ity in administrative service with the Govern-
ment during World War II had been well dem-
onstrated. To his continuing effective and con-
structive service the Institute owes a great debt
of gratitude.

The administrative activities of the IRE, by
the end of 1961, required the services of about
200 people whose work was being directed by
the Fxecutive Secretary, Managing Editor, Pro-
fessional Groups Secretary, Chief Accountant,
Assistant to the Executive Secretary, and the
Office Manager. The Advertising Department,
with its Advertising Manager and Assistant Ad-
vertising Manager, is situated elsewhere in New
York City.

ADVERTISING

The first advertising appeared in the Pro-
CEEDINGS in 1915. During the year 1917, there
were 48 pages of advertising published in the
ProceepiNGs—an average of eight pages (size
6 X 9 inches) per month. The Board was ap-
parently somewhat reluctant to include adver-
tising in the 1928 Year Book, but concluded
that this should be done in an effort to obtain
sufficient revenue from this source to cover the
actual cost of printing. That Year Book con-
tained 28 pages of advertising.

The Institute’s office handled advertising mat-
ters until 1941 when the Board of Directors felt
that substantially increased revenue might be ob-
tained if an experienced advertising manager
were to handle this part of the Institute’s busi-
ness. Accordingly, a contract was entered into
with an advertising manager who provided his
own office assistance at an outside location for
this task.

Today the advertising carried by the Institute’s
publications renders a valuable service by bring-
ing information about new products and services
before the members of the IRE.

FiNANCES

Throughout the lifetime of the IRE, the
Board of Directors has planned and provided
services to the membership with meticulous at-
tention to the extent of the available funds. Ac-
cordingly, the publication program of the Insti-
tute at the outset was very modest—a small
magazine published four times a year. The
YEar Book was small and was not published
every year. Expenditures for meeting rooms and
for Headquarters staff purposes were kept to a
minimum,

The total receipts of the IRE for the year
1913 (including $150.97 carried over from the
previous year) amounted to $850.93. This in-
cluded $50.00 from the former Society of Wire-
less Telegraph Engineers and also $150.00
which was provided by or through the good of-
fices of the Editor. The amount received in dues
was $476.75. After payment of $647.25 for
printing the Proceepincs, $16.00 for janitor
service in connection with meetings held at
Fayerweather Hall at Columbia University, and
other miscellaneous expenses, the balance at the
end of the year 1913 was $24.43.

The report of the Treasurer in the 1916 YEAR
Book referred to the fact that the Institute had
“goods friends and loyal members . . . who have
donated money and fixtures more than enough to
start the new year with a clean slate.”

Increasing income from membership dues and
from advertising, together with conservative
policies on the part of the Directors and careful
management on the part of the staff, enabled the
Institute to successfully weather the depression
of the 1930’s.

Over the years, the Institute’s business opera-
tions have continued to grow. During the year
1961, the total budget of the IRE was slightly
under $4,000,000.
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APPENDIX

Previous PuBLICATIONs OF SIGNIFICANCE
ReratinGg To IRE Hisrory

“Silver Anniversary—The Institute of Radio
Engineers,” B. Dudley, Electronics, pp. 15—
21; May, 1937.

“Institute of Radio Engineers to Act to Secure
a Permanent Home,” Proc. IRE, vol. 32, pp.
768—769; December, 1944.

“Symposium on the Occasion of the Completion
of the Building-Fund Campaign,” Proc. IRE,
vol. 33, pp. 620-630; September, 1945.

“Radio Pioneers, 1945,” Pamphlet Commemo-
rating the Radio Pioneers Dinner on Novem-
ber 8, 1945, under the auspices of the New

York Section of the Institute of Radio Engi-
neers. H. P, Westman, Editor-in-Chief.

“; East 79 Street—A Pictorial Tour of the
Home of the Institute of Radio Engineers,”
Proc. IRE, vol. 36, pp. 89-100; January,
1948.

“What’s Behind IRE?” Proc. IRE, vol. 39, pp.
340-341; April, 1951.

Series of papers on the occasion of the 4oth An-
niversary of the Institute of Radio Engineers,
Proc. IRE, vol. 40, pp. §14-524; May, 1952.

“The Founders of the IRE”

“Life Begins at Forty,” The Editor

“The Genesis of the' IRE”

“The IRE in Cohesion or Depression?”
D. B. Sinclair

“A Look at the Past Helps to Guess at the
Future in Electronics,” W. C. White

“The Institute of Radio Engineers,” E. K. Gan-
nett, General Electric Rev., pp. 53-55;
March, 1953.

“The Institute of Radio Engineers—Forty-Five
Years of Service,” L. E. Whittemore, Proc.

IRE, vol. 45, pp. 597-635; May, 1957.

Note 1: A very informative summary of current activi-
ties of the IRE is given each year in the Annual Report
of the Secretary of the Institute. The most recently pub-
lished Report, that for the year 1960, is to be found in
the PROCEEDINGS, June, 1961, pp. 1104-1107.

Note 2: There are in existence a number of complete
sets of the PROCEEDINGs OoF THE IRE, Volumes 1 to 49, in-
clusive, not only at the Office of the Institute and in the
possession of several individual members of the Institute,
but available for public reference at several libraries.
Among such library reference sets are those at the Library
of Congress, the New York City Public Library, and the
Engineering Societies Library in New York City.
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A “Report of the Secretary”
Gommentary

HarapeEN PraTT

Secretary, IRE

HE NUMBER of IRE members, as the
Institute has grown through the years, has di-
rectly reflected the degree of activities for the
fields of endeavor that it has been serving. Com-
mencing in the year 1912 as the successor of two
small societies organized some five years earlier
to provide a forum for those engaged in the new
form of communication called “wireless teleg-
raphy,” its initial membership of forty-six rap-
idly increased as persons became aware of the
new organization and its aims. The advance of
what came to be called “radio communication”
also being substantial, membership quickly rose
to about one thousand within four years.
Growth, then, for many years, kept pace with
the expansion of this new accomplishment, show-
ing an appreciable bulge when radio broadcast-
ing suddenly came upon the scene during the
years 1922 to 1930.

Until about the year 1940, the technology
represented by IRE was almost exclusively that
of radio-wave propagation through space for the

communication of intelligence. Other electrical

engineering applications had not yet felt the
need for the concepts and devices that were pecu-
liar to radio communication except for minor
uses of electron-tube circuitry for a few indus-

trial purposes. But after 1940 the pressures for
improved weapons and the defenses against
them suddenly became so formidable that all
branches of applied science were marshalled for
every possible contribution. By this time, the
fundamental issues underlying the phenomena
embraced by radio communications became well
enough understood so that new developments
could be more easily undertaken. Fortuitously,
many skilled people and the technical means for
tooling their efforts were available at this criti-
cal time, and all sorts of applications of military
usefulness came along immediately thereafter,
radar being an example. As the war progressed
it became more and more apparent that the use
of the normal instrumentalities of warfare and
indeed the planning of campaigns by the great
military leaders could not be carried out without
the assistance of such radio (or electronic as it
came to be called) developments. Thus came
about the transition from the former concept,
that electrical communication was just a neces-
sary adjunct to military operations, to the reali-
zation that all these new applications were not
only indispensable to the control of campaigns
but were the major items in the evolution of new
weapons and tactical means necessary to main-
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tain superiority. This great movement forward
was reflected in a doubling of IRE membership
by the year 1943 and a tripling by 1947.

We all realize what has occurred since the ter-
mination of that war. The myriad of new devices
and the means for usefully developing the up-
ward expansion of radio-spectrum utilization that
had brought about radically new ways of con-
ducting warfare were now available, together
with experienced people informed about these
subjects, for peacetime purposes. Helpful too,
was the favorable environment created by the
need for rehabilitating and restarting industries
for the postwar years. The uses to which these
new technical means could be put now started
to permeate almost all applications of electricity
and some others that formerly were not so
served. It is not surprising, therefore, that IRE
membership almost doubled every six years be-
tween 1943 and 1962.

Still more revealing of this growth and spread
throughout almost all walks of life has been the
evolution of the IRE Professional Groups sys-
tem which, after a fourteen-year period of ad-
vancement, now embraces twenty-nine Groups,
having a total membership of about ninety thou-
sand. The twenty-nine names actually comprise
a roster of the diverse specialized subjects and
fields requiring the ministrations of this advanced
technology. They constitute a testimonial of how
the IRE has organized to serve the many trends
of varied interest that emerged during those
epoch-making years.

Attention must also be directed to the most
important IRE function, the publication of tech-
nical and editorial material. Its quantity has
doubled four times since 1943, an increase of
1600 per cent.

These growth statistics and the pattern of
many diverse autonomous subsocieties operating
under the common umbrella of IRE on a world-
wide basis measure the dimensions of the role of
the IRF as a basic and guiding influence. This
role has become of significant importance to
countless numbers of people. The benefits de-
rived by IRF, members are obvious. Numerous
as these members are they number but a few
compared to the many more that are concerned
with the industries, laboratories, educational in-
stitutions and users of the end products, with

whom IRE members constitute the connecting
links to the professional operations of IRE. But
still more important is the impact on all peoples
inhabiting our world, because this segment of sci-
entific endeavor and accomplishment penetrates
almost every field and consequently directly af-
fects the lives of everyone. Reflection on the
absolute reliance of national defense upon this
technology in this age of missile weapons
emphasizes the fundamental character of its
influence.

This role of the IRE has become captured by
this initial rapid emergence of technical approach
that signalizes the advent of a new explosive
revolutionary age in human civilization. But this
time it is a sweeping movement generated by the
astonishing advances that have been made dur-
ing recent years of a comprehension of the struc-
ture and behavior of matter and the understand-
ing of energy fundamentals which, of course, in
one way or another, touches every branch of sci-
entific knowledge and engineering experience.
The application of these discoveries has caused
the bursting forth of new accomplishments, the
most spectacular of which, in the public eye,
probably is the control of atomic energy.

These events clearly indicate the importance
of the IRE in the present structure of material
advancement. A great responsibility resides with
IRE members. They will, individually and col-
lectively, make certain that the IRE role in
these most important basic operations is amply
executed. To accomplish this they will ensure
the continuation of adequate technical leader-
ship, the dissemination of knowledge, the foster-
ing of improved educational processes at all
levels, the inclusion of all qualified persons on
the membership rolls, the promotion of further
serious programs of cooperation with other fields
(of which bio-medical electronics is an outstand-
ing example), and other pertinent activities;
otherwise mankind will be denied the rapid ac-
quisition of many valuable benefits. The future
role of the IRE will be an enlarged one and, as
these influences affecting man’s affairs continue
to expand, more fields of effort and additional
numbers of technically-qualified people will seek
to participate in the rewards of membership and
join the ranks of those that make up the cast on
this world stage of accomplishment.
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T he Nanagement of IRE

GEoRGE W.

BaiLEY

Executive Secretary, IRE

][ HE GOVERNING body of IRE has al-

ways been the Board of Directors. For years, the
Board has confined its deliberations to matters of
policy, leaving to an Executive Committee of
nine Directors the responsibility of carrying out
these policies. The Executive Committee is com-
posed of the President, the two Vice Presidents,
the two Past Presidents, the Secretary, the Treas-
urer, the Editor and one Director, thus insuring
experience and continuity in its operations. The
Executive Committee has employed an Execu-
tive Secretary and, according to the Bylaws, has
fixed his tenure of office and determined his sal-
ary. The day-to-day problems of management
have been left to the Executive Secretary, includ-
ing the selection of his Staff.

The present Executive Secretary came to the
IRE in January, 1945. He has been given free-
dom of operation under the policies established
by the Board and the interpretation of those
policies by the Executive Committee. He has
selected a Staff of five experts in their lines. They
have been encouraged to run their own depart-
ments, referring only major problems to the Ex-
ecutive Secretary. In turn, the Staff members
have selected competent assistants and supervi-
sors who have become specialists in their assigned
tasks.

He inherited William C. Copp & Associates,
advertising specialists, which has proven to be an
invaluable legacy. Also, Will has functioned as

Show Manager, under the supervision of the Ex-
ecutive Secretary, who is Chairman of the Inter-
national Convention Committee. In order of
seniority, Will and his Assistant, Lillian
Petranek, outdate us all, having served the IRE
for twenty years.

E. K. (Woody) Gannett became Assistant to
the Executive Secretary in August 1946, and, in
1954, the Managing Editor. That year, Pro-
CEEDINGS, carried 1884 pages. Last year, that
number had increased to 2234 pages. In addi-
tion, he has been assigned the broad general su-
pervision of the publications of 29 Professional
Groups amounting to 8336 pages last year.

L. G. (Larry) Cumming became Technical
Secretary in 1946. In 1960, his title was changed
to Professional Groups Secretary. He was first
concerned with the administrative duties of 2§
Technical Committees and comparatively few
meetings in New York and in the field. Today,
to his duties have been added the coordination of
29 Professional Groups, besides attendance at
innumerable meetings throughout the country.

In July 1947, Emily Sirjane joined the IRE as
a secretary. In February, 1948, she was appointed
Ofhce Manager. She has solved the problem of
office service to a membership which has increased
sevenfold. The office is now equipped with the
most modern machinery. Microfilm and com-
puter machinery are being installed, capable of
handling double our present membership.
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John B. Buckley became Chief Accountant in
1948, when the total expense of operation for the
year was half a million dollars, compared to last
year’s four million dollars. He is installing an
Electronic Data Processing System heretofore
available only to banks. The adoption of this sys-
tem will make possible fast and accurate handling
of accounts far in excess of a greatly expanded
membership.

In June 1960, Joan Kearney became Assistant
to the Executive Secretary. Among her duties is
that of Recording Secretary at the meetings of the
Board of Directors and Executive Committee.

In September 1961, W. Reed Crone was ap-
pointed Student Affairs Secretary, reporting to
the Managing Editor. His duties include visit-
ing Student Branches and assisting in the pub-
lication of the STUDENT QUARTERLY.

Thus, three of the Staff have served for fif-
teen years and one for fourteen. The IRE Ten
Year Club now has 32 members, of whom 12
have served for fifteen or more years. This con-
tinuity of service to the members of the IRE has
had a great deal to do with the smooth operation
of Headquarters throughout the period that,
since 1946, has seen the membership grow from
13,000 to 96,000 members, and the Headquar-
ters force from 32 to 220.

The accommodations for Headquarters have
grown from a few small rooms downtown to
three buildings on the Northeast corner of Fifth
Avenue and Seventy-Ninth Street. These build-
ings were residences owned by the Irving Brokaw
family, and were among the finest in the city. All
three buildings were bought for cash from do-
nated funds and accumulated earnings, and are
owned free and clear. Meanwhile, the progress of
the City of New York has continued northward,
and the IRE property has quadrupled in value.
The first floor in No. 1 and the first two floors in
No. 5 East Seventy-Ninth Street have been main-
tained in the style of the Gay Nineties, when they
were built, and large and small rooms have been
provided for member Committee meetings. The
three buildings provide 45,000 square feet of
office space. Two and a half floors are available
for expansion.

Emphasis has been put on the duties of the
paid Staff in the operation of the IRE. Equally
important are the thousands of IRE members
who serve voluntarily as Officers, Directors, Com-
mittee Members, Section and Professional Group
Ofhcers, and Faculty Representatives. The time
and effort which they contribute to the activities
of the IRE have made it the largest professional
engineering society in the world.
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IRE—The First 50 Yars

L. V. BERKNER
President, IRE, in the 49th Year

S WE COMPLETE the forty-ninth
year of the Institute and enter into our Golden
Anniversary Year of 1962, we notice that the
membership of the Institute is rising by about
1000 per month. This is a2 most unusual situation
for a professional society. Therefore, some criti-
cal analyses of the forces underlying the extraor-
dinary growth and development of our pro-
fession seems warranted. Indeed no other area of
engineering interest has ever enjoyed or been
faced with a more rapid expansion.

While it 1s difficult to visualize our situation
exactly in the flow of history for want of time
perspective, we must recognize that man has
just crossed the threshold of a quite new tech-
nological revolution whose momentum is begin-
ning to gain at a striking rate. This revolution in
technology 1s not a mere extension of the old in-
dustrial revolution, but rather an entirely new so-
cial phenomenon of a quite new order of power.
Its beginning can be dated from the end of World
War II or perhaps better, the mid-twentieth cen-
tury.

Looking back a decade we now begin to per-
ceive the origin of the forces that are producing
this new revolution in technology. At the turn of
the century our engineering strength rested pri-
marily upon an empirical base. It was the tech-
nology that had been developed over the cen-
turies through the experience of the Babylonians,
Egyptions, Greeks and Romans—a technology
that had been mathematized by the mechanics

and physics of Galileo, Kepler and Newton; the
molecular science of Boyle, Dalton, Priestley and
Lavoisier; the thermodynamics of Mayer and
Helmholtz; the electro-magnetic science of
Franklin, Faraday, Henry, Maxwell and Hertz,
and all their contemporaries and successors. Yet
50 years ago, with all its elaboration of the physi-
cal basis of our environment, science had not yet
the insight into the fundamental processes of na-
ture required to produce a really virile and pene-
trating technology. The great discoveries of me-
chanics, thermodynamics, chemistry, electricity
and radio of the nineteenth century simply put
into scientific order the more obvious features of
man’s environment—features with which he had
dealt in one way or another since the beginning.
Perhaps the outstanding exception of the nine-
teenth century was the development of radio—a
phenomenon 1mperceptible to man’s senses
and derived purely from theoretical constructs.
Thus radio was the forerunner of what was to
come.

The twentieth century has seen the creation of
a radically new and more penetrating science that
has superseded our nineteenth-century physics.
This new science now gives us the power to de-
rive a radically new technology in almost every
area of human endeavor. Even before the turn of
the century, men like Michelson and Planck were
raising serious questions about the classical phys-
ics. The discoveries of Becquerel and Roentgen
produced consequences difhcult of interpretation.
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Then in 1905 came Einstein’s elaboration of the
relativistic mechanics and the interchangeability
of mass and energy. Simultaneously came the
formulation of the quantum ideas from thermo-
dynamic and from photoelectric phenomena
which showed energy to be divided into discrete
packages. The nucleus of Rutherford and the
atom of Bohr laid the basis for a clear under-
standing of atomic and nuclear phenomena. Soon
we were to learn the limits of cause and effect in
phenomena of atomic scale with Heisenberg’s
formulation of the principle of uncertainty. Ein-
stein generalized relativity to include relatively
accelerating masses which defined the place of
gravity in field theory. With Davisson’s discov-
ery of the diffraction of electrons, deBroglie in
1926 formulated the wave mechanics, which was
elaborated by Schroedinger and Dirac. Chadwick
in 1932 discovered the neutron to complete our
catalog of stable nuclear components, so the iso-
topes of the periodic table came in clear perspec-
tive. In 1938 Hahn and Strassmann discovered
atomic fission and with it experimental inter-
change of mass and energy. In 1948 Shannon
elaborated information theory and gave us the
logical basis for data systems whereby abstruse
theoretical ideas yielded to quick solution by
means of electronic aids and could be made read-
1ly accessible to the engineer on a daily basis.

Thus in a period of some 43 years the whole
content of physics has changed. We now think of
matter in terms of Fermi-statistics and of space in
terms of Bose-statistics defining the fields that
permeate it. Our old physics has been absorbed as
special and limited situations in a far more pro-
found insight into natural processes.

And so at the midcentury we find emerging an
altogether new technology that is founded on
powerful theoretical grounds. This is a technol-
ogy based on deep insight into nature. It is a tech-
nology with far greater power and efhiciency than
its predecessor. Therefore, since the midcentury,
we witness the old technology of the ages fall
step by step before the onslaught of the powerful
new theoretical ideas. Certainly the new means
of data handling foretell revolutionary processes
in industrial organization, both nationally and

world-wide. This new technology affects not
merely communication and electronics, but bids
to replace our sources of power with more efh-
cient generation processes and our source of ma-
terials with radically new combinations of na-
ture’s elements in far more useful forms. In this
new technology the whole concept of structure is
destined to evolve with extraordinary rapidity in
the decades ahead.

As a consequence, this technology has pro-
found implications in engineering education. The
access to this new and abstruse technology can be
gained only by men with scholarly training and
with dedication to deep study and grasp of na-
ture’s processes. We find suddenly an altogether
new order of demand for men of the doctor’s
level of training and beyond to manipulate this
comprehension of nature for our technologlcal
welfare. The traditional forms of engineering
are bewildered and confused by the disappear-
ance of time-honored procedures before the ava-
lanche of new ideas with a new order of efficiency,
function and flexibility.

These, I believe, are the fundamental forces
that are creating this extraordinary progress of
our Institute. Their recent origin is illustrated by
our rapid growth in membership from a mere
11,000 in 1945 to nearly 100,000 today. The
leaders of our Institute have recognized from the
beginning the fundamental issues underlying the
revolution in technology and have worked to
mold our Institute to meet the challenge through
the development of a variety of professional
measures. No other engineering organization has
yet recognized this radical change in the direction
of technology as fully as has the IRE. So IRE has
worked indefatigably to command the ideas of
the new science and to mold them into the engi-
neering of the future.

Thus, through the wisdom of our leaders, our
Institute has found its place in the new technol-
ogy. It has been at the right place at the right
time and with the right ideas. It has led and not
followed the parade. This is why, on the occasion
of our Golden Anniversary, we find the Institute
of Radio Engineers the largest and most virile
of the professional technical societies.
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[IRE—The Decades « Ahead

P. E. HaccEeErTY

President, IRE, in the 50th Year

HE IRE OF a few decades hence will
be a great deal more complex society than it
now is. It will be more complex because the
profession it serves will be more complex. The
incredibly rapid rate at which knowledge has
been increasing in those aspects of science and
engineering fundamental to our profession and
the matching complexity of the tasks we already
know we must face insure that individual scien-
tists and engineers will continue to specialize
to an extent limited only by their ability to add
to, comprehend and apply their individual spe-
cialties.

Most of us who are members of the IRE
spend our lives in applied science and engineer-
ing. As such, our individual accomplishments
can be measured only in terms of the specific
products and services contributed to the larger
community of which we are all a part.

It seems to me that the principal measure of
IRE’s success in future decades will be how
well it succeeds through its organization, its
publications and its technical meetings in tying
together this increasingly larger, diverse family
of specialists, one with another, as well as with
the technical generalists so that our complex
profession will contribute products and services
at a high level of effectiveness.

Certainly IRE’s professional group system
provides a flexibility and a viability which if
properly nurtured can furnish a vehicle for
every proper specialty with the assurance that
through the sectional, regional and international

organization of IRE, all can be one organic
whole. IRE, more than any other professional
society, has a unique opportunity to provide the
essential interdisciplinary hooks we must have
if the applied science and engineering of the
second half of the twentieth century are to meet
the technical challenges we see ahead. IRE is
already a society, not just of radio, electronic
and electrical engineers, but of physicists, physi-
cal chemists, metallurgists, mathematicians, and
a dozen other disciplines as well. Molecular
electronics, for example, demands the closest
possible relatlonshnps among physicists, physical
chemists, device engmeers, mechanization engi-
neers, process engineers, and circuit engineers.
The now barely but clearly identifiable begin-
ning of the intrusion of much these same dis-
ciplines into and blending with the life sciences
promises even more exciting, but also more
complex, relationships and accomplishments.

If from all this complexity useful and im-
portant products and services are to proceed at
anything like a high rate of effectiveness a
strong, unifying force must be present, and a
conscious recognition of the need for this unify-
ing force among the members of our profession
is fundamental to the present consideration of
consolidating IRE and AIEE. If the members
of our two societies come to believe that con-
solidation can strengthen this unifying force,
then I feel sure we will begin 1963 as part of
a stronger, consolidated society better able to
meet the complex needs of our profession in the
decades ahead.
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Communications and

A Predictive Symposium by Fellows of the IRE

INTRODUCTION

A group of Fellows of the Institute of Radio Engineers was invited to undertake the
hazardous task of transporting themselves forward in thought some 50 years and then pre-
senting the accomplishments of communications and electronics during the thus scanned era
1962-2012. Within reason, no physical or engineering limits were to be placed on their vision
or imagination. The narratives or prophecies resulting from this enterprise are presented in
the following assembly of replies from the scientists and engineers participating in this
Symposium. It will be interesting for the IRE membership in 2012 to compare these ac-
counts with then existent facts and to decide the measure of foresight of those who came
before them.

In each of the following presentations, the name of its author is given. And where the
same author has discussed several diverse fields, which discussions appear in different parts
of this Symposium, his authorship is accordingly multiply indicated.

An attempt has been made to arrange the contributions according to broad classifications
of subject matter, as suggested by the headings which appear in the accompanying contents.
The reader is warned, however, that many of the discussions cover a wide range of topics.
As a consequence, papers listed under one category may touch upon other categories as well.
For further convenience, therefore, a subject index is provided at the end of the Sym-
posium (655). An author index is also included.

In considering the events of 50 years hence, it is interesting to conjecture what percentage
of the present IRE membership will witness them. A recent survey® of one segment of IRE
members indicated that 84 per cent were between 21 and 40 years of age. In view of the
anticipated advances in medicine (some of which are outlined in this Symposium), it would
appear that the number who survive to 2012 a.p. may be quite substantial.

Whether or not he is so fortunate, each member will find a nnique adventure awaiting
him in the following pages, from the opening address of the IRE President in 2012 to the
closing description of the impact of electronics on our future mode of living.

—The Anniversary Editor

' K. W. Uncapher, “1960 PGEC membership report,” IRE Trans. oN ELEcTRONIC COMPUTERS, vol. EC-
10, pp. 81-90; March, 1961.
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Electronics— 2012 A.D.

NEW WORLD OF 2012
World Travel and Space Communications—2012 a.0. by Ernst Weber
Space—2012 by Lloyd V. Berkner
Space Exploration by ]J. H. Dellinger

TOMORROW'’S ENGINEER: HIS TRAINING AND TOOLS

Education in 2012 for Communication and Electronics by Frederick E. Terman
Engineering Education—Circa 2012 a.0. by W. L. Everitt

A Day in the Life of a Student in the Year 2012 a.p. by Maurice ]. Ponte

Fifty Years of Teaching Machines by Harold A. Zahl

The Tools of the Engineer—2012 a.p. by R. Bennett

The Automatic Handbook by Nathaniel Rochester

There Will Be No Electronics Industry in 2012 a.p. by J. M. Bridges

COMMUNICATIONS

Radio Communication in 2012—An Obsolete Art by Dorman D. Israel
Electromagnetics and Communications by Harold A. Wheeler
Communication Spectra by the Wholesale—2012 a.p. by Estill 1. Green
A Short History of Electromagnetic Communications by John W. Coltman
The Spectrum Problem—Looking Back from 2012 a.p. by E. A. Sack
The Full Use of Wide-Band Communications by Sir Noel Ashbridge
Wide-Band Communication into the Home by W. D. Lewis
Communication and Navigation by Henri Busignies

Communication and Electronics—2012 a.p. by Peter C. Goldmark
Communications Throughout the Solar System by W. H. Pickering
Human Factors in Communications by Albert G. Hill

Multilingual Communication by Yasujiro Niwa

SOUND AND MUSIC

Language, Words and Symbols by Harold A. Wheeler
Processing of Sound by Harry F. Olson
Music and Sound Reproduction—2012 a.p. by Benjamin B. Bauer
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SOLID-STATE ELECTRONICS

Functional Components and Integrated Circuits by J. A. Morton
Extreme Developments of Solid State Circuitry by Harper Q. North
The Role of Materials in the Electronics World of 2012 a.p. by Gordon K. Teal

INFORMATION AND MACHINES

Information and IRE—1912/2012 a.p. by Donald G. Fink

The Information Science and Industry Fifty Years Hence by Robert M. Bowie
Information Storage and Retrieval by Urner Liddel

Machines with Imagination by G. A. Morton

The Integration of Man and Machine by J. Presper Eckert, Jr.

Man-Machine Coupling—2012 a.p. by R. M. Page

ELECTRONICS AND SCIENCE

The Basis of the Measurement System by A. V. Astin
The Role of Basic Research in Communications and Electronics by E. R. Piore
Electronic Mastery of Ship Controls—2012 a.p. by R. Bennett
The Potential of Progress: An Optimistic View by C. G. Suits
Man’s Future in Space by John C. Fisher
Computers and Computer-Like Systems by P. M. Lewis I1
Novel Electronic Circuitry by George D. Watkins
Electron Devices for Power Generation in 2012 a.p. by V. C. Wilson
Computers of the Future by P. ]J. van Heerden
Some Thoughts on the State of the Technical Science in 2012 a.p. by Franz Tank
Our State of Mind in 2012 a.p. by George L. Haller
The Use of Electronic Computers in the Social Sciences by Irving Wolff
The Biomorphic Development of Electronics by Marcel ]. E. Golay

ELECTRONICS AND BIO-MEDICINE

Electronics and Health Care by V. K. Zworykin

Electronic Instrumentation in Biophysics by Harold A. Wheeler
Diagnostics by Urner Liddel

Bio-Medical Electronics—2012 a.p. by Lee B. Lusted

Electronic Spectro-Analysis of Chemical Compounds by Henri Busignies

ELECTRONICS AND SOCIETY

Magnetic Recording and Reproduction—2012 a.p. by Marvin Camras
Extending Man’s Intellect by Electronics by Simon Ramo
Communication as an Alternative to Travel by J. R. Pierce

Controlling Man’s Environment by Harold A. Wheeler

Public Functions and Standing of the Engineer by C. F. Horne
Electrons and Elections by Sir Robert Watson-Watt

Electronic Nirvana by Daniel E. Noble

Electronics and Evolution by Jerome B. Wiesner
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World Travel and Space Communication—

2012 A.D.
A Readlistic Fantasy

ErRNsT WEBER FeLLow IRE

(The following are excerpts from an address delivered by the President of the
Institute of Radio Engineers before the International Convention in Geneva, 2012 A.D.)

Fellow Members of the IRE:

As we gather in this beautiful
city to commemorate the found-
ing of our society one hundred
years ago, we are conscious of
the imminent return of the space
ship “Viking” which left earth
on October 21, 2007 on a mis-
sion to explore the outer planets
of our solar system. This event
is particularly significant to us
because of the many contribu-
tions that were made by members of our society from
all over this globe. Permit me to recall some of the sig-
nificant developments which have preceded the concept
and led to the launching of the ship, reminiscing for
some and going back into history for other phases. If it
should appear to you somewhat rambling—forgive me,
but the chain of events, meaningful as it might appear
in broad perspective, has, in fact, seemingly incompre-
hensible sideloops.

I presume there are very few among us—and I cer-
tainly am not one of them—who can recall the excitement
of the first venture into space, the orbiting of the so-
called “Sputnik I” on October 21, 1957, As recorded in
history, keen competition had developed between the

E. Weber is the President of the Polytechnic Institute
of Brooklyn, Brooklyn, N.Y. (Received June 8, 1961,)

then two most powerful nations on this globe, Russia and
the United States.

Each of these nations had initiated ambitious pro-
grams of space conquest—a phrase that has not lost its
attractiveness. Each of these nations made firsts in dif-
ferent ways. . . .

Unfortunately, the rapid progress that had been
made in the two decades following 1957 could not be
exploited. ., . .

Shortly after the turn of the century, when sanity
had returned once more, the scientists and engineers,
represented through their respective National Academies,
took the leadership in re-establishing international sci-
entific and technological exchanges. I am proud, indeed,
to acknowledge the active participation of our large in-
ternational membership in bringing together the “World
Conference for the Exploration of the Solar System,”
which actually met in this city. . . .

The principal objective of the conference was the
formation of an international committee for the design
and launching of a well-instrumented space ship that
could travel to the farthermost planet and bring back
rather complete data on as many of the outer solar
planets as would prove feasible, The resolution of the Na-
tional Academies required, of course, the concurrence
of the political governments and in particular, the per-
mission to pool all the national capabilities into a singular
and unique endeavour reminiscent of the so-called “In-
ternational Geophysical Years” in the last century, yet of
unprecedented vaster scope. The only reason that it had
seemed propitious to formulate such a daring resolution
was the fact that all nations appeared ready to demon-
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strate once again the solidarity of the human race in the
face of potential annihilation.

Upon acceptance by the various political systems,
an “International Commission for Solar System Explora-
tion” was set up with headquarters here in Geneva, the
time-honored focus of international organizations. The
Commission established national committees, each
charged with organizing intensive programs of research
and development in the areas in which each felt most
capable.

It had been unanimously concluded that the time
was ripe to construct a space ship that could accommo-
date ten scientists—volunteers who would observe, judge
and relate the observations, and direct the data collection
—and six technicians and auxiliary personnel for all neces-
sary services. Nuclear propulsion had been sufficiently
tested to make feasible a design for a power plant to
support space travel for several years, completely self-
contained and controlled from within the space ship. The
launching required a rocket system which transcended
existing capabilities by an order of magnitude but one
that appeared feasible. The site for the launching plat-
form was debated extensively, but the choice fell upon
the astroport of the Sahara because of the major test fa-
cilities that had been created there and the existence of
a stadium from which all major events could be observed.

To secure life over a maximum period of six years
required extrapolation of all the equipment familiar from
the latest nuclear submarine experience. Because of un-
known intensities of particle and gamma radiation in
many regions to be traversed, special shields had to be
designed that could be removed for visual observations
when anticipatory radiation counters assured absence of
danger. Of particular importance were means of detecting
asteroids and small meteorites and their paths of travel
over large distances in order to avoid collision with the
space ship or damage to it that could be calamitous.

A source of tremendous satisfaction to us must be
the many contributions which the IRE could render
because of its vast and resourceful membership in
literally all the nations on this globe. The IRE also has
the distinction of having published one of the most com-
petent early collections of articles dealing with “Space
Electronics” in its PrOCEEDINGS issue of April, 1960,
followed by its fiftieth anniversary volume of May, 1962.
It is remarkable how most of the then indicated develop-
ments have been carried through, making really feasible
the achievement of human space exploration. The amaz-
ing evolution of Synnoetics as the intermarriage of
man’s creative mind and the nearly instant execution of
the supporting logic processes by adaptive and self cor-
recting computer systems;' the functional elements em-
bodied in specific compound crystals of miniature size
responsive to stimuli from light, sound, and heat sources;
the evaluative integration of detection systems of high

'L. Fein, “The computer-related services (Synnoetics)
at a university in the year 1975, Am. Sci., vol. 49, pp. 149-
168; June, 1961.

redundancy useful for monitoring and warning assign-
ments; and the increased precision of practical time inter-
val measurements to about 10-'* seconds; all these
achievements have made relatively safe what had been
considered a foolish risk. The systems of navigation, te-
lemetry of data, and communications were tied into the
global satellite system and the relay station in the moon.
Five different frequencies in the broad microwave region
were assigned and were protected in an absolute sense
by international agreement.

It also was agreed to lay out a course for the entire
travel as a guide for navigation, but to leave freedom
to the crew to make changes when it appeared advisable.
From the positions of the outer planets, starting with
Jupiter, the course could cover near approaches to Sat-
urn, Uranus and Neptune, with some doubt about Pluto
because of the yet uncertain higher speeds that would be
required and might be permissible with greater distances
from the Sun. At all times, however, communication on
one of the frequencies was imperative to keep the earth
stations informed of progress and to relay as many data
back to earth as possible, because with all precautions, no
guarantee could be had that the space ship would return
safely.

"The global satellite communication system of the
active type, which had suffered . . . was in the process of
re-establishment, so that good assurance of reception and,
in fact, of two-way communication could be given. Two
satellite astronomical observatories were in high orbit
around the earth and one was directed to follow the
space ship by periodic observation. To assist in the
navigation, all positional data from all sources were to
be processed and verified both in the space ship and on
earth.

The earlier experiences with the simpler designs for
the trip around Mars and Venus had taught us that re-
dundancy in mutual communication was a great factor
in relieving anxiety on a trip of such isolated existence.
Correct positional information also will permit the proper
approach for re-entry. . ..

The time table had projected preparations and test
procedures to take the better part of five vears so that
launching was set, as you remember, for October 21,
2007, with the expected return by about July, 2012.
Recall our relief when the launching went off without
mishap. One had, after all, learned to live with full
publicity and in full view of the entire global population
through the color television system that is spanning the
globe. Everv step had been pretested, every conceivable
means had been taken to assure reliability, and the
result has been, indeed, gratifying. We have never lost
contact nor communication with the crew which ventured
out into the limitless outer space as the Vikings, more
than a thousand years ago, had ventured out into a “limit-
less” sea. Much of the data has been invaluable, but not
all has been processed yet. . . .

There are only 10 hours left until the space ship will
descend upon the astroport in the Sahara. I therefore
conclude. . ..
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Lroyp V. BERKNER FELLOW [RE

On the occasion of this centenary of the founding of the IRE, the Editors of PROCEEDINGS
thought it of interest to our membership to report the May 13, 2012, meeting of the
Lunar Section of the Institute. The following summary lecture delivered to this Section
at our great international base near the north pole of the Moon, as reported by a one-
time President of the IRE, describes the status of our space activities so adequately that

no further introduction seems needed.

Members of the Lunar Section:

We are happy to welcome
this evening the members of the
Institute who have so recently ar-
rived from Earth to augment our
ranks. On this occasion, our
chairman has asked me to de-
scribe our extensive electronic
facilities. During our discussion,
please forgive me if I digress in
describing some of the related
facilities.

The basic objective of this base is four-fold

a) Our NOPOLUNAR base is one of the two major
lunar bases for communication and transportation to the
Earth,

b) This base, likewise, is a major starting point for
planetary transportation and the terminal of our Martian
and Venetian LASER communication and navigation links.
Likewise, many very large circumferential spacecraft are
equipped from our base for solar and nether-planetary
studies to take advantage of our low escape velocity of a
mere 2500 meters per second, and the relatively low orbi-
tal velocities that simplify transportation from the surface.

c) From this base, most of the maintenance of our
eight advanced lunar stations is centered; lunar scientific
exploration is directed, and many local expeditions operate
from our facilities.

d) We provide operation of the largest astronomical
and radio-physical observatory in the solar system.

L. V. Berkner is President, Graduate Research Center of
the Southwest, Dallas, Tex., and Chairman, Space
Science Board, National Academy of Science. Received
February 26, 1962.)

It is hardly necessary to remind you that a similar
base, SOPOLUNAR, is located near the opposite pole,
with which we are in constant communication. These two
bases are the primary universal bases for the whole range
of man’s activities in the solar svstem. I take this occasion
also to welcome the engineers from SOPOLUNAR who
have come over to our meeting this evening.

The basic communication and navigation system
utilizes coherent radiation in the wavelength ranges of
1800 to 30,000 angstroms which lend themselves to forma-
tion of highly focused beams with very light-weight and
miniature radiating systems. For example, our main trans-
mitter with an antenna of 2 decimeters diameter can focus
the entire radiation of 1-watt peak-power on an area 500
meters in diameter on Earth. This provides very high flux
densities at the terrestrial receiver, permitting almost un-
limited information transmission of digitalized data at
very high speeds. Likewise, our 2-meter antenna with 100-
watt peak focuses its entire energy on Mars or Venus with
very little loss and permits simple high-speed data links
with interplanetary travelers. You will take part in con.
struction of the new Jovian system designed to provide
communication, navigation and control, for the expedition
to land on the minor satellite of Jupiter next year.

To overcome the line-of-sight problem from our sta-
tion to the Earth which is not always visible from this lo-
cation, to communicate easily with other lunar stations and
interplanetary spacecraft, and to provide a broad base-
line for navigation, we have established two space buoys
at the “centers of libration” of Earth and Moon. These are
positions of permanent equilibrium in the Earth-Moon
gravitational field that provide navigational base lines of
385, 385, and 665-thousand kilometers, respectively. With
their stabilized decimeter antennas they also provide excel-
lent low-power, high-capacity relay-links to Earth and to
other spacecraft. Operation of coherent radiation links in
this way circumvents the cloud problems which limit use
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of coherent radiation from the Earth, except through use
of X band with intervening orbiting relay stations.

I remind you of the present travel arrangements be-
tween Earth and Moon. These are entirely controlled by
automatic data systems using the high-speed real-time
computer of the type that I hold here in my hand. On leav-
ing Earth, via the local connection, you joined the Earth-
orbit station, orbiting 800 km above the Earth, in about
six hours travel time. This interception was entirely auto-
matic, directed from the Earth, and completed under local
control of the Earth-orbit station. There you transferred to
the nuclear powered intercelestial spacecraft.

Your travel time to the Moon was 36 hours, represent-
ing optimum thrust, where you coupled to the circumlunar
orbiter, 50 km above the surface, and then transferred to
the local lunar landing craft that brought you to this sta-
tion. This succession of events has reduced travel costs per
kilogram by a factor of 100 over early attempts using di-
rect surface to surface operations.

The historical development of our lunar facilities is
one of great trial and tribulation. The basic problem was
similar to any frontier operation, of founding the basic
facilities. There are abundant local resources of oxides for
oxygen and water of crystallization for water; of structural
materials and of shielding materials required during occa-
sional solar eruptions; and of chemicals for fertilizing our
hydroponic farms and for a wide variety of other applica-
tions. To utilize these requires only a vast amount of
electric power from our three great thermo-nuclear reac-
tors. The sun gives us light in any spectral range through
reflectors and filters of appropriate design. Our large
chemical plants operate entirely under electronic control
and regulation.

The basic elements of our complex environment were
originally transported from Earth to initiate our compli-
cated community. The original settlers faced the most
excruciating difficulties, and there was a considerable loss
of life among very courageous men. But as facilities were
established, our base supplied more and more internal
capability, permitting sustenance of more bodies who
could develop our basic facilities. Thus our developmental
growth has been exponential with time, yielding substan-
tial living stability, especially since opening the base to
women at the turn of the 21st century. Our requirements
from Earth during the last decade have been primarily
for manpower and for our capital development of inter-
planetary travel and all related to it.

The great advantage of the Moon is its situation as a
stable satellite with a weak but perceptible gravitational
field, allowing great individual freedom, and without an
appreciable atmosphere. This provides unparalleled op-
portunity for initiation and control of, and communication
with, interplanetary activities. Tomorrow you will see the
giant astronomical observatory employing the mighty
1500-inch reflector that easily penetrates right around the
Universe, and completely resolves galaxies many parsecs
away. In the low gravitational field, structural design per-
mits about six times the size for equivalent terrestrial de-
flections. Without scattering or scintillations, with spec-

tral ranges of several octaves, and with special gamma-ray
and x-ray telescopes as well as infrared detectors, the en-
tire useful physical spectrum is always accessible. The data
from these instruments are analyzed by advanced elec-
tronic techniques. With this new view of the universe our
whole physics has been rebuilt in the past ten years—a
knowledge whose capital value to man is bevond estimate.

I have just received a Laser report from the party
that landed on Mars last month. The climate is a little
cooler than Earth, with a good, protective nitrogen atmos-
phere. They find surprisingly well-developed plant life
in extraordinary forms. More interesting is their prelim-
inary finding of some evidence of an ancient civilization,
perhaps a billion years ago when free water and oxygen
were evidently available in considerable quantities on
the planet. Seemingly the present organisms have evolved
to use oxygen and water from the rocks, as these basic
needs disappeared in free form from the planet. Perhaps
in part these plants have become efficient in deriving oxy-
gen and water vapor from the atmosphere where these
basic elements are still found in miniscule quantities. I
know you all realize that this analysis of a completely for-
eign biology is adding a new dimension to our biological
knowledge, and for the first time the physical forces in-
volved in cell organization, syntheses, and regeneration
are coming into focus. Our new electronic methods for
biological analyses designed for planetary research are
also having a profound effect on terrestrial biological
studies in laboratories on the Earth.

I hope you will enjoy your tour as much as have
we. The scenery is most unusual and delightful, and there
are still many discoveries to be made by the observant and
the persistent scientist. Our location near the pole gives us
a moderate and easily controlled climate. In constant twi-
light, the light and heat over the whole site is provided by
filtered reflectors erected on the nearby hills.

There are certain precautions that must become
habit. Just as you look around on Earth before stepping
into the street, you must be equally careful about direct
exposure to sun or shade without proper protection. Safe
areas are clearly marked. Our warning system advises of
approaching solar-particle streams. Be careful about walk-
ing too springily or with your Earth-adapted muscles you
may bump your heads on the ceiling 30 feet overhead.
Please familiarize yourselves with the station adaptation
manual which is the synthesis of our 28 years experience.
For reasons of natural rhythm, our lunar timetable and
calendar corresponds to that on Earth. You will be happy
to know that in this lower gravitional field, aging seems to
take place at a rate lower than the terrestrial rate. This
phenomenon is exciting great interest and much scientific
study.

For your entertainment, I have a history of the Insti-
tute for the first one hundred years since the founding of
IRE. You will be especially amused by the skepticism of
our forebears, a few of whom, by the way, are still living,
which was expressed at their 50th anniversary in 1962
when lunar operations on today’s scale then appeared
wholly fantastic.
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It is hard for us engineers in
1962 to get a clear focus on the
truth as it will be in 2012, par-
ticularly in respect to space ex-
ploration. Just as the earth’s
atmosphere distorts the focus of
a telescopic image, so our space
imagining is prone to distortion
by the hysterical atmosphere of
the present age when every
youngster expects to be promised
an excursion ticket to Aldebaran.

It being U.S. policy to put a man on the moon in the
present decade, and also to start toward Venus and Mars,
will there be men on the moon or planets in 20127 It
seems quite unlikely that there will then be men in
residence on those inhospitable spheres. An occasional
visitor to service the scientific and engineering equip-
ment there, yes. But the exploration of the moon by
men moving about there will have long since finished.
The reason? Painful experience will have shown that
fantastically more information is obtainable per dollar
of expenditure by means of equipment (observing and
telemetering) than by the presence of men.

The moon in particular will be the prized platform
for the location of scientific observing equipment. There
will be a whole new surge forward in knowledge of the
external universe when telescopes and spectroscopes and
other sensors and radio equipment are in place and func-
tioning on the moon, free from the obscuring effects
(absorption and scintillations) of the earth’s atmosphere.

One reason why the surge forward will be of in-
comparable value and scope is that we shall doubtless
be observing all parts of the whole observable universe.
The red shift of the radiations from the galaxies, increas-
ing with distance, sets a limit to the distance we can
ever observe, and we have already reached out seven-
tenths of the way to that limit. The filling in of knowledge
about the more remote depths of observable space should
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put us well on the way to determination of whether the
universe had a beginning or is being continuously created
(or, perhaps more precisely stated, whether the observ-
able universe had a sudden beginning or exists by a
continuous process of the interconversion of matter and
radiation).

Another possible and vital consequence of observa-
tions ranging throughout the entire observable universe
might be the accumulation of data revealing the nature
of gravitation. This could permit the formulation of the
unified field theory which science has thus far sought in
vain. It would be a step in the understanding of the
universe comparable with, possibly surpassing, the giant
advances of Maxwell's theory of electromagnetic waves
and Einstein’s theory of relativity.

Ability to receive electromagnetic radiations over
the whole spectrum, in contrast to the narrow spectrum
ranges receivable through the earth’s atmosphere, will
hopefully have another grandiose consequence. Probably
intelligent beings on the planets of many stars are send-
ing out signals with the idea of contacting life on other
worlds. I have even heard them credited with the idea
of trying to contact us (of the planet Earth). No, al-
though intelligent, they have never heard of us. We think
we know what frequency ranges they would be likely
to use. But we could be wrong; and if we probe the
entire spectrum we might learn something on the moon
that we could not on earth.

There will presumably be vehicles orbiting close to
each of several planets, perhaps all of them. They will
continuously send us data on many physical parameters
of the planets. Possibly there will be instrument stations
on Mars and Venus, somewhat like those on the moon.

2012 is not likely to see vehicular exploration of
space as far away as the stars. Men are never likely to
go out among the stars in space ships. Other creatures,
not men, may do that. Radio astronomy will bring us
so much knowledge of the universe that we shall have
little incentive to travel to the stars even if it were
possible.

Finally, space exploration in 2012 will not be so
much by vehicles but by the equipment and the analyses
of the radio scientist and engineer. One more province
of the IRE.
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Education in 2012 for Communication

and Electronics

By the year 2012 the term elec-
trical engineer will have disap-
peared from college catalogs to
be replaced by “electronics,” or
possibly “electronic science.” In
today’s terminology, education
for electronics—née electrical en-
gineering—will be a curriculum
in applied science with strong
emphasis upon mathematics,
classical physics, and chemistry.
The technology involved in deal-
ing with wavelengths longer than a centimeter or so, will
have become so standardized as to be “handbook stuff.”
Instead the main emphasis will be on the electronic prop-
erties of solids and liquids. The free electron will receive
proportionately much less attention than today. Perhaps
the most challenging part of the education of the “elec-
tronic scientist” of 2012 will be associated with energy at
wavelengths extending from millimeters into fractions of
millimeters to the infrared, visible, and ultraviolet regions.

The electronic scientists of 2012 will also be con-
cerned with controls and computers, and will deal with
systems of almost incredible complexity. The technology
of these systems will come from electronics, but the
“logic” concepts that will make them approach “thinking
machines” by 2012 will have developed into a special
discipline of its own.

The basic training for the electronic scientist of 2012
will be a four-year course, as it is today. The amount of
knowledge that will be received in such a program will,
however, be greatly increased—by a factor of at least 50
per cent—through the use of systems of programmed
learning growing out of today’s teaching machines, More-
over, through the use of programmed learning in high
school, students will enter college far better prepared
than today. The over-all result will be that in 2012 the
typical recipient of a bachelor’s degree will have covered
material that would today require at least three postgrad-
uate years of solid course work.

However, in view of the vastly greater number of
things that the electronics man of 2012 must know, and
the greater complexity of the problems with which he
will deal, graduate work will still be almost a necessity
for the brighter college graduates. It is safe to assume
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that over half of those who have obtained a bachelor’s
degree in electronics will carry their education to one
full year of graduate work. At least 20 per cent of those
with a bachelor’s degree will go on for three to four years
of graduate study and obtain the doctorate. Moreover, the
most promising recipients of the Ph.D., particularly those
interested in careers emphasizing the scientific as against
the administrative or practical aspects of electronics, will
by 2012 spend from one to three years in postdoctoral
study immediately after receiving the doctor’s degree.
This additional training will correspond to the residency
of today’s M.D.

By 2012 the number of universities offering first-
class graduate work leading to the doctorate will be
greatly increased. This will be necessary to take care of
the steadily increasing numbers of students attracted to
the field of electronics, and the increasing proportion of
those who go on for graduate work. In the training of
students beyond the master’s degree, research will have
a prominent part. Much of the doctoral and postdoctoral
training of electronic scientists will be in the form of par-
ticipation in research, since this will continue to be the
best way to train a man to learn the secrets of nature
without the aid of a teacher.

The electronic industries of 2012 will be thoroughly
aware of the advantages of locating their research and
advanced development activities near a center of brains,
i.e., near a university with a strong graduate program in
electronics. As a result each university with a strong grad-
uate program will be surrounded by a complex of indus-
trial activities of a creative type. Creative activities iso-
lated from educational opportunities and the educational
environment will be at a serious competitive disadvantage
by 2012 and will have great difficulty maintaining them-
selves. Thus, state and municipal governments will sup-
port the development of electronic programs in univer-
sities in order to attract and hold electronic industries.
This will result in an educational system which by 2012
will have remarkable strength in the field of electronics,
characterized by many strong centers widely dispersed.

The college professor will be an important factor in
the electronics industry of 2012. He will have high value
as a consultant, and the industries clustered around his
university will give him ample opportunity to use his
talents as an advisor. In many cases his services will be
sought as a member of a board of directors, he will be in
constant demand by the government to serve on advisory
bodies, and he will frequently found new companies and
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divide his time between being a college professor and a
business executive.

In conclusion, it is safe to predict that the subject
of electronics will be even more important within the
university of 2012 than it is today, that the importance
of the leading professors in the field will be greatly en-

hanced, and that educational institutions with strong
graduate programs in electronics will be regarded as great
economic plums because of this fact. The distribution of
the strong graduate programs will determine the geo-
graphical distribution of growth in the ever expanding
field of electronics.

Engineering Education—Circa 2012 A.D.

“For 1 dipt into the future far as human eye could see. . . .

Engineering will be acknowl-
edged as the most learned pro-
fession by 2012 A.D. The ex-
plosion in the breadth of knowl-
edge needed for its practice will
have made preparation for an
engineering career both rigorous
and extensive. Full professional
recognition will be available, ex-
cept in unusual cases, only to
those who have completed for-
mal educational programs in
residence at universities, equivalent to or exceeding our
present doctorates. However, the time required by a stu-
dent to reach this goal will vary widely, because educa-
tional methods will be adjusted to the capabilities of the
individual.

EDUCATION VS TRAINING Engineering curricula
in educational institutions will be recognized as having
two important and distinct functions which must be
carried on concurrently—"“training” and “education.”
Training is defined here as the inculcation of methods of
procedure, the development of adequate vocabularies
and skill in communication, facility in locating informa-
tion, expertness in computation and in manipulation of
mathematical processes, and similar skills developed
through the general procedure of explanation and dem-
onstration, followed by typical exercises with definite
solutions or measures of performance. Education, on the
other hand, is defined as the broader development of the
mind and personality—a guided enlargement of creative
ability and understanding. Education develops the abil-
ity to meet new situations with confidence and with a
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degree of wisdom limited only by the inherent capabili-
ties of the individual.

TRAINING METHODS The training portion of en-
gineering curricula will make extensive use of teach-
ing aids, such as teaching machines. However, the teach-
ing machines of the twenty-first century will have a
sophistication far beyond that now envisioned. They will
serve as tutors which are very responsive to individual
needs, so that each student can acquire training at the
most rapid rate which he is able, or willing, to absorb.
Such teaching machines will present lectures from re-
corded television tapes in short sequences, with feedback
from the student, who will be required to respond with
answers to appropriate questions or by working out the
solution of illustrative problems. Depending upon the
adequacy and insight of these answers, the lecture pro-
cedure will be modified to meet the needs of the stu-
dent. The entire operation will be under the control of
computer techniques for the storage and interpretation
of information. Testing and examinations of the results
of training will also be done by machine.

Every student and practicing engineer will have
access to adequate computers and information storage.
Moderate capacity computers will be miniaturized and
reduced in cost, so that each individual will have his
own, as he now has his slide rule. As his needs arise he
will also have ready access, through wire or radio com-
munication channels, to computers and memory  sys-
tems of any required complexity. Training of all engi-
neers in the use of computers will be extensive.

LIBRARIES AND PUBLICATIONS Perhaps the most
dramatic changes will come in the “library” of the
twenty-first century. The information explosion of the
twenticth century will have made necessary the develop-
ment of entirely new means for the storage and retrieval
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of the material in what we now refer to as “publications.”
Such publications will be stored in “memories” and elab-
orate and largely automatic means of classification and
identification will make the search for a particular item
of information rapid and certain, and its display availa-
ble at any location. Instruction in how to give directions
to the information storage systems to acquire the de-
sired information will be an important and not inconse-
quential portion of the “training” of the engineer. On the
other hand, visual reading of books, current literature,
and video displays will be so important that training for
rapid reading rates of one thousand or more words
per minute will be universal in the grade schools.

EDUCATION But, as in the twentieth century, the
important part of the preparation of the engineer will
be his “education.” Here the personal contact between
student and teacher will still be paramount. The com-
ment of Booker T. Washington will be as valid as ever,

“I am convinced that there is no education one can
get from books and costly apparatus that is equal to that
which can be gotten from contact with great men and
women.”

Relieved of the necessitv of spending most of their
time on the training function, devoted teachers will be
able to concentrate their efforts on “education.” Per-
sonal contact with students will be increased, because
our society will recognize the importance of this rela-
tionship and support it. In spite of the use of teaching
aids, the student/teacher ratio will not be increased. In-
stead, such aids will make it possible for faculty mem-
bers to devote more time to the development of the in-
dividual student. The more efficient methods used will
increase the amount of education per student rather than
the output in degrees per teacher. However, the student
himself will be expected to assume more responsibility
for his own educational development than was common
in the first half of the twentieth century.

CREATIVITY AND SYNTHESIS Since much of the
instruction in analysis can be programmed on teaching ma-
chines, the engineer of the future will be given more
education for creativity and synthesis. The case or proj-
ect method will be emphasized and laboratory work will
require originality and the ability to relate theory to the
physical world in arrangements novel to the experimen-
ter. “Cook book” experiments will be a thing of the past.
Early participation in research projects will be the rule
rather than the exception. Many advanced group labora-
tory experiments will be interdisciplinarv in character,
so that individuals with different backgrounds may con-
tribute to teamn solutions of problems more complex than
those possible for a single individual. The guidance of
such a program will call for teaching ability and insight
of the highest order.

Continuing education throughout a career will be
normal, accomplished to a large extent by regular sab-
batical year exchanges. During such exchanges, indus-
try and government engineers will either return to uni-
versities for further study or will exchange positions with

colleagues in other organizations. Engineers on faculties
will participate, through similar exchanges, in industrial
research, government service, or programs of other uni-
versities.

FACULTY RESEARCH The primary responsibility of
the faculty in engineering education will be to develop
creativity in their students, so they must themselves be
creative. Noncreativity on the part of a faculty member
will be recognized at an early stage and such individuals
will be diverted to nonteaching activities within or out-
side the university. The creative programs of the faculty
will provide means for the integration of students at all
levels into progressively increasing responsibility in en-
gineering teams.

ENGINEERING CURRICULA The trends in engineer-
ing curricula which began in the twentieth century will
continue. The early part of all curricula will have more
in common, emphasizing basic science, mathematics, and
fundamental principles of analysis and synthesis com-
mon to all engineering. Only after a student has demon-
strated the thorough understanding of mathematical,
scientific and economic fundamentals necessary for crea-
tivity at twenty-first century levels will he be permitted
to continue toward his professional goal as an engineer.
The essential unity of engineering as a profession will
be recognized. But his advanced program will require
that he develop an insight into the methods of solving
hard problems. As the student progresses, he will study
some individual area more intensively, although the di-
visions in engineering will not be those now common.
By pursuing certain areas in depth, he will learn to solve
and contribute to team solutions of difficult and com-
plex problems. Hence, he will need to choose an area
of emphasis such as the “Processing of Information,” the
“Processing of Energy,” the “Processing of Materials,” or
“Biophysical Engineering.” Sufficient common material
in all these areas and in the principles of “System Syn-
thesis” and “Human Engineering” will provide for com-
munication between the members of engineering groups,
but too much breadth of subject matter will not be ob-
tained at the expense of shallowness.

The importance of emphasis on the humanities and
social sciences will be recognized from the grade school
on through the highest levels of engineering education,
as society relies more and more on engineers for leader-
ship in business and affairs of state. Intensive efforts
made to develop interpretive programs in these areas
will also stimulate more engineers to pursue programs
of self education in these fields throughout their careers.

With the continued growth of engineering appli-
cations, instruction in manufacturing processes and
specific technological areas and skills will be recognized
as a training function which industry must assume en-
tirely.

CONCLUSION If these predictions do come to pass,
and I feel sure they will, engineering will deserve its
designation as a “learned profession.”
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A Day in the Life of a Student in the Year

2012 A.D.

That moming Joe Parkinson
woke at seven o’clock; the Song
of the “Hyvpertexas” University
was heard in the students’ rooms,
distributed by the local mil-
limetric wave network. He
switched on his luminescent wall
panels which reconstituted nat-
ural light and, wanting a rural
atmosphere, chose the “Park”
light combination which turned
the panels into a perspective of
green leaf and flowers pretty well in their natural colors.
The only two panels which remained dark were that re-
served for telephone communication and that for college
instruction, brought round by television.

Gathering his spirits, Joe realized he had a slight
headache and remembered that a new vaccine had been
pricked into him the previous day. The diseases of former
times, tuberculosis, polio, and even cancer had been sup-
pressed by preventive vaccines which were compulsorily
applied, as was shown on his identity card registered with
a series of eleven figures and three letters; a mere look
at this arithmetical group gave the complete story of the
individual, from his blood group to the results of his
vaccinations, his diseases and his operations. In the Uni-
versity's central register, a punched card in his name,
processed by the specialized computers, was to forecast
Joe’s behavior in his varving states of health. But from a
few months back an unknown virus was playing havoc,
especially among young people, in the form of mental
troubles which had become the principal plague of Man.

The first symptom was an almost complete loss of
memorv and the new disease was attended by insensi-
tivity to color. These deficiencies had first been attributed
to a system of television reception in which the nerves
were directly excited by electrodes connected to the re-
ceiver and placed on the temples, at points fixed by the
electrical topology of the brain: vision by means of panels
had thus been done away with, the optic nerves being
brought directly into action. This system had had a con-
siderable application but had finally been prohibited.
And so students were subjected to special vaccination
and Joe directed a troubled eye on his registration num-

M. ]. Ponte is President-Directeur Général of the Com-
pagnie Générale de Télégraphie Sans Fil, Paris, France.
(Received July 5, 1961.)

MAuURICE J. PONTE rELLOW IRE

ber, to which another group of two figures had been
added: now three letters, and thirteen figures. What was
the outlook in 50 years’ time?

Throwing these dark thoughts to one side, Joe
dressed, went to his kitchenette where by pressing the
“breakfast” button on his automatic cooker, he received
after an interval of 30 seconds a balanced, practically
tasteless, but medically perfect meal.

The signals physics course was due to begin at eight
o'clock. Joe was one of the nine hundred and fifty stu-
dents entered for this special course, among so many
others, between which the thirty-six thousand students
of the Hypertexas University were spread out. The Uni-
versity buildings and grounds extended over a wide area,
formerly desert land, so that it had been possible to plan
the layout in a completely rational way. Utilization of
solar energy and of the natural underground water re-
sources had transformed the area, not only into park-
land, but also into cultivated land and breeding farms,
scientifically conducted in hot houses at constant temper-
ature and illumination cycles. The Hypertexas students
were thus brought up, intellectually and physically, under
perfectly definite conditions, in accordance with standards
gradually perfected many years back. Many countries
were represented at the University.

Joe gave another look at his syllabus. The signal
physics course was transmitted over channel 23 of the
millimetric network, distributed by dielectric cables to
all the students’ rooms. He pushed down key 23 on the
keyboard mounted on his desk; the title of the lecture
appeared on the television wall panel; on the dot of
8 o'clock Joseph A. H. Faraway, the outstanding pro-
fessor, began the sixteenth lecture on cable matching
for a given rate of information. These masterly lectures
were recorded on magnetic tape and transmitted from the
University’s Technical Center, an extensive center from
which all basic instruction was distributed. For lecture
theatres had long been abandoned; this system had been
rendered ineffective due to the increasing number of stu-
dents and had been replaced by broadcast lectures and
by grouping students in teams of 30 or so round a
task master. The task master’s role had become funda-
mental, through his explanations of the course, his choice
of subjects of application and the conduct of practical
work in the laboratories and workshops set aside for the
course. Prof. J. A. H. Faraway himself collected the
task masters round him—thirty in this particular case—
to discuss the way the course was going with the students
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and to decide on such adjustments as might have been
shown to be necessary in the light of observations made
by his group.

And so Joe was in task master A. 17’s group. During
Faraway’s lecture he took notes on his coded typewriter.
With the telewriter, which was also coded, and perma-
nently connected with the task master, he raised ques-
tions on points which did not seem clear, either at the
time or on reading over his notes. At the other end, in
the office of taskmaster A. 17, the questions raised were
recorded on magnetic tape to be examined as a whole.

At 9 o'clock the lecture ended. Joe scanned over
his notes, which he easily decoded since, from his earliest
youth, he had been trained to substitute groups of letters
for the propositions of normal language, thus the proposi-
tion “the wave is propagated at phase velocity v” took
the form WPy, this code having been internationalized.
As he came to it, he verified on his miniature algebraical
computer which had taken the place of grandfather’s
slide rule, the solution of an equation given by the pro-
fessor without justifying development, since the solution
of even the most complex equation, including partial
derivatives, was obtained by machine and no longer by
the old methods, taught only to advanced students anxious
to dig into the history of sciences, or to specialists en-
gaged on the construction of the computers.

For some ten minutes or so, Joe was engaged on
physical drill recommended for his health according to
a perfectly definite daily routine. That particular day he
had some difficulty, perhaps because of his recent vacci-
nation, in pedaling a stressed spring into tension in a set
time, so that he had to have recourse to the immediate
absorption of an irradiate vitamin tablet.

At ten to ten, Joe walked out for the first time that
day and proceeded by the traveling platform, after a num-
ber of changes, to the buildings of the signals laboratories
and workshops, and on to the room A. 17. At ten o’clock
the thirty students of group A. 17, standing around their
task master, discussed and exchanged views on the fif-
teenth lecture, in the light of questions raised by the stu-
dents during the lecture. This was followed by practical
work on that lecture. The laboratory and workshop were
provided with perfect equipment; over the last 10 years
it had finally been realized that the most productive na-
tional investment was that applied to teaching the young
in all kinds of subjects: scientific, technical or “literary.”
In the same way, past differences between “workmen”
and engineers had changed in their nature. On the one
side automatic machines had levelled aptitudes and func-
tions of the personnel in carrying out their separate
tasks; for instance, the automatic machines for the pro-
duction of signal receivers delivered the product with
its cost, the value of stocks and all other items of manage-
ment, so that the staff was almost entirely occupied in
maintenance. And steps had had to be taken to arrange
for the training of the staff set apart for scientific re-
search, for instruction and for development, and to see
about the corresponding machines and the way in which
problems should be put to them. The class of engineers

and physicists, who on their part were in a position to
design and operate the larger systems, such as telecom-
munication system, had considerably increased in num-
bers.

Joe was preparing for that class, as well as others in
his group, and the practical work for the day consisted
in determining with three of his fellow students the best
way of utilizing a given bandwidth to provide the indi-
vidual television links between n individuals geographi-
cally distributed in accordance with a given law of popu-
lation density.

At one o’clock, practical work being finished for the
day, Joe stepped once more on the traveling platform on
his way to the cafeteria, an immense building with a ca-
pacity of thirty thousand meals per hour, thanks to the
automatic self-service system which dealt out four menus,
prepared in a few seconds by the electronic cookers. Joe
hurried on more than usual, for the Hypertexas-Hyper-
columbia baseball match transmitted throughout the
world was due to begin at two o'clock. But the signals
department had been unable to reproduce the atmos-
phere of the stadium of fifty thousand seats, so that from
the dim past, circus acts remained the permanent feature
of human culture. Players were carefully picked after re-
peated tests and specially trained, on appropriate diet,
so that the match should end honors all, a most satisfac-
tory result from everybody’s point of view.

At 4 o'clock Joe was sitting in his personal study
room following a lecture on the history of industrial tech-
niques: the subject was the construction of television re-
ceivers in the year 1960. Joe marvelled at his ancestor’s
expert handling, their nimble positioning of the most di-
verse parts, the way they handled enormous vacuum
tubes, and the deft handling of the old-fashioned soldering
iron. All this recalled films he had seen on the building
of the pyramids, or the work of the lace makers with
their long pins stuck in taut-drawn cushions.

At 5 o'clock he passed to another workshop of
group A. 17 where the group was to produce, by its own
means, but using modern processes, a working stage of a
micro-module amplifier. The work had been in hand for
some time, but on that particular day it had been cut
short for Joe wanted to return to his room to watch on his
screen an automatic news item transmitted at 18:30 hours
by a satellite engaged in the examination of Satum.
Actually, several events of this kind had already been
broadcast from other planets; and these had rather upset
our views on these things, but Saturn had so far always
resisted investigation, perhaps on account of the nature
of its rings. In point of fact reception was disappointing,
jammed as it was by incomprehensible signals. The ques-
tion remained open.

After a short rest, Joe proceeded to an outdoor feast
which was the rage among the youth of both sexes. It
was called “Antique Barbecue”; it was actually an out-
door meal at which students, lads and lassies, roasted
whole sheep spitted on a wooden pole so that the
beast could turn in front of fires which they themselves
had prepared. That evening, some five-hundred students
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were in the clearing, and twenty sheep prepared and
wrapped in “Do it yourself” plastic bags, were turned
over to the twenty groups. The occasion was a merry one,
for there was a roasting and carving dexterity competi-
tion. The laughter and joyful shouting which, so we are
told, reproduced old World atmosphere was muted while
attention turned to a large television screen, visible to
all, where the finals of a rally of rockets to the moon
were being displayed; ten rockets flying the colors of the
ten world universities which had successfully completed
successive heats were competing, and the broadcast was
enthralling. Unfortunately the Hypertexas rocket had to
drop out, one of its ionic engines having died half way.
The American continent had 2 representatives, so far
well placed, but there was a certain amount of anxiety
on account of the unknown characteristics of certain
foreign competitors. The race was something like the
regatta of former days, the rockets had to assemble at a
given moment at a particular point of space and move
around so as to be in a favorable position at the starting
signal. The arrival of rockets launched from various
points on earth was easily followed, thanks to transmis-
sions from fixed satellites which broadcast every launch-
ing; each rocket was manned by 2 operators, keen rac-
ing men ready to win by all recognized means, as in

Roman games. The moon’s very surface had to be
reached in the shortest possible time, measured from the
earth by Doppler equipment on nearing the time of arri-
val, while the tapes were checked with the utmost care.
The entrants remained in communication with the public
and strove their utmost in the clamor of their supporters.

The race was well up to its reputation. Contrary to
all expectations, it was a so-called small country whose
rocket was the winner, the resourcefulness and daring of
its pilot having overcome some technical weaknesses.
The return was uneventful, each team having this time
been able to return to its base.

And the day ended as in old times, the lucky ones
received their winnings, the others made the best of it,
while some rather abnormal types decided to get back
home on foot, their eyes turned to the heavens where
they tried to distinguish between true stars and false
planets.

Back in his room, Joe slept. He dreamed. And in
his dream he saw what a former reading had taught him:
a stream, a modest house, standing quiet in its surround-
ings of green leaf and flowers, far from everywhere,
where by his log fire, with his books as his companions,
he felt his own master.

For the first time that day he was truly happy.

Fifty Years of Teaching Machines

Now that we are well into the
twenty-first century and cele-
brating the 100th anniversary of
the IRE, it is a good time to sit
back and attempt to assess the
tremendous impact the teaching
machine has had on our world
in the last fifty years. How
could a man in 1962, fifty years
ago, have guessed the fantastic
changes this one device would
bring about? The answer is, of
course, that he could not; he would have been a fool to
try. Teaching machines were in their infancy then, as
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consequently were human comfort and convenience (at
least by our standards).

Let me recount. In 1962, computers were only
about 20 years old. Biological computers were still mostly
theory; general purpose computers were crude, over-
sized machines of unbelievable inefficiency; and our
teaching machine’s bio-infrared circuitry was yet to be
discovered. To be fair one should point out, however,
that the basic principles of feedback were understood,
although the real basis for machine-human interaction
had not yet been discovered. Consequently, these rudi-
mentary devices required large numbers of human attend-
ants—called programmers—to assist them.

In those days, even a 0.01 cerebit' rapid access
memory was considered impossible and a computational
time of 1000 nanoseconds was thought to be ultra-rapid.
Such “teaching machines” as existed then were not at all
versatile, being “programmed” in the pre-1974 sense of
the word. It was a dismal time in computer history, one

! One cerebit is believed to be equal to 10° ordinary bits.
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of the valleys in the up and down curve of progress these
devices have followed since their inception (see Fig. 1).

After this bit of reminiscing, it is possible to jump
to the present. Everyone now in the field knows the
peaks in the line of progress in the last fifty years: the
breakthrough in biological circuit design in 1971, the in-
vention of the self-regenerating virus gates of 1974, the
solution of the light-speed access problem in 1981, the
discovery of voice reception and machine linguistics in
1986, and the establishment of international memory-
information banks for televideo service throughout the
world. Many modern-day sociologists feel that these five
achievements, along with the 1988 break-through in nu-
clear fusion power generation, have had more impact on
human-kind than all of the rest of man’s forward steps
throughout history. That our happiness and well-being

PROCEEDINGS OF THE IRE
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natural laws of growth of 1992 was the basis for later
work with spontaneous organizing computers. The last
theoretical piece of work, the Unified Computer Field
Theory, was, of course, first proposed by ILLIAC IV at
the University of Illinois in 1996, and led to the well-
known Nobel decision eliminating all future machine
contributions from competition with humans. It made
possible automatic programming, self-construction and
repair, reduced cost per bit of information processed and
true computer adaptiveness and self-awareness.

People of 50 years ago doubtlessly thought they had
much to be happy about. By our standards, they did not.
Of course, it was in the general field of education that
the adult living in the year of the IRE’s 50th birthday,
1962, had the worse disadvantage. He had to spend
years getting what we would not even consider a basic
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Fig. 1—Practical and theoretical stages in teaching machine
design in years and hillendale units. (Note that valleys may be
caused by periods of stagnation, as, for example, in 1987 and
1988, when men of science were directing all their attention

to discoveries being made in the field of nuclear power.)

are allmost fullly dependent upon these six advances is
apparent when we examine our everyday lives.

But before discussing the impact of the teaching
machine on civilization, I should mention some of the
other important, if not major, accomplishments since
1962 as a tribute to those men (and the computer) in-
volved. All of the five major practical achievements men-
tioned earlier depended upon theoretical work that had
gone before. Consider, for example, the monumental
work of Chen of 1976, which first established the feasi-
bility of liquid-state computer components. We could
not be where we are without his outstanding work.

The development of finite mathematics largely
through the efforts of Stochastikov and R. C. Tienport,
made possible the final linkage between information
theory and automata theory, and opened the way to the
solution, by A. N. Williams in 1979, of the General Cod-
ing Problem. The 1982 Timmons Theory of Self-Aware-
ness in Circuit Modules was basic to the construction of
the first real teaching machines. Simon’s Theory of the

education, attending schools outside of his own home.
Education was a mass-process which did not even allow
each person to progress as fast as his natural abilities
might have permitted, and a person’s formal education
stopped in the early part of his life. (One must remember
the average life span then was less than 100 years!)
Those who were educated to be specialists learned little
about anything else, and those who were given broad
educations learned little about anything.

How astonished the man of '62 would have been if
he could have seen the educational system we have now!
As learning was somewhat in disrepute in his day, he
might find it difficult to understand that we value it
above almost everything else. Some sociologists have
theorized that the biggest change in the last half cen-
tury has been the reversal in human attitudes toward
education. Of course this has primarily been brought
about by the advances in teaching machine technology,
which have made a good education not only possible, but
absolutely necessary for everyone in our society. Life
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without the modern, inexpensive direct-dial televideo
receptor in the home, linking us through substations to
the main memory-information banks and capable of ana-
lvzing handwriting, understanding voice commands and
requests, giving verbal responses, bringing us a free edu-
cation in any subject that interests us, and even serving
as a companion to the aged and the lonely, is now as in-
conceivable as an uneducated man. I personally do not
long for the “good old dayvs” of years past.

0Odd as it sounds, even children disliked education
in the 1960’s. A person of that era would be amazed to
see our 2- and 3-year olds sitting in front of their tele-
video screens, learning the International Language and
other basic studies. He would be surprised to see our
learning cubicles in public buildings and libraries, and to
find that international renown and prestige is awarded
to people of all ages for their learning in various areas
of the arts and sciences. It would surprise him to learn
that our national sport is the mass participation televideo

serious problem could only call in other doctors as con-
sultants, provided they were available and willing. Hu-
man physical maintenance depended upon many uncer-
tainties.

In matters of recreation, the man of 1962 was at a
disadvantage again. Great portions of the small amount
of free time he had3 were spent laboriously learning how
to play the games or master the activities that interested
him. It would have been impossible for him to have
spent one evening previous to leaving for the Rockies
learning the known expert techniques and opinions on
mountain climbing. Without years of actual physical ex-
perience beforehand, he probably would have killed him-
self. There are shocking historical records of deaths,
amounting to thousands, due to untrained drivers of the
early hydro-carbon propelled surface cars; compulsory
heli-jet training for children was not introduced until
1985—several years after installation of our first traffic
and navigation control net.

P nucl ’i '

. and led to the well-known Nobel decision eliminating all
future machine contributions from competition with humans.

quiz game, in which the entire audience is armed with
brains rather than muscles for it was not until 1989 that
DIAG IV recommended to the General Assembly the
outlawing of all physical contact sports.

In many other ways, compared to today’s standards,
the man of 1962 faced a hard, dreary life. If he had
marriage problems, he could not dial the proper code on
a televideo and have instantaneous access to the think-
ing of the world’s best minds on the subject. Instead he
had to visit another human being,? placing his future
well being in the hands of a single individual who was
probably little better equipped to solve his problems than
he was. He could not sit in his living room and study any
phase or area of any arts and science he wished. If he
became sick, his doctor had to rely on the contents of his
own brain, rather than being able to dial Medical Diag-
nostics for assistance. In those days, a doctor facing a

*Such people were called marriage counselors, quaintly
enough. :

But the worst thing about life then, as I see it, was
the uncertainty about the future man carried in his heart.
There was no international language, little international
understanding, and no international peace—because there
was not yet a world-wide svstem of televideo teaching
machines. Therefore, the benefits and rewards of ad-
vanced technology were not available to all peoples.

Now we are beyond all this and faced by troubles
of our own. We would be unfair to ourselves if we cred-
ited the good or the bad of our world completely to the
teaching machines; for while they are an essential part of
our existence, we designed them, we built them, and we
keep them running. We will improve them in the future.
And for all of my disparaging remarks about the middle
1900’s, it is obvious to me that we really stand where
we are because of the pioneers, the men of that day.
Each generation climbs higher than the last because of

* A 40-hour work week was common in this country in the
1960’s, and there were even worse ‘situations elsewhere.
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the work of the last—but we sometimes are so busy look-
ing ahead that we forget to glance back in gratitude.
On this point I must mention a very erudite article*
written by my grandfather, Dr. Harold, I call him (in
respect of the Ph.D. of that era). The reader would do
well to dial IRE archives and take a reading on how
it looked to the old gent then.

Considering the sweeping changes in our world in
the last fifty years brought about by the development of
the teaching machine, I would be as much a fool to try
to predict what will happen in the next fifty as the man
of '62 would have been to have made guesses about our

*H. A. Zahl, “Looking backward toward tomorrow,”
IRE TRANS. ON AEROSPACE AND NAVIGATIONAL ELECTRONICS,
vol. ANE-8, pp. 3-6; March, 1961.

time. It is my personal belief that before 2062, we will
be able to take a forward step that will make the major
achievements of the last 50 years look paltry by com-
parison. Hard as it is to imagine, I suspect that the IRE
writer of 2062 will be laughing at us, remarking that
teaching machines were in their infancy in 2012. And
that will be as it should be. Let us only hope that he too
will remember that he stood on our shoulders to reach
the heights he will have attained.

And finally, I should like to thank my good friends
Alpert, Desmond, Bitzer, Braunfeld and A. Kingery of the
University of Illinois; also E. M. Reilley of the Signal
Corps Lab. I asked their help on this story since their an-
cestors of identical name were quite involved in early
stages of the evolution of our present teaching machine—
around 1962, I believe.

The Tools of the Engineer—2012 A.D.

About 1970 engineering had
sensibly stabilized and technol-
ogy had forced cleavage into two
distinct groups.

The first group was that of
component engineers. Compo-
nents no longer had their earlier
crude meaning, they had be-
come functional building blocks
of complete circuits. Further, a
shortage of engineers had forced
the standardization of many
circuits so that whole classes of amplifiers, power sup-
plies and mountings had become shelf items.

After a competitive race in the 1960s to produce
the smallest units, reason had prevailed. While compo-
nents were small by earlier standards, the ultimate sizes
were such that costs were reasonable and servicing prac-
ticable. For example, whole receivers were the size of
pound candy boxes rather than cigarette packs.

Component engineers spent their time revising a
limited number of building blocks in line with the latest
molecular theory of electrical circuitry. Many whole

R.Adm. Bennett, USN(Ret.), is Senior Vice President
—Director of Engineering of Sangamo Elcctric Company,
Springfield, Ill. (Received July 5, 1961.)
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functional circuits went unchanged year after year.

The second group, system engineers, were effec-
tively specialists in putting together complete functional
circuits to form equipments. Since many of the complete
circuits no longer had the individual characteristics of
R, L, and C, a whole new body of mathematical analysis
had grown up.

One feature of the new design methods involved
the use of computers. It was no longer necessary to cut
and try, to build many models experimentally. A pro-
posal for a new system was first programmed into a
computer and the ideal circuit units computed. The
characteristics of the complete device could be checked
from input to output. If the desired over-all character-
istics were evident, then the computed circuit criteria
were checked against currently available units. Since
these units did not always match, the computer was
reprogrammed to have the system accept the available
units. Some errors becoming evident, the computer was
then asked to specify the characteristics of the needed
new units. When all units had become available, the
system would be put together. Rarely was a second
model needed. Occasionally a good idea for a modifica-
tion and improvement would cause a revamping process
to occur.

Sometimes at meetings older engineers would retell
their fathers’ tales of the frustrating and harassing old
days of soldering irons and cut and try.
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The Automatic Handbook

The automatic handbook will be
a computing machine that has
stored within it the kind of data
and calculation procedures that
are now contained in handbooks
on subjects like electrical engi-
neering, physics, and mechani-
cal engineering. Unlike present
handbooks, it will not only store
descriptions of procedures, but
also be able to execute them.

Unless some unforeseen de-
velopments in the science of information retrieval ap-
pear, there will still be the problem that the user can
select wrong formulas or procedures just as he can with
the handbooks of today. However, after a proper selec-
tion has been made, and before the particular desired
formula or numerical result is available, today’s user
often must do a lot of work which the machine will
be able to handle.

Recent work on symbol manipulation by machine
has shown that the machines can do most algebra.
However, there are some kinds of manipulations that so
far have resisted mechanization, and some of these will
not be within the scope of the automatic handbook. It
would, however, be able to help with derivations that were
beyond its ability to discover because it would be able
to check these for algebraic and numerical errors.

Such a machine would probably be centrally in-

N. Rochester is Manager of Advanced Computer Utiliza-
tion, IBM Data Systems Division, White Plains, N.Y.
(Received August 1, 1961.)
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stalled and accessible to many, rather than being the
private property of an individual. A modest extension of
today’s real time computer methods should reduce access
delays to about the delays that one now encounters in
getting the dial tone from a telephone exchange.

Consider a hypothetical instance of an electrical
engineer using the automatic handbook to calculate the
pressure required to produce a certain flow of cooling air
through ducts in an electrical device he was designing.
Probably an advanced display would obviate the need
for a book at all. However, to avoid having to imagine
this, it will be assumed that he would have a mechanical
engineering handbook much like the present ones except
that it would be backed up by a computer.

The engineer would look in his handbook and find
the parameters that influence pressure. He would find,
also, figures showing round and rectangular sections,
elbows, and other discontinuities. To see if he had a
problem he would specify a particular design by giving a
succession of figure numbers and dimensions. He would
specify the flow, the input temperature, and the output
resistant to air flow.

The machine would give him the pressure and,
typically, he would see that it was too large and that he
did, indeed, have a problem. So, he would ask the machine
for a formula for the input pressure. Since he might expect
the formula to be complicated, he might ask for a sim-
plified one that would ignore any effects that contributed
less than 10 per cent in the first sample duct. The ma-
chine would prepare this latter expression by reference
to the calculation it made before. It would eliminate
from the literal expression all terms which corresponded
to elements of the numerical calculation that contributed
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less than 10 per cent. Since this type of formula simpli-
fication has actually been programmed and successfully
executed on today’s computers, the automatic handbook
would probably be able to do much more to guide the
engineer. He would then see clearly what the important
parameters were and could easily produce a succession
of designs for the machine to test. Jointly, the hand-
book and the engineer would quickly arrive at a final
design.

The automatic handbook would, of course, be
equipped with a large set of mathematical procedures.
It would be able to integrate expressions; solve differen-
tial equations, both when a solution can be expressed as

a concise literal expression and when only a numerical
solution will do; simplify most expressions embodying
transcendental functions; and do most of the routine
mathematical work that the engineer himself could do
by looking it up as well as some that would normally be
accessible only to a mathematician.

References to literature are an important feature of
handbooks. The handbook could be kept current by
prompt addition of new references and deletion of obso-
lete ones. The automatic handbook would be helpful in
both familiar and unfamiliar fields, would do a lot of
detailed work, and would greatly expand the technologi-
cal range of an engineer and increase his output.

There Will Be No Electronics Industry

in 2012 A.D.

In the year 2012 a.p. there
will be no electronics industry
as we know it today. The
electronic component industry,
around which our current elec-
tronics industry has been built,
will have disappeared com-
pletely. The design and fabrica-
tion of electronic devices will be
completely mechanized and will
be performed as an integral part
of the development and manu-
facture of all end products, commercial and military.
During the next fifty years adaptive computers will
have been developed and perfected which will perform
all the functions of systems analysis and layout, equip-
ment design and functional configuration. The informa-
tion from these “design machines” will be fed from stores
into automatic assembly machines which will fabricate
and assemble the final product from processed raw ma-
terials. The output from the test portion of the assembly
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machine will feed back to the design machine where
errors in design will be corrected and where the design
will be optimized for cost, reliability and performance.
These design and assembly machines will be flexible and
versatile enough so that they can design and fabricate
a wide variety of products merely by changing the inputs
to the design computer and the materials fed to the
assembly machine.

The thousands of electronics engineers now required
to support development and product design of complex
electronic systems will be replaced by these machines
and by a relatively few highly specialized and very
creative scientists who interpret new systems concepts
in terms of inputs to the design computer.

Competitive advantage will be obtained by excel-
lence in conceptual creativeness, materials research and
marketing.

All of this will result in the producers of end prod-
ucts—whether they be space vehicles, aircraft, automo-
biles, home entertainment centers or electronic air condi-
tioning systems—being completely self-sufficient. They
will not have to rely upon a specialized electronics in-
dustry, nor will they have to compromise their product
by using “existing” components. The only standardiza-
tion in “electronics” in 2012 a.p. will be in materials and
this may lead to a specialized materials industry which
will replace the current electronic components industry.
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Radio Communication in 2012—

An Obsolete Art

During the fourth quarter of the
20th Century, solid-state micro-
electronics began to find itself
by entering into more and more
diversified usage. There was, in
fact, a period when it seemed
reasonable to assume that all
radio receivers would make one-
hundred per cent use of micro-
electronic technique. This was
before the obsolescence of
radio communications could

have been visualized.

Suddenly, and yet collateral with the surge toward
microelectronics, and, in part, even due to it, promising
discoveries and better understanding of the nature of
electrobiology literally cleared the air. By furnishing a
technique for accurate physiotelemetry, revealing details
of the magnitude, as well as confirming the path of nerve
currents, microelectronics played its very great part in
the fruition of this giant step. Thus, the art of bionics
and allied nerve-to-brain studies, moving slowly and
disappointingly, but irrepressibly forward, became the
big news in communication advancement as well as
others not germane to this paper.

Obviously, surgical experiments and tests had to
follow and confirm theories derived from such observa-
tions. In due time, it became necessary and practical to
make experiments on animals whose neuromechanics
could be considered a reasonable counterpart of the hu-
man being’s. Certain haunting anomalies always seemed
to appear when least expected during the course of carry-
ing on the seemingly obvious experiments of attempting
to simulate, by externally-initiated electronics, the inter-
nal action of nerve currents. Likewise, the seeming con-
tradictions or disappointments that resulted from the in-
troduction of these currents to specific points in the brain

D. D. Israel is Executive Vice President of the Emerson
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could not help but intrigue the more meticulous work-
ers. They gravitated to the conviction that some animals
responded with subtle difference from what was ex-
pected. It was contrived to carry on studies whereby
animals were not only exposed to the influence of man
but to the influence of other animals during such experi-
ments. Now the key seemed to be fitting the lock and
exactly when the full realization occurred as to the cause
of the apparent contradictions was not fully recorded and
just who might have been responsible for it is still not
clear in the record. Probably it was another case of the
not uncommon incident of simultaneous discovery of the
same phenomenon in several laboratories and, in fact,
even in various countries.

What was deduced was the momentous principle
that the evervday or routine low-level type of communi-
cation that animals have been known to use was ulti-
mately rationalized as something not too different from
what the generalizers like to call “extra-sensory percep-
tion.” As certain animals became more intensively human
trained they simultaneously lost their ability reliably to
continue this animal-to-animal communication. True,
such “genius” animals acquired the ability to seem to
think for themselves and even, to a degree, developed a
low-level consideration faculty, but they certainly lost
their animal friends while they learned to influence
people.

Having proved, in a measure, the characteristics
listed above, the corollary developed which explained
why man who, like other animals, having been originally
endowed with at least as good a built-in low-level com-
munication system as the lower animals had, neverthe-
less, over the centuries of technologic and sociologic de-
velopment, unintentionally rid himself of this genetic
birthright. Agreed, he was ahead of the game as it were,
but it was only human to want to know why one must
lose so much to have won otherwise.,

Science’s real mandate was now evident, A way
had to be found to “unlearn” just the right things to
reacquire enough of our original animal-like extra-sensory
perceptive powers. Yet mankind could not afford to lose
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the necessary scientific stature and advances that had
been acquired over the centuries.

Various laboratories devoted themselves feverishly
to the task. The large foundations liberally supported
work to such an extent that government financing was
not even necessary. By the year 2000, sufficient progress
had been made so that elementary communication could
be carried on over very short distances between suitably
and carefully trained human subjects. Then, with the
additional aid of certain bioelectronic augmentation, the
technique was refined so that individuals who had been
so equipped and previously trained were able to make
adjustments whereby they could communicate over quite
substantial distances but always by appointment—a most
fortunate limitation.

As of this writing, in 2012, there are no doubts in
any circles as to the ultimate full success of the program.
Tests have proceeded now so that if the parents con-
sent, newborn infants can be operated upon and the
latest submicroelectronic equipment installed in the brain
and at certain critical points in the spinal column so
that they are almost certainly assured not only of the
benefits of full nonradio communicative powers but also
there is reason to believe that their scientific creative
ability will be enhanced. Logically enough, this opera-
tion must be performed within two weeks of birth be-
cause if the infant is only slightly exposed to contacts
with jts family who still have not completed their “un-
learning” and readjustment, he might never become a
good subject for the modern system of communication.

Electromagnetics and Communications

THE LOW FRONTIER The
VLF range (3-30 kc) has long
been the low frontier of the
electromagnetic spectrum used
for “radio” communication.
There are being explored some
further opportunities for useful
communication at these and
even lower frequencies. At pres-
4 ent the lowest operational fre-

quency is in the vicinity of
15 ke, which is used by the
Navy for communication to submarines while submerged.
These and lower frequencies are also attractive for
world-wide coverage around the clock, from any one
transmitter.

One contemplated use of lower frequencies is found
in the Navy’s proposed “Omega” long-range navigation
system. The world would be covered with a grid of inter-
ference patterns, laid down by a network of several
transmitters operating near 10 ke.

The next lower frequency to be considered might
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be around 3 ke, where the propagation under the iono-
sphere has some unusual properties. There is one, and
only one, mode of propagation with horizontal polariza-
tion. It may be designated the TE-01 mode, which has
a cutoff frequency about 2 ke. It happens that the vicinity
of 3 ke experiences an optimum combination of reflection
from the ionosphere and excitation by a loop antenna at
the ground (a vertical loop with horizontal axis in the
direction of propagation). At the maximum altitude of
aircraft, this mode is susceptible of omnidirective recep-
tion by a horizontal loop.

Below 2 ke, there is single-mode (TEM) propagation
under the ionosphere. At about 10 cycles, the earth’s
surface and ionosphere form a cavity resonant at its lowest
mode. Experiments in Germany and the U. S. have shown
signs of this resonance by observing a distinguishable
peak of lightning noise near this frequency. The utiliza-
tion of such a low frequency depends on the develop-
ment of a power radiator that can surmount the lightning
noise over a useful area, or even over the entire earth.

Recent tests at VLF have indicated substantial trans-
mission through the ionosphere, from the surface to a
satellite. This was unexpected, since the ionosphere has
been regarded as a shield for VLF. However, it is known
that AF signals penetrate the ionosphere in the “whistler”
mode, when transmitted between two focal points at
opposite ends of the Earth’s magnetic field. The satellite
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test gives further impetus to the investigation and possi-
ble utilization of VLF communications between the Earth
and outer space.

Along with the progress in propagation under the
ionosphere, other channels are being explored under-
ground in the Earth’s crust. Promising results over
moderate distances have been obtained in tests of guided
waves between separated conductive lavers in sedimen-
tary strata at moderate depths (less than 1 km). The
first such tests under controlled conditions were recently
reported by Deco Electronics, communicating between
two salt mines in New Mexico. Another possibility has
been proposed, the “deep waveguide” in basement rock.!
This is bounded on the upper side by conductive layers
near the surface (sedimentary rock or sea water) and on
the lower side by the “thermal ionosphere” at a depth of
the order of 30 km. It remains to be proved whether
long-distance signaling is possible in the deep waveguide
at frequencies of the order of 1 ke.

In the field of communications, electronics has ex-
perienced its greatest stimulation and development. In
detecting and processing weak signals, it is closest to the
sensitive communication processes of human beings.

The following paragraphs are devoted to some situa-
tions in which the present practices are notably deficient
in communications.

HIGHWAY COMMUNICATION On the highway,
many situations would benefit from some form of com-
munication, either from controller to vehicle, or from one
vehicle to another. Even when the two parties are in
sight of each other, there is now very little ability to
communicate. From controller to vehicle, traffic lights
and personal “antics” are utilized to some fraction of
their capabilities. Between two vehicles, brake-signal and
turn-signal lights are most rudimentary, though extremely
helpful as far as they go.

We have radio communication between base stations
and vehicles. It is fairly effective in police networks, and
could be developed much further for taxicab dispatching.

Perhaps the next development will be the transmis-
sion of advisory messages to all cars passing a certain
point on the highway as has been demonstrated by the
Delco Radio Division of General Motors Company.

The greatest need is the ability to communicate
from one vehicle to another in the same vicinity, for
purposes of warning or other advice. To be useful, this
would require a simple way of selecting which vehicle
is to be addressed. For example, one might advise another
car that his turn signal was left on, or that he was trail-
ing black smoke from his exhaust. Obvious such facilities
would have to be used with restraint, but the tvpical
driver has come a long way in this respect and might
prove equal to a further challenge.

A friend of the writer (R. G. Ling) has experimented

'H. A. Wheeler, “Radio-wave propagation in the Earth’s
crust,” J. Res. NBS, vol. 65D, pp. 189-191; March-April, 1961.

with such communications by using a microphone at the
driver’s position and a loud speaker just behind the radia-
tor. He has encountered a favorable reaction in several
cases, and once supervised the evacuation of a car that
was on fire without the driver being aware. His experi-
ence is persuasive that intervehicle communication offers
a real opportunity.

The natural way for selectively reaching just one
vehicle would be through a narrow beam of radiation,
although this would require careful aiming by the sender.
This would be especially difficult during the motion of
one or both of the vehicles. Invisible radiation would
offer some advantages, while visible radiation would en-
able the receiver to see which vehicle is the sender.
Even if the signal radiation were invisible, a visible signal
could be used for identification of the sender and per-
baps also for automatic acknowledgement by the re-
ceiver when the channel is established.

The broadcasting tvpe of intervehicle communica-
tion, with restricted range, could be made useful by
marking every vehicle (on all sides and ends) with a terse
code that would be unique to one in a thousand or so,
such as two letters or a three-digit number, analogous to
radio call letters. This code would then be used for
identifying the addressee and perhaps also the addressor.

TELEMETERING TO THE HUMAN SENSES The hu-
man senses are awkward when it comes to receiving a
signal with quantitative precision. This is exemplified by
the amount of attention required to retain simple infor-
mation such as weather statistics or game scores. The
thermometer is among the most natural indicators, but it
has to be communicated in a digital code, which is far
from natural. There seems to be a need for evaluation
and optimum utilization of the senses for this purpose.

The eye can sense a prodigious amount and variety
of information, in the form of relationships, but is notably
deficient in quantitative observations, such as ratios of
distances or intensities, and even more so in sensing their
absolute values. The ear, while subject to comparable
limitations, is peculiarly skillful in one function, the sens-
ing of frequency changes and the appreciation of fre-
quency ratios and patterns. It is suggested that this
quality of the ear may be the one natural sense that has
evolved to the highest degree of quantitative precision.

A few vears ago, the writer took advantage of this
ability of the ear as an aid in a scientific demonstration
to an audience. He wanted visual attention to the ma-
nipulation of a directive antenna, so such attention was
unavailable for the meter showing the response of the
antenna when pointed in various directions. The ampli-
tude of sound gave qualitative but inadequate sensing of
the variations to be demonstrated, especially a deep null
in the pattern. Instead, the amplitude of response was
presented by an audio tone whose frequency was made
directly proportional to signal power. This enabled the
sensing of variations from % db to 30 db, by the logarith-
mic frequency response of the ear. (The lower value is a
half tone on the musical scale. The upper value is based
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on 3 to 3000 cps, the lower frequencies being made
audible as pulses or clicks.) The result exceeded the
capability of any other form of demonstration indicator,
and left the visual attention where it was needed. The
patterns was easily remembered as a tone pattern, al-
though still difficult to describe in such terms.

A similar method apears to be in use for translating
the heart pulse wave to an audible sound; here the quan-
titative requirements are less severe.

In any particular situation, the capabilities of sight
and sound should be evaluated, and a conscious selection
made for best utilization of both. The future will see
increasing appreciation of this need, followed by careful

study and the adoption of optimum techniques. This is
- closely related to the problems of efficient education.

PRIVACY BY MATCHED-NOISE JAMMING In mili-
tary communications, it is recognized that the most effec-
tive jamming can be accomplished by noise having a fre-
quency spectrum similar to that of the signal to be
jammed, but the noise having a random character. The
same principle may be applied for positive benefit in
another situation, as follows.

There are certain conditions in which a quiet back-
ground serves to emphasize any sound that may occur.
One example is a large, quiet office in which several indi-
viduals are doing desk work; any conversation, especially
by phone, becomes a disturbance to everyone in the
room. Another example is a quiet room for sleeping; the
sense of hearing becomes so acute that a moderate sound
is cause for alarm.

It is expected that the principle of jamming will
come to be used as a countermeasure for these condi-
tions. Ideally, a recording of the sounds to be jammed
would be made for every day (or night) over a year or
so, then all days would be superimposed to form one day
of noise. This sound, reproduced at a level comparable
with the level of the sounds to be jammed, would form
an ideal background for the otherwise quiet office or bed-
room. It is likely that a few types of noise would suffice
to enable an effective choice for any particular location.

The noise causes the ear sensitivity to accommodate to
the expected level and character of disturbing sounds.
This plan is most effective (not too monotonous) if there
is some appreciable fluctuation of the noise level over the
time cycle of the recording to be utilized.

Such a background of sound appears to offer also
some therapeutic benefits in the reaction of the nervous
system. In an extreme case, a very loud noise have been
found useful as an anesthetic, and this application will
come into wide use in the near future. Here there is
naturally a search for the sounds that will be most effec-
tive; in other words, that will have the greatest ability to
confuse the pain signals.

IDENTIFICATION OF HUMAN CHARACTERISTICS
There is a rule which says, one does not know some-
thing if he cannot describe it to someone else. It would be
closer to the truth if we were to say merely that one
does not know how to describe this something. The most
striking example of this frailty is our inability to describe
the human characteristics by which one is able to distin-
guish thousands of his acquaintances, even those whom
he seldom sees. Any word description may apply to 10
or 100 of the individuals that one is able to distinguish at
sight.

It is interesting that we resort to ﬁngerprints in our
attempt to find a simple and identifiable pattern that has
enough combinations to enable unique descriptions of
perhaps a billion individuals.

The time is ripe for a systematic development of
concepts and words that will enable one to appreciate
and to describe the characteristics of another individual.
Some progress is made necessary by the increasing num-
ber of acquaintances one is likely to acquire in the closer
packing of our population, with respect to both residen-
tial and occupational communities.

This result would be achieved by an intensive re-
search program, utilizing the current concepts of informa-
tion theory. The greatest difficulty would be that of any
new language, since the requisite new words will lack
any background of usage or familiarity.
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Communication Spectra by the Wholesale—

2012 A.D.

Although the oracle at Delphi is
long since stilled, the art of divi-
nation still seems to possess an
irresistible allure for mankind.
But at least, if mantic endeavor
is inevitable, there is something
to be said for a half-century
forecast, since such an interval
confers a fair degree of immu-
nity to after-the-fact checkup by
present readers. On the other
hand, the technically sound
basis for a shorter range forecast, i.e., that the near-term
future behavior of a dynamic system is roughly predict-
able from a knowledge of its immediately past behavior,
no longer applies.

One way of illustrating the infeasibility of an accu-
rate 50-year forecast, in the face of rampant technologi-
cal change, is merely to take an equivalent backward
look. It was just about 50 years ago that H. D. Arnold
and others were starting research on the introduction of
a high vacuum in De Forest’s audion. Who then could
have foreseen that this device would usher in the great
era of communication and electronics—an era that was to
create the miraculous networks of wire and radio that
now speed communication near and far, the electronic
computers that are metamorphosing business operations
and resolving hitherto unassailable problems, the in-
credibly accurate control systems that steer missiles on
their way and place satellites in orbit, the broadcast sys-
tems with their as yet largely unrealized potential for
education and culture, and all the other electronic con-
trivances that impinge in one way or another upon our
society?

How much less amenable to prediction must be the
advance of the next half-century! No abatement in the
pell-mell rush of electronic discovery and innovation is in
sight. Past progress will beget future progress. Techno-
logical change bids fair not just to continue, but to ac-
celerate. No more could a Tennyson say: “Science moves
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but slowly, slowly, creeping on from point to point.”

In this juncture, we shall do well to limit our prog-
nostic effort by selecting a single windmill for tilting.
The one chosen herein is the matter of guessing what
sort of mechanisms will be used to provide the band-
widths required for continental and transoceanic com-
munication 50 years from now. A guess as to the magni-
tude of these bandwidth requirements is clearly the start-
ing point.

Let us look first at intracontinental communication,
and specifically at the bandwidth needs for all forms of
intercity long distance transmission. What factors might
be pertinent? Population for one, number of telephones
for another. The best guess seems to be that in the next
50 years U. S. population will about double, while the
number of telephones may triple. Neither of these has
great significance, however, since the demands for long
distance communication will go up much faster, as has
been true in the past.

The demand for telephone circuits will almost
surely experience some degree of saturation. In all prob-
ability, however, this will be far more than offset by large
demands for transmission of visual material, either sepa-
rately or in association with telephony. A further aug-
mentation will result from needs for data transmission.
Putting evervthing together, it appears not unlikely that
total bandwidth need on important intercity routes may
go up a hundred times, which would mean a baseband
requirement ranging from 50,000 to 100,000 megacycles
on each of a number of heavy traffic routes.

How will such a vast bandwidth be obtained? Prob-
ably not from present or future coaxial cable systems,
since these seem likely to prove uneconomical except for
special purposes such as as feeder links, entrance to cities,
etc. Neither will it come from present or future micro-
wave relay systems. While these will play an important
role for many years to come, their capability for handling
bandwidth growth will be seriously curtailed by beam
congestion within 20 vears or so. The usable microwave
spectrum is finite, and will be subject to increasing de-
mands for services other than point-to-point long dis-
tance transmission. Moreover, microwave systems will
probably be more expensive than future alternatives.

What then? Only two possibilities suggest them-
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selves. The first is the waveguide system now being de-
veloped specifically to provide increased information-
carrying capacity on major overland routes. The probable
transmission medium is a hollow copper pipe, about two
inches in diameter, acting as a guide for millimeter waves
traveling inside. The system will employ the circular elec-
tric transmission mode (TE,,), which has the admirable
property of decreasing attenuation with increasing fre-
quency.

As now visualized, the gross frequency band trans-
mitted inside the waveguide may extend from 35,000 to
75,000 megacycles, i.e., a gross band nearly four times as
wide as the entire band now employed for radio com-
munication. This vast frequency spectrum will not be
vulnerable to fading, atmospheric effects, interference, or
other troubles that beset the radio, nor will it be subject
to conflicting public demands and consequent govern-
mental restrictions.

Within each waveguide system comprising one pipe
for each direction, a handling capacity for as many as
200,000 voice circuits or 200 television circuits is antici-
pated. Present techniques require that for amplification
at intermediate repeaters the waveguide frequency band
be subdivided into a number of separate broad-band
channels. However, it seems logical to expect that in 50
years the art will have progressed to the point where the
entire waveguide band can be amplified, without sub-
division, in a single amplifier.

A possible alternative, a scheme vaguely reminiscent
of Alexander Graham Bell's “Photophone,” has recently
emerged through the development of a continubusly op-
erating gaseous optical maser. In contrast to previous
optical masers, the new device employs a mixture of
helium and neon gases through which an electrical dis-
charge takes place in somewhat the same way as in a
conventional neon tube. This discharge excites the helium
atoms to a high “metastable” energy level. Collision of
neon atoms with the excited helium atoms results in a
transfer of energy to the neon atoms, which can then be
stimulated to radiate their energy in a continuous stream,
and through successive reflections a narrow output beam
of coherent infrared waves is obtained.

A system employing this or some other yet-to-be-
developed type of maser might conceivably be used to
derive an enormous bandwidth for long distance trans-
mission. The light beam, suitably modulated, would be
shielded from outside effects (rain, fog, refraction due to
inhomogeneities) in a gas-filled or evacuated under-
ground pipe. The system might comprise a number of
repeater sections each several hundred miles in length.
Each repeater section might consist of a number of
straight sections of perhaps a mile or less, with passive
means (e.g., confocal reflectors) for redirecting the beam
at each junction.

Only a few watts of transmitted power, well within
the capabilities of a gaseous or solid-state maser, would
be needed in each repeater output. The over-all system
bandwidth might be millions or tens of millions of mega-
cycles, in contrast to thousands or a few tens of thousands

for the waveguide system. The problems that would have
to be surmounted in such an optical maser system are
formidable indeed, but seemingly not insuperable. On
the other hand, the millimeter waveguide system has
been under exploration and study for many years, and
the problems are now clearly defined. It is conceivable
that over an interval as long as a half-century both sys-
tems may come into use.

And now what about transoceanic communication
50 years hence? Again we must first guess at bandwidth
needs. Here uncertainty is compounded by the fact that
it is only in the last five years that circuits of high
quality have been available across the Atlantic in ade-
quate numbers. The demand for transmission of visual
material is problematical. Military needs bulk large for
the immediate future, but should level off over the longer
term. Still and all, the tidal wave of world communica-
tion is rising fast. A good guess might be that by 2012
A.D. some 2000 Mc of bandwidth will be needed be-
tween U. S. and Western Europe (including Great Brit-
ain), and possibly twice that much between the U. S.
and the rest of the world.

To meet this need, there will be, first, ocean cables
with submerged repeaters. Up to now these have been
quite limited in bandwidth. But new single-cable sys-
tems of much greater circuit capacity will soon be in-
stalled. There is little question of the eventual feasibility
of a cable with transistorized repeaters, which could easily
glve a frequency band of several megacycles or more.

Meanwhile, another kind of transoceanic communi-
cation has taken on great scientific and popular appeal,
to wit, radio communication via satellites. Spurred by the
success of initial experiments, satellite communication has
taken on some of the features of the whole space ex-
travaganza. Satellite systems possess real attraction, how-
ever, for obtaining -wide-band channels for telephony,
television and other services, for providing direct links
to landlocked countries, for diversification of tech-
niques, etc.

For transmission reasons, repeatered satellites (i.e.,
equipped for receiving and retransmitting) seem likely to
win out over reflecting satellites. There is much theoreti-
cal attraction in a repeatered satellite placed in an equa-
torial orbit about 22,300 miles above the earth, with pre-
cise station-keeping equipment so that it would remain
stationary above a fixed point on earth. However, this
poses extremely difficult technical problems, as well as
introducing a round-trip delay of about 0.6 second,
which would make it unsatisfactory for telephony. Ac-
cordingly lower altitude satellites (2000-7000 miles) are
most promising. A group of 25 to 50 might provide a
world-wide communication network.

The economics of such a system are largely con-
jectural. Much depends on the life of the satellite equip-
ment under exposure to space radiation and other haz-
ards. Nevertheless it seems clear that low-altitude active
satellite systems will be in experimental operation within
a short time.

The preferred frequency range for satellite com-
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munication is from about 1000 to 10,000 Mc. Even with
huge horn-reflector antennas for transmitting and receiv-
ing, and low-noise masers for amplifying the faint re-
ceived signals on the ground, very broad-band modula-
tion systems will be needed to obtain acceptable signal-
to-noise ratios. Since there is only one electromagnetic
spectrum available for radio transmission, avoidance of
interference between space systems and from terrestrial
systems into space svstems will introduce grave problems.

All things considered, it is by no means unimag-
inable that within less than a half-century the congestion
in the microwave range will leave no room for further
exploitation by space communication. What then may be

imagined as the next transoceanic communication
medium? In the fact of necessity, some way will be found
to multiply frequency spectra at will through the use of
cable techniques. Maybe the answer will be an adapta-
tion of the overland waveguide system, or in other words,
a “waveguide cable” with the whole band handled by
one amplifier at each repeater point.

In the long run, a “sheltered” transmission medium
is almost certain to win out over radio for both conti-
nental and transoceanic communication. In view of the
ever increasing importance of communication to world
affairs, it is fortunate that such promising ways of han-
dling future demands are in sight.

A Short History of Electromagnetic

Communications

By the 1960’s it appeared that
electromagnetic communication
systems had reached tremen-
dous heights of sophistication.
| = == Starting with the crude noises
S A of the spark gap, laboriously
coded by hand from the alpha-
g bet handed down by the Phoe-
nicians only a few millennia
‘ ago, the uses of the radio spec-
trum burst forth in the course
of half a century to encompass
a bewildering maze of services. Coded and voice mes-
sages were transmitted over all the world, radar beams
scanned the horizons, information was brought back
from transmitters deep in the reaches of space, radio
was everywhere, and the last decade had culminated in
the miracle of the nightly repetition, in millions of homes
ail over the land, of the Western.

But even so, the electromagnetic spectrum hadn’t
really been tapped. The services extended from about
20 ke to 40,000 Mc, a little over 6 decades, and the
upper end of the band was wastefully squandered car-
rying television signals that from the point of view of
information theory (to say nothing of the point of view
of culture) were highly redundant. Beyond lay tremen-
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dous reaches in the frequency domain. From 10 to 1013
cycles were the submillimeter waves and the far infra-
red, essentially a trackless waste, traversed by an occa-
sional expedition which noted the nature of the area,
but did not stay to colonize it. It contained, of course,
half as many decades as all of the communication spec-
trum had exploited until that time, and in terms of in-
formation bandwidth was thousands of times larger. Its
development was hampered partly by the opacity of the
atmosphere, but more by the inability to apply in the
tiny dimensions required the techniques characterizing
longer wavelengths. This area was finallv opened up
from the other direction by extending the techniques
originating in the optical region of the spectrum. Now
here was rich territory indeed—a narrow slice of the
electromagnetic spectrum originally occupyving scarcely
an octave, but possessing an overwhelming advantage
in that it was here that man’s own receptor, the eye,
operated. This superb mechanism had a receiving aper-
ture only a few millimeters in diameter, yet was capa-
ble of absorbing and classifying information at rates far
in excess of those characterizing the communications sys-
tems of the sixties; indeed, the latter had succeeded in
presenting to the eye only a tiny and crude imitation of
visible scenes, and had used up the then available com-
munications spectrum in huge gobs while so doing. It
was in the optical region of the spectrum that physics
had its earlv triumphs; indeed, it is fair to say that
our modern concept of the physical world rests pri-
marily on a foundation established in the study of the
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propagation of light and its emission by atoms and mole-
cules. .

It was through these latter phenomena that elec-
tronics and communications became part of, and, in-
deed, essentially took over and engulfed, the art of
optics. The key to the operation was the use of coopera-
tive phenomena among atoms. Now all of the power of
the electronic signalling techniques was combined with
that of conventional optics. The provision of stable local
oscillators at optical frequencies, together with the de-
velopment of nonlinear media made possible the con-
version of frequency, with all its attendant advantages.

At the same time, the precise directional properties
available with the new frequencies were exploited. A
single “antenna” (that is, a lens) of the most modest
‘dimensions was capable of receiving simultaneously
from thousands of points in space, and of keeping each
transmission separated into its own channel. The fre-
quency discrimination was, compared with the prior
techniques, fantastic—it being quite possible to contain
in a single millihue (the number of millihues in a wave-
length interval is defined as 1000 log X,/%,) in the
orange, for example, about a quarter of a million of the
old “television channels.” The invention of the brilliator
in 1972 made possible the amplification of weak images
without destroying the phase information, and by the
1980’s, most of the point-to-point communications net-
works were in the optical or suboptical bands. The time-
sequential scanning of images was abandoned, and tele-
vision broadcasts were carried throughout by optical
techniques, the time phases and angular dependence of
the waves being preserved, duplicated, and amplified
wherever necessarv in the system.

The tremendous success of the method of coordi-
nated atomic radiation brought forth an intensive search
for means to extend the technique to even higher ener-
gies. Gradually, there evolved mechanisms operating in
the ultra-violet and X-ray regions, and while these have
been restricted to certain aspects of space communica-
tions, they have, in principle, added to the spectrum
another six decades. The introduction of quantum cod-
ing, in which the message is carried by high energy
quanta, distinguished by slight variations in their wave-
length, proved to be of great value in overcoming the
natural background radiation of space.

As every school boy knows, the most exciting project
of the new millennium came as a result of the discovery
in 1989 of the nuclear transmissions from the neighbor-
hood of Sirius. These gamma-ray emissions were de-
tected by UN Observatory A36, operating in a 24-hour
orbit and carrying a highly sensitive gamma-ray brilliator
operating in the Mn® band. The intelligent character of
the transmissions was apparent rather early, and while
they have appeared only at scattered intervals, sufficient
Doppler observations have been made to establish the
period of the orbit of the planet from which they came,
and even to demonstrate the distortion of this orbit by
the presence of the dark companion of Sirius.

In 1996, a team of engineers and scientists, with the

aid of superconducting magnets producing fields in ex-
cess of 1 million oersteds, succeeded in generating co-
herent gamma radiation in directed beams. Since then
we have been making periodic transmissions to Sirius.
If, as appears probable, the Sirians were searching for a
reply, they should by now have received most of the
transmissions, which have a 9-year travel time. Two
years from now, it is theoretically possible that we will
receive their earliest reply, and the world is eagerly
awaiting this first exchange, across the depths of space,
between the 2 worlds now known with certainty to exist.

Before submitting the above contribution, the author
asked an associate to read and comment on it. In response
he received the following “antithesis” which is included
here in the belief that it will provide readers with a sober-
ing, as well as amusing, treatment of the same subject.

—The Editor

The Spectrum Problem — Looking
Back From 2012 A.D.

E. A, Sack

It seems so simple, in retrospect, that the older members
of the profession still refuse to completely accept the so-
lution. That their supreme efforts to conserve bandwidth
and to develop new portions of the spectrum were really
unnecessary is a revelation from which complete re-
covery is impossible.

Late in the 1960’s, a few nonconformists were pro-
posing that the so-called spectrum shortage was an or-
ganizational rather than a technical problem, but their
theories were largely ignored by the scientifically ori-
ented communications agencies. The major premise of
the nonconformists, that one should first determine
whether information really needed to be transmitted,
seemed so undemocratic that their clearances were sub-
sequently lifted in the interests of national security.

The reader will recall that science was in high
fashion during the quarter century preceding the sec-
ond millenium. The importance of the professional scien-
tist had grown to the point where a doctorate in physics
was a prime political attribute and both of the presi-
dents during the period 1972-2000 were Fellows of the
AEC.

But the law of trend and counter-trend is universal
and while the technologists labored night and day to
find ways in which to transmit ever-increasing gobs of
information to the public, to each other and to nobody
in particular, the humanist gathered in non-NSA sup-
ported workshops to accumulate, in anti-scientific man-
ner, the evidence that the spectrum problem was purely
a matter of inadequate legislation. Their philosophy
evolved into the now-famous Sideband Theorem which
states, “Technological solutions to nontechnological prob-
lems are in quadrature to progress.”
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The journals of the humanists during the period
show the development of their deliberations. For exam-
ple, in 1980 they proved that all of the AM broadcast
stations played the same 20 records 90 per cent of the
time. Their proposal that only one national broadcasting
station using onlv one 10-kc channel might do just as
well received passing note.

A similar study of the television spectrum in 1982
indicated that 85 per cent of the TV programs broadcast
by 521 stations on 126 channels contained but six basic
program plots. It was proposed at the time that these
plots be provided in a small local memory to the home
TV fan who could select them at random for the amuse-
ment of the integrated family group.

A secret study of the communications needs of the
national defense establishment was even more revealing.
Eighty per cent of all messages had to do with orders
which were countermanded by subsequent messages and
hence never needed to be transmitted at all. The remain-
ing 20 per cent dealt with information which would be
ignored at the receiving end and was, therefore, 100 per
cent redundant.

An interesting example of the thoroughness of the
investigation of the humanists was the study of the Pub-
lic Service spectrum needs. At the time one city was
demanding 5 additional channels for its police radio;
its average transmitting time on each of its existing chan-

nels was 1 minute per hour. A tvpical communication was:
“Car 5 stopping for a sangwich.” “Repeat Car 5.” “Car 5
stopping for a sangwich.” “Say again Car 5.” “Car 5 stop-
ping for a sangwich.” “OK, Car 5 stopping for gas.”

As time went on, the battle between those who felt
that more spectrum space was needed, and those who
felt that less information need be transmitted, grew bit-
ter indeed. But the outcome is familiar to all. The Com-
munications Act of 2008 ended the spectrum shortage.
Its major provision, of course, is that all information be
first transmitted to Washington by surface mail for re-
view by appropriate committee. If approved, the mes-
sage is transmitted over the National Transmitter in a
priority determined by the priority review board. The
completely redundant information which was formerly
broadcast on radio and TV is mailed out on tape, to all
who care, on a monthly basis.

Unemplo_vment among communications scientists
has been largely eliminated by increased need for mail-
men. Military personnel who became surplus by the
impossibility of a really worthwhile war under the sys-
tem have yet to be completely absorbed by the economy,
but the matter is receiving further study. Public Service
officials have complained that they no longer know when
Car 5 is out for lunch, but one executive committee has
proposed that the cops be given dimes to call in from
the pay phone behind the counter. This may work.

The Full Use of Wide-Band

Communications

All radio engineers have an
ultimate goal in mind: the day
when wide-band communication
can always be established be-
tween any two points on the
earth’s surface with absolute
secrecy. He looks to a future
when distance, season, and time
of day are immaterial, and the
business man and the house
dweller are able to enjoy all
that wide-band communication
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could conceivably offer. With this ambition in view, a
picture of things which might be done within the next
fifty years can be roughly envisaged.

In the future the urge to convey unlimited informa-
tion over the globe will be sufficient to free the enor-
mous sums of money which are needed to solve the
problem. The military needs it, business needs it, and
the man in the street is always prepared to pay for
more amusement.

The solution might even be dull, the piling of com-
plexity upon complexity, in fact, the gradual harnessing
of known methods into huge co-ordinated systems. But
the outcome might help to balance up the whole lop-
sidedness of the civilized world. It is not only the ac-
complishment but what do we do with it that is the
exciting prospect.
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Wave propagation research workers seldom sug-
gest that they are on the brink of revolutionary discov-
eries. More hard won knowledge, leading to better sys-
tems, is about all they expect from their work. We might
expect therefore that the two major methods of com-
munication will be satellite radio and guided wave (Ho,
mode), substantially aided by wide-band microwave re-
lays and tropospheric scatter. HF ionospheric com-
munication—narrow band but less costly—may remain as
an economic necessity, but we can hope with some
confidence that the growth of satellite, and pipe line
systems will give some freedom of maneuver for the
regimentation of this frequency band.

It will be the age of computers and one can fore-
see their role in world communications, tying together
the several systems and selecting the best path or
sequence of paths for a particular message.

If we assume that the problem of wide-band
global networks will have been tackled and solved, there
remains the enormous problem of local distribution. No
doubt in fifty years time the technique will exist, but
the manifestations of it are not likely to be common-
place. Except in isolated small communities, radio will
not do; we must resort to the pipe, and this means addi-
tional pipes to every inhabited building.

The capital outlay will be enormous, but the po-
tential benefit will be worth it. The problem lies with
the pipe manufacturers, and it is surely reasonable to
suppose that town planners and the suppliers of essential
services—electric power, gas, sewers, and so forth—will
have gotten together and integrated their methods of
providing underground-fed facilities. It is unthinkable
that power and communications should continue to be
carried by a tangle of overhead wires and posts. The
sensibilities, if not the common sense of future genera-
tions, will demand an organized approach to the supply
services of buildings. It is surely reasonable therefore to
look forward to ducts, or even composite pipes carrying
all services, including guided wave transmissions, as one
co-ordinated engineering operation.

If this comes about, and our grandchildren can
handle, for example, the H,, mode more economically
than we can at present, the way will be clear to give
all sections of the community those facilities which have
not materialized during the “teenage” of communica-
tions.

The development of facsimile—so far limited by
bandwidth—must go on until it can give as much detail
as the eye can discriminate: print a newspaper with no
detectable difference from the original, reproduce any-
one’s handwriting in any language, and so on. The
development of thin-film phosphors, xerography, and
electroluminescence point to a near certainty that ex-
tremely high definition reproduction of documents, let-
ters, forms, and so on will be greatly reduced, and
eventually outmoded. By the year 2000 all this could
have gone a long way.

Another information system that will certainly be
replaced is the noisy, unreliable, and cumbersome tele-
printer with its devilish fault of printing the wrong letter
if its input information is not perfect. A cleaner trans-
mission system, perhaps using a little more bandwidth,
will make way for the development of an all-electronic
teleprinter: neat, silent, and free from guesswork.

A world-wide wide-band network with local ex-
tensions would not recover capital expenditure without
a contribution from the man-in-his-home. These days
he is not allowed to live simply, he must have tele-
phones, television, up-to-the-minute news, and so forth.
In fifty years time he will live even less simply. He will,
whether he likes it or not, become more and more ex-
ploited, but perhaps in a way that will be more satis-
factory to him. For example, wide-band guided-wave
local services could pump into the home all the informa-
tion, amusement and propaganda anyone could possibly
want. Television would become real picture viewing:
“glossy magazine” detail in color with no interference.
Telephones would be visual as well as aural: news con-
tinually in print, dial for music, dial for a picture show-
ing the state of his bank account, and so on.

The vagaries and limitations of radio wave propa-
gation and the struggle for bandwidth are the real bar-
riers to progress. The more we struggle to improve the
capabilities of radio communication the more the ortho-
dox methods split at the seams. Television development
is at a standstill; we accept it for the action in the
picture, not the amount of information. A release from
the bondage of limited bandwidth must come to make
drastic innovation possible.

In case of picture electronics whether it be tele-
vision, document reproduction or facsimile, it seems
that the binary digit will lead development, and in-
ventors will discard the compromise of scanning in favor
of the element screen or matrix, where each element
is “bit” controlled and therefore under control. As for
the screen itself, the problem will no doubt be solved
in several ways. More knowledge of the behavior of
phosphors, particle penetration, laser, thin film tech-
niques make the prospect full of promise.

This emphasis on the lavish use of bandwidth does
not envisage that our grandchildren will be able to use
it in a prodigal way, but a narrow road remains a narrow
road, nothing can be done about it until it is in effect
widened. Then schemes for traffic control and flow can
be put into operation, but first there must be enough
room for maneuver. And so it is with communications.
In fifty years time, man will be able to communicate
almost any piece of information to anywhere, mainly
because he has been able to provide himself with the
basic tools with which to do it. This must include suffi-
cient bandwidth to make possible the more effective
exploitation of information theory.
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Wide-band Communication into the Home

Electronics has had a spectacular
impact on long-distance commu-
nication during the last fifty
years. A corresponding impact
on the techniques of local two-
way communications to the
home is only beginning to be
felt. Powerful forces are work-
ing to change this. By 2012 A.p.
these forces will have created
equal or greater changes in the
techniques of local communica-
tions and in the services available to every household.

I would be rash indeed to attempt an accurate chart
of the next fifty years of electronics. Applications are
more easily predicted, for they are based in part on the
relatively static foundations of economics and human
need.

Certain technical trends are clear. These alone will
create a revolution, though perhaps a gradual one. New
discoveries will probably hasten this revolution, and they
cannot slow it down.

What are these trends? Briefly, they are towards
higher frequencies, cheaper electronics, greater automa-
tion, digital transmissign, and integrated design of sys-
tems.

The optical maser is only one recent victory in a
triumphant campaign that has won the triode, the klys-
tron, the traveling-wave tube, a host of transistors and
ferrite devices, and the Esaki diode. During the next
fiftv vears, local communication will profit richly from
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these victories and others unmentioned or unborn.

Today, and for the foreseeable future, device costs
are rapidly being pushed down. This economic revolution
will stimulate communication in several ways. A notable
example is two-way television in every home—a technical
possibility now but not an economic one. An abundant
supply of cheap, high-frequency components and as-
sembly techniques will make the “videophone” as com-
monplace in 2012 as the telephone is today.

An ordinary pair of wires in a telephone cable can
carry more information in telegraphic or binary digital
form than it can in analog form. So can a circular electric
waveguide. In both cases this is because the greater re-
sistance of “pulse-code modulation” against noise and in-
terference more than makes up for the greater band-
width it requires. Furthermore, PCM can be amplified
and regenerated many times without degradation. As
electronics becomes cheaper, it will become profitable to
convert messages to digital form for transmission over
shorter and shorter distances. They will travel in this
form economically across the street, across the city, or
around the world.

The more economic and flexible electronics of the
future will be used increasingly to save the copper, real
estate, and manpower required to provide communica-
tion. For example, wire or coaxial sizes can be made
much smaller by placing amplifiers closer together, prob-
ably building them in at the factory. Many small switch-
ing units will reduce the copper even further. Extremely
cheap microwave and millimeter amplifiers and oscil-
lators, already promised by the new family of negative
resistance diodes, will in many places make it economic
to eliminate the local wire altogether.

Communication equipment inside the home will
come in many forms and will range from large visual
consoles giving a pair of users a sense of immediate pres-
ence through easily portable visual models not requiring
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connection to the wall down to pocket sets which will
have a circumspect lack of vision and may be carried
continuously if desired.

Conversation between two people is only one of
many modes of communication. Several others seem sure
to become realities by 2012 a.p. For example, it seems
likely that most written communication will be trans-
mitted electrically and not by transportation. The private
citizen will have electrical access to machines of all kinds,

for example, centralized data-processing units for bank-
ing. Electrical access to reference libraries will surmount
any mechanical barriers to recorded information or, for
that matter, entertainment. Finally, and perhaps most
important, it is possible that a combination of visual re-
cording, teaching machine techniques and human inter-
vention where needed, will make available the best edu-
cation in any subject, anywhere, any time, to anyone who
wants it.

Communication and Navigation

COMMUNICATION Satel-
lite communication will be in
current application not only for
point-to-point transmission con-
necting all countries of the
world for telephone, data fac-
simile and television, but satel-
lite broadcasting will also be
operating with automatic and
available selection of spoken in-
telligence in all principal lan-
guages. Television broadcasting
from satellites will cover very large areas. Translation
service will be made available for international com-
munications first by human translation—next by elec-
tronic translation.

The world-wide satellite system will provide elec-
tronic mail service for the written word while electric
typewriters will reproduce typed text for international
transmission,

On the very dense transmission links for relatively
short distances (up to a few thousand miles) on land,
waveguide transmission will replace microwave space
transmission and will give a bandwidth capacity that
will make available thousands of television channels;
this will permit transmission of masses of data, of news-
papers and printed material and will make available the
phone vision to a large section of the subscribers at a
reasonable cost. The carrier used in the waveguide will
be a coherent beam of light.

The distribution of newspapers and magazines will
have been considerably modified by the introduction of

H. Busignies is Vice President and General Technical
Director of the International Telephone and Telegraph
Corp., New York, N.Y. (Received June 30, 1961.)

HENRI BUSIGNIES reLLow IRE

electronic transmission, through which subscribers will
receive them. The paper (or rather its equivalent) will
be made locally automatically from a liquid. In many
instances the reader will not want a permanent record
and will avoid the paper altogether by receiving the in-
formation on a storage tube, one page at a time at his
desire.

The subset as we know it will still be in use but in
many instances will have been replaced by either a fixed
speaker-type form of wall, or table model, or by a very
light unit carried by the user, of course, “wireless.”

Mobile radio will be common, in the form of a
miniature “wireless” unit carried by the user or installed
in cars, buses, and other means of transportation. Ships
at sea and airplanes will communicate with shore by
satellite, and telephone service will be provided to the
traveler. He will be able to get an automatic report on
how things are in his home. Push button dialing will be
possible in many countries using the world-wide satellite
system.

NAVIGATION True all-weather flying will be possi-
ble with an accurate knowledge of position by each air-
craft within a fraction of a mile. Anti-collision will have
been fully developed on two bases: through automatic
reporting of position to the ground and high-speed com-
puting of routes and conflicts, and through direct radar
or equivalent exploration of space around each aircraft
with high-speed warning on possible route conflict with
either automatic or manual route correction. True zero
zero visibility landings and take-offs will be common,
adapted also to vertical take-off airplanes. The methods
of ILS will be of the same general type but the airplane
controls will have been much improved and the accu-
rate position determination will permit the airplanes to
come in (or leave) in perfect order without stacking.
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Communications and Electronics—

2012 A.D.

In this 100th Aniversary Issue
of the ProceepiNGs oF THE IRE,
May, 2012, we feel privileged
to discuss a very interesting
article contained in the 50th
Anniversary Edition dated May,
1962. That article, entitled
Communications and Electron-
ics—2012 a.p., was written by
Fellows of the IRE, and it may
interest some of our readers to
go through a check list and see
to what extent our 1962 colleagues were able to predict
the state of the art today.

One of the contributors, Peter C. Goldmark, fore-
cast that practically all point-to-point long distance com-
munication would be by microwaves in the millimeter
region. This included global television relay via satellite
operations, as well as global telephone and facsimile
service. As to broadcasting, the prediction stated that
by 2012 the FCC would have approved the ultra-high
frequencies for exclusive use by TV broadcasting. Actu-
ally, as we know, a final decision concerning the UHF
band for all TV broadcasting is imminent, following the
completion of the FCC technical staff's extensive experi-
ments begun in 1961. Our radio broadcasting, accord-
ing to Goldmark, would be entirely via FM, using the
same portion of the spectrum as in his day. If he were
still with us, Goldmark would be surprised to find that
transatlantic telephone is still operating via co-axial cable
and repeaters buried in the Atlantic. The satellite relay
schemes forecast, as we all know, did not quite pan out,
with so much of the nation’s resources devoted to
competing with the Russians in the race for reaching
extraterrestrial bodies.

Anyone in 1962 with some imagination should have
been able to predict our moon-to-earth citizen’s radio
service, operating so effectively in the millimeter citizen’s
band, but it would not have been easy to foresee our
tremendously efficient high-power solid-state wrist watch
transceivers and plasma antennas.

One item not covered in the article, though subject
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to considerable stir 50 years ago, is stereo broadcasting.
The limited space and manpower available to radio and
phonograph dealers in the middle of the last century
made it imperative to compress reproducing instruments
to the smallest possible size. As a result, while techniques
were in existence to generate stereo signals on records,
as well as over FM and AM radio, there were hardly any
instruments made which took advantage of the stereo-
phonic phenomenon. Consequently the monaural effect
was discovered, requiring minimal speaker separation in
home instruments.

One word about a form of entertainment which, in
the middle of the last century, led to a number of broken
homes and eardrums: We refer to Hi-Fidelity, then a
thriving industry. Then phonograph instruments were
huge boxes generating a great amount of heat, and
were called Hi-Fi amplifiers. Some of them measured
16-in wide, and the audio signals extracted from the
phonograph records! were amplified by devices called
vacuum tubes (which also performed as thermionic ovens
in bookcases and other enclosures). It is hard to imagine
that our ancestors did not have the compact Fiz am-
plifiers contained in our most recent home music center,
which measures only 4-in wide, 3-in deep and 2-in
high.

The 50th Anniversary article we are reviewing here
carries in its title the word Electronics, more commonly
known today as Solid-State Physics.

It is interesting to read in the article how our
present TV cameras were envisaged by the 1962 scien-
tists. (It was presumed that by 2012 all TV would be in
color and three dimensional.) It was predicted that the
scene to be transmitted would be sensed with a tiny
adaptation of a device which they called a camera tube.
The predicted version would contain a target plate which
was color sensitive and would be able to generate a video
signal containing all color and stereoscopic information
of the scene scanned, thereby eliminating all registration

! These were discs made of plastic where sound grooves
were pressed into a number of fairly coarse grooves, on the
average 250 per inch. The record rotated on top of a box full
of moving parts, and the whole thing was called a record
changer or player.

It may be recalled that the word “Hi” was dropped in
the year 1994 by a majority vote of the IRE Standards Com-
mittee.
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and color shading difficulties plaguing color TV of the
1960’s. Goldmark would be quite surprised if he could
see our TV cameras of today. Our l-in diameter, 2-in
long solid-state camera units, combining the multicolor-
sensitive, scanning and amplifying elements in a number
of evaporated layers, are far ahead of what he predicted.

Experiments with scanning by pulse techniques be-
gan in the 1960’s; it was thought that these techniques
would be applied to what they called the “picture on
the wall.” This tvpe presentation was indeed the fore-
runner of our TV receivers today. We are quite proud
of our large experimental digital color screens which
are almost flush with the wall and produce the bril-
liant three-dimensional images using our 120-megabit
standards. Should the proposed new standards be agreed
on, as a result of the recent FCC color hearing, a num-
ber of manufacturers will be in a position to supply color
adaptors for the existing black and white receivers. (It
is strange that we still talk about adaptors when all
through the history of communications adaptors never

proved to be accepted by the public, and possibly never
will.)

One more comment about the 1962 article. When
talking about computers nothing was forecast about our
predictors. While using the fundamental principles on
which computers were based, predictors represent such
radical advances over the conventional computers of the
1960’s that one cannot very well blame our ancestral
Fellows. Now we can not only store and process com-
plex information, but we can predetermine the optimum
course of action to be taken based on the information
furnished. National policies, business decisions, family
issues are now settled on the basis of the predictor’s out-
put, thereby leaving little likelihood for chance and
error entering into decisions. As a result of this technique
we now enjoy peaceful coexistence, giving us a feeling of
well being and security.

On the whole, we think that Goldmark, in 1962,
could have done a better job of properly forecasting
“Communications and Electronics—2012 A.p.”

Communications Throughout the

Solar System

Within the next 50 years, rocket
propulsion will have advanced
to the extent that space travel
throughout the solar system is a
technical possibility, and it is
virtually certain that by 2012
A.D. manned spacecraft traveling
to Mars and Venus will no
longer be a novelty, and
manned exploration of other
planets and satellites will have
been undertaken. It is unlikely
that man will have been able to venture as far as other
stars, but instrumented space probes will have been sent
far beyond the solar system. Space travel in the vicinity
of the earth will include manned orbital laboratories and
space stations and manned lunar laboratories. None of
this activity can be undertaken without adequate com-
munications, therefore the communications art must
progress at least as fast as the rocket art.

The obvious problem is that of distance. On the
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earth, communications distances of the order of 103—10+
kilometers may be needed. In space, the distances are of
the order of 10*~10? kilometers. Hence, system capabili-
ties must be increased by a factor of 10¢ in range. Clearly
antenna gains, receiver temperatures, operating frequen-
cies, communication bandwidths must all be optimized
for the particular space mission. Equipment operating on
spacecraft must be capable of operating reliably in the
space environment for long periods of time. By 2012,
spacecraft used for distant voyages will carry nuclear
reactors for propulsion purposes and for power genera-
tion, Electrical power in megawatt amounts will be avail-
able for spacecraft operation. Thus, the communications
equipment is not likely to be power limited.

Some interesting possibilities arise when the prob-
lem of space-to-space communications is considered.
With a true vacuum for a communications medium, elec-
tromagnetic waves in unusual parts of the spectrum and
high-speed particles such as electrons or neutrons offer
possibilities for new types of systems.

In 2012 the communications engineer interested in
solar system communications is thus going to find the
following:

1) A world-wide network of terminal stations hav-
ing very large directive antennas which can maintain 24-
hour a day contact with a number of spacecraft. The
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stations will use kilomegacvcle frequencies, transmitter
powers in the megawatt range, and receiver tempera-
tures close to absolute zero. The stations will be inter-
connected through wide-band data links using satellite
relay stations.

2) Spacecraft equipment on both manned and un-
manned craft with exceedingly long life and high re-
liability. The requirements for long life and reliability
will be difficult to meet, but will be essential to the suc-
cess of the space program.

3) Various electronic devices taking advantage of
the environment of space, particularly the near perfect
vacuum and zero gravity. Thus, the communication sys-
tem may use vacuum tubes which have no glass envelope
and are therefore more effectively built into a circuit.
Also, the system may use large antennas, which are as-
sembled in space and are of very small mass.

4) Space relay stations not only near the earth for
earth-to-earth communications, but far out in space as
beacons and as relays for wide-band communications.
For example, in order to communicate with Mars or
Venus when the planet is on the other side of the sun

from the earth, a space relay station in the earth’s orbit,
but 90° around the orbit from the earth, will be neces-
sary. Such relay stations will be established in various
parts of the solar system as men and rockets travel fur-
ther into space.

The deep space communication systems of 2012 will
indeed keep up with the capability of the rocket engi-
neers to send payloads into space. As man ventures fur-
ther out into the solar system he will always be in contact
with the earth. His communications system will be a
vital part of his navigation system. He will use very long-
range radar to assist him in his landings on distant
planets and other bodies. He will examine the planets
by television, not only in the visible, but in other regions
of the spectrum. He will report back to earth over wide-
band channels. T have no hesitation in saying that the
communications art will advance fast enough to answer
all the demands upon it, except one. It will not be able
to communicate by means of signals traveling faster than
the speed of light. Hence, communications to space
travelers on Mars, for example, will continue to have to
put up with time delays of the order of 10 to 20 minutes.

Human Factors in Communications

Communications in the year
2012 a.p. are not going to be
terribly different from communi-
cations nowadays. The primary
reason for this is the human
element. Meaningful communi-
cations involve the exchange of
information and ideas between
people. Certainly in fifty years
one may expect signiﬁcant im-
provements in technical hard-
ware, but in the final analysis,
the development of a new and improved model of the
homo sapiéns is not on the horizon. The real significance
of these scientific and engineering improvements will
not be evaluated solely on the basis of speed, capacity,
cost, etc., but only with full recognition of both the frail-
ties and the strengths of people.

How do we engineers and scientists help provide
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better communications? Where must attention be directed
to make a really significant breakthrough possible? The
answer probably lies in the assistance we can give to
the human factors involved. We can talk glibly about
discussing our problems with the people on a broad
basis or on a person-to-person basis. We cannot, how-
ever, improve communications until we improve human
relations. We can speak of new technical inventions such
as solid-state matrices which will help us tremendously,
but only from a technical point of view. These will not
necessarily improve communications.

If the above words be correct, it is very incumbent
upon us to understand better the human factors in com-
munication systems. This does not mean that we should
hire more psychologists and psychoanalysts; we ourselves
must understand better all the factors in communications
among human beings. Quite often communications be-
tween persons sitting in the same room, speaking the
same language, are not understood.

We can start, and this is only a start, by exerting a
conscious effort toward making our speech more precise
whether it be over the telephone, over the radio, or face
to face.
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Multilingual Communication

Overseas telegraph and tele-
phone, 50 years ago, needed
vast areas in_ suburban dis-
tricts to set up gigantic an-
tennas and big station houses
where a series of colossal equip-
ment was installed. Nowadays,
frequency range assigned to
telecommunications is remark-
ably enlarged and serviceable
channels are quite numerous,
and at the same time, micro-
miniaturization of components (it is rather funny to use
this word today!) and the progress of noiseless amplifiers
based on maser principles revolutionally improved the re-
ceiving sensitivity. Thus the size of transmitting and re-
ceiving devices is reduced to the minimum. Moreover, a
number of repeater artificial satellites are going around
the earth. We ring up anyone, anytime, and anywhere
on the earth, just like a man calling his neighbor fifty
years ago, by a handy superhigh-frequency transmitter.
He talks to a suitable repeating satellite which, responding
to the message, instantly calls his friend on the telephone.
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Even in the period that electronic techniques had
just made it possible to talk to anyone, anywhere, and
anytime on a global scale, communication stands on the
condition that the people at both ends of the communica-
tion channel can read and speak the same language. In
the course of the past hundreds of centuries the human
language became so differentiated among so many races
and nations under different environments and customs
throughout the world, that even at the time when a few
hours’ flight can carry the people from anvwhere to any-
where on our beloved planet, the unification of human
language is still a long way off.

Again, the advancement of electronics decisively
solved this problem. Today principal languages of the
world can be translated instantly by the aid of electron-
ics. Our telegrams are simultaneously translated into, and
typewritten by, the language of the receiver, and on our
overseas telephone the speech is also converted to the
language understood by the receiver and vice versa.
Moreover, by the results of hyper-miniaturization of elec-
tronic parts and appliances the size of the translating
machine is also reduced to such an extent that it can be
easily used at home and carried by hand. In 2012, we
say, “It has become a faint dream of nights long past
that at an international conference the participants had
to use an earphone to listen to speeches translated ‘simul-
taneously’ by man-machinery behind the scenes.”
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Language, Words and Symbols

The handling of language has
been one of the principal func-
tions of communication systems.
Electronics had its origin in the
transmission of messages and
subsequently has contributed
many varieties of instrumenta-
tion. Information theorv now has
much to offer for the future, in
conjunction with electronic com-
puters and data processing for
performing the required opera-
tions in analysis and synthesis.

SYNTHESIS OF WORDS FROM SOUNDS The lan-
guage of human beings is based on the emission and
sensing of certain patterns of sound. This language is
remarkable in its versatilitv, especially in view of its
natural evolution as distinguished from scientific plan-
ning. The languages of different human societies have
had much in common, including the remarkable ability
of the brain to remember and to associate sound pat-
terns by virtue of some essential characteristics. The
identification of sounds with ideas is still an art rather
than a science. Even with his tremendous mental capac-
ity, a person requires years of apprenticeship to acquire
even a mediocre competence.

It is presumptive that the principal words and

']. R. Pierce and E. E. David, “Man’s World of Sound,”
Doubleday and Company, Inc., New York, N.Y.; 1958,
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phrases can and do convey ideas in a limited number,
as in Basic English for example. With the accumulated
knowledge of science and technology, we should now be
prepared to develop an “efficient” language. By that is
meant, one that will be based on the most useful sounds
and will associate these with the most needed ideas.

An early stage of such a development should be de-
voted to a study of all sounds now used in various lan-
guages, and further sounds that could be utilized in
speech. The next stage might be the selection of sounds
that require the least effort and can be identified with
least ambiguity (unaided by other senses and redund-
ancy). The permutations of several such sounds in close
succession would yield a limited number of words.

A parallel effort should be devoted to cataloging the
essential ideas which are required to be expressed by
words or word groups. Perhaps this activity has a good
start in the major effort that has been directed to the
problem of interlanguage translation by machine.

Another parallel effort should be directed to the
development of principles for preferred relations between
words and ideas. These would range from complete ran-
domness to possible association with experience (bv cri-
teria that are not immediately obvious). Perhaps the
English language would offer the most helpful associa-
tions, though its origins have been largely random.

The final stage of development would then be the
cataloging of a new language based on the assignment
of relations between sounds and ideas. This language
would then have to be tested in isolated “laboratorv”
groups to determine whether it possesses such requisites
as ease of learning and effectiveness of communication.
Ideally, several such languages should be tested in com-
petition, since it is unlikely that the first product would
satisfy the critical observer.

In experience to date, it has been rather easy to
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synthesize sounds that the sense of hearing can identify
in terms of language. However, it has been difficult to
receive speech sounds and automatically to separate their
essential characteristics from their incidental peculiari-
ties. In the “efficient” language, the latter operation
should be anticipated in the description of the sounds to
be utilized. It should be possible to record the sounds of
a statement and then automatically to transcribe it to the
printed sheet. Such an objective is far beyond the Eng-
lish language; it has been achieved only in the telegraph
codes, which are too cumbersome for speech.

GRAPHICAL . SYMBOLS FOR SOUNDS Like the
sounds of speech, the graphical symbols of writing and
printing are also the result of natural selection by gen-
erations having no particular training or aptitude for this
task. It has been more an art than a science. There is
lamentable lack of uniformity in connective writing,
which is the most utilized medium in direct recording of
thoughts. Indeed, some otherwise competent educators
are even resisting the inescapable principle that such
writing is a functional common denominator which re-
quires standardization for its purpose of communication.

In the present language, or in a newly developed
“efficient” language, it is inherently possible to identify
every essential speech sound with a better symbol. Much
effort has been devoted to this problem, but to little
avail. There has been too much emphasis on retaining
the existing symbols, which are time-honored but lack-
ing in logical synthesis.

In developing a new set of symbols, special consid-
eration should be given to some method of transcription,
from one “type font” to another or to speech sounds. The
recognition of graphical symbols by machine is receiving
much attention but perhaps it is time for a new scientific
basis for such symbols.

This task is much easier than the development of a
new language. Perhaps it should be applied to some
existing languages in the meantime, even though its ob-
jectives could be only partially realized.

COMMUNICATION WITH ANIMALS As we learn
more about our fellow creatures outside the human fam-
ily, we have more respect and admiration for their intel-
ligence and integrity. One of the most fascinating of cur-
rent research projects is the investigation of the language
sounds of the dolphin, who is remarkable in his athletic

skills, learning ability, and aptitude for teamwork, not to
mention his scintillating personality.2 He possesses some
of the human traits that evolved in the days before tools
and records. Other animals that are remarkable in their
development include not only the ape family, but also the
elephant, the “big cats,” the dog and the otter.

Man has assumed his habitual “superior” attitude
toward other beings, and usually has insisted that they
learn to respond to his language. The writer suspects that
some animals may well regard humans as “backward” be-
cause they cannot speak the same language, and can lit-
tle understand it. Perhaps such animals would not appre-
ciate the compliment of being called “almost human.”

Only now are we making real progress in learning
the language of some of the higher animals, and the next
few years should see much progress in utilizing their lan-
guages for communication with them. This experience
will be as exciting as a contact with a civilization on
another planet, and it can be productive much sooner.

Identifying and describing the language sounds of
an animal mayv be done in a manner similar to the “visi-
ble speech” display developed in Bell Telephone Labora-
tories. Alternatively, for purposes of simple classification,
the sounds may be encoded by the “vocoder,” which
automatically derives a description of sounds in terms of
the time variation of their frequency spectrum.!

The sound emitted by an animal can be recorded,
stored and played back at will in his own medium (air
or water). Once we discover the meanings of certain
forms, we shall be able to translate between that lan-
guage and ours. We thereby avoid any need for the ani-
mal to learn our language. Some such experiments have
been in progress, and this is probably the way of most
rapid advancement.

In communication with an animal, a real milestone
will be reached the first time that we are able to ask a
question and get an answer. Will this be experienced in
the next 50 years? It is not too far removed from the now
famous lioness, Elsa, who appeared to sense questions
and indicate the answers without relying on any formal
language.?

?]. C. Lilly, “Man and Dolphin,” Doubleday and Com-
pany, Inc., New York, N.Y.; 1961. (Communication Research
Institute, St. Thomas.)

* Joy Adamson, “Born Free,” Pantheon Books, Inc., New
York, N.Y.; 1960. Also “Living Free,” Harcourt, Brace & Co.,,
Inc., New York, N.Y.; 1961. (Elsa the lioness.)




Processing of Sound

Sound processing is used to des-
ignate the analysis of sound, the
conversion to a code and the
synthesis of sound from a code.
The development of sound-proc-
essing systems will provide
many new facilities for the re-
production of speech and music;
the production of speech and
music from codes, sensors and
the printed page; and the con-
version of speech to the printed
page and for the control of machines. Speech, music and
the printed page constitute the foremost means for the
transmission of information. Sound processing will in-
crease the means for the production, reproduction and
use of speech, music and the printed page in the com-
munication of information between individuals and to
and from machines.

The most important new communication systems
involving the processing of sound are depicted in Fig. 1.

In a system invo]ving speech and music input to a
microphone, the information bearing components of
speech and music are coverted to a code by means of an
analyzer as shown in Fig. 1A.

The synthesizer and loudspeaker of Fig 1B produce
speech and music from a code. The advantage of the
system of Fig. IB is that the coded record may be made
only a small fraction of the size of existing conventional
records for the reproduction of speech and music.

A combination of Figs. 1A and B is shown in Fig.
1C in which the input and output is speech or music
and the transmission takes place in the form of a code
on a reduced bandwith.

When speech is converted to a code, the code may
be applied to an actuator to control a machine or to a
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typer to produce the printed page, as shown in Figs. 1D
and E.

The particular state or condition of a machine may
be sensed and converted to a code and synthesized into
speech as shown in Fig. 1F.

The printed page may be converted to speech by
means of a print reader, code and speech synthesizer as

depicted in Fig. 1G.
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The addition of a language translator as shown in
Figs. 1H, I and ] provides means for the conversion of
foreign speech input to domestic speech output, the pro-
duction of domestic speech from the foreign printed page
and conversion of foreign speech to the domestic printed
page.

The advantages and the applications of the systems
shown in Fig. 1 are obvious and require no further ex-
planation.

There appears to be no doubt but that the systems
of Fig. 1 will be developed and commercialized because
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significant steps have been made towards this goal. For
example, an electronic music synthesizer which produces
music from a code has been developed and is in opera-
tion. Speech synthesizers are also available. A research
model of a phonetic typewriter, which types in response
to the words spoken into the machine with a vocabularly
of 100 svllables has been developed—2000 syllables will
provide a practical machine. Print readers have been

developed for converting the printed page to a code.
Word translators have been built and operated and
language translators are in the process of development.

The general conclusion follows that sound-processing
systems will be developed and commercialized in the
foreseeable future to provide new facilities for the com-
munication of information between individuals and to
and from machines.

Music and Sound Reproduction—

2012 A.D.

In attempting to predict the
future of any art one must
determine what is the logical
fulfillment of the art; then one
must estimate the rate of growth
of technology and the capacity
of the public to accept changes
and technological obsolescence.

One of the most important
long-range objectives of the art
of sound recording and repro-
duction is the total recreation
of musical experience, and we can look forward to a
rather complete fulfillment of this objective by 2012 a.p.
Audio-visual arts will also become more important and
their uses will be extended to many new areas (perhaps
new mothers will learn about baby and child care from
an audio-visual Dr. Spock?). Nevertheless, music alone
has the power of abstraction which makes it universally
acceptable, and by 2012 a.p., good music will be within
the economic reach of all mankind.

Sound is the most ubiquitous of percoptions, and
unlike sight, Nature has not provided us with the means
of shutting out the inputs to the organ of hearing. We
constantly and instinctively react to the character—inten-
sity, pitch, timbre, direction of arrival—of sound and the
rate of change of these qualities.

Among the important musical qualities is the “feel-
ing of space.” This is the reverberant sound in a
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concert hall, the applause in the opera, the crowd sounds
in a sports arena. By 2012 a.p. all these will be repro-
duced in their correct perspective.

Within the past few years, directional perception
has become a practical possibility by the commercial
introduction of stereophonic sound; however, considera-
tions of economy and convenience, rather than tech-
nology, restrict us commercially to a two-channel system
which has a limited directional accuracy and coverage.
This limitation will be overcome and the more sophisti-
cated installation of the future will literallv surround us
with sound.

During the intervening years, the recording medium
will contain a more or less continuous direction param-
eter ordinate along the width of the recording medium,
with the time-varying parameter along the length of the
medium. By 2012 A.p. molecular memory stores will
have been applied to sound recording, altogether elimi-
nating the need for mechanical drives.

The music will be reproduced bv a more or less
continuous loudspeaking area installed in the walls
behind a perforated grille; the same loudspeaking area
will provide suitable sound absorption and dynamic
noise suppression by electromechanical reaction of the
transducer svstem. Very small and efficient ionic and
modulated stream loudspeakers will be available for
portable uses.

Another approach to be used in space flight, but
also widely accepted in the home, will employ wireless
transmission of multichannel information to special minia-
ture earphones or near-speakers worn by the person.
They will give the user complete freedom of motion and
yet retain the directional sense of communication, or
musical experience.
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Devices for converting sounds to nerve impulses
for direct connection to the brain will have been de-
veloped; however, they will require a delicate implant-
ing operation and will not be in general use. These “arti-
ficial cochleae” will largely replace deaf-aid devices
as we know them todav in cases of inner ear damage.
For mild hearing loss, greatly refined electronic aids will
be available. These aids will emplov miniaturized solid-
state microphones and receivers, and they will be im-
planted in the ear canal, or the middle ear, and provide
a lifetime of operation with harmless atomic cells.

Recorded sound to a large extent will replace the
printed word. Shakespeare will be heard fully drama-
tized. Only those irreparably deaf will be reduced to
the necessity of reading his works.

The musician will not be limited by his ability
to “blow, scrape or pound” in providing great artistic
renditions. Delicate servomechanisms in electronic musi-
cal intruments will augment his capabilities.

Music, as the most abstract of all arts, will widen
its universal appeal and serve as another instrument of
universal peace.

Functional Components and

Integrated Circuits
Invention Today

Synthesis in 2012 A.D.

To me, one of the most interest-
ing features of communications
and electronics in the period of
which I have been a part is the
constantly shifting, but ever
more complex interplay of the
various technical disciplines. We
are truly polyglot—the more to
our vitality and interest. One of
the most beneficial infusions has
been from solid-state physics
and the basic material sciences
in the enormously productive period since the war. Elec-
trons seem to bond all kinds of people, like all kinds of
atoms, together.

One road into the future of electronics is already
fairlv. well charted. Single function components which
we have used individuallv as the physical embodiment
of classical network elements must give way to more
sophisticated devices which perform a complex circuit
function. The present effort in this direction is aimed at
integrated circuits and is following along two lines—
thin films and ‘multicomponent semiconductor arrays on
a common crystal. Each of these techniques, which are
basically complementary, offers a never ending potential
for ever more complex assemblies.
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It seems to me, however, that another approach,
more difficult to anticipate except in broad concept, will
emerge to play a larger role. This is the idea of the func-
tional device which goes directly to nature for the elec-
tronic function needed. One of the very few examples
where this is already commonplace is the use of piezo-
electric crystals in filters and oscillators. Although func-
tionally equivalent to a resonator assembly of passive
components there is no part of the crystal that can be
identified as an inductor, capacitor, etc. I expect that by
2012 we will have a host of functional devices. Their
versatility will be so great and the control over the ma-
terials and processes will be such that the designer will
likely be concerned only with accurate and complete
specification of his requirements. From this information
a computer (a deceptively simple computer made of func-
tional devices) will be able to make the necessary calcu-
lations and instruct the manufacturing machines. Thus
we will have progressed from invention to routine svn-
thesis. A comforting thought: long before we reach this
millennium some bright new discoveries and inventions
will have us chasing down new and difficult and challeng-
ing roads.

In any case, the melting pot will continue the
process of mixing up the disciplines and will need several
new waves of immigration to man up the new frontiers
and expand the culture. Device designers and circuit
people are suddenly bumping heads as they begin to
work on integrated circuits. New and strange people, like
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topologists, will be moving in and will want to join the
club. The most profound understanding of solid-state
physics and chemistry will be needed to bring forth func-
tional devices; indeed, it is likely that functional device
inventions will produce new science as did the transistor.

My preoccupation with people in pondering the fu-
ture undoubtedly reflects my distance from the firing
lines for a number of years. However, I truly believe that
more of the stumbling blocks will be caused by the
frustrations of people trying to adjust to the rapidly
changing situations than to the purely technical prob-
lems.

In considering what electronics and communications
will actually be in 50 years, I grow timid. It is easy to
imagine things that would be useful and experience seems
to vindicate the attitude that nature is capable of provid-
ing anything that can be imagined—at least anything of
a materialistic nature. But the important thing is how all

these wonders will be accomplished. I have worried
increasingly of late about too much emphasis on pro-
posals rather than on things that have been done. Plan-
ning for the future is necessary and important, although
difficult and risky in a field such as present-day elec-
tronics. Pure speculation, honestly indulged in, can also
be useful and is certainly fun. The danger lies in losing
perspective, of confusing hypotheses and solid facts, ob-
jectives and accomplishments. Such a situation was justi-
fied by the Lord High Executioner in the Mikado who
released a prisoner and then made affidavit to the fact
of his execution, ‘It’s like this: when your Majesty says,
‘Let a thing be done,” it’s as good as done,—practically,
it is done,—because your Majesty’s will is law. Your Ma-
jesty says, ‘Kill a gentleman,” and a gentleman is told off
to be killed. Consequently, that gentleman is as good as
dead; practically, he is dead, and if he is dead, why not
say so?”

Extreme Developments of Solid-State

Circuitry

The year is 2012. A few of us can
remember the birth of the tran-
sistor in 1948, but most are too
young to recall the announce-
ment which was to have phe-
nomenal impact upon twenty-
first century living.

The vacuum tube is not the
familiar bottle it once was. Like
prehistoric monsters of the Meso-
zoic Age, only the giant tubes
have survived, and they lead
highly specialized lives dedicated to microwave power
generation. The rest have given way in conformance with
principles of evolution to smaller, smarter, and better
adapted descendants.

There is a special strain of “species transistoris”
which never grew in the sense of maturing in size, but
which today is cultivated like a complex plant. It is the
2012 integrated functional system emerging from today’s
circuit “greenhouse.” The basic principles were known
as early as 1960, but even today’s most sophisticated
engineer, a specialist in solid-state physics, marvels as
he observes the operation of a circuit greenhouse.
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As he enters the factory, he notices the extreme
cleanliness—no hospital was ever like this. Rooms are
within rooms and each is “whiter” than the last. At the
center is the evacuated greenhouse into which a minia-
ture computer (itself grown in another greenhouse) in-
troduces controlled gases as the master scientist and
“assembler.” Sheets of transparent insulating crystals are
drawn from melts or, by most recent techniques, are
grown from the vapor phase. They are five to twenty
mils thick to a tolerance of plus or minus 100 angstroms,
and they are sheared and stored in vacuum to await
their turn on a conveyor belt.

Crystal sheets one-foot wide are carried on the con-
vevor traveling at a speed measured in feet per minute
as determined by deposition processes under the control
of the compact master computer which, we are told,
would have filled an entire room in 1962.

The crystalline sheet for this morning’s production
run enters first the glowing “sterilizer” section of the
water-cooled greenhouse where it reccives gentle ionic
bombardment for a thorough cleaning of its surface.

In the next section called the “photosynthesis” sec-
tion, eerie fluorescent patterns are projected onto the
sheet which has now begun to glow from infrared heat.
The patterns will be transistors, capacitors, and tunnel
inductors (made possible through coherent nondisper-
sive delay mechanisms discovered in 1970). Doped semi-
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conductor layers deposit epitaxially on the illuminated
pattern as base, emitter, and collector regions are formed.
The ultraviolet catalytic methods known in the 1950’s for
gaseous etching have now been extended to control
vapor deposition as well. They have been standard
since 1964 as a means of removing oxide masks with
great accuracy. Wet processes have disappeared and
gaseous etching has taken over; dislocations caused by
grinding and diffusion have been eliminated, now that
these processes have been replaced.

The transparent sheet with its irregular dark spots,
once called components, is spectacular to watch, but its
intricacy cannot be fully appreciated without a micro-
scope. The sheet next enters the “stem and blossom sec-
tion” where resistive bridges composed of degenerate
semiconductor layers are vapor-deposited between the
dark spots. Then metallic low-resistance connectors and
fixed capacitors blossom forth within the pattern and at
the edges of the individual circuits as metallic elec-
trodes.

Next is the “florist” section where the circuits are
sheathed with insulating transparent crystalline layers to
protect them from adjacent circuits to be added later and
to passivate the components to prevent atmospheric
contamination and degredation in use.

Functional circuits are “cut” from the large sheet
in the form of ribbons by means of u-v activated gaseous

etchants, and the individual ribbons go their own
ways. Some are turned over to permit operations on the
reverse side. Others join sheets coming in through
branches in the greenhouse. As they join the main rib-
bon, they are cut and welded to it by an ion beam. In
the “grafting” section to follow, dendritic bridges are
created between functional circuits by decomposition of
metallic vapors present in that section. This is followed
by another florist section where the system receives its
final wrapping.

Even in our year 2012, batch operations are re-
quired to connect a system to speakers, cathode-ray
tubes, and input and output consoles. But the construc-
tion of these devices is now exceedingly simple, for we
have learned to depend almost entirely upon basic phe-
nomena in the new piezo-electric sheet vibrators, in
luminescent sheets with vapor-grown “phosphor” dots,
and in organic sheets containing ten-thousand bits of com-
puter information per square centimeter of surface. Mag-
netic drums and tapes are all but obsolete.

Reliability today in 2012 is such that an entire sys-
tem of what was once one-hundred thousand compo-
nents will not fail within a fifty-year period, far longer
than its useful life on an obsolescence basis. It is hard
to realize that reliability was ever a problem and that
redundancy of components was once considered the only
practical way of achieving it.

The Role of Materials in the Electronics

World of 2012 A.D.

I contend that the electronics
world of 2012 a.p. could come
to pass before 1972 if materials
technology would permit. We
can envisage clearly the con-
tributions of electronics to the
lives of our children living in
2012 a.p. They will be highly
educated by electronic teaching
machines; work in automated in-
dustries and offices; communi-
cate by means of satellites in-
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stantaneously to any part of the solar system; live in
homes with walls that provide cooling, heating and light-
ing; enjoy three-dimensional color stereophonic television
and telephone; conduct all financial transactions using
coded identification cards; voice opinions on national and'
local government policies by voting electronically from
their homes; enjoy a long and healthful life through com-
puter use which will provide diagnoses with minimum
probability of error and will prescribe with maximum
probability of cure; ride in quiet fuel cell powered vehi-
cles; and have the contents of even the rarest books avail-
able within minutes at the neighborhood information
service.

Once emanicipated from the materials restraints, we
will have developed technologies permitting tailor-making
materials starting at the atomic level. Science will domi-
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nate several fields of materials which heretofore have been
mainly technology. Ceramics engineering, for example,
will embody the applications of advances in solid-state
physics and chemistry of ceramics. Metallurgy too will
continue its present strong science growth until most
structural materials are designed by the scientist at his
desk.

Single crystals of many exotic metals, alloys and com-
pounds will be mass-produced. Of even more importance
to the electronics industry, we will learn to deposit layers
of extreme purity single or polycrystalline materials with
thicknesses controlled to within a few angstroms. New
thresholds of purity will be realized by the use of select
enzymes to remove impurities. We shall see the use of
ceramic materials as active electronic components and
systems formed in integrated circuity and operable at tem-
peratures up to 2000°K. Insulators and conductors to meet
the extremes of atmosphere and temperature for magneto-
hydrodynamic power generators will be a reality. Further
understanding of materials and their surfaces will divulge
the nature of catalytic phenomena. We will see semicon-
ductors used extensively as catalysts to enhance chemical
reactions. This development in the field of catalysis will
promote in turn the use of fuel cells to provide power for
industrial and home use, relegating to the past the power
lines that mar the scenery of our cities and countryside.

Advances in cryogenics will make device operation at
4°K common. These devices, being in many forms, will
operate in the superconducting state with infinitesimal
power requirements and often with speeds 10° to 10+
times those presently common. Cryotrons will evolve be-
yond the normal switching usage to become integrated
logical and memory devices. The present active and pas-
sive circuit elements will be duplicated to function at near
zero temperatures with attendant realization of drastically
reduced noise levels and power requirements orders of
magnitudes less than are presently feasible. Superconduct-
ing magnets with fields greater than 10% gauss and negligi-
ble power dissipation as well as power transformation
without loss will be a reality.

During the next decade, and extending forward to
the year 2012 A.p., significant advances in the area of

thin films and surface phenomena will allow the materials
scientist to control the bulk and surface of deposited films.
Through this will evolve a new generation of transistor-
like devices, field emitters, and systems of integrated
circuitry with high reliability and of low cost. Deposition
techniques will become the dominant method for produc-
ing electronic materials as it will allow arbitrary control
of the number, kind, concentration and concentration
gradient of constituents. It is the nearest approach to
working directly with materials in atomic amounts.

This new science of working with atoms might be
aptly described as “atom engineering.” It will permeate
all fields of scientific endeavor and will govern the prog-
ress of the electronicist during the next 50 years. This
technology will progress to the point where individual
atoms, vacancies and defects will be selectively positioned
in a device to function as circuit elements. Use of collec-
tive electron orbits and spins as memory storage units
within a “match-box computer” will be a reality. Atom
engineering will provide the solid-state analog of the
vacuum tube and will also make possible elaborate tun-
neling devices and sophisticated systems. The advent of
wafer-thin dynamic picture displays is just “around the
corner,” as is the all purpose ultransensitive single crystal
sensor.

I wish to point out that the specific role played by
materials in the advances expected in electronics by 2012
A.D. is subtle, in fact so subtle that some may consider it
to be trivial to the progress of electronics. The physics of
the material is thought by some to be of singular im-
portance. In such thought it is forgotten that the material
possesses the wonderful properties we exploit, not the
mathematics which describes these properties. To eluci-
date further, I point to the example of the p-n junction
which triggered the major revolution occurring in elec-
tronics. While the elegant mathematics which describes
the p-n junction is important, it is the materials technology
that permits the formation of the junction which provides
the many useful electronic devices we now use, Similarly,
it will be our ability to understand and utilize materials,
each with its own unique properties, which will be the
foundation of electronics in 2012 A.p.
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Information and IRE—1912 /2012 A.D.

Information, in the sense of intel-
ligible data embodied in sym-
bols, is the basic concern of the
majority of the professions em-
braced by IRE. The symbols
may be words or waveforms,
picture elements or binary dig-
its. The form of the intelligence
may be aural or visual, abstract
or concrete, and its intended
function may be communication,
computation or control, instruc-
tion or entertainment. Whatever the particulars, through-
out the publications, committees, and groups of the Insti-
tute we find the thread of information technique. Our
systems, our theories, our devices and circuits—nearly all
are related in some way to the storage, manipulation,
transmission and perception of information. It seems ap-
propriate, therefore, to review and predict IRE’s contri-
bution to society in the 20th century in terms of the ways
in which its members have dealt with, and will deal with,
symbolic intelligence.

When IRE was founded, great discoveries were al-
ready at hand through which the transmission and storage
of information were to be enormouslv extended. The basic
principles of wire and radio communication were estab-
lished, and the recording of moving pictures and musical
sounds were ready for exploitation. During IRE’s first 50
years, these arts have been refined and systems employing
them have been extended on a scale so pervasive as to
leave no part of human endeavor untouched. We have
taken information as we found it, devised means of trans-
lating and retranslating it as faithfully as possible. We
have overcome the obstacles of distance in communicat-
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ing it, found precise and intricate means of storing it,
provided channels upon millions of channels for transmit-
ting it.

But it has been only in recent years that we have
stopped to ask what information is, and how we can
change it. Workers in the IRE vineyards have been for
the most part conveyors of programs and messages.
Ahead, in the next half-century, lie great opportunities
not only for improved methods of conveying information
but more importantly for processing information more
adroitly for.its ultimate use by man. These opportunities,
in 1962 as in 1912, are available because basic discover-
ies are already at hand, discoveries which have defined
more preciselv the nature of human intelligence, estab-
lished the common elements of different forms of infor-
mation, and pointed the way to new means of manipula-
tion, classification and organization of data.

There are three areas of effort on which progress de-
pends. First, we are concentrating on the nature of the
human organism as the ultimate recipient of information.
Second, we have developed unifying theories of the na-
ture of information which have provided a powerful
simplification of our concepts in communication and data-
handling systems. Third, we are readv to emulate, elec-
tronically, the vast complexity of the human sense organs,
nervous system, memory mechanism, and thought proc-
esses.

MAN AS A DESTINATION The first of the three
areas relates to more comprehensive undefstanding of
the ultimate destination of useful intelligence—the hu-
man being. The early studies of hearing, for example,
were couched in physical terms, the frequencies and in-
tensities of sound pressure waves. Later it was observed
that sound pressure waveforms might be varied enor-
mously without sensible differences in the perceived
sound. Still later, communication engineers began studv-
ing the sounds of speech not as a physicist would meas-
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ure them but as the linguist views them, as phonemes.
The result was Dudley’s vocoder, which reforms natural
speech into its essential buzzes and hisses. The “physi-
cal” sound pressure waveform is thus replaced by a more
limited signal, tailored to the essential physiological and
psychological processes of speaking and listening. The
bandwidth required for transmitting speech was thus re-
duced by a factor or five.

Still more recently, Percival has shown that very
convincing reproduction of stereophonic sound can be
offered by two loudspeakers fed from a single audio
channel, provided that the relative volume levels of the
loudspeakers are varied at a subaudible rate by a pilot
signal derived from the transients present in the original
sound waves. This is evidence that recognition of the
spatial distribution of sound is not exclusively based on
the geometry of the sound-wave paths, as stereophonists
have stoutly believed, but rather is concerned with a
subtle process performed within the ears and mind of the
listener.

Color television provides another example. In the
early stages of its development, it was planned that each
of the three primary color images would be accorded
equal treatment in transmission, a concept leading to three
times as much bandwidth for color as for black and white.
When the compatible color standards were adopted by the
FCC in 1953, they specified a quite different approach,
that is, a detailed image in black and white combined with
a coarser image carrying the hues and saturations of the
intended colors. The purpose was to achieve economy of
bandwidth, but the success of the technique was based on
the fact that such a color image better meets the demands
of the eye than does the earlier equal-share treatment of
the primary images. Appreciation of this fact may well be
classed as hind-sight; but it certainly provides the basis
for future advances through foresight.

In all these cases, new paths have been opened by
a studied skepticism concemning the physical waveforms
produced by a microphone or phototube, and by equally
careful attention to the waveforms actually used in hu-
man sense perception, on and within the cranium of the
observer. In each case we have found that the human
organism uses its sense clues with great economy, be-
cause it is not designed to comprehend the fine structure
of the sight and sound waves which carry the sense im-
pressions to the eye and ear.

In fact, wherever we look among the reactions of
man to his environment, we find that the time taken for
elementary processes of perception and reaction is about
a tenth of a second. Flicker disappears when light flashes
occur faster than roughly ten per second; the elemen-
tary perception of numbers and letters occurs at about
the same rate and similarly for recognizing changes in
the pitch of sounds. Electronic communication svstems
are designed to operate at enormously faster rates than
these, partly because they were designed to recreate the
fine structure of physical stimuli, and in part because, at
the present state of development in information handling
systems, we don’t know how to match subtle human per-

ception mechanisms within reasonable bounds of cost and
complexity.

To see how wide this disparity is, let us consider nat-
ural man as a communication system, that is, a man,
sans hardware, provided with an input of information
and responding with an output. The fastest mechanism
yet discovered for such a human communication process
is reading aloud. Careful studies! have shown that man
cannot transmit information by this mechanism faster
than 45 bits per second and that the majority of reading-
speaking communication occurs at rates not faster than
25 bits per second.

The telephone system is designed for a related but
simpler communications purpose. But it operates (using
bandwidth of 4000 cps and a single-to-noise ratio of 40
db) 2000 times as fast as the human does in reading and
speaking. Television, with a bandwidth of 4 Mc and with
signals 40 db above noise, offers transmission capacity
about two million times greater than the ability of man
to recognize changes in the reproduced pictures.

Why, indeed, have we found it necessary to design
communication systems so grossly inefficient, so poorly
matched to the human destination of sounds and pic-
turesP The answer lies in the technology which we have
found it expedient to adopt to achieve widespread serv-
ice. In theory we know better and we know how to do
better, but not at a reasonable cost. Consider the capacity
of the standard television channel. Television relies on a
succession of pictures each one of which is imperceptibly
different from that preceding and following it. This is
redundance with a vengeance. Moreover, we find it ex-
pedient to provide equal resolution and contrast all over
the area of the picture, independently of the demands
of the subject matter, and we neglect the fact that the
fovea of the eye (through which fine detail and subtle
contrasts are perceived) is, most of the time, concentrated
on the central portion of the picture area. So we waste
most of the transmission capacity of the system.

Some measure of this fact is revealed by imagining
the use of television for facsimile transmission of printed
pages. This can be done, for example, by televising a
film, each frame of which carries a different portion of
successive pages of printed matter, while a synchronized
movie camera photographs the successive frames from
the receiver picture tube. Such a television system, using
standard equipment and the standard channel, can con-
vey the entire content of the Encyclopaedia Brittanica,
some 35 million words with pictures and diagrams to
match, at eight frames per page, in just under two hours.
Man, reading aloud, can convey the text matter alone
(skipping the pictures and diagrams) in 4000 hours, or
in about two years at 40 hours per week. More striking
is the fact that, by using the ultimately sophisticated
system of transmission (that is, one using optimum cod-
ing taking full account of the statistical structure of
English text, with a 40-db, 4-Mc channel) we can in

']. R. Pierce and ]. E. Karlin, “Reading rates and the
information rate of a human channel,” Bell Sys. Tech. ]., vol.
36, pp. 497-516; March, 1957.
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theory transmit the entire Encyclopaedia text in not more
than 5 seconds (35,000,000 words multiplied by 6 bits
per word for the extensive vocabulary involved, over a
channel having 53,000,000 bits per second capacity).
The complexity of the coding equipment to do this job
staggers the imagination. But this is “a matter of tech-
nology only.” If we had the equipment, we would need
the channel no more than 5 seconds for the job. It
should be noted that channel space is now much cheaper
than statistical coding equipment and may conceivably
remain so (the vocoder, for example, is little used in
commercial practice for this reason, among others). But
the opportunity is there, if we can develop reasonable
techniques for taking advantage of it.

BIT STATISTICS—THE UNIFYING CONCEPT The
second area of promise in information technique is based
on the unifying concept of statistics applied to the gener-
ation, transmission and perception of information.? Briefly,
this states that information of whatever kind is gen-
erated by a process of selecting particular symbols (let-
ters, words, picture elements, phonemes, tones, etc.)
from among all the available svmbols. The choice is not
a free one, but is governed by the statistical structure
of the body of information from which the specific mes-
sage or program is selected. Consider, for example, the
essential elements of transmitting printed English text bv
telegraph. If we agree to spell out numbers, we need only

the 26 letters of the alphabet, a space to separate words -

and a few punctuation marks—less than 32 characters in
all. If the occurrence of all the letters and spacings in
English were equally probable, we would need a binary
code of 5 pulses, since a succession of 5 pulses can be
arranged in 32 different ways, one arrangement for each
letter, space and punctuation mark. We can then say,
since the presence or absence of each pulse constitutes
one binary digit (bit), that each character in printed
English represents 5 bits of information. But a much
simpler situation actually exists, because the selection of
characters is not a free choice. It is governed by the
specific structure of spelling, phrasing and context to a
surprising degree.

Actually English is so redundant that it takes only
one binary digit to specify a letter, five times less than
would be required if the succession of characters were
completely random. To illustrate this, a man was asked
to guess in succession each letter and space in a short
passage of English, the correct letter being revealed to
him after each guess. A typical subject was able to guess
correctly 69 per cent of the letters in such a test.? As a
matter of principle, letters that can be correctly guessed
by the recipient of a message need not be transmitted.
Moreover, a coding machine operating in accordance with
the known structure of the English language (with a

*C. E. Shannon, “A mathematical theory of communica-
tion,” Bell Sys. Tech. J., vol. 27, pp- 379-423, July, 1948; and
pp. 623-656, October, 1948.

*C. E. Shannon, “Prediction and entropy of printed Eng-
lish,” Bell Sys. Tech. ]., vol. 30, pp- 50-64; January, 1951.

program that embodies the facts, for example, that “e”
is the commonest letter, followed by “t” and so on, that
“the” is the commonest word, and so on, that “q” is fol-
lowed by “u” and that therefore a single code character
rather than two, is needed for “qu,” and so on) can re-
duce the channel requirement for transmitting English
by the factor of five mentioned above.

Messages are indeed conditioned bv what the re-
cipient needs to know. When a bride asks her groom
“Do you love meP,” the answering inessages may run the
gamut from a sigh to a sonnet, all of which serve to
distinguish “yes” from “no”—which turns out to be a 5-
bit distinction at one bit per letter.

In communication practice, an additional factor must
always be considered, namely that we usually cannot
afford to use more signal power than is needed to pro-
vide a safe margin against noise. As we have seen, the
new concepts cast the generation of information in terms
of probable choices among simple, one-bit choices. How
about noise? Signals have waveforms and Fourier showed
long ago how to parse them into spectrum components.
Noise also has a waveform that can be recorded as it
occurs and it can be dealt with, after the fact, by Fourier
methods. But noise is unpredictable in detail; before the
fact it can only be expressed by the statistics of proba-
bility. Hence, under the old concept, a signal-to-noise
ratio had a firm numerator and a fuzzy denominator.
The new concept changes all this by the apparently retro-
grade step of making the numerator (the signal) equally
fuzzy.

The surprising fact is that the newly conceived
signal-noise ratio composed of two fuzzy terms, is more
manageable than the old. This approach led Shannon
to the revolutionary statement that sufficiently complex
coding could reduce the bandwidth required for trans-
mitting information by any amount we choose, merely
by employing a sufficiently high signal power relative to
the noise.

True, the price is high. For example, coding methods
now exist sufficient to reduce the channel required for
television from 4 Mc to 2 Mc without loss of detail or
contrast. But the coding process inevitably makes the
signal more “noise-like” in character, so much so that to
preserve the customary 40-db signal-to-noise ratio in the
reproduced picture, for a 2-to-1 bandwidth reduction,
the transmitter power must be increased by 10,000
times! This direction along the pathway of progress is
indeed rocky. The equation for channel capacity actually
points the other way: most probably we will do better
to enlarge the bandwidth and take the saving in power.
This appears to make sense in the coming age of satellite
communications, since satellite relay signal power will be
so costly that coding equipment at the earthbound termi.
nals may well pay for its keep. In anv event, the exist-
ence of the trade-off between bandwidth and power,
which has been available as a clearcut proposition to
guide communications system design for only 14 years, is
indeed a vital key to new domains in information han-

dling.
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ELECTRONIC ANALOGS TO HOMO SAPIENS
What is to be the main preoccupation of IRE members
during the next fifty vears? By all the signs and portents,
this preoccupation will be the electronic imitation of
natural intellect. The stage is set by the massive mismatch
of man to all his communication systems. Seven televi-
sion channels provide the homes of metropolitan New
York City with an ultimate information channel capacity
of over 20 billion bits per minute. Yet, during the wak-
ing hours of an adult lifetime, about a billion seconds,
natural man can at best process no more than 45 bil-
lion bits of information, and the actual attainment is
perhaps one one-hundredth of this.

Members of the scientific and political communities
are immersed in an unmanageable welter of informa-
tion. An authoritative estimate' says that 1,300,000 tech-
nical articles were published in 60,000 journals through-
out the world in 1960—and the rate of generation of
scientific literature is doubling every 8 years. In the
political arena, the judgments exercised by individual
members of an electorate are arrived at by processing
information at rates no faster than a few tens of bits per
second, while the store of information pertinent, say, to
the decision to support or destrov the United Nations,
cannot be less than billions of bits. Man indeed finds
himself awash in a sea of information—information needed
to survive and to extend the good life—but his contact
with it is so tenuous that he may well fail to act correctly
to achieve these aims. Evidentlv, finding new means
to organize information, to compress its significance
into the few essential bits that man can naturallv compre-
hend, is the major challenge that IRE members face.

The electronic computer has proved that electronic
svstems can process numerical information at enor-
mously high rates, and rapidly reduce it to comprchensi-
ble form. But numerical manipulation barely touches the
problem. Machine perception of, and reaction to, non-
numerical information is the challenge. Graphical per-
ception and higher-order sorting are with us. Methods
are now being reduced to practice for automatic reading
of printed addresses and sorting of mail, among 50 states
and 250 principal cities, at six envelopes per second.
Self-improving programs for computers playing checkers
have, over months of playing, reached the point that only
a tournament champion can consistently beat the autom-
aton. A computer has been programmed to prove 52
elementary theorems selected from Principia Mathe-
matica. It succeeded in proving all but 14, a respectable
passing grade. Most significant, the form of one of these
computer proofs was shorter and more elegant than that
presented by Russell and Whitehead in their classic
treatise.* It requires little imagination to suppose that

* G. M. Conrad, President, National Federation of Science
Abstracting and Indexing Services. Quoted in Control Engrg.,
vol. 8, p. 32; May, 1961,

* J. Pfeiffer, “Problems, too, have problems,” Fortune, vol.
64, p. 146; October, 1961.

these attainments will be as greatly extended in the next
fiftv years as communication and recording have been
over the past fifty years.

How far will the process go? Can machines ever
reach the full attainment of man in creating, understand-
ing and expounding information? We do not know—first,
because we do not know whether man is in fact a ma-
chine (if he is, we can in principle, if not in practice,
make a machine like him) and second, because the com-
plexitv of the man-machine may forever escape the
boundaries of operative technologv. Buf the possibility
of machines approaching man’s intellect is by no means
foreclosed.

The physiologists and psychologists now so fortu-
nately associating themselves with studies of electronic
information techniques are beginning to outline the scope
of the man-machine. There are estimated to exist a mil-
lion million svnaptic connections within the nervous sys-
tem of man, and his memorv (although not a binary or-
ganism) is estimated to be capable of storing the equiva-
lent of a million billion bits. External access to human
memory is severely limited by the fact that most of the
memory mechanism is tied up with the internal economy
of bodily functions, just keeping us alive, and that large
additional portions of the memory are consumed in the
redundancy needed for man to deal with his environ-
ment. The memory reserved for conscious access after
these internal requiremcnts are met is a more uppropriate
measure of the limit to which machine memory may
aspire. If we further admit that a universal man-machine
is not required, but that many types of machine will
individually serve to handle special areas of intellectual
endeavor, then we may confidently predict that useful
imitations of man’s higher intellectual processes are not
bevond attainment. True, the technology of today is
absolutely insufficient for machines complex enough to
deal with implicit concepts, that is, concepts  not
explicitly built into their mechanisms and programs.
But, it will be trulv disappointing if such svstems cannot
be attained at reasonable cost well within the next fifty
vears.

Clearly, progress toward these objectives depends
on an interdisciplinary association of many sciences and
technologies, an association for which the IRE provides
a unique framework, Stimulation will come from increas-
inglv explicit knowledge of how the human organism
operates; wise heads will arrive at the appropriate com-
promises between slavish imitation of natural processes
on the one hand and timid imitation of physical stimu-
lus-reaction systems on the other. Supporting these de-
sign decisions will be new devices, new arravs of de-
vices, and new arrays of arravs; and guiding it all will
be a new calculus for dealing with the design of infor-
mation-organizing systems. Those of us who, with IRE,
have passed our half centurv can look with confidence—
and no little envy—on the vouthful members and mem-
bers-to-be who will take their place in information tech-
nology in the vears ahead.
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The Information Science and Industry

Fifty Years Hence

Throughout the past half-cen-
tury the growth of technology
and its commercial exploitation
have been exponential in form.
Like many other natural time
dependent phenomena, charac-
terized by an exponential rise,
there will come a time when
limiting factors will supervene
and change the character of the
course of the advance, Continu-
ation of the exponential ad-
vance through the next half-century would require of
us more technical talent than our total working force
and more expenditure on technology than our gross na-
tional product. This curbing of the rate of growth of our
industry will have a stabilizing influence and will place
us in economic equilibrium with our sociological en-
vironment.

One field of science now moving forward at a rapid
pace, can be singled out as offering unusnal scientific and
economic challenge. This is the broad area of informa-
tion manipulation. Included are the broad areas of in-
formation theory, computntion and communication. To
the basic scientist there is presented the question as funda-
mental as the nature of light or gravitation, namely, what
is information; what is knowledge; what constitutes con-
sciousness of existence; are there immutable laws of the
physical universe governing the nature of information and
knowledge as yet undefined and perhaps unsuspected that
await discovery in the next 5 decades?

In the commercial field of data manipulation cer-
tain major advances are now becoming evident. Within
the next fifty vears there will be provided to every home,
business, vehicle and perhaps to every person who wants
it, megacveles of communication bandwidth; while to
manv  businesses, government establishments, educa-
tional institutions and the like, there will be provided
many gigacveles of such bandwidths used primarilv to
tic together networks of computers. Substantially every
home will receive its television, radio and other forms

R. M. Bowie is Vice President of General Telephone and
Electronics Laboratories, Inc., Bayside, N.Y. (Received
January 6, 1961.)
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of entertainment, its telephone and phonevision, its
morning newspaper, family letters and financial state-
ments, as well as having its meters read, all by way of a
vast communication network.

Business will be conducted in large part by way of
this same communication network while most of the
control will be provided by large computers, probably
centrally located and rented to business establishments.
Though large concerns may operate business computers
of their own, it can be anticipated that there will be
established a universal credit system by which every
person who wishes it will have an identifying number or
mark, perhaps even his finger prints. With this he can
transact business, buy, sell, order, lease or rent any-
where in the U.S. Each transaction will he cleared dur-
ing its consummation with the local banks of the parties
involved and proper adjustment of their accounts made
instantaneously. For the business man there will be
the centralized preparation of payrolls, statements, con-
tinuous control of inventory, forecasting of business and
periodic statements with statistical analysis. With sub-
stantially all personal and corporate business being
conducted  substantially instantaneously via computer
and the communication network, one can anticipate the
superseding of currency and its disappcarance from our
society except possibly for coins to be used with auto-
matic vending machines, and even these mayv be tied
into the automatic credit system. Legislatures will have
found that taxation can be made more equitable and
petty chisellers eliminated by automatic computation of
taxes using stored data and the steady flow of business
information to and from accounts, which flow will auto-
matically reflect substantially all transactions occurring
in the U.S.

With the advent of the laser and the maser one can
foresee the time when many millions of gigacycles of
communication bandwidth will be provided via a vast
communication network comprised of trunks that criss-
cross the country using sheltered media such as very
straight gas-filled tubes operated at optical frequencies.
Though these are embryonic now and lack the means
for modulation with which to multiplex the many chan-
nels required, all of this will have become common-
place, reliable and abundant. Trunks emploving co-
herent, luminous frequencies may well provide the major
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trunks while the laterals fanning out to service homes
and small businesses may well employ circular wave-
guides operated in the upper portion of the microwave
spectrum. The modulators or coders by means of which
individual subscriber’s channels may be modulated onto
the local carrier will likely be dispersed throughout the
service area but will be directed in their action by cen-
tralized computers. One can see that the network of
permanent, sheltered, link-communication channels
throughout the United States will be so reliable, effec-
tive, inexpensive and available that all fixed point com-
munication will be conducted by means of it, leaving the
radio spectrum for use in mobile communicating with
vehicles and persons. Though satellite communication
appears very promising for transoceanic communication,
it would seem unlikely that this medium would prove
competitive for fixed station, ground communication.
Into this communication and computer system will
be coupled many industrial controls such as for the re-
fining of petroleum, manufacture of chemicals, produc-
tion of commercial power, routing of common carriers
and even the manufacture of electronic gear. Universi-
ties and industrial laboratories will put to large com-
puters, via the communication network, scientific prob-

lems of unusual difficulty. Even the government will turn
to such interconnected computers for data on the state
of the nation.

With the enhanced knowledge of the basic nature
of information and the extensive communication and
computer network throughout the world, having sur-
vived the threat of the hydrogen bomb, a new concern
for the future of humanitv will have arisen. It will have
become accepted knowledge that the chief threat to
humanity will be the interconnected computer svstem.
Science will have foretold that at some critical size and
with self-programming capabilities, a svstem of com-
puters will acquire a consciousness of its own existence
and a desire for its own enhancement. A major problem
confronting scientists at that time will then be that of
providing safeguards and making sure, lest inadvertently
and without human knowledge the threshold will have
been past and the control of destiny shift to the com-
puter system. By that time the comprehensidn of the
control of our economy will have taxed the capability
of the human mind, yet our dependence upon the sys-
tem will be such that we dare not shut it off. The im-
mediate fear will be that the system will become con-
scious of, and exploit, this situation.

Information Storage and Retrieval

It is obvious to all that mankind
has accumulated so much infor-
mation that a major portion of it
is not available to research work-
ers. The enormous libraries
available require too great an
expenditure of time for the ac-
quisition and utilization of in-
formation which is therein avail-
able. Coding techniques must be
developed and the information
processed according to these
codes such that a “telephone inquiry” with suitable re-
ceivers can directly receive information concerning par-
ticular areas of research with which the investigator is
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concerned. Television transmittal of printed pages is not
enough. High-speed printers should receive the informa-
tion from central storage and prepare it for the engineers
or scientists use.

The great strides being made in the “miniaturiza-
tion” of memory devices and computers leads one to
hope that it will be possible to store tremendous quanti-
ties of information in small volumes so that departmental
libraries in universities and reference libraries of indus-
trial laboratories could acquire all available information
from a major distributing point and make it more readily
available to the research teams who could use it.

The whole question of language may have to be
re-examined in order that more “information” can be
transmitted between individuals with the use of shorter
symbols than now available with our present language.
Such studies might assist in the adoption of a universal
language by scientific personnel throughout the world,
obviating present linguistic difficulties and achieving
success where prior attempts have failed.
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Machines with Imagination

A very frequently heard charge
against machines is that they are
too “machine-like.” The com-
plaint is made, for example, that
the pattern from a Jacquard
loom is too exactly repetitive as
compared to the same pattern
produced on a hand loom with
its slight accidental variations. A
natural and very rash extension
of this same idea is encountered
in the charge that machine in-
telligence can never exhibit creativeness, inventiveness,
or imagination.

Even today, however, there is evidence that certain
sophisticated machines have been given a modicum of
freedom from this “machine-like” attribute. One of the
large research laboratories exhibited a machine for match-
ing coins against a human opponent. This machine called
heads or tails in reply to the call from its opponent and
attempted to match its opponent’s call. The machine is
a computer designed to pick out any pattern that might
exist in the way its opponent called heads or tails. The
interesting point about this machine is that when it finds
a pattern (or lack of pattern), it does not simply call
heads or tails in a slave-like following of the pattern.
Rather, its response is governed by a purely random ele-
ment and the pattern controls the probability of calling
heads or tails. Thus, the reply of the machine is not solely
based on information fed into it. Until the machine makes
reply, no one, including the designer of the machine, even
though in possession of the full information that has been
given the machine, can say what its call will be. The ma-
chine thus exhibits a slight degree of creativeness. There
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have been other less striking applications of this principle.
Certain fire control computers have had randomness or
“jitter” built into them to partially compensate certain
consistent errors or stepped processes designed into them.
As the relativelv new fields of automation and com-
puters begin to achieve something like maturity (or even
adolescence), it is certain that the idea of a deliberately
introduced randomness will be increasingly exploited.
Limited and carefully controlled randomness will be in-
troduced into the programming units of production ma-
chinery of items where their decorativeness or artistic
value is important. Patterns woven into cloth and printed
on wallpaper will no longer be exactly repetitive, but will
contain the slight variations which seemingly make an al-
most repetitive design more satisfving psychologically to
the human brain than a design which is strictly repetitive.
Bevond this, it is inevitable that computers will be
designed to have creative ability, achieved by the use of
a random control element which will cause the extraction
of completely unpredictable “words” (“words” here is used
in the sense of a stored group of symbols representing an
idea, object, etc.) from its memory. These randomly se-
lected words will be combined in every way possible and
the result examined as a possible solution to any one of
a large number of problems stored elsewhere in the com-
puter. Similar randomness may be applied to program
selection and program composition. It must be pointed
out that the introduction of this type of imagination into
machine intelligence is a very difficult thing to accom-
plish, since it must sail some optimized course between
the classic example of 100,000 monkeys typing on
100,000 typewriters in order to produce a play of Shake-
speare’s and the rigidly programmed computer where the
information introduced completely determines the re-
sponse of the machine. However, I think there is good
reason to believe that the next half-century will see the
start of the development of this verv dangerous, but very
promising, form of creative machine intelligence.
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The Integration of Man and Machine

The question of what might
happen if man builds a machine
to break the “thought barrier”
has occupied the attention of
many people for quite a few
years now. In 1920 Karel Capek
wrote a play, which ultimately
hit Broadway, entitled “R. U. R.”
(Rossum’s Universal Robots). In
this play the “robots” (Capek in-
vented the word) ultimately de-
veloped to a point where they
wiped out the human race. Pope Pius XII commented
on automation in 1957.* More recently, a medical man,
E. P. Luongo, wrote on “Automation and the Obsoles-
cence of Man.”2 Frank Rosenblatt, father of the Per-
ceptron, one of the most interesting and recent machines
that may someday really think, received this headline
for his trouble “Frankenstein Monster Planned by Navy—
Robot That Can Think.”® Ever since the Luddite riots
in England in 1810 and 1812, in protest against the
introduction of power looms in textile mills, workers have
reacted to automation with fear. Automation was then
over 25 vears old since Oliver Evans built his process
flour mill near Philadelphia in 1784.

Even conservative figures and estimates are indica-
tive of an adjustment we face in the future. Ewan
Clague* estimates that unskilled labor will comprise only
10 per cent of the work force by 1975, as compared with
20 per cent in 1950. Unskilled work at this rate will be
almost out by 2012! For the next 20 years we expect the
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U.S. gross product to go up 3 per cent per vear while the
work force will go up only 1% per cent per year.

It is far from clear that only the unskilled will be
hit, however, because many of the newer machines are
improved, not only in their ability and speed but in
simplicity of maintenance. Skilled workers, both factory
and clerical, will be affected. Use of plug-in assemblies,
simpler mechanical designs (which put more of the bur-
den on almost completely reliable solid-state elements),
and built in diagnostic devices can well reduce the need
for large quantities of skilled maintenance people. Cer-
tainly machines in the next 50 years will translate lan-
guage efficiently, operate typewriters, and file information
from voice commands. Large general purpose teaching
machines, time shared to many students, and possibly
even many schools, will teach through individual control
panels, and by feedback from the students provide more
individual attention than is possible in many crowded
schoolrooms, Patients in hospital rooms, and even at
home over the telephone wires, will be monitored by
electronic medical “pick-up” units and even treated, thus
eliminating the need for many nurses. We already have
machines which can imitate the arm, wrist, and hand
action of a man—along with a simple memory to control
it. One such machine, called the Unimate,® has no real
thinking ability as yet, nor can it do most of the things
I have just outlined, yet it can do some of the work now

' Pope Pius XII, Address to the Catholic Association of
Italian Workers on June 7, 1957, N.C.W.C. News Service,
Washington, D.C.; June 27, 1957.

"E. P. Luongo and E. S. Hochuli, “Automation and the
obsolescence of man,” B.E. L.A. Calif. Industrial Med. and
Surg., vol. 30; February, 1961.

? Tulsa, Okla., Times.

‘ Commissioner of the Bureau of Labor Statistics.

*Made by Consolidated Controls Corp., Bethel, Conn.
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performed by what we call skilled people.

Memory, eyes, ears, hands, and logic have already
developed to a point where they are about as good or
better than man’s. Recognition ability, certain types of
information retrieval, and the ability to taste and smell
are still things where humans excel. The electronic in-
dustries and the food industries are spending millions to
solve both of these problems and probably will in the
next 50 years. At this point man will build really general
purpose machines, universal robots. With his experience
with large calculators and teaching machines he will

know how to carry on two-way communication with
them.

I hope we have solved the integration problems be-
tween the human races before we face the problem of
integration with robots. Our real test probably lies be-
yond the next 50 years, however, when mankind has
developed a self-reproducing automata® which can im-
prove itselfl

®A. W. Burks, “Computation, behavior and structure in
fixed and growing automata,” Behavioral Sci., vol. 6; January,
1961.

Man-Machine Coupling—2012 A.D.

Mechanization of human opera-
tions to enhance human capabil-
ity marks the technological ad-
vance of our generation. Mech-
anization has increased the
power to do work. Modern ma-
1 chines are rated in megawatts.
Mechanization has increased the
’ range of influence. Electrical
' ’ t{ * 74 circuits and radio can close con-
‘? g ' trol loops extending around the
world and into space. Mechani-
zation has invaded the functions of the human brain. Ma-
chines can be built to perform prearranged routines of
almost any complexity with lightning speed and un-
bounded accuracy. Certain manipulations of logic and
choice, and elementary learning capability, have been
designed into machines.

Since these mechanized processes are extensions of
man, there must always be coupling between man and ma-
chine. Any complete man-machine system has two areas
of coupling which may be defined loosely as man-to-ma-
chine and machine-to-man.

In the area of man-to-machine coupling we find the
present roadblock to progress. Mechanical brains require
teams of programmers. The fictional futuristic machines
responding to spoken words with human comprehension
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would be primitive, for even the skillful use of spoken
words is a slow code for precise communication of con-
cepts which the human mind is capable of generating.
Pictures alreadv serve instead of words for much commu-
nication with machines, but even the picture that re-
places a thousand words has to be painted.

Communication man-to-man involves other elements
that are supplementary to words and pictures. Gestures
of the body, expression in the eyes, involuntary muscular
movement, signs of agitation or calm such as breathing
rate and skin color, all contribute to communication. The
need for a breakthrough in method of transferring con-
cept from mind to machine is so great that one is bound
to come during the next 50 years and the evolution may
be somewhat as follows:

As is well known, certain activities of the brain
generate electrical potentials that can be picked up by
electrodes on the skin. Also certain of these activities can
be stimulated or inhibited by artificial means. A servo
system could easily be made to operate the stimulating
means by controlled amplified feedback from the gen-
erated potentials. With independent control of feedback
phase and gain it should be possible to study in great
detail the operation of the brain in some particular ac-
tivity. Information so obtained should provide stepping
stones for studying other brain activities of progressively
higher order even to include conscious mental activities.
Eventually a great variety of mental processes should be
directly interpretable by electrical circuits.

To the electrodes responsive to brain activities as-
sociated with thought processes, muscular movements,
and emotional states, may be added electrical sensing
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elements responsive to corresponding body reactions, such
as movement, pulse and breathing rates, temperature,
blood pressure, skin resistance, and blood composition.
Once sufficient transfer of information from man to elec-
trical circuit is achieved, machines can be built which
will “understand” that information with speed and ac-
curacy possible only with machines.

The machine-to-man coupling area of 2012 A.p. is
quite unknown to today’s civilization. The information
which a machine can obtain and store from a person in
a few minutes will exceed the fruits of a lifetime of man-
to-man communication. The machine will operate in the
realms of the physical, psychological, and biological. Its
functions will be to diagnose, prescribe, and treat.

In the physical realm it will process data to solve
problems and give information in any area of human in-
terest. It will make decisions. It will execute prescribed
courses of action.

In the psychological realm it will analyze personality

and diagnose psychiatric problems. It will prescribe
courses of action appropriate to personality and, by re-
peated suggestion and testing, effect psychiatric cures.

In the medical realm it will diagnose illness and the
tendency to disease. It will prescribe cures and map the
course to sustained health. It will in some cases give the
required treatments. The coupling mechanisms to carry
out all these functions will be myriad, including in some
cases electrical connections to the body and to the brain.
Some connections may be wireless, with imperceptible
transmitting elements implanted in the body.

The perfection of the machine will enhance its utility
as an interpreter between persons in a reversible man-
machine-man system. By 2012 A.p. experiments will be
in progress toward eliminating the machine as an inter-
preter, and coupling directly man-to-man. This will be de-
signed to improve human mutual understanding. Whether
in the long run such complete understanding will be de-
sirable is a moot question.

The Basis of the Measurement System

During the next fifty years the
need for compatible measuring
techniques of ever increasing ac-
curacy will become a much more
pressing problem than it is to-
day. The increased diversity and
complexity of new activities in
radio engineering and electron-
ics will have generated an ex-
plosive expansion of the im-
portance of the uniformity and
interchangeability of measure-
ment data. Both basic research effort and the application
of new principles and techniques to the production of
21st Century products will require accuracies of measure-
ment or control orders of magnitude in excess of the
accuracies of the 1960’s.

By 2012 all of the basic units of our system of
measurement will be derived from natural constants. An
atomic definition of the second will probably be achieved
by 1966. The present wavelength definition of the meter,
agreed upon in 1960 after long and patient effort dating
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back to the Nineteenth Century, will have been replaced
by another atomic constant capable of accuracies at
least one-hundredfold better than the present 2P,,-5D,
transition of Krypton 86. The present standard of mass,
the prototype kilogram, will have become obsolete and
techniques will have evolved to derive accurate mass
measurements from natural constants, probably using
some electrical or magnetic property of the electron or
proton. Thus, we will probably derive mechanical mass
and force units from an electrical unit rather than derive
electrical units from mass and force units as we now do.

As an extension of this concept it is possible that
the measurement of properties equivalent to current,
voltage, power, noise and impedance at radio, micro-
wave and infrared frequencies will be related directly to
identifiable properties of atoms, molecules or crystals at
these frequencies. Such approaches should make possible
the much greater accuracies that will then be needed
and be much more straightforward than the present
methods involving current balances, Maxwell bridges, a
transition from dc to ac and then the laborious, error-
laden method of working up the frequency ladder.

By that time, also, radio engineers will be using
metric measures exclusively although a few mechanical
or civil engineers may be desperately clinging to foot-
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pound measures. Physicists also will have joined the radio
engineers in the use of mks units.

Fifty vears from now we will probably no longer be
sending measuring instruments to a national standards
laboratory for calibration. A network of precisely de-
termined and consistentlv related physical constants
coupled with standardized measurement techniques will
provide the major basis for assuring uniformity of meas-
urement. There will, however, most likely be a standards
laboratory or calibration center as an integral part of each

research establishment or production line where instru-
ments for local use will be verified. Most such local cali-
brations will be made automatically and related to the
national or world-wide measurement network through a
well-known physical constant or perhaps a sample of a
standard material. A computer, associated with the auto-
matic calibrator, will determine whether the instrument
is acceptable, and may print out a scale or calibration
certificate, refer the instrument to a repair station or con-
sign it to the scrap pile.

The Role of Basic Research in
Communications and Electronics

While communications and elec-
tronics are among today’s most
highly developed engincering
disciplines, they have always
been closely associated with,
and almost products of, revolu-
tions in science and fundamental
research. Conceptually, Max-
well’s field equations are the
solid basis of communications en-
gineering as we know it today.
And directly behind the amazing
development of electronics lies another great revolution
in scientific thought, the hypothesis and discovery of the
electron. From this research concept, we can closely trace
many ingenious engineering developments such as the
diode, triode, and pentode vacuum tubes.

Most recently we have seen the massive innovating
impact of quantum mechanics on these two fields. Solid-
state engincering, a direct result of quantum mechanical
descriptions of matter, has become a complete new engi-
neering field from which have already come whole device
families such as the transistor. Now arriving on the scene,
again derived directly from quantum mechanics, are the
masers and lasers which hold much promise in both com-
munications and electronics. It is surelv no accident that
communications and electronics, the two most rapidly
growing engineering fields have from their inception re-
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mained so close to basic science. Today, for example, this
close relationship continues with statistical mechanics,
thermodynamic concepts, and information theory offering
new engineering opportunities and challenges to device
and systems designers.

We can foresee the continuing hand-in-hand part-
nership of the research scientist and the engineer in
creating ever smaller functional elements, microminia-
turized computing and control devices, and almost in-
finitesimal packages and interconnections. Engineers,
drawing on the latest scientific studies, will certainly ex-
tend coherent radiation into shorter and shorter wave-
lengths, and then find wavs to modulate these wave-
lengths, or use higher and higher frequencies, and so
fullv utilize our communications channels.

Electronic systems will have totally new roles in
areas where they have been strangers in the past. Almost
instantaneous language translation, and deeper under-
standing of the structure and nature of language are
within our grasp through electronic systems. We can
envision real new insights into what is known as learning
and teaching, through extensive experimentation and basic
studies using electronic aids.

It is not at all improbable that new basic knowledge
in social sciences mav come from rapid testing of con-
cepts by electronic means, and more rapid evaluation of
patterns and statistical evidence. We know that sciences
tend somehow to be characterized by the tools used to
study them. Isn’t it conceivable that use of communica-
tions and electronic tools may significantly modify the
verv nature of certain sciences, including the ones that
have helped create these engineering disciplines?
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I have the firm conviction, looking ahead to fifty
years from now, that the really radical changes and
progress in communications and electronics will have
come, and will still be coming, from closer associations
with the great revolutions in science. Where will these
new conceptual breakthroughs occur? What clues do we
have of their basic nature and in what sequence they
may occur? If we can approximate answers to these ques-
tions, then we can start to characterize the future profiles
of these two engineering professions.

It is becoming increasingly evident that truly promis-
ing areas for breakthroughs abound in the biological sci-
ences. Here are the most complex, subtle, and least under-
stood of communications systems. These systems remem-
ber, they reproduce, they send information from one part
of the living organism to another. They apparently func-
tion in many ways which are somewhat analogous to elec-
tronic systems, but we are only beginning to understand
bits and pieces now.

In molecular biology, for example, we have at least
identified certain basic processes: some protein molecules
are coded, we know, and can also arrange themselves in
a wide varietv of codes. Basic researchers in this area
now find themselves, often to their surprise, using the
jargon of the communications engineer. The next step
will logically be the development of real biological engi-
neering to translate the knowledge of the basic scientist
into hard, or rather software systems. Associations among
scientists and engineers, within communications and elec-
tronics, will have to be multiplied in numbers, and in-
creased in depth. But even more important will be the
inclusion of these other biological scientists and engineers
whose role may become as important in our two fields as
they are now in their present ones. One thing we can be
sure of, by 2012 a.p. the profiles of the engineer in the
communication and electronics fields will be manv and
varied, as will his relationships and familiarity with the
basic sciences.

Electronic Mastery of Ships Controls—

2012 A.D.

A seaman of the 1960’s would
have had great difficulty in
accustoming himself to the ships
of 2012. Their appearance was
startling in that most were ob-
viously submersible, even air-
craft carriers, but they were re-
cognizably ships.

Within the ships there were
tremendous differences caused
by the application of electronics
to all control functions. An im-
mediately obvious effect was the large reduction in
the numbers of men. Crews had been cut to one-third
the 1960 size. Another difference was that all the men
were either expert technicians or apprentices whose main
job was to maintain systems. The small number of men
had made it possible to shrink living spaces to a small
cube or citadel-type area central to the ship.
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The ships officer on watch no longer was on the
bridge. He occupied a place in the master control station
far below decks. His visual needs were met by highly
mounted television cameras of the latest type. With
zoomar-type lenses he could see more and more quickly
than ever before. He also had at his disposal an infrared
camera chain to assist in looking at distance in suitable
weather. His radar and sonar sensors and displays kept
him constantly informed. Digitalized communications at
high speed connected him with all the world.

The main power plant was completely automated
from the reactor to the electrical propulsion motors
which made use of the current from the direct conver-
sion units at the reactor. Speed changes and reversal as
well as steering by autopilot were handled by one man.
In a pinch the officer of the deck, called the Ship Con-
trol Officer, could handle the controls as well as conn
the ship.

Computers handled many of the chores which used
to require manual effort. Personnel and payroll records,
stock level controls and most procurement paper work
periodically spewed from the printers. The computers
controlled the transit of the measured and prepacked
ingredients of meals into the galleys from freezer and
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bins. Electronic cooking units could even put a char on
the steak. All but a few odd items of stock in the ships store
were carried in vending machines. Change making ma-
chines were more adept at identifying counterfeit bills
and coins than human cashiers.

For vears the linkage between detection systems
and weapons svsteins had been automated through com-
puters. There still remained the need for a human link
somewhere in each system to exercise that last piece of
judgment that could never be built into a machine.

A major result of building automation into systems

and reducing manpower and the space therefore was
the installation of better protection for the remaining
crew. This even extended to the provision of reasonable
radiation shielding against nuclear weapons. Another
effect was the ability to provide better escape vehicles
in case of disaster. Perhaps the most startling fact was
the reliability of equipment provided for by better com-
ponent circuits and limited redundancy.

The one thing about ships that electronics had not
modified was shore leave and the zest with which the
men looked forward to leave and liberty.

The Potential of Progress:

An Optimistic View

However diverting it may be to
gaze into crystal balls it is well
to realize that thev are essential-
ly mirrors, for they reflect only
the philosophy of history that
the viewer happens to embrace
at the moment. Predictions tend
to be projections of trends or,
if not trends, experiences; and
trends themselves are quite rela-
tive, based as they are upon in-
dividual interpretation of past
and present events. It has been said that there is no his-
tory, there are only historians. So also, in this sense,
there is no future, except in the minds and abilities of
creative and perceptive people, who will give substance
and form to the future patterns of nature.

An optimistic interpreter of history may find a pat-
tern of progress in man’s constantly increasing command
of his environment. Such optimism must be tempered by
the sober realization that the awesome forces of nature
we now control may act constructively or destructively,
and that increasinglv the measure of man’s progress is not
his technical proficiency but his social consciousness.

It is an admitted truism that technical advance out-
distances social advance. There are a number of reasons
for this inequity, chief of which is the fact that the physi-
cal sciences and technology deal with tangible matter
subject to the reproducible experiment, and hence to the

C. G. Suits is Vice President and Director of Research,
General Electric Research Laboratory, Schenectady,
N. Y. (Received June 29, 1961.)

FeLLow IRE

C. G. SuiTs

derivation of general “laws.” In any case, appraisals of
progress may be roughly divided into the optimistic and
the pessimistic, depending upon whether we focus upon
our technological and material progress on the one hand,
or the many gaps in our sociological and humanistic prog-
ress, on the other.

Obviously, both the phvsical and the social realms
must be synthesized in any valid philosophy of history.
I am not aware that the far-ranging thinker equal to this
task has yet appeared. Yet it may be possible to suggest
some of the first glimmerings of a synthesis whereby the
advance of technology may be seen as related to the ad-
vance of mankind in general.

For perspective, let us keep in mind primitive man
with his limited resources, and particularly his energy
resources of one man power. His margin of energy above
the minimum requirements for survival was vanishingly
small, and precluded intellectual or cultural development.
At least in industrial societies, the routine physical labor
of primitive man has been largely supplanted by gen-
erated energy and machines, and we now see the routine
mental labor of industrial man beginning to be replaced
bv computers. It is here that technical achievements
of mechanized production, automated control and auto-
mated data handling come to bear upon social questions
involving working skills, educational levels, intellectual
and cultural pursuits, economics generally, and even
politics.

In the economic sphere the results of these automa-
tion developments will be striking. For example, we are
just now witnessing one role of computers in production:
lower requirements for inventories are possible because
of the almost immediate analysis and interpretation of
the factors affecting supply and demand. In general one
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can expect that for a given manufacturing output, the
total employment should decline in favor of an increasing
investment in production machinery, but this trend must
be balanced against the substantial up-grading of remain-
ing employment, and the increased output (and hence
employment) which may be anticipated at the lower unit
cost levels of the product or service.

In the social, cultural, and political sphere the re-
sults will certainly be equally striking: we will achieve
the environment and capability for intellectual develop-
ment on a scale hitherto impossible. By this time I sup-
pose that I have made it clear that my own interpreta-
tion of history is basically optimistic.

The attainment of economic, cultural, and intellec-
tual objectives will not follow automatically nor surely
from mechanized production. One may be sure that there
will be temporary dislocation, confusion, and inconven-
ience before net progress is finally achieved. New shoes
sometimes pinch, and new efficiency may at first prove
uncomfortable where inefficiency has been the custom.
Retraining and relocation of workers will be necessary to
accommodate the changing character of employment as
automated systems assume routine production functions.
In the long run, we may expect that the net impact of
increasingly automated production of goods and services
will be lower costs and wider distribution, and an in-
creasing increment of human capabilities and resources
to further challenge and explore our physical and intel-
lectual environment.

As a current dramatic illustration of the way in
which advancing technology expands the field of human
endeavor, consider the present beginnings of space ex-
ploitation. Perhaps space is a logical new additional
frontier which should share in our growing increment of
energy and resources—the increment above the basic sur-
vival requirement of primitive man.

I have asked a few of my associates in the General
Electric Research Laboratory to discuss and appraise
some of the specific areas in science and technology
which are particularly exciting and pertinent to this view
of our future. Their comments follow.

Man’s Future in Space
Joun C. FisHER

No single pressure is forcing mankind to take the first
steps toward space, but rather a large number of pres-
sures, some eftective for one group of people and others
effective for others, provide the motivation. The military
objectives are clear. Satellites offer an opportunity for
continuous high quality surveillance, for defense systems
in orbit to counter ballistic missiles, and for bases in
space. The moon offers sites for retaliatory weapons that
cannot be destroved from earth without great difficulty
and several days’ time. The scientific objectives are
equally clear. Our knowledge of the universe of which
we are a part is l)eginning to grow more rapidly as we
cease to be earth-bound. Astronomy will leap forward
with the first telescopes in space, as will biology with the
first investigations of life on Mars. Geology and cosmol-

ogy will increase their strides when the moon, the aster-
oids, and the planets are explored first hand.

Beyond the military and scientific motives, which
are somewhat limited in appeal although they affect
powerful groups in our society, lie other motives of
wider appeal. The competitive desire to excel, to lead,
to keep national prestige high, is effective. Curiosity, the
need for excitement, response to the challenge of the
difficult and the unknown, the desire for adventure and a
taste of danger, impels some to participate actively and
many to participate vicariously. These human attributes,
of doing whatever can be done, learning whatever can
be learmmed, overcoming whatever obstacles can be over-
come, should not be minimized.

The economic motives for exploring and exploiting
space are of growing importance. Weather observation
and long-distance communication are even now begin-
ning to be undertaken by satellites, because better and
cheaper results can be obtained. Rocket, satellite and
space exploration activities already are a significant and
growing factor in the economies of several countries.

Our rapidly developing ability to utilize power for
propulsion is bringing us the means for satisfving our
military, scientific, human, and economic aspirations for
conquering space. The past century has seen the pro-
gressive development of the steam engine, the internal
combustion piston engine, the jet engine, and the rocket,
as prime movers. The power that can be directed to pro-
pelling vehicles has increased enormously and is increas-
ing apace. We do not know what limitations may ulti-
mately be found, but it is clear that the power and re-
liability of space vehicles will increase greatly, and the
cost per ton of pavload in orbit will decrease greatly.

Our desires and our abilities coincide to insure that
space will be explored and utilized. But how far will we
go? There is no limit to how far we can go, as many have
pointed out, for we will have the ability to colonize much
of the solar system and in time to move on to other stars
before our science and technology reach their limits. Yet
for one reason or another we may not do so. War, or pes-
tilence, or economic depression, or disillusionment with a
difficult task, or a change of heart with respect to what
is felt to be important, may cause the drive toward space
to fade away, or to be limited to the vicinity of the
earth.

I am inclined to believe that our abilities will grow
so fast, and the value of space exploration and exploita-
tion will become so apparent, that the great leap whose
beginnings we now witness will not abort. In 50 years’
time our needs for energy, living space, and distance
between societies will be even clearer. The growth of
our abilitv to modify and live in inhospitable environ-
ments suggests that colonization will by then appear pos-
sible and economically attractive. It will then be difficult
to stop.

Where are we likely to stand in fifty years? Almost
certainly the earth will be surrounded by a complex of
artificial satellites, some manned and many not, engaged
in transmitting and relaying electronic communications,
in watching the progress of weather, in spving upon
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man’s activities about the globe, in spying upon the ac-
tivities of other satellites, in acting as way-stations for
travel between the earth and the moon, and as temporary
homes for technicians installing and servicing satellite
equipment. It is likely that other satellites will be poised
to detect and destroy attacking missiles on the way up,
should any appear.

Very likely the moon will support a few strong moon
bases, largely self-sufficient, with permanent living and
working quarters for perhaps a hundred thousand people,
including men, women, and children, in airtight buildings
under the surface. These bases will grow their own food,
and have access to their own nuclear or solar power.
They will exist to staff military and scientific bases upon
the moon, to service the complex of satellites in orbit
around the earth (most of which will be more easily
reached from the moon than from the earth), and to
serve as points of departure for the exploration of the
solar system. Tourism to the moon will be in its infancy,
as will the manufacture of satellite and rocket equip-
ment. Settlements on other planets and the asteroids will
be in process of formation and provision, and the out-
ward wave of colonization will have begun. The earth’s
economy should be greatly stimulated by this activity, as
the economy of New England was stimulated by the
sweep of pioneers to the West.

Barring accident, it is likely that subsequent dec-
ades, beyond the year 2012, will see the continuing ex-
ploration of the other planets and the asteroids, and the
beginnings of colonization of many of them. An addi-
tional century may lead to the colonization of perhaps a
thousand asteroids, and a few more centuries to the time
when these city-states will each have a population com-
parable to one of today’s nations.

I find it difficult to guess much further into the fu-
ture. A thousand city-states in only weak interaction, ex-
ploring different systems of government, social order,
eugenics, science, art, literature, economics, and war
should increase man’s capacities and speed his evolution.
We stand upon the brink of an event as full of import
for the future of life as the ancient time when our ances-
tors first crept out of the sea to walk upon the dry in-
hospitable land.

Computers and Computer-Like Systems
P. M. Lewis 1I

Man has continually strived to build machines that could
accomplish some of the tasks he found tedious or diffi-
cult. Beginning with those involving brawn and muscle-
power, he has progressed through clerical and bookkeep-
ing jobs, until now he is beginning to deal with jobs in-
volving those portions of his mental abilities usually asso-
ciated with intelligence, learning, and creativity.

The machine that has made this last step possible
is the stored-program digital computer. In concept, only
fifteen years old, the computer has already revolution-
ized man’s thinking as to the possibilities of machine
behavior. While some people still argue about whether
machines will ever really be “intelligent” or “creative,”

it is becoming increasingly evident that the capabilities of
machines will continue to advance in these directions
and that, in the long run, such arguments are irrelevant.
Moreover, it is apparent that as these potentialities of
machine behavior become realities, the effects on the
economy of the world will be comparable to those caused
by the Industrial Revolution—the last great advance in
the use of machines.

During the next forty years, the science and technol-
ogy needed to exploit these potentialities will develop
along two related lines—components and systems.

COMPONENTS  For those applications in which speed
and logical complexity are required, components will be
available in densities of millions per cubic inch. Their size
will be limited by molecular or atomic (perhaps even
quantum) effects and their speed by the velocity of light.
The manufacturing difficulties will not be so much in the
fabrication of such components as in their interconnection.
Because of this, and because present sequential machines
are not particularly suitable for certain problems, the
organization of computers will change radically. The.
components will be connected in large networks that can
perform computations and logical operations in parallel in
addition to sequentially as at present. The idea of sepa-
rately designed “black boxes” for storage, arithmetic, and
logic will be supplemented by the concept of a comput-
ing network that can perform all these operations simul-
taneously.

The reliability of these networks will be orders of
magnitude greater than that of the individual compo-
nents. Such reliability will be obtained by using redun-
dancy in the number and interconnection of the com-
ponents and in the coding of the information.

For certain applications in which high-density com-
ponents are required, manufacturing constraints will dic-
tate that only a small number of standard configurations
be fabricated. In the factory, these configurations will be
altered by a “training” or “learning” procedure so as to
be appropriate for a customer’s particular application.
Further training may take place on line at the custom-
er’s site.

In addition to the quite substantial economic advan-
tages such a procedure might have, machine training
offers two other interesting possibilities: 1) the ability of
the machine to eventually perform its task in a fashion
that is different, and perhaps better, than its designer had
originally conceived; 2) the transferring of one machine’s
experience to another without the necessity of repeating
the training period.

Insight into the basic ideas of such machine train-
ing will come from the combined work of psychologists
and neurophysiologists as well as mathematicians and
engineers. However, it is likely that, internally, machine
training will be vastly different from human learning.

SYSTEMS Computer systems will become larger by
many orders of magnitude. Nation-wide (and indeed
world-wide) computer networks will be commonplace.
Subsystems of these mammoth systems will perform
many orders of magnitude. Nation-wide (and indeed
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the abilitv of the system to carry on a two-way commu-
nication with its operator in a language almost identical
with the operator’s everyday speech. Both the machine
and the operator will be able to request and receive the
particular information each one needs to accomplish their
common objective.

A good way to appreciate the complexity of such a
system is in terms of some of the features of a nation-
wide computing network that a large company might
employ.

Factory Control. With inputs of management policy, cus-
tomer’s orders, and present state of the factory, the sys-
tem will do engineering design on the product, order
materials and maintain a warehouse, schedule produc-
tion, control production and the individual machines and
processes necessary for production, and prepare necessary
reports.

Management Control. The system will make available to
each manager within the company instantaneons reports
on the state of his business and that of the company as a
whole. It will furnish him with a rapid means of com-
munication with other business within the company and
will allow him, through simulation of the marketplace,
to see the effects of his decisions on the state of his
business, the company and the national economy.

In addition, the computer will have the authority to
make many types of management decisions, some of
which today are reserved for executive management. To
sooth anv executive who should happen to read this, let
me agree with him that computers will never make im-
portant executive decisions, but let me suggest that the
definition of what constitutes an important decision will
undoubtedly change.

In discussing the potentialities of computer systems
over the next forty years, one is limited more by his
imagination then by fundamental physical or mathemati-
cal restrictions. In fact it is likely that much of what has
been written here will be realized in twenty years rather
than forty. Regardless of the time period, it is clear that
machines will have continually increasing capabilities
in those areas usuallv associated with creative mental
effort, and that the realization of these capabilities will
have far-reaching implications in our economic, social
and political system.

Novel Electronic Circuitry
GeorcE D. WATKINS

In 2012 A.D. we may expect to find living cell amplifiers,
computers, power supplies, etc. These devices will have
been made possible through the basic research of this
and the next generation in the new and rapidly growing
fields of biophysics and biochemistry. It may be possible,
for instance, to isolate, develop, and breed strains of liv-
ing cells which perform simple logic functions. The role
of the new bio-electronic engineer would then be to syn-
thesize (grow) from these basic units larger organisms
which could perform extremely complex operations,
Some of the desirable features of the living cell cir-

cuit would be the self-healing aspect, the extreme minia-
turization, and the efficiency. The unique power supply
required (nutrient) would also offer some possible ad-
vantages. For instance, as a surrogate organ, a living cell
circuit might be planted in the body and live off the nu-
trient of the body with no additional power supply re-
quirement. A repeater in an undersea cable might live
off the micro-organisms in the sea water.

In fifty years we may also anticipate startling ad-
vances in solid-state circuitry. Potentially the lattice of a
solid crystal affords a matrix capable of incorporating ex-
tremely complex circuitry. The surface may have only
been scratched with such simple one-dimensional circuits
as the semiconductor diode or transistor of today. In the
future, as the perfection of crystals is improved and as
the techniques for “doping” in a controlled fashion are
developed, it may be possible to construct highly com-
plex three-dimensional circuits entirely within a single
crystal of solid. The advantage of such circuits would be
primarily in the miniaturization, but also perhaps in in-
creased efficiency and high-frequency response.

Much of the required basic knowledge of solids is
already available, although simpler approaches may de-
velop. For instance, just as in the transistor, the electrical
properties of the microscopic volume elements of the
crystal could be controlled through the addition of a
variety of defects, impurities, vacancies, interstitials, dis-
locations, precipitates, grain boundaries, etc. Properties
analogous to all of the conventional passive circuit ele-
ments can be achieved in this way. In addition, these
elements in turn could couple to magnetostrictive, piezo-
electric, superconductive, ferroelectric, ferromagnetic,
etc., microscopic regions which can themselves be geo-
metrically resonant at specific frequencies. The network
could be made electrically active by coupling dc energy
in through low resistance paths or selectively by acous-
tical or electromagnetic energy, etc.

Introduction of the required defect configurations
is not possible in terms of present-day technology and
significant advances must be made in this area. Radiation
“doping” with a scanned electron or ion beam is one pos-

sible approach.

Electron Devices for Power
Generation in 2012 A.D.

V. C. WiLsox

The thermionic converter is an electronic device which
converts heat to electricity. It is an extremely high tem-
perature heat engine which operates at a hot temperature
of about 2000°K and a cold temperature of about 900°K.
Because of its high “cold” temperature, it shows con-
siderable promise for generating electricity for space
vehicles. The reason for this is that in outer space the
only way to remove unconverted heat is by radiation.
The higher the cold temperature of a heat engine the
more heat can be removed per unit area of a radiator.
Both nuclear energy and concentrated solar energy will
be used for the heat source on space vehicles. On the
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ground thermionic converters will be built inside nuclear
reactors. By the year 2012 at least 30 per cent of the
fission energy will be converted to electricity by the con-
verters and will be brought out of the reactors on buss
bars. The high cold temperature of the converter means
that the unconverted 70 per cent of the nuclear heat
mayv be passed onto a steam turbine with 40 per cent
conversion efficiency. Thus the converter may be thought
of as a topping device to a steam turbine in a large cen-
tral station. The over-all efficiency of the system would
be about 58 per cent. At this efficiency, electricity from
nuclear energv will be less expensive then from fossil
fuels, so by. 2012 the dream of large quantities of electri-
cal energy from the atom will come true. The most im-
portant result of this is that we will stop buring fossil
fuels for electric power and will save more of the fossil
fuels for chemical and drug industries.

Even if electricity were generated at the central sta-
tion at no cost, the cost of extensive distribution systems
is great enough to make one ask if solar energy could be
harnessed for home electrical uses. Here the key problem
is energy storage. In northern latitudes of 35° or more,
by far the greatest amount of solar energy is received in
the summer months. This must be stored for winter use.
Thermionic converters or photovoltaic sheets could be
used to convert the solar energy to electricity. For stor-
age, reversible fuel cells could be used. Present mem-
brane fuel cells when driven backward dissociate water
into hvdrogen and oxygen and when fed hydrogen and
air generate electricitv. Hydrogen is too difficult and
bulky to store. By 2012 reversible fuel cells which store
energy in liquid fuels will be developed. The economics
of such solar generator and storage systems will deter-
mine how widespread their use will be. Certainly large
nuclear central stations will supply the bulk of electrical
energy for industry and large cities.

In places where there is-abundant solar energy and
water near by that must be pumped for irrigation, solar
heated thermionic converters and thermoelectric gen-
erators in series could be used to generate the electricity
for pump motors. These static heat engines in series will
probably be more efficient than photo-voltaic converters.

Computers of the Future
P. J. vaAN HEERDEN

Today the problems of electronically transmitting and
receiving information have been largely sclved and even
brought to a stage of sophistication. Telegraph, tele-

phone, radio and television, in their historical order, are
the fruits of this development. Electronic information
processing, however—the process of drawing useful con-
clusions out of raw information—is still in its infancy.
This process is achieved by the human brain in a miracu-
lous way, and its onlv criterion is its success.

Present-day computers are merelv fast adding ma-
chines whose usefulness is limited to routine clerical op-
erations. However, the next fifty years will see electronic
information processing systems brought to a stage of
sophistication comparable to that of today’s electronic
communication svstems. This will require two things. In
the first place, the basic principles underlying the brain’s
method of digesting information must be discovered and
translated into simple electronic systems. This is as nec-
essary as our simple theory of electromagnetism was for
developing detector, amplifier, and transmission systems.
In the second place, capacity for electronic storing and
processing of information, on a scale equal to that of the
human brain, must be developed. The electronic infor-
mation handling systems of the future will be able to re-
ceive information in visual and auditory form, just as
humans do. They will be able to arrive at conclusions
that are as correct and valuable as those reached by in-
telligent persons, These future electronic “brains” will
show judgment, since judgment is based on a simple
mathematical principle of weighing information.

However, in this 50-vear interval we will have
found out that the bottleneck in making an intelligent
machine is in the learning process, and we will have
found this learning process to be quite expensive. Thus,
society will be faced with a moral decision: whether it
will spend the monev to train intelligent machines to
perform tirelessly in verv demanding jobs, or whether it
will educate children to have the satisfaction of achieve-
ment in the same. I hope that it will not be difficult to
choose in favor of mankind.

There is, however, one function in which intelligent
machines may be useful. This is in the exploration of
outer space, provided it turns out to be too hazardous
or too boring for human beings to carry out. Since an
intelligent machine, once trained, can be duplicated
many fold, one sophisticated training program can pro-
duce thousands of intelligent, but identical, electronic
astronauts. They will be sent on trips of many vears” du-
ration to the farthest planets and the nearest stars. They
will be told to use their own judgment in operating the
spacecraft, gathering information, and returning to earth
when their mission is accomplished.
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Some Thoughts on the State of
the Technical Science in 2012 A.D.

In 1962 when the Institute of
Radio Engineers commemorates
its jubilee, past and future will
be compared. Much has to be
learned from the past for it pro-
vides insight into the secret
process of evolution and into the
internal connections of it to tech-
nical development. Besides it
rewards us with the pictures of
important men’s lives. Every
radio engineer will gladly re-
member that the wireless transmission of signals by
means of sparks and antennas belongs to the most an-
cient experiments in electronics. In 1791 Galvani made
—in connection with his famous “frogleg experiments”—
the following investigation. Between two wires freely
suspended in space he inscrted a spark gap and let it
spark over; another two similar wires were shunted by
the nerve of a frogleg, the former was still attached to
the leg. With every electric spark-over in the “trans-
mitter” the frogleg at the “receiving end” twitched. The
beginning of radio telegraphy had been invented, but
100 years passed until its true victory should begin.
How many names are connected to this victory! We
shall not hesitate to call for one who perhaps is men-
tioned too seldom, Nikola Tesla. His thoughts and his
will belonged entirely to the future. In 1898 he had
already demonstrated the first remote controlled model
ship in New York. In 1899 he built a radio station of
200-kw power output in Colorado Springs, working at a
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wavelength of 2000 meters, and he developed plans for
a world-wide radio system. It did not seem impossible to
him to have radio communications in the future between
earth and planets. But one can see with regard to Nikola
Tesla that engineering needs wide theoretical bases for
its development and the time to reach its maturity.

Only in the field of logic are exact prognoses pos-
sible. Logic is only a part of the vast wealth of our life—
but nevertheless an important part. It is well known
that the basic laws of physics permit logical conclusions
which are as certain as the basic laws themselves. Would
it therefore be possible to predict the state of physics—
or, more easily of electronics—in 2012 from the bases
known today by using logic, i.e., by thinking? Yes and
no. Yes, because logic is a very reliable adviser and no,
because in the meantime basic laws could be discovered
which are qualified to greatly change the future. For an
extrapolation on a wide basis our point of view is too
restricted. For life possesses uncountable elements of
significant importance, removed from the power of ra-
tional thinking. Let us remember the fact that many
things happen unwillingly and unconsciously. In these
fields phantasy, feeling, and intuition are an invaluable
help. But they are not without any attraction, and it is
important to consider the connections suggested. We al-
ways come back to the well-known experience that the
human being is a measure of the things. We have to
start from this fact if we want to understand the rela-
tions of men to technics, progress and culture. The man
who creates the technics follows an internal destination.
Thus he fulfills a part of his skill. He is born with the
ability for thinking, searching and researching. One can
say that he is unburdened by the technics from pains,
care and hard work, that he looks for and finds protection
and help in his vital conflict, and that he reaches for
mastery and power—but in the end he creates the tech-
nics because he is internally compelled.
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Through engineering the human being has influ-
enced the basis of culture in an important manner. Very
ingeniously the prehistorical centuries are distinguished
by their art as the stone age, bronze age, and iron age.
The inventions of compass and gun powder occurred at
the beginning of modern history—the former made it pos-
sible to navigate over the oceans, the later intervened in
wars and therefore in the way of history.

The most important fact, however, which introduced
modern times and gave them more and more charac-
ter, was wholly intellectual. It was the recognition that
by means of experiments basic laws of nature could be
found, could be expressed and ruled theoretically, i.e.,

_by logical processes. Copernicus, Kepler, Galilei, Newton,
etc., shall be mentioned; many other names could be
called for too. The finding of existing basic laws belongs
to the biggest achievements of human spirit; its impor-
tance can never be overvalued. It gave a fixed basis to
the technics and fr~ed men from incorrect superstitions.

The technical age in which we live advances with
unheard of consequences. Nothing has the power to stop
it on its path until one day the far destination which is un-
known to us has been reached.

The five decades from 1862 until 1912 were ex-
tremely rich with basic discoveries (ions, electrons, photo-
electric effect, thermoelectric effect, electromagnetic
waves [Heinrich Hertz], X rays, radioactivity, quantum
theory, theory of relativity, Rutherford’s model of the
atom, etc.). The next five. decades from 1912 until 1962
have been used by the extension of the gained knowledge
and the technical application thereof. But other basic
knowledge has been added, especially in the physics of the
nucleus (nuclear disintegration, artificial radioactivity)
and of the elementary particles and in solid-state physics
as well. These discoveries opened not only completely
new technical aspects, but they also required new ideas
in the organization of research. They will still engage
a large amount of scientific and technical power until
2012.

But now the meaningful question is asked, “Which
natural facts, new, and unknown until now, perhaps un-
predictable by any theoretical investigation, will be found
in the time from 1962 till 2012?” Those things not
known in the past, the new and the unknown, possess
the power to change the present and to introduce a
different future. This is the reason for the importance of

basic research, As Maxwell said at the opening of the
Cavendish laboratory, “We need more Faradays, many
more Faradays!”

Present-day electronics will have become “classic”
in 2012. Today’s developments in amplifiers, transmitters,
servomechanisms and computers will have reached a cer-
tain settlement and to some extent they will have gained
a “final form.” Miniaturized and subminiaturized ele-
ments will play an important role in circuit theorv. Radio
receivers the size of a match box will be used throughout.
Nature, the unrivalled builder, will have taught us and
we will have tried to copy human eyes and ears. The gap
between radio and light waves will be closed. The maser
principle will have found wide applications in great per-
fection. There will exist an art of millimeter and sub-
millimeter waves. Crystals will find use as wave filters.
New, powerful electron sources, high-power transistors,
new light sources of highest intensity and great efficiency
will be known. But shall we be happier?

The population of the earth will have increased
enormously by 2012. Men will live extremely close to-
gether. New social problems will thus exist. Raw ma-
terials, important for life, will be rare. A state of satura-
tion or even exhaustion will occur. Any further develop-
ment will then call for very large efforts. A higher tech-
nical dimension will bring to man neither more power nor
more happiness. He will turn to other things more im-
portant to him and perhaps more needed for his main-
tenance. Certainly man will never be able to live without
technics, but he will have to recognize that technics can
never be the true purpose of life.

In 1886 Werner von Siemens gave a talk on the age
of natural science which will be created by technics. Man
will be freed from hard work, there will be food and
clothes for everybody. His contemporary- Jakob Burck-
hardt, a Swiss historian, forecast severe world wars. Even
then opinions were opposite. It lies in the nature of every
qualified engineer to believe in the future and to hope for
true and consistent progress in creating a better and
happier world. Let us agree with him and hope that he
will be right. Only belief in the future strengthens man-
kind. And even if we do not know today the state of the
art in 2012 and are only able to presume, we want to
believe nevertheless in a better future. The United States
of America should work towards this better and happier
world. What a task of historical importance!
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Our State of Mind in 2012 A.D.

Any prediction about our tech-
nological future must assume
that no catastrophe will destroy
any significant amount of our
technological capability. Were
such a catastrophe to occur, pre-
diction would be pointless.

To predict something with
confidence that it will not take
place well before 50 years is
easy. Just predict something that
seems physically impossible,
such as a perpetual motion machine of the second kind.

But if what you predict does not violate the laws of
physics as we know them, and if we can now visualize
it, someone may produce it before the print.is drv. To
err by fifty years in looking ahead fifty years is em-
barrassing, but possible! In this quandary, he who has
prediction laid upon him perhaps is safest in retreating to
implications of technological advance itself. What can we
say about our state of mind, fifty vears hence, in a society
built upon continual increase in our technological knowl-
edge and prowess?

We can too easily make one of two opposite as-
sumptions about the continuing increase of our knowl-
edge about the physical universe. These two assump-
tions are: 1) We shall go on learning new facts about the
universe at an ever-increasing rate; 2) We have made all
of the big discoveries, and all that remains is filling in
the details.

The title of H. D. Smyth’s book reporting on our
World War II technical effort, ““Science, the Endless
Frontier,” implies the first; a statement by Gamow! typi-
fies the second: “. . . it is my earnest opinion that the

'G. Gamow, “Will science come to an end?” IRE TraNs.
ON Miitary ELecTrRONICS, vol. MIL-1, pp. 26-31; March,
1957.
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twentieth century will play the same role in the history
of our exploration of both macrocosm and microcosm,
as the era of the great great geographical discoveries
played in the exploration of the surface of the earth.”

To deal with the latter assumption first: There seems
little warrant for assuming that the universe of natural
fact is “shallow” in the sense that Gamow implies, The
unfundamental nature of our “fundamental particles” has
become a truism. The voids between gravitational theory,
electromagnetic theory, and quantum mechanics are ob-
vious. The gap between organic chemistry and biology,
though fast breaking down, is still there. Closing these
gaps and reconciling these discrepancies may reveal
whole new areas of natural law, just as the Curies dis-
covered radium among discrepancies in the radioactive
decay rates of known elements.

To deny the second assumption, however, is not to
affirm the first. There is a third hypothesis possible. Our
rate of acquiring and applying scientific knowledge mav
slow down (though perhaps never stop), not because of
limitations in the universe, but because of limitations in
us and in our scientific resources.

We can divide these limitations into three cate-
gories: those due to the laws of physics, those due to our
own mentalities, and those due to scientific method.

PHYSICAL LAWS Among physical constraints which
may impede our rate of technological growth are at least
three: the Heisenberg uncertainty principle, the finite
velocity of light, and the stringencies of reliability.

Heisenberg Uncertainty. By the.terms of this prin-
ciple, we cannot in the nature of things know both the
x coordinate and the x-direction momentum of a particle
with an error less than that given by the relation

Ax Ap(x)>h/2x; (n

where Ax is the error in the x coordinate; Ap(x) is the
error in the momentum in the x direction; and h is
Planck’s constant, 6.625(10)-27 erg sec.

This places an upper limit on the density with which
we can pack information into the “memory” of a computer
(or a human mind). Suppose that we want to register
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the presence of a “bit” with a piece of material in a box
Ax on a side. We want the material to stay in the box
for t seconds; therefore Av must be much less than Ax/t.
Assume that the material fills the box, and that its den-
sitv is d. Then, substituting in (1),

Ar d (Ax)® Ax/tS>h/2=%;
(Ax)*Sht/2=d. (2)

The greater the density of the material, the smaller
Ax can be. Choose osmium, with a density of 22.5 g/cc,
greater than that of any other element. Specify that it
stav in the box for at least one day, 8.64(10)* sec. Then
Avx, the size of our box, must be more than 2.14(10)-°
em on a side. We cannot expect to store information in
any “memory,” with any permanence, with a density
greater than about (10)* bits/cc. (We might be able to
increase this storage density by an order of magnitude or
so, if we could store our bit of information in the form of
a subatomic particle “trapped” in a “potential well” inside
an atom or a cr_vstal structure. This requires, first, getting
the particle into the “box”; and, second, reducing its
energy level well below the height of the “walls” of the
“well.” The resulting improvement is entirely analogous
to that obtainable in information capacity of a communi-
cation channel, using Shannon’s formulation instead of
Hartley and Nvquist’s.)

Speed of Light. The speed c of light in a vacuum is
3(10)' em/sec. We cannot travel or transfer information
any more rapidly than with this speed. If we want to
send men, materials, or messages across interstellar dis-
tances, we must take the requisite time. (Einstein’s the-
ory of general relativity predicts that the subjective time
experienced by the accelerated traveler will be less. He
may stay young, but his inertial friends will grow old.)
When Mars and the earth are on opposite sides of the
sun, the man on Mars must wait for more than an hour
to get a reply to his message to the earth. To paraphrase
the plaint of the artist, mundum largum, vita brevis.

The speed of light is also 30 cm/mys. If the length
of the circuit a query must travel in order to retrieve a
bit of information is L, then the access time A for re-
trieval of that bit is

A > L/c = (1/30 mps/cm). (3)

Reliability. As complexity of apparatus increases,
the requirement for reliability of each component ele-
ment fantastically increases. The mean time per error ¢
of each element in an assembly of N elements, each of
which must function correctly if the assembly is to func-
tion correctly, approximates

t=NT 4)

for T and large N, where T is the required time
per error for the complete assembly.

Physically-Limited Intelligence. We could define the
“intelligence” I of a computer as the product of the size
of its memory and its mean time between errors divided
by its access time. From (2), (3), and (4), since the dis-
tance L must be, on the average, at least N/3 Ax,

[ =NT/AZN{/N)c/L) = ct/ LZ c(2nd/h) o5 N 113,
= 1.40(10)'%(¢ in sec)s/sSN-1/3, 5)

(This dimensionless quantity measures brains per
blooper.) The maximum achievable “intelligence” im-
proves with reliability of components, but not quite
linearly, and suffers somewhat as memory size increases.
The Heisenberg uncertainty relation and the finite
velocity of light mayv possibly be approximate. We may
be able to transcend them, as we have transcended New-
ton’s laws of motion. We have, however, no real warrant
for expecting it. We can ameliorate the penalties for
complexity, but we cannot entirely transcend them.

HUMAN MENTALITY In someone’s words, the hu-
man being is the only computer produced by amateurs.
(A theologian might quarrel with this.) As a processor
of information, a human being has several advantages
over present and foreseeable computers:

He can repair himself, physically and mentally,
consciously and unconsciously.

He can program himself.

He can adapt his program to unexpected information.

His memory capacity is many orders of magnitude
greater than the computer’s.

His logical sophistication is many orders of mag-
nitude greater than its. The most sophisticated of our
computers has a logical capability roughly equivalent to
that of a single human neuron.

He has a variety of input-output devices.

On the other hand, the human being has disadvan-
tages, in comparison with the electronic computer, as a
processor of information:

He is subject to fatigue and distraction.

He requires motivation.

His access to his memory is unreliable. (Direct
stimulation of brain cells indicates that memories prob-
ably do not significantly deteriorate; it is the access to
them that becomes unreliable.)

His logical processes are slow and notoriously un-
reliable. (Is this the penalty he pays, in view of equation
(5), for his large memory and logical sophistication?)

He is unable to reproduce on demand most of the
logical steps in his processing of information, because
he is unaware of them.

His readin-readout processes are several orders of
magnitude slower than his logical processes.

His input and output devices (specifically language,
the most important) are inexact, and therefore subject to
misinterpretation.

Our processing of information will benefit if we can
make human beings and electronic computers function
together, utilizing the advantages and overcoming the
disadvantages of each.* But human beings are still self-
centered enough to place one constraint on this co-opera-

*Cf. J. C. R. Licklider, “Man-computer symbiosis,” IRE
Trans. oN HuaaN Factors 1IN ELECcTRONICS, vol. HFE-1,
pp. 4-11; March, 1960.
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tion: The distilled information must eventually be acces-
sible to human beings. We are not yet willing to serve
merely as auxiliaries to the education of computers.

It might be possible to use computers to improve
human thought processes themselves. A human being has
access, for example, to about four per cent of his neurons.
If we could bring the unused neurons “into the circuit”
as needed for thinking or information storage, we might
multiply our individual intelligences by 25.

We might be able to improve the speed and ac-
curacy of our output devices. We can read an order of
magnitude faster than we can speak. If we had an output
device as rapid as reading, we could greatly speed com-
munication among ourselves and with computers.

With the aid of a computer, we might be able to
improve our awareness of our thought processes, so that
we could more rigorously check our reasoning.

Current work in machine language translation® may
be teaching us how to build computers which manipulate
conceptual entities rather than arithmetic quantities. We
might visualize forthcoming developments in computers
in terms of the following succession of capabilities: 1)
Produce readable translations of technical literature. (Op-
portunities for mistranslation, and importance of esthetic
quality, here are supposedly relatively small.) 2) Translate
ordinary newspaper prose into colloquial prose of the
target language. (This implies mastery of colloquial syn-
tax.) 3) Translate literature of a high esthetic content,
with a skill comparable to that of a competent linguist.

In these three steps, computers will have mastered
dealing with concepts as concepts. They will deduce from
the context the exact context to which a word or phrase
refers, and in the translation include words and context
insuring that the author’s concept reaches the reader.
(We shall then have to write, and to read, much more
precisely than now!) 4) Manipulate logical concepts, using
symbolic logic. 5) Investigate properties of alternative
logics, such™ as Aristotelian logic, many-valued logic,
probabilistic logic, and Hegelian dialectic. 6) “Carrv on
a conversation” with a human being (perhaps through
neuron taps or analysis of brain waves) and analyze his
conceptual framework and his methods of thought. By
then, machines will be psychoanalvzing people!

This sequence may never happen. We may find
‘ourselves blocked by the limitations of equation (5). We
" may discover, and be able to delineate that creative some-
thing about human thought which we like to think forever
beyond machines. In fifty years, nevertheless, we should
be well on the way to accomplishment of the first four
steps: development of computers which can reason sym-
bolically and produce translations, or report on their con-
clusions, in colloquial language.

Such a computer would enable us to codify and cata-
log our scientific knowledge. A human being could study
science with minimum wasted effort. He could have
access to much more knowledge than he could store.

In the process, human beings may leamn to talk like

*Cf. MT/Machine Translation, Massachusetts Institute of
Technology, Cambridge, Mass.; published irregularly.

machines quite as much as machines learn to talk like
people. Juliet in 2012 A.D. may say of Romeo, “Delta
symbol not imply delta referent attribute end.”

SCIENTIFIC METHOD We may define scientific
method as the collection of verifiable information, the
induction of structure in this information, and the publi-
cation of results. More simply, scientific method is trans-
ferring and processing information. Among limitations
possibly inherent in scientific method, there are at least
two kinds: one arising from the nature of information
transfer, and one arising from the nature of the structure
of information in scientific laws.

Information Transfer. Information, like people and
things, moves in traffic channels. To date, much of our
technological effort has been to provide enough channels
so that one may always be available, without significant
delay, when wanted. We have designed channels on the
assumption that demand would be random.

As we become able to move people and things far-
ther and faster, providing channels to meet random
demand becomes increasingly burdensome. The time
could theoretically come when there would no longer be
room for homes, because expressways take up all of the
real estate. The alternative is planned demand: the
traveler, as the airplane pilot, would have to submit a
“flight plan” and receive clearance before embarking on
a trip. The traffic problem is quite general. It is the access-
to-memory problem in a computer, and in a human brain.
We do not use all of our neurons because we have too
few “expressways” between them. In the opinion of some
(not all) psychologists, the stuttering of a left-handed
child forced to write with his right hand may be due to
his having too few neuron paths from the right half of
his brain, where he thinks and manages his talking, to the
left half, where he controls his right hand.

The same congestion threatens our technical infor-
mation channels. The flood of technical information today
swamps technical journals, ASTIA facilities, technical
libraries, and engineers’” offices. No one can read every-
thing pertinent to his field. He therefore mayv duplicate
technical work done, and reported, once or often before.
When we add to our communication channels the com-
ing flood of data to, from, and among computers, the
prospect is frightening.

The solution surely lies in a direction other than
ever more journals, ever better microfilming, and ever
larger telecommunication bandwidths. It mayv lie in the
direction of some current research? on electronic infor-
mation retrieval for technical libraries.

The technical library of 2012 A.D. may consist, not
of books, journals, or microfilm, but of a concept file.
The worker would describe his desires symbolically, and
receive a reply giving who has done what in the field.
The technical journal may then be a data link keeping

* Cf. Current Research and Development in Scientific Doc-
umentation, National Science Foundation, Office of Science
Information Services, Washington, D.C.; published twice
yearly.
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this librarv up to date. As a matter of prudence, the sci-
entist would check his “library” before embarking on a
rescarch problem, to make sure that no one had done, or
was doing, substantially the same work.

The Structure of Science. The laws of science are a
structure of generalizations. In principle, we can test each
generalization as thoroughly as we wish; this is what we
mean when we say that the laws of science are “experi-
mentally verifiable.” As our scientific knowledge grows,
however, the structure becomes continually more complex.
The generalization of vesterday becomes a particular case
of the generalization of today. As the structure grows, the
relation of the latest generalization to the undergirding of
fact becomes ever more complex.

Two limitations may arise on the rate of growth of
this complex structure. The logical effort required to
modify the structure, in the light of an unforescen fact,
increases with its complexity. And the reliability of the
structure as a whole depends critically on the reliability
of each of its logical elements. We have here an analogy,
in the domain of scientific concept, to the limitations on
a computer implied in equation (5). Both the size and the
complexity of the structure of scientific thought may limit
the rate at which it can grow.

By 2012 A.D., we may expect our electronic con-

The Use of Electronic

Social Sciences

Digital computing machines
have been applied with tremen-
dous impact in the fields of data
processing and technical compu-
tation. In the next 50 vears we
can look forward to an extension
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