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vices in the communications room, a
demonstration of how the news is
edited, the mechanical operations re-
quired to put the paper on the street,
and look at the composing room.

Consolidated Edison System Opera-
tions Center, New York, N.Y. (Tuesday
Afternoon, Thursday  Afternoon) This
trip will consist of a tour through Con
Edison’s new System Operations Cen-
ter. The Center will be viewed from a
special area constructed for that purpose
and the instruments and operations will
be seen at close range on a closed-circuit
television set.

Radio City Music Hall, New York,
N.Y. (Wednesday Morning) Backstage
facilities, revolving sectionalized stage,
elevating orchestra pit, motorized cur-
tains, and the electric and mechanical
controls for stage and lighting effects
will be inspected. No women or chitdren
are permitted.

Holophane Light and Vision Instituie,
New York, N.Y. (Wednesday Afternoon)
At the newly revised Institute, demon-
strations will be given showing effects of
quantity of light; light control to reveal
depth and texture; how photometric
curves are made; and other details.
Refreshments will be served.

Ravenswood Generating Station, Con
Edison, New York, N.Y. (Wednesday
Afternoon) The two Con Edison units
at Ravenswood Station in Long Island
City, each with a name-plate rating of
363 mw and operating capability up to
425 mw, will be open for inspection.

Digital Compuier Control  Center,
Philadelphia Electric Co., Philadelphia.
Pa. (Thursday Morning) Inspection will
be made of a system of completely solid-
state design that uses no motors. servos.
slidewires, or vacuum tubes.

Site of 1964 World’s Fair. Flushing
Meadow. N.Y. (Thursday Afternoon)
A preview model of the Fair, scheduled
to open in April 1964, will be viewed and
the facilities under construction may be
toured. The electrical distribution sys-
tem designed and developed specifically
for the Fair will be explained.

A special feature of this year’s Winter
Power Meeting will be a students’ ses-
sion scheduled for Monday afternoon,

5th National Winter Convention

February 3. A program has been ai-
ranged for the student engineers on the
so-called glamor area of computer ap-
plications, ¢ontrol and communications,
atomic and MHD energy conversion,
and system planning. Speakers will be
young engineers, no more than ten
years out of college. Student participa-
tion in the discussion will be encouraged.

Tickets for all events, including the
ladies’ activities, will be available at the
registration desk, but the Hospitality
Committee is inviting advance registra-
tions for all social activities.

Advance registrations may be ob-
tained by writing to Julius Bleweis,
Electrical World, 330 West 42 St.,
New York, N.Y. Checks for all social
functions may be made payable to
William West, Treasurer,

Delegates are urged to make room
reservations for the Winter Power Meet-
ing as early us possible. Requests for
reservations should be addressed to
Philip Roberg, Reservations Manager,
Statler Hilton Hotel, Seventh Ave. at
33 St., New York, N.Y. 1001, Room
rates are as follows: Single room $10
to S$18; Double room SI14 to S$22;
Twin-bed room $18 to $25.

The members of the Winter Power
Meeting Committee are: J. H. King-
horn, general chairman; E. J. Merrell,
vice-chairman; C. Dorsa, secretary;
E. C. Day, Headquarters representative;;
W. West, treasurer; C. A. Woodrow.
representative, Power Division; S. H.
Grim. representative, New York Sec-
tion; J. C. Derse, local arrangements:
D. T. Braymer. publicity; R. T. Weil
student activities; A. P. Fugill, technical
program; C. T. Hatcher and D. M.
Quick, Members-at-Large.

Technical program given. The tenta-
tive technical program for the Winter
Power Meeting follows:

MONDAY, FEBRUARY 3

9:30 a.m. Sessions

Insulated Conductors— 1

Status and Potential of Energy Conversion
Devices for Power Application

Lightning Arrester Applications and Proposed
Standards

Transformers—1

H. V. Systems

Switchgear—I1

Student-—Faculty

on Military Electronics due in February

The 5th National Winter Convention
on Military Etectronics will be held Feb-
ruary 5-7 in Los Angeles. Calif.. at the
Ambassador Hotel. The convention is
sponsored by the TEEE Professional
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Technical Group on Military Electronics
and the Los Angeles District of 1EEE.
The classified sessions of the convention
are sponsored by the U.S. Air Force
Systems Command.

TUESDAY. FEBRUAKRY 4

9:30 Sessions

Forvcign Practices

Switchgear—2

Transformers—2

EHV Line Design

Electric Space Heating and  Air Condition-
ing—1

Insulated Conductors—3

2:00 p.m. Sessions

Large Turbogencerator Application Problems

Induction Machines

Switchgear—3

Transformers—3

500 kV Line Design

Electric Space Heating and Air Condition-
ing—2

WEDNESDAY, FEBRUARY 5§

9:30 a.m. Sessions

Forces Affecting Power Enginecring
Relays

Synchronous Machines
Switchgear—4

High-Voltage Phenomena
Conductor Vibration

2:00 p.m. Sessions

Power Plant Design

Cables for Communication and Coupling
Capacitor Potential Devices

System  Capacitor Applications and Plan-
ning

Synchronous Machines and Inductor Ma-
chines

Residential Wiring

Student—Faculty

THURSDAY, FEBRUARY 6

9:30 a.m. Sessions

Insulated Static Wires and Microwave for
Communication

Outage Data Analysis for Transmission and
Distribution System Planning

Panel Discussion

General Rotating Machine Theory

Substation Design Standardization  Methods
and Techniques- -1

Switching Surges—1

H. V. Corona and Radio Noise

Corona and Breakdown Phenomena

2:00 p.m. Sessions

Power Plant Control and Protection

Computer Applications to Network Analysis
Solutions

D-C Muchinery

Substation Design Standardization  Methods
and Technigques—2

Panel Discussion: Substation Design Stand-
ardization Mcthods and Techniques

Switching Surges—2

Test Mcthods for Thermal Evaluation and
Quality Control of Electrical Insulation

FRIDAY, FEBRUARY 7

9:30 a.m. Sessions

Application of Probability Mcthods
Fractional Horsepower Motors
Capacitors

Towers, Poles and Conductors
Substations

The February 6 banquet speaker will
be Maj. Gen. F. H. Britton, director of
research and development, U.S. Army
Materiel Command. The February 35
luncheon speaker is to be announced.

Opening panel described. The Febru-
ary 5 opening panel for the convention
will discuss some aspects of the theme
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“Weapons Systems Procurement,” with
Dr. Eugene Fubini as chairman and
moderator. Dr. Fubini is a deputy direc-
tor for research and engineering, Office,
Assistant Secretary of Defense.

Dr. Fubini's panel members include:
Lt. Gen. Dwight Beach, Commanding
General, Army Combat Development
Comimand; Lt. Gen. Thomas Gerrity.
Deputy Chief of Staff, Systems and
Logistics, U.S. Air Force; G. C. Banner-
man, Deputy Assistant Secretary of De-

fense (Procurement), Office Secretary of

Defense for Installations and Logistics:
R. E. Horner, senior vice-president and
general manager. Northrop Space Sys-
tems Lab.. and J. N. Davis, Deputy As-
sistant Secretary of Defense (Weapons
Acquisition and Industrial Readiness).

Registration fees are $10.00 for Mem-
bers of 1EEE and $12.00 for nonmen-
bers of IEEE. Registration fees include
one copy of the Convention Proceedings.
Military and Civil Service employees
may register for $3.00 (this does not in-
clude a copy of the Proceedings). There
is no charge for Military and Civil Serv-
ice employees to attend the exhibits.

Additional copies of the Proceedings
will be sold at the convention for the
price of $7.00.

Exhibitors named. Industry leaders
exhibiting equipment will include West-
ern Electric Co., Clary Corp., Inter-

national Telephone & Telegraph Corp.,
General Dynamics, Seiscor-Seismo-
graph, Singer Co. (Metrics Div.),
Phelps Dodge, Space Technology Labs.,
North American Aviation, Autonetics
Div., Lockheed Missiles & Space Co.,
Westinghouse Electric Corp., Bendix-
Pacific Div.. and Automation Develop-
ment Corp. Services exhibits will be
shown.

The general chairman of the conven-
tion is C. D. Perrine. Jr.. executive vice-
president. General Dynamics-IPomona.
The vice-chairman is H. J. Delaney. Fil-
tron Co., Inc., and the Technical Pro-
gram chairman, Dr. N. A. Begovich,
vice-president, Hughes Aircraft Ground
Systems.

The Advisory Committee includes:
J. M. Bridges. Research and Engineer-
ing. Dept. of Defense; S. W. Crosby.
Assistant to the Deputy Secretary of De-
fense. DOD: Rear Adm. E. E. Fawkes.
Assistant Chief for Research. Test and
Evaluation Dept., U.S. Navy; Maj. Gen.
M. C. Demler. Cmdr.. Air Force Service
Command Research & Technology
Div., U.S. Air Force; Maj. Gen. F. H.
Britton. U.S. Army Materiel Command;
Maj. Gen. D. R. Ostrander, Cmdr.
Aerospace Research. USAF; Rear Adm.
J. H. McQuilkin, BuShips Research &
Development, USN; Maj. Gen. F. F.
Uhrhane, U.S. Army (Retired), and

National Convention on Military Electronics
features discussion on human and computer intelligence

During the recent Nuational Convention on Military Elec-
tronics in Washington, D.C., a panel discussion on *“ Human
and Computer Intelligence™ was held. The following report is

David Mck. Rioch, M.D.,
Division of Neuropsychiuatry,

Director.
Wualter

Reed Army Institute of Research

discussion.

In this most interesting period in
which to live, we all assume that we
know what human intelligence is but
few of us feel that we know what
computer intelligence is.

Computer intelligence is an area of
considerable anxiety for some people;
they tend to deal with it by saying: “They
have machines that they say are intel-
ligent, but I don’t believe it. They don't
feel.” Others think: “Now the millenium
is about to arrive because we can develop
machines that think.” Either of these
attitudes brushes aside the even more
fundamental problem that we still can-
not adequately define human intel-
ligence.

In any event, we’re moving rapidly
into a new era. We feel threatened
by this situation and need greater
clarification of what machines can and
cannot do, how we can control them,

Milton Fryer, Jr., North American
Aviation,

The usual cocktail reception before
the banquet and the full ladies’ program
arc planned.

Registration material may be ob-
tained by writing the Los Angeles Dis- .
trict IEEE Office, Suite 1920, 3600 Wil-
shire Blvd.. Los Angeles, Calif. 90005.

Program sessions listed. The tentative
technical program for the convention
follows:

WEDNESDAY, FEBRUARY 5

2:00 p.m. Sessions

Command and Control (unclassificd)

Microclectronics (unclassified)

Anti-Submarine (confidential)

Air Defense (secret)

THURSDAY, FEBRUARY 6

9:00 a.m. Sessions

Radar Technology (unclassificd)

Guidunce & Control (unclassificd)

Nuclear Radiation Efficcts (unclassificd)

Space and Communications (secret)

2:00 p.m. Sessions

Reconnaissance (unclassified)

Reliability and Maintainability (unclassitied)

Ballistic Missiles (seeret)

FRIDAY, FEBRUARY 7

9:00 a.m. Sessions

Program Management, Control & Evaluation
(unclassificd)

Radiation Eficcts (secret)

Displays and Human Factors (unclassificd)

2:00 p.in. Sessions

Communications (unclassified)

Air and Ballistic Missile Defense (unclassificd)

Radar (secret)

a condensed and edited version of that discussion. Formal re-
marks of the panelists are immediately followed by an open

how we can use them adequately, and
what changes we ourselves may have to
undergo to live with them.

The primary difference between com-
puter progress and anything else we care
to call progress is that the computer has
the ability to do some planning. Unfor-
tunately, however, we don’t yet know
how to put many planning problems
into the computer. This is because we
don’t have an adequate idea of what
much of the human thinking process is
in terms that would help us to program
the computer.

J. Presper Eckert, Vice President,
UNIVAC, Divison of Sperry Rand Corp.

After 17 years, I’ve finally been forced
to adopt the definition that thinking is
that which a computer cannot do. This
definition is very workable since it
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Only one
electronics manufacturer
in the world
can make this statement:

“We deliver the following quality products from stock: bench
instrumentls; closed-circuit television systems (environmental,
miniaturized, industrial); DC data amplifiers (wideband, narrowband,
differential, solid state); DC preamplifiers; digital comparators;

digital programers, digital translators: digital voltmeters (solid
state, mercury-wetted, Zener reference, stepping switch); meter
calibrators; power supplies; ratiometers; thermal transfer standards,
and voltage standards (AC, DC, DC programable).”

FOR TECHNICAL INFORMATION, CALL US

NORTH AMERICA

Ala., Birmingham. ... .. 205-534-1648
Ala., Huntsville. . . . . .. 205-534-1648
Ariz., Phoenix . . . .. ENTERPRISE 6700
Ariz., Tucson. . .. .. ENTERPRISE 6700

Calif., Beverly Hills. .. .213-655-5200
Calif., Los Angeles. . . .. 213-655-5200
Calif., Palo Alto. ... .. 415-323-2466
Calif., San Diego. ... .714-277-6700
Calif., San Francisco. . .415-323-2466

Canada, Montreal. . . .. 514-684-3000
Canada, Ottawa. ... . .. 613-722.7658
Canada, Toronto. ... .. 416-293-3161
Colo., Denver. .. ... ... 303-388-4391
Conn., Bridgeport. . . .. 203-368-4582
Fla., Orlando..... ... .. 305-241-1091
Ida., Idaho Falls..... . 206-725-7727
Ill., Chicago .. ...312-676-1100
‘nd., Indanapolis. . . . .. 317-356-4249
La., New Orleans. . . ... 504-943-5617

Md., Baltimore. . .. ... .301-656-3061

* A
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Md., Bethesda...... . .. 301-656-3061
Mass., Boston. ... ... .. 617-658-9171
Mass., Wilmington. . . .. 617-944-3930
Mich., Detroit........ .313-357-3700
Minn., Minneapolis. . . .612-545-4481
Mo., St. Louis.........314-966-3646
Nev., Las Vegas ENTERPRISE 1-5051
N. C., Greensboro. . . .. 919-273-1918

.201-773-6160
.505-2565-9362

N. J., Clifton.........
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N. Y., New York City .516-223-8000
Ohio, Cleveland. .. ... .. 216-442-8080
Ohio, Dayton.. ... ... .513-298-7573
Okla, Tulsa . ...... ... 918-627-1515
Ore., Portland. ... .. ... 206-725-7727
Penn., Philadelphia. . . . 215-877-7071
Penn,, Pittsburgh. .. .. .412-884-5515
Tex., Dallas. .......... 214-235-4541
Tex., Houston......... 713-529-5292

AT:

Utah, Salt Lake City...801-328-3101
Wash., Seattle. ... ... . 206-725-7727
THE WORLD
Argentina, Buenos Aires. .. .. 33-7770
Australia, Melbourne. . . . . .. 42-1216
Austria, Vienna. . . ....54-7585 Serie
Belgium, Brussels... ... .. .. 37-31-30
Denmark, Copenhagen ... . asta 1575
England, Farnborough. . HANTS 3000

Finland, Helsinki. ... .. ......13505
France, Paris. . .. ... ... .. PYR 48-40
Germany, Munich. . . .. ... .59-51-09
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India, New Delhi. . . ... ... ... 57131
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J. P. Eckert

changes from year to year as computer
progress is made.

For example, one of the things a
computer cannot do well at present is to
recognize patterns no matter whether
these patterns are in the form of hand-
writing, numbers, letters, mountaintops,
or submarine periscopes.

On the other hand, computers have
shown themselves to be very eflicient at
solving problems of complexity if we
have some of the formulas. But the
problem of getting the formula—the
problem of perplexity—has not received
much attention. Most of the formulas
and ideas we’re using now are over 100
years old. Others, such as linear pro-
gramming, were invented about 20 years
ago but were not used until recently.

A human brain is believed to con-
tain about 10 billion cells. We don’t
know whether these cells are all logic
elements. or partly logic and partly mem-
ory elements.

The largest computers built so far
have only about 100 000 logic elements.
Most computers have only about 10 000.
The largest have no more than a few
million bits of fast memory.

By any criterion, computers fall far
short of the capacity the human brain
apparently has at its disposal to solve
problems. Therefore, we can safely as-
sume that at present computers cannot
provide suflicient complexity to solve
the problem even if we know the for-
mulas.

The matter of speed seems to ofler
promise. We can build computer el-
ements which can work in a few nano-
seconds. The elements in the human
brain work in a few milliseconds at best.
Compared to the human brain, com-
puters are something of the order of one

14

million or more times faster but about
the same order of magnitude short on
the number of elements needed.

What we seem to need is a general
theorem for exchanging speed with com-
plexity. As yet nobody has discovered
any general theorem for doing so,
although there are certain techniques
such as breaking complex problems into
a series of less complex steps that are
sometimes useful. But most problems
such as pattern recognition do not allow
this technique to be used. Instead, we
need some sort of time-sharing mech-
anism in which this is possible.

Suppose, for example, we want a sys-
tem containing two million logic el-
ements and for canvenience we divide
these elements into two Hhelds each
containing one million elements. Two
fields will enable us to bounce infor-
mation back and forth between them.
making a logical transformation each
time.

Let us suppose that each of these
fields is made up of an array of 1000 by
1000 inexpensive elements. One eco-
nomical approach might be the use of a
sheet of material containing an array of
one million optical elements. Each
optical element would give no response
when hit by one element of light but
would respond when hit by two or more.
These elements are also assumed to be
capable of electric readout by a simple
conductive grid of 1000 by 1000 con-
ductors.

Assume we arrange the electro—optical
elements in a rectangular array so that
they are at the intersections of a 1000
by 1000 array of conductors. Assume
that time pulses can activate one edge
of the array. a conductor at a time in
sequence. and cause information to be
read out in groups containing up to
1000 impulses at a time from the con-
ductors making up the other dimension
of the array.

Thus far, I have described only a
memory threshold device, activated by
light, and capable of being read out
in a serial parallel fashion. We now
need a means for obtaining a logical
transformation.

This can be done by taking the 1000
signals from the array and using them
to drive 1000 small light projectors—
each of which contains a lens and a
negative or pattern which excites certain
selected spots in the other array field of
a million elements. A second set of 1000
time-sequencing light projectors will se-
lect those spots which are to be affected
at a particular time in coincidence with
light from the first set of projectors. In

the second projector set, just one will be
turned on at a time (in contrast to the
first set of projectors in which many may
be turned on at any given time) to control
the time-sharing logic sequence of the in-
formation transformation.

The mechanism by which the coinci-
dences of light from the two sets of pro-
jectors control a particular electrical op-
tical element can be based on a threshold
effect or an effect which requires two dif-
ferent frequencies or colors of light to
cause its operation. With coherent light
it might even depend upon the phase re-
lation of the light from the different sets
of projectors. Electric signals applied to
the time-sequencing conductors (one
edge) of the first array cause it to trans-
mit information through the first set of
light projectors to the second array und.
in a 1000-step sequence, determine which
elements of the second array are to be
aftected at any one time. Thus, a com-
plex and highly flexible logic transforma-
tion, similar to that performed between
clock phases of a conventional com-
puter in one time period, will be per-
formed—but it will require 1000 time pe-
riods. The payoll is that economically
it may be many times more complex.

Normally there will be one spot in an
array for each diode or similar logical
“input” element being replaced in a pres-
ent-day logic structure. The optical flexi-
bility of this system allows complete free-
dom as to how a spot in one area affects
spots in the other array without the in-
flexibility of a maze of semiconductors
and wires. In fact, a few photographic
negative plates placed in the optical pro-
jector system of this device completely
describes the logical system. The rest of
the optical and electrical system is, in
itself, a repetitious mechanism having no
specialized logical properties.

A complete system might contain just
two electro-optical arrays or sheets and
an associated timing circuit for activat-
ing 2000 conductors in simple sequence
and 4000 light projectors, 2000 in each
array, with their associated negatives.
Such a system would replace over 2 mil-
lion semiconductors and their mass of in-
terconnecting wire. An element like this
would greatly enhance our ability to
build an artificial intelligence, since it
provides the means to exchange some of
the speed we have now for a degree of
complexity which we cannot achieve eco-
nomically at present.

Winston E. Kock, Director, Research.
The Bendix Corp. .

Consider the interface between com-
puter operations and the central nervous
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Dr. W. E Kock

system, particularly in the biophysical
aspect wherein electronics techniques
have reproduced a similarity to our own
nervous system. There are artificial
nerves which cause impulses to be re-
generated continuously. There are also
electronic solid-state neurons which can
be excited and inhibited as can our own
neurons. This inhibition is partially
responsible for the sharply defined
frequency response in the basilar mem-
brane of the human ear cochlea. In
the Haas eflect, if the same audible
signals are issued from two loudspeakers
that are separated, and if the signal issu-
ing from one is delayed hy 25 milli-
seconds, our ears almost completely
ignore this delayed sound. Because of
the inhibition generated in the median
geniculate, the localization properties of
both ears are destroyed. Thus. we believe
that all the sound is coming from the un-
delayed source.

Our binaural localization properties
have a counterpart in the detection
processes. One such process tries to
detect a ‘“‘noise-like” sound in the
presence of a tremendously large, omni-
directional noise. Two spaced sensors,
similar to our ears, multiply and inte-
grate signals. The longer the integration
time, the deeper we can *‘dig into™ the
noise to extract this desired noise-type
signal.

The ear’s frequency-analyzing prop-
erties have been copied in the detection
process which seeks single-frequency
signals “*buried™ in the noise. This aural
property permits us to detect and
identify an oboe solo in the sea of
musical noise created by the rest of the
symphony orchestra. A filter, modeled
exactly on the known properties of the
ear’s basilar membrane, has been built.
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It could indicate the presence of a very
weak signal frequency in the noise.

Human memory is apparently a result
of nerve loops comparable to tape loops.
The neurons cause the memorized
information to circulate continually and
repetitively. We tap this loop whenever
we wish to recall information. The
deltic computer element is comparable
to the memory loop. Here, a digitalized
signal is inserted in a quartz delay line
which closes back on itself; and the
signal, if not altered, circulates con-
tinuously around the loop. The process
involves changing periodically so thut a
new signal is inserted into the loop, then
analyzed.

The electronicists have comhined two
human abilities—the ear’s analysis proc-
ess and the eye’s integration ability.

If we replace the eye with an electronic
integration system, we should have not
only the capability of the ear in the
original analysis procedure, but also the
ability of the eye in integration.

I have been trying to get computers to
do things previously done only by
people. There are two sets of studies on
artificial intelligence. One set attempts to
understand how people do things and to
use computers to implement this under-
standing. The second approach is to
have computers do these things ir-
respective of whether or not they are
done in the same way as people, from
the viewpoint of developing useful tools.
My interest has been in this second area.

The brain seems to be composed of
neurons. The brain can do the com-
plicated process of studying their prop-
erties. Therefore, if we build a simulated
brain, we shall achieve a device that
can do the same things as the brain.

In another approach, we can analyze
the problems that the brain solves—
irrespective of the way it solves them.

There’s a trite analogy to these two
different approaches. In the early history
of aircraft development, people tried to
simulate the flight of birds. They said:
“A bird can fly; therefore, let’s build a
mechanical bird, and it will fly.”” But, it
was not until people started the study of
aerodynamics that we were able to
develop airplanes. Now we have made
studies on the aerodynamic aspects of a
bird’s flight. We have discovered that
there are many things birds know—and
we don’t.

Arthur L. Samuel, Research Consul-
tant.  International Business Machines
Corp.

Consider a typical problem the brain
does well and machines do very poorly.

Dr. A. L. Samuel

In the game of checkers there is no
known algorithm or formula by which
you can get a computer to follow a
system of rules to win. People also don’t
know such rules, yet they play the game
very well. How is this done ? We believe
people do it through hlewristic pro-
cedures. These are “rule-of-thumb’* pro-
cedures, which apparently work. If we
want computers to do these tasks, we
must develop techniques of solving these
heuristic approaches to problems,

The first is the problem of inunensity.
Any strategic problem in chess or
checkers is so complicated that if we
attempt it by the “‘exhaustion’ process
of looking back from the end of the
game, considering every possible first
play and every counter replay, we find
that the number of possible moves be-
comes astronomical toward the con-
clusion of the game. To solve for the
first move in checkers by this procedure
would require more time than the total
history of the universe for the fastest
conceivable computer! Yet, people can
do these things very well by the use of
the “‘three I's*—intuition, imagination,
and instinct.

The next problem is that of the
“gestalt”—or ability. The gestalt is
evident in the pattern recognition prob-
lem. Infants develop abilities to rec-
ognize patterns. They can distinguish
people from inanimate objects. Nobody
tells them there are two classes of things,
yet they quickly form this concept. All
the tasks that we want computers to do
involve the formation of concepts.
People seem to have this ability, but we
do not know how to get computers to
acquire it.

The problem of locating memory
information s another thing that retards
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us in getting computers to do com-
plicated human tasks. People have an
associative memory; computers have an
addressable memory. One must know
where a particular bit of information is
stored in order to retrieve it. There are
many designs for the creation of as-
sociative memories, but all of these sug-
gested devices are primitive compared to
the ability of the human brain in re-
calling information. For instance, when
you atternpt to recall a name, the oddest
bits of analog information assist you.

When we want computers to do hu-
man tasks, we find that the limitations
are in people’s abilities to understand
what they're asking the computer to do,
and to express what they want done in
imperative statements. The computer is
a ‘‘giant moron” rather than a *‘giant
brain.”” It has two characteristics not
shared by people—fantastic speed and
accuracy—and that's all.

Computer programs are composed of
simple imperative statements. We're
trying to replace a complicated pre-
liminary programming process by a
sequence of these statements. If we want
computers to be more clever than hu-
mans, and to do things that we cannot
do, some of us will have to be more
clever than average in order to write
such computer programs.

Norman Zachery, Director of Systems
Engineering, Space and Information
Systems Division, North American Avi-
ation

My background is in the so-called
software area of computing, particularly
mathematics and programming. Since
it is difticult, if not impossible. for
anyone with this background to give
a short dissertation on such a sub-
ject as human and computer intelligence.
I will confine my remarks to some as-
pects of management problems in the
computer field. I have no difficulty at
all in summarizing my knowledge of man-
agement theory in less than 10 minutes.

In keeping with the general nature of
our topic. I will attempt to keep my dis-
cussion of management problems
equally *‘sweeping™; hence. I will not
comment on specifics, but only on broad
generalities.

Time and again the disparity between
the fantastic growth rate in the speed of
computers and the very limited growth
of our ability to develop a theory for use
in the computer has been demonstrated.
To examine this statement more closely.
let us look at the various functions we
have asked the computer to perform in
respect to human intelligence. These
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Norman Zachery

functions fall into three basic classifica-
tions. The computer can assist, cooperate
with. or replace human intelligence. To
date, the computer has been successful
in only the first of these three. Our ability
to compute, to undertake numerical ap-
proximations, and to store and recall in-
formation has literally exploded. In ref-
erence to the third classification. it is im-
portant to remember that in any part of
the advance publicity given to compu-
ters’ “thinking,” it is not clear that any
real success in this area is or ever will be
possible.

From the first and third areas, let us
20 to a discussion of the second area—
the arca of human and computer intelli-
gence working together (i.e.. of the man
machine complex). Perhaps the most
critical function performed by man in any
man-machine complex is that of man-
agement. If the argument for the use of
the computer as an aid to intelligence has
any basic premise, it is as an attempt
to reduce intelligence to a set of rules
which can be placed on a computer. If
management philosophy has a basic
tenet. it is that the core of the manager’s
job is not reducible to a set of rules. The
man -machine complex then is an at-
tempt to combine the ability of a com-
puter, in handling those aspects of a
problem which can be reduced to rules.
with the ability of man to cope with the
problems that are not reducible to rules.
Viewed in this light. it is apparent that
the closest possible cooperation between
the inanimate computer and the (pre-
sumably) animate manager must be es-
tablished in a successful man-machine
operation.

In order. therefore, to develop this
concept of the man-machine function,
managers must take a more active part

in the design of the basic systems. As of
today, management in general has not
been so involved. For example, in the
military field. there is an application
which goes by the name of ‘“‘command
and control.” Up to now, the basic con-
ceptual developments in this field has
come primarily from the technicians
rather than from the military managers;
yet the command and control problem is
one of the most diflicult facing us today.
and one which can be resolved, in my
opinion, only by a joint approach with
computer systems designers and top-
echelon military oflicers working to-
gether.

There are two conclusions which |
would like to draw:

1. Further development in the field of
computer intelligence hinges more on the
education of various management levels
than on improvement in cornputer hard-
ware and software techniyues.

2. To be optimistic about develop-
ments in the field of computer intelli-
gence, because I believe that manage-
ment generally is becoming more aware
of its role and is willing to act intelli-
gently in using computer intelligence.

Panel Discussion

DR. RIOCH : Mr. Eckert mentioned the
problem of complexity in getting enough
units into a computer. The whale has a
brain several times larger than a man’s,
but the whale is not considered to be as
intelligent. Here. the number of units is
not the important thing.

MR. ECKERT: I'm sure you know two
people who have the same size brains but
are not equally capable. One of them is
not “*programmed’’ as well as the other.
A computer and a brain seem to be dif-
ferent qualitatively and quantitatively.
Thus, we must appreciate both these
problems.

DR. RIOCH: Dr. Samuel. would you
develop playing games more com-
pletely? 1 understand you had two
machines that played checkers with each
other.

DR. SAMUEL: 1 have succeeded in
getting a computer to play checkers
and, with time, to improve its playing.
The program is good enough to beat
most amateur checker players-—and it
has won a game against a professional.
This was the first game he’d lost in cight
years.

This program does not generate
concepts. I had to give the computer the
concepts. It exploits and explores them
in future depth many times further than
the human can do normally. The com-
puter substitutes its tremendous speed
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Genisco Instruments

9036 Winnetka Ave., Northridge, Calif. Telephone: 341-4320  a division of L

Compact FM Subcarrier Discriminators
from Genisco Instruments

SMALLEST, LIGHTEST, LOWEST COST

ON THE MARKET!

MODEL GSD-127

38 pound
bandswitching
Discriminator

MODEL 136C

3.5 pound
Discriminator

MODEL A-137
3.5 pound
wide-band
Discriminator

MODEL 135

0.75 pound
miniaturized
Discriminator

A twenty-three i.R.|.G. channel discriminator for use
where linearity, minimum distortion, and modular con-
struction are of prime importance. Frequency Devia-
tion: +£7.5% or +15%; by special order any deviation
from +£5% to +40%. input Dynamic Range: 25mv to
10V RMS. Output: +10V @ 100MA.

Modular construction permits this subcarrier to be
used on any I.R.1.G., or other, channel. Output: +2.5V
at 10 mils. Qutput Noise and Ripple: 6mv peak max.
Linearity: £0.1%. Frequency Deviation: Standard
LL.R.I.G. +£7.5% or +£15%. Nine A-136C Discriminators
may be mounted horizontally in a standard 5-1 /4" rack.
Available in constant bandwidth models.

Like the Model 136C, this discriminator is only 4.375"
high x 1.8125" wide x 14.0" deep. Its single difference is
in an expanded band width in any deviation up to
+40% plus increased gain to be capable of operating
directly off a tape recorder playback head.

This tiny discriminator resolves weight and space
problems and yet provides accurate acquisition of FM
signal information at low cost. Frequency Deviation:
+7.5% or +£15%. Output: £2.5V into 600 ohm load.
Linearity: +0.5% of bandwidth. Eighteen discrimina-
tors mount in 3-1/2" standard rack 16" deep.

No other discriminators in these price ranges offer the
performance obtainable from these models.

For additional information and specifications, write for
data file 1S-9441-1.

RESISTORS
WITH

PLUS FACTORS

4 Precision Tolerance, Down to
+.002%
High Reliability

4 Long Term Stability
Military and Higher Environments
Broad Product Line Exceeding
MIL-R-93C

Carefully controlled manufactur-
ing procedures and continuous
attention to quality control insure
resistors of matchless quality and
reliability.

Typical controls include: Tension-
free windings » Temperature cycling
+ Spot-welded terminations and «
Epoxy vacuum impregnation.

Aging and drift are minimized
in Genistron resistors to insure
excellent long term stability.

Resistors and/or networks as well
as RCL combinations are available.
These are hermetically sealed or
epoxy encapsulated for extreme
environmental conditions.

Contact Genistron's Application
Engineering Dept., or for complete in--
formation write for data file 1S-2409-1.

renistron

INCORPORATED

6320 West Arizona Circle, Los Angeles 45, Calif, + SP 6-1411
111 Gateway Road, Bensenville, lllinois » Phone: 766-6550

subsidiary o]
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and accuracy for people’s “gestalt”
ability. As a result, it plays a mediocre
game of checkers.

DR. RIOCH: Dr. Kock, is there avail-
able data comparing the diagnostic
ability of computers and doctors?

DR. KOCK: In the memory situation,
the doctor’s experience is so impor-
tant that one must have always on
file a huge store of memory and experi-
ence for the computer diagnosing any
illness. How to retrieve this memory
and diagnostic ability without such a
quick access or large memory storage is
still the problem.

DR. RIOCH: What is the future de-
velopment of computer software likely to
be?

New Fellow awards

DR. ZACHERY: The situation of
computer software is dissimilar in many
respects to that of computer hardware.
Whatever the future development in
hardware, it is almost certain that most
engineering companies will be reason-
ably current with the state of the art. The
same cannot be said of software. One of
the major developments which could
take place in the software field is to raise
the levels of performance of major com-
puter users to that which is already well
known and well reported. Instead, many
organizations using the computer appear
intent on duplicating the errors which
have been made more or less continu-
ously in this field for the past 10 years.
As an illustration, one needs merely to

announced by IEEE Board of Directors

One hundred and eighteen leading IEEE members from the United States and six
other countries were named Fellows of the IEEE by the Board of Directors at its
meeting on October 30, 1963, in Chicago. The grade of Fellow is the highest member-
ship grade offered by the IEEE and is bestowed on those who have made outstanding
contributions to electrical engineering, electronics. and allied branches of engineering

and science.

Presentation of the awards will be made by local Sections. Recognition of the
awards will be made by the President of the IEEE at the Annual Banquet on March 25,
1964, at the New York Hilton Hotel during the 1964 International Convention.

The recipients of the Fellow award and their citations are as follows:

George Abraham

For research on solid-state phenomena
and for contributions to graduate engi-
neering education

J. T. Bangert

For contributions to the advancement of
network design through the use of com-
puters

R. A. Baudry

For contributions to the mechanical
development and design of large rotating
machines

R. C. Benoit, Jr.

For contributions in the field of military
electronics

R. B. Blackman

For contributions to circuit theory and
data processing

F. H. Blecher

For contributions to the design of solid-
state circuits and their application to
communication systems

J. P. Blewett

For contributions in the field of high-
energy particle accelerators

Nicolaas Bloembergen

For fundamental contributions to ma-
sers and lasers
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L. R. Bloom

For contributions to the development
and design of microwave and milli-
meter-wave tubes

R. H. Bolt

For contributions to the field of acous-
tics through research and teaching
Nathaniel Braverman

For contributions to planning, develop-
ment. and application of air navigation
systems and techniques

G. M. Brunzell

For outstanding engineering proficiency,
leadership. and administrative attain-
ments

J. C. Cacheris

For contributions to advancement of
microwave technology, particularly in
the application of microwave ferrites

J. H. Chapman

For leadership in space research and
scientific achievement in upper atmos-
pheric radio physics

A. A. Cohen

For pioneering achievement on com-
puters and storage devices and sustained
service to the profession in this field

G. C. Dacey

pick up an accounting article in order to
encounter a heading such as: “*‘How We
Converted Our Payroll to a Computer,”
despite the fact that this type of opera-
tion has been known for a decade. I
think we need more people who are able
not only to compute answers to imme-
diate problems but also who are willing
to contemplate longer periods of time
and the significance of the presently de-
veloping techniques for our way of life.

DR. RIOCH : Let me conclude this dis-
cussion with the observation that we
don't spend enough time in the human
mind in deciding upon the things wc
should really think about. We tend to
take the current popular bandwagon,
even if it may be heading for disaster.

For contributions in the field of solid-
state devices and in research manage-
ment

C. A. Desoer

For contributions to control theory.
circuit theory, and engineering educa-
tion

W. L. Doxey

For leadership in research and develop-
ment of electronic materials and de-
vices

H. W. Dudley

For contributions to the fields of speech
theory. speech signal processing, and
speech synthesis

A.J. Eaves

For pioneering developments of tele-
graph transmission systems, radio trans-
mitters, and sound amplifying systems
K. R. Eldredge

For contributions to pattern recognition
and magnetic character reading sys-
tems

R. G. Elliott

For contributions to communications
services and as an engineering manager
Herbert Estrada

For contributions to the design and
operation of interconnected power gen-
erating stations and systems

W. E. Evans, Jr.

For contributions to applications of
video techniques and video systems

R. L. Frank

For contributions to radio navigation
and the development of instrumentation
for the Loran-C System

K. J. Germeshausen

For contributions to the technology of
gaseous discharge flash lamps and
stroboscopic lighting equipment

21



1354
137

INDUSTRIAL
PRODUCTS
GROUP

Proof! 1 amp avalanching in less
than 1 nanosecond at 1 megacycle
with TI's 6701 Pulse Generator

High amplitude. high repeti-
tion rate. fast rise and fall times
are features of T1's Model 6701
Avalanche Pulse Generator.
Voltage amplitude is variable
to 50 volts, either positive or
negative, into a 50-ohm load,
rise and fall times are less than
1 nanosecond, repetition fre-
100
cycles to 1 megacycle. The unit

quency is variable from
is ideal for circuit or component
testing and for advanced appli-
cations such as thin film work.
The 6701 furnishes selectable-
width pulses by means of plug-
in modules from 5 to 100 nano-

seconds or by external charge
lines. Delay with respect to the
sync pulse is variable from 40
to 400 nanoseconds. The 6701
can be triggered by means of
an external input and provisions
are made for single pulsing with
a front panel pushbutton. Like
all Series 6000 Pulse Gener-
ators, the Model 6701 is
compact, lightweight and
portable,

extremely

convenient

to use. Cir-
cuitry is all (Y oF
. e, 9
solid state. e
® i

Write for complete information.

P. 0. BOX 66027

HOUSTON, TEXAS 77006

i TEXAS INSTRUMENTS

INCORPORATED

635

R. P. Gifford
For leadership

in communications tech-

niques and practice

G. M. Glasford

For contributions to engineering educa-

tion and leader
ties

ship in engineering activi-

Janusz Groszkowski

For contributi
quency stabili

ons in the field of fre-
ty and electronic tech-

nology. and leadership in engineering
education and research

E. W. Guernsey

For contributions to generation, trans-

mission, and

power
F. A. Gunther

distribution of electric

For contributions to the fields of UHF
and VHF communication and leader-
ship in communications practice

F. E. Hanson
For contribut

ions to manufacturing.

engineering, and administration in the
field of electron devices

F.. O. Hartig
For
herent high-res
0. C. Haycock

contributions to the field of co-

olution radar

For contributions to research on the
upper atmosphere and to engineering

education

W. H. Hayt, Jr.

For contribut
neering educati

ions to electrical engi-
on

G. E. Heberlein

For creative |
gear field
Frank Herman

eadership in the switch-

For contributions in the field of the
energy band structure of solids

E. \. Hobart
For contributi
tery charging a
D. B. Holmes
For contribut

warning  systems

ons in the fields of bat-
nd welding

ions to electronic early
and

manned space flight programs

R. R. Hough

For leadership in military electronics

development
missiles
L. D. Huntley

associated  with  guided

For contributions to the design of large

turbine generat
D. L. Jaffe

For contributions to the development of

ors

microwave electronic.equipment

J. L. Jatlow
For contributi
carrier

telegraphy

ons in the fields of FM
and tropospheric

scatter communication systems

P.H. Jeynes
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FIRST AS A MATTER OF RECORD ... SCOTCH® BRAND INSIKUMENTATION TAPES

The tape with the built-in duster!

100C times greater conductivity than ordinary tapes! That’s
how “ScoTcH” BranD Heavy Duty Tapes drain off static
charges before they can attract dust. That's the built-in duster
that flicks away the growing danger of dust-caused dropout
errors . . . a danger greater than ever as higher and higher re-
corder speeds and tape tensions generate more and more static.
Electrical resistance of the oxide coating of “*ScoTch™ Heavy
Duty tapes is 50 megohms per square or less. The resulting
conductivity, unusual in magnetic
tape, not only avoids dust contam-
ination, it minimizes such other
static problems as tape drag and
skew, noise induced by arcing.
Heavy duty formulation of binder
and high potency oxides withstands .
temperatures from —40 to as high
as +250°F to conquer high head
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heat, assures tapes that outlast standard tapes by at least 15
times. Exclusive Silicone lubrication reduces recorder head
and tape wear, And “Scorch™ Heavy Duty Tapes are offered
for all high-speed applications, even for extreme high fre-
quency and short wavelength requirements. 16 diflerent con-
structions include a varicty of backing and coating thicknesscs.

TECHNICAL TALK Bulletin No. 4 provides detailed dis-
cussion of the effects of static ¢lectricity on instrumentation
recording. offers helpful information in solving static-caused
problems. It's free. Write 3M Magnetic Products Division,
Dept. MEC-14, St. Paul 19, Minn.

[Magnetic Products Division 3Icnmlmulv

33



/Ook l‘o TRA NSCO fo,' M/'C,'O Wa Ve I automatic controls, electron devices,

semiconductor circuitry, circuit theory,
‘ high speed data by wire. advances in
| telephone techniques. military electron-
| ics. satellite relays. communications sys-
tems. medical electronics, nuclear re-
actor instrumentation, audio, data proc-
| essing, pattern recognition.
Abstracts of approximately 200 words
I are to be submitted by January 15, 1964,
to the Technical Program chairman,
Prof. Clayton Clark, Electrical Engi-
neering Dept.. Utah State University,
Logan, Utah,

Conference scheduled
on broadcast and TV receivers

The 1964 Chicago Spring Conference
will be held at the O'Hare Inn, Des
Plaines, 1II., on June 15-16. Papers are l
sought that would be contributions of
significant interest to the home enter-
tainment radio and television industry.
Special consideration will be given to
papers dealing with new concepts or
new techniques associated with new or
improved product design.

The deadline for receipt of papers is
February 17. Potential authors are asked
to submit. in triplicate, a summary of
50 to 100 words, including paper title,
author(s), company afliliation, and posi-
tion. Papers should be limited to 2500
words, and presentation to 20 minutes.

Papers should be submitted to F. H.
Hilbert, Papers Committee. Motorola
Inc.. 9401 W. Grand Ave., Franklin
Park. Il

ANOTHER PRODUCT OF TRANSCO
SWITCH TECHNOLOGY IS THIS
FAIL SAFE -20G
TYPE W SWITCH

SIHJLIMS

Shown Cover Removed
Special issue of PROCEEDINGS
B Impedance, 50 ohms B Frequency to 7GCEBVSWR 1.25 @ 4 GC on microelectronics planned

B Insertion loss 0.25 db « 4 GC B Crosstalk 30 db @ 4 GC, 45 db
© 2 GC B Operating time 25 ms max Ml Contacts, break-before-make
B Temperature, —65°F to + 250°F M Vibration, 20 G min M Weight,
10 oz. W Actuator power, 0.5 amps, @28VDC B Life, 1,000,000 cyles.

Latching Type also available

TRANSE®

®

A forthcoming special issue of the
ProOCEEDINGS OF THE [EEE will be de-
voted to the field of microelectronics (in-
tegrated electronics) and is planned for
the late Fall of 1964, Outstanding papers
covering the state of the art and the most
significant recent contributions in the
field of microelectronics are sought for
this special publication,

Papers pertaining to the following
categories are requested :

1. Survey papers on broad. major
aspects of microelectronics (e.g.. eco-
nomics: major technologies: philosophy

Transco designs and manufactures Airborne, Spacecraft and Ground Antennas; Micro- of application: history; etc.)

wave Switches, Components and Systems; Subfractional Horsepower Motors; Electro- 2. Original paperson: ‘
mechanical Devices; and Airborne Transponders. We invite resumes from qualified engineers. | a. Microelectronic  devices and
Transco Products, Inc., 4241 Glencoe Ave., Venice, Calif. Phone 391-7291 — area code 213 | structures (e.g.. semiconductor struc-
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tures; thin-film resistive, capacitive,
magnetic, etc., structures; optoelec-
tronic structures; etc.)

b. Materials, processes and tech-
niques (e.g., substrates; deposition;

.)hotography ; process control ; etc.)

c. Interconnections and packaging

d. Circuit concepts and techniques
using microelectronic structures (digi.
tal, linear; trade-olfs; isolation, cou-
pling; margins; frequency ; power)

e. System aspects (e.g., trade-offs,
system design using microelectronic
devices; etc.)

f. Concepts, design, and perform-
ance of clectronic equipments using
microelectronic devices (military and
industrial)

g. Reliability of microelectronic
devices and equipments

h. Special topics (e.g., compati-
bility, hybrid structures and systems,
etc.)

Two kinds of papers will be consid-
ered for publication:

1. Contributions of reasonably broad
impact described in full length papers.

2. Contributions of limited impact
described in brief monographs not ex-
ceeding 2000 words (corresponding ap-
proximately to two pages of the Pro-
CEeDINGS). Expanded versions of such

onographs can be recommended for

blication in the TRANSACTIONS of
appropriate  Professional  Technical
Groups.

To facilitate the organization of the
special issue, prospective authors are
requested to inform the undersigned
at their earliest convenience of their in-
tent to submit a paper, indicating the
subject and probable length of their
contributions. Complete manuscripts
should be submitted as soon as they are
available. The tentative deadline for
receipt of complete manuscripts is
May 15, 1964. A small extension of time
may be granted for work in progress if
a suitable detailed abstract is received.

Three copies of each paper and of all
illustrations pertaining to the paper
should be submitted to: A. P. Stern,
Editor, Microelectronics Issue of Pro-
ceedings of the IEEE, Martin Co., Elec-
tronic Systems & Products Div., Balti-
more, Md. 21203, Attn: Mail No. 3031,
The submission should include one orig-
inal typed copy with one set of repro-
ducible illustrations. A photograph and
a biography of the author should be

tached.

Further inquiry may also be directed
to E. K. Gannett, Managing Editor, Pro-
ceedings of the IEEE, Box A, Lenox
Hill Station, New York 21, N.Y,
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STYLE 1006

SENSITIVE RELAYS AT SENSIBLE PRICES

Price Electric Series 1000 Relays Now Feature . . .
Sensitive Operation e Solder or Printed Circuit Terminals
Open or Hermetically Sealed Styles e Low Cost

These versatile sensitive relays are designed for applications where
available coil power is limited. They retain all the basic features, such
as small size, light weight and low cost, that makes the Series 1000
General-Purpose Relays pace setters in their field.

TYPICAL APPLICATIONS
Remote TV tuning, control circuits for commercial appliances (includ-
ing plate-circuit applications), auto headlight dimming, etc.

GENERAL CHARACTERISTICS
Standard Operating Current:
1 to 7 milliamps DC at 20 milliwatt sensitivity
Maximum Coil Resistance: 16,000 ohms
Sensitivity:
20 milliwatts at standard contact rating; 75 milliwatts at maximum
contact rating. Maximum coil power dissipation 1.5 watts.
Contact Combination: SPDT
Contact Ratings:
Standard 1 amp; optional ratings, with special construction, to
3 amps. Ratings apply to resistive loads to 26.5 VDC or 115 VAC.
Mechanical Life Expectancy:
30,000,000 operations minimum.
Dielectric Strength: 500 VRMS minimum.

For additional information, contact:

PriceE ELECTRIC

CORPORATION

300 Church St. « FErederick, Md. «+ Phone: 301/663-5141 « TWX 301/553-0462
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Some customers really challenge us

Take the case of the commercial air-
lines, They needed a transducer that
would accurately measure jet engine
vibration in flight —yet would not dis-
integrate from the vibration as well as
the searing heat.

Since CEC had pioneered and perfected
vibration transducers for reciprocating
engines. we believed we could do the
same for jets. Result: CEC's first models
successfully passed every ground and
laboratory test. But when they took to
the air it was another story. Failure
followed failure. The airlines began to
wonder if the answer could be found,
And so did we.

That was six years and hundreds of
experiments ago. Today the engine

nacelles of increasing numbers of jet
airliners carry pairs of tiny CEC 1-125
Vibration Transducers. Some of these
4-125s have already logged more than
3,600 hours—all are still functioning —
and that’s a record no other manufac-
turer has approached.

This is another case in point why CEC's
leadership in the development and pro-
duction of all phases of data recording
has been advanced by troublemakers
we're proud to call customers.

And it's why CEC has established a
network of 22 sales and service offices
throughout the nation. To expedite
application engineering. To help train
customer personnel in the use of
advanced instrumentation. To find
pusitive answers 1o evasive problems.

CONSOLIDATED ELECTRODYNAMICS

BELL & HOWELL




VOLUME 1

Greetings!  With the birth of IEEE SpecTRUM
comes the opportunity through this page. appropriately
entitled “‘Spectral Lines,” for the Editor to speak each
month to the membership. It is the intent of the Editorial
Board that our new journal provide as much personal
contact as possible with the members, that it bring news
of the organization and of the profession, and that it
encourage education in the basic areas as well as in the
results of recent research. Thus some of its “‘news’ may
actually be found in its editorial content rather than in its
departiments.

While limited in space, it is proposed that this page
provide the Editor with an opportunity to also provide
such personal contact. It is hoped that the topics dis-
cussed here will encompass a spectrum as broad as the
IEEE technical interests., and as diverse as is the spectrum
of membership functions. Your comments on matters
discussed here will always be appreciated, and when
appropriate may appear as letters in the “*Correspond-

'e" section.

Chicago and NEC. The National Electronics Con-
ference, a yearly Chicago function since 1944, this year
also included many activities and much program that
might have been associated with the former AIEE Full
Meeting. Upon invitation the Board of Directors held
its fourth meeting of the year at the NEC, and also
met informally with the othicers of NEC, attended a
Chicago Section meeting, and heard Dean W. L. Everitt
address an NEC luncheon on problems in continued
education.

The Board received reports from its Awards Board
concerning those to be honored at events in the next ycar,
discussed continuing problems arising from Section and
Region merger, and heard from the IEEE Treasurer of
the efforts to contain the expected and occurring first-
year-of-merger deficit. Other items included a discussion
of plans to acquire a new computer for processing of
membership and financial data, accounting, and other
data-processing functions. It is expected that the com-
puter will be available to the other professional organiza-
tions housed in the United Engineering Center. as well
as performing an indispensable service for our head-
quatrters.

In general, the Regional Directors reported completion
of merger at the Section level. and that those organi-

Qms were now functioning at high efficiency. Some
ncern was reported from the Student Branch area,
where it was felt that in several Regions the merger
activity had not advanced the program. Further action
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can be expected along this line, especially as several
Regions develop more complete cooperation with their
Regional Education Committees and other groups within
the Region.

News of the formation of the Professional Technical
Group on Power, and of the merger of several Profes-
sional Technical Groups and appropriate Technical
Committees was greeted warmly. With the approval
previously given to standards activities by the PTG’s, it
now seems to us that a PTG organization has all the
opportunity formerly given to a Technical Committee,
plus a closer association with an identified group of the
membership, plus greater opportunity to serve that
membership through directed programs and symposia,
including exhibits, plus greater freedom in serving this
membership through selective publication. We hope for
continued study of the problems of duplication of effort
existing in our organization, and for broad and im-
personal thinking which will always emphasize the
question “"How best do we serve the needs of the member-
ship 2

The Board also discussed the position of the Institute
in intersociety relations, particularly with respect to
member interests in professional, legal, and civic areas.
Clearly. from this discussion, the Board believes that
IEEE. because of its great diversity in interest and view-
point, cannot accept responsibility for representing the
opinions of individual members on such professional
topics; it was suggested that when members desire such
representation they consult other organizations.

The second day of the Board of Directors meeting at
Chicago was reserved for further discussion of editorial
policy. Looking to this. the Editorial Board had spent
many hours on the preparation of a statement of editorial
objectives, additive to the proposal adopted in June
1963, which led to the establishment of IEEE SPECTRUM.
After considerable discussion in Committee of the Whole,
the Board adopted a slightly moditied version of the
Editorial Board proposal. The statement defines the
IEEE publication objectives as two-pronged-—to provide
for rapid dissemination of research resuits important to
our field, and to furnish a means for furthering the
education and technical abilities of our members. The
Editorial Board will have coordinating powers over all ot
our publications, in order to ensure that basic policies
are carried out, and to determine that appropriate stand-
ards are being maintained. It is hoped that a more de-
tailed report of the genesis of our editorial policies can be
presented in an early issue of this journal.

J. D. Ryder
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The view from the starship bridge

and other observations

A theoretical journey into space
three light vears from earth and back

brings into play several interesting

concepts, including optical Doppler
shift and aberration, relativity,

and time dilation

B. M. Oliver Hewlett-Packard Company

Direction of ship’s motion
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In alluding to the appearance of the sky as seen from
a fast-moving spaceship, writers of science fiction (and
scientific fact) often mention the reddening of stars
astern and the bluing of those ahead. Occasionally
tribute is paid to Lorenz and Fitzgerald and, as the ship

sproaches optic velocity, the universe is described as
‘reshortened in the direction of motion. The color
changes are quite correct, but no one who had stood on
the bridge of a fast starship would ever make the
second statement. The changes in appearance are com-
pletely described by relativistic Doppler and by rela-
tivistic aberration, both first-order effects in v/c, where
v is the velocity of the ship relative to the source and ¢
is the velocity of light.

Nonrelativistic Doppler is familiar to all of us in
the form of the increased pitch of the approaching
whistle or siren and the drop in pitch as it passes. Non-
relativistic aberration can be observed in a calm rain.
If we stand still the drops appear to fall vertically, but
if we run in any direction the drops appear to come
from that direction. If we want them to fall straight
down a tube we must tip the tube forward. So it is with
photons and telescopes. In 1727, Bradley noticed that
the stars as a group, particularly those near the normal
to the ecliptic, execute an annual circular motion—the
displacement of the star from its mean position being
in the direction of the earth’s orbital motion.

The exact expressions for optical Doppler shift and
aberration can be computed from the theory of rel-
ativity.! The Doppler shift is given by

v _ \/1_\,2 '(.‘_’
vy 1—(v/c)cos @

.nd the aberration by
V1—v2 ¢? sin 4

tan 6 = 2)
cosby+ vic

(1

where
v = observed frequency of light
f = apparent angle of source with respect to ship’s
velocity vector (heading)
and the subscript zero indicates the quantity as observed
with v = 0.
For sources dead ahead # = 0, and (1) gives

v [I+vie
vy \l—V/’('

while for those dead astern # = 7 and

v _\/l—v’c
1] |+V(‘

For sources (apparently) directly to the side, # = = 2 and

arver relative to a source causes the apparent direction of
the source to shift forward. Because it is a first-order effect
in v/c, aberration is detectable at moderate velocities such
as that of the earth inits orbit

I Fig. 1 (left). The aberration of light. The motion ot an ob-
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This last expression is the so-called transverse Doppler
effect and shows the retardation of moving clocks.

Turning to Eq. (2) we see that for v > 0, § <6, unless
0y = 0, . All sources appear to be swept forward as
shown in Fig. 1, except for any already directly ahead
or directly astern. The universe appears to redden and
thin out to the stern and to become bluer and denser
ahead. As v 'c— 1, the entire universe, save for the stern
point, appears to concentrate in front of the ship.

Either by going through the algebra, or by noting
that we may interchange # and 6, provided we reverse
the sign of v, we may rewrite (2) as

tan 6, = \/1 — v:/¢* /sm [} 3)
cosf—v'e

or (since, if tan x = a/b, sin x = a/V «* + b* as

sin By V1= vt e

) = 4
sin 6 1 — (v ¢)cost
Finally, we can differentiate (3) to obtain
d V1 —ve
= - )

d 1 —(v/c)cos@

Comparing (1), (4). and (5) we note that the right sides
are identical—a fact of some significance, as we hope
to show.

All sources that lie within the angular annulus of
width 8, are shifted forward and lie within the annulus
of width 8, as shown in Fig. 2. Thus the size of objects
in the 6 direction changes by the factor df df,. Since
the circumference of the annulus changes by the factor
sin @ sin #., distances measured along the circum-
ference change by the same factor. Small constellations
will thus appear unchanged in shape. Finally, since
\ = ¢/y, we may take (1) to be a measure of Ny '\ or
dro dr, so radial distances appear to change by the same
factor. To sum up,

1 —(v'c)cost

dr r dg sin 8 d¢

" sin 6y dob ERVA X

dro ro dby L
which says that all apparent dimensions of small solid
objects change by the saume ratio, and thus their apparent
shape is unchanged. By more elegant methods it has
been shown® that a sphere of any apparent size remains
spherical.

We stress the word “‘apparent” because computation
would show the radial and lateral dimensions to have
changed differently; that is,
rdd  rsinfde (dr )'3 a
ro (/00 y sin 00 (/d) (,/I‘o

When we are viewing stars, it is convenient to speuk
of densities. These varv inversely with size and hence the
factors are given directly by (1), (4), or (5). The apparent
linear density is the original density times f(8), where
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dé,

Fig. 2. Conformal mapping property of aber-
ration. Stars lying between the cones A, and
4y + d&, with the ship at rest appear to lie
between the cones 6 and ¢ + dd when the ship
is in motion. Circumference of annulus is
proportional to sin #. Transformation is such
that dé/de, = sin 6/sin 8,, so compression is
equalin the § and ¢ directions

o)<

4

v
0 . c 06

—
i

1) =

1 —(v/c)cos O ®
This is the equation of a prolate spheroid with one
focus at the origin and the other lying on the axis 8 = 0.
Figure 3 shows a plot of (8) for v/c = 0.6. Directly
ahead the densities are doubled; directly to the rb
they are halved.

To verify our interpretation of (1) as a measure of
radial density let us consider a distance measurement
made by u ship. Assume that a series of corner reflectors
is distributed along a straight line in space at intervals
of one light year and that a space ship is traveling along
this line at a velocity 0.6¢. In coordinates fixed with
respect to the reflectors. the trajectory of the ship, which
moves three light years to the right in five years’ time, is
shown by the heavy line OMP in Fig. 4. Since the re-
flectors move in coordinate time but not coordinate
space. their trajectories are vertical lines. Events on the
line OMP are seen by the ship at the same place (the
ship) but at different times, so the trajectory OMP is
the ship’s time axis. According to relativity theory the
ship’s clock runs at A1 — (0.6)%, or 0.8 the rate of the
coordinate clocks, and therefore it records four years in
five coordinate years, and the trajectory is so marked.
Let us call the coordinate time ¢ and ship’s time r’. At
1 =1 =0, the ship is at O and sends out a light pulse.
which propagates along the 45-degree dashed lines at one
light year per year.

After 1 = 2 years (at S) the reflections from reflectors
R, and R, return to the point of origin in the coordinate
system. They are received simultaneously and the

Fig. 3. Effect of velocity on ap-
parent density. If the sky were
uniformly besprinkled with stars
the apparent density with the ship
at rest plots as a sphere; that is,
the radius (proportional to density)
is independent of direction. With
the ship in motion this plot be-
comes a prolate spheroid with the
ship at one focus. Angular and
radial densities change by the
same factor f(4), increasing ahead
and decreasing astern

’&)“

S

S

</

Fig. 4 (right). Radar measurement
of densities. Corner reflectors are
strewn along a line at intervals of
one light year. A ship moving along
this line with v = 0.6c sends out a
radar pulse at O. The ship gets a
return every year from those
ahead, indicating a one-half light-
year spacing; and every four years
from those astern, indicating a two
light-year spacing. These are the
apparent densities predicted

f(0). Here and in Fig. 5 the items
color pertain to the ship's frame of
reference, rather than the earth’s
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operator there is gratified to learn that R, and Ry are
cach a light year away; or rather that they were ut that
time 1 = 1 when he assumes the reflection took place
—as indeed it did, in /iis time.
After four years of ship’s time the reflections from
2, and Ry are received simultaneously by the ship.
‘he ship’s operator therefore concludes that R_, and R;
were both two light years from him at M, or (he time
t' = 2 when he assumes the reflections took place. In
effect he measures distance parallel to the dashed line
R_R:, which he calls four light years long. Events on
any line parallel to R 1Ry he calls simultaneous.

Notice that from the reflectors that were ahead of
him at ¢’ = 0, he receives an echo every year and he
concludes that they are one-half light year apart. Also,
since it takes four years per echo from those astern,
he concludes that their spacing is two light years.
His measurements, which show twice the density in
front and one half the density behind (as compared
with the coordinate observer), are in complete accord
with (1) and (8).

A pulse emitted by the ship after two years of ship
time is received by the coordinate observer after four
years of coordinate time, as shown by the line MQ.
Similarly, a pulse emitted by the coordinate observer
after two years of coordinate time is received after four
years of ship time as shown by the line SP. Thus both
observers receive half frequency from the other as
required by (1). This symmetry would not exist if we
had assumed five years’ ship time between O and P
rather than four.

As long as we are on the subject we may as well
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discuss the clock paradox. This is not the fact that
the twin who has taken the journey ends up the younger,
though this seems strange to many people. Rather it is
a logical impasse that arises in the following example.
Two clocks, one in a spaceship, the other in an internal
frame, are synchronized. The spaceship then makes
its trip to a distanl point and returns. It is then incor-
rectly argued that “‘since each sees the other’s clock run-
ning slow while the relative motion exists (which, in
the limit, is all the time), each clock will be ahead of the
other when the shipreturns™—clearly an impossibility. The
student concludes that either he is out of his mind
(which is distressing) or Einstein was (which is irreverent,
but less distressing). In this way much skepticism of
relativity develops. To see what really happens all we
need to do is draw a diagram like Fig. 4 (a Minkowski
diagram) for the entire trip. This we have done in
Fig. 5.

The ship, at v = 0.6¢, takes five earth years to travel
to a point three light years away and five more earth
years to return. Each year, by their own clocks, earth
and ship send each other a light pulse, as shown by the
45-degree dotted lines, so », = 1| pulse per year. During
the time either thinks the other is receding, the received
frequency of pulses is », 2, as required by (1); and when
either thinks the other is approaching, the received
frequency is 2y, again as required by (1). But the ship
realizes it is returning as soon as it accelerates at 1" = 4
years. Earth, on the other hand, has to wait for a light
signal to communicate this fact at 1 = 8 years. So the
earth receives the lower frequency for a longer time, and
gets fewer total pulses from the ship than the ship gets
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Fig. 5. How to keep from grow-
\ . . )

ing old. Less time elapses in

the spaceship than on earth.
{ So long as both earth and ship
are unaccelerated and agree on
each other’s velocity, symmetry
exists and each sees the oth
clock running slow. Accelera
of ship at destination causes
earth and ship to disagree on

o

!
&
e velocity for just long enough to
5 eliminate any logical paradox.
= Any measurements made by
5 the ship that include accelera-
o tion period will show the earth's
clock to be racing ahead
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fram the earth. Thus. even though symmetry exists while
each thinks the other has the samc velocity, eurth and
ship disagree on the relative velocity long cnough to
eliminate any paradox.
To estimate the other’s clock rate, correction must
- made for propagation times. Thus the earth can
‘nsider the pulse received at 1 = 4 years to be a radar
return of the one sent at 7= 1. Reasoning (hat the
light took the same time to go and return. the earth con-
cludes that the reflection (or the transmission) from the
ship took place at 1. = (1 + 4) 2 = 2.5 years. But. being
the second one received. the pulse must have been sent
at ¢t = 2 years. Earth thus concludes the ship’s clock is
running at

2

. =0.8=N/1—V2

4 2.5 ¢
times earth rate. In the same way the times ... o
may be determined and all show the ship’s clock to be
running at the same slow rate; that is. i’ dr = 0.8.
Note that simultaneous events in the earth’s frame always
lie on horizontal lines.

In exactly the same way the ship regards the signal
received at 1" = 4 to be a radar return of the one sent
by the ship at 1’ = 1 and concludes it was reflected (or
sent by earth) at ¢/ = 2.5. Again it is the second pulse
received, so it was sent at 7 = 2 years. Thus up to this
point the ship also sees the earth’s clock running at 0.8
ship’s rate. The situation is symmetrical. as required by
special relativity, because up to this point both frames
have been inertial—that js, unaccelerated. As soon as
the ship accelerates (at 7’ = 4), interpreting each received
jicnal as a radar return and splitting the time between

‘ip's transmission and reception to find the time of
earth reflection yield the times /... #'. During this
period, in retrospect. the earth’s clock appears to have
been running at twice ship rate. Finally from s to 1.
with the acceleration period excluded once more, the
earth’s clock (now ahead) appears to revert to 0.8 of
ship rate. Thus the average rate is

0.8 X 2 years + 2 X 3 years + 0.8 X 2.5 years _
8 years

1.25

or the reciprocal of the ship clock rate as determined
by earth. Note that simultaneous events in the ship’s
frame lie on sloping lines. The two clocks do not agree
upon the ship’s return. but this is no logical paradox. It
is plain time dilation and is as real as (and no more
mysterious than) E = mc*. which most people believe to-
day.

Using the Mossbauer effect.’ one can detect the time
dilation produced by modest velocities and gravitational
potentials. Cobalt-57 decays to excited-state iron-57.
The excited Fe” then emits a photon (a 14.4-kv gamma
ray) that can be absorbed and reradiated by other Fe®

Fig. 6. Doppler detection using Mossbauer effect. Radio-

ctive source A emits very monochromatic radiation.

‘ absorption and re-emission highly resonant absorber

scatters radiation in all directions, thus shading detector

C. The slightest frequency shift prevents scattering and
increases the output of the deleclor
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Fig. 7. Diffraction of electrons. Electrons from a cathode C
pass through slits in a plate P. If only slit 1 is open, the
distribution of arrivals on screen Sis as shown by curve A in
(A). !f only slit 2 is open, distribution B results. If, with
both slits open, electrons came only through one slit or
the other, distribution would have to be sum of curves A
and B as shown by the dashed curve in (B). Actua! dis-
tribution shows interference maxima and minima. Thus
both slits contribute to the arrival of each electron

nucleii. Thus the intensity at the detector in Fig. 6 is
reduced by the absorber. which scatters the incident
radiation in all directions. However. the radiation of
the Fe” source is extremely monochromatic and the
absorber is extremely frequency selective: in fact the @
is about 1.6 X 10'*_ This is like having an X-band receiver
with a bandwidth of 1 160 ¢ «. As a result the absorption
is extremely sensitive to frequency shifts. The Doppler
shift caused by a radial velocity v,, of only one foot per
hour will cause a significant decrease in scattering and so
increase the detector flux. Likewise, a transverse velocity
v, of 800 feet per second produces a detectable relativistic
transverse Doppler shift. The frequency emitted by the
moving atoms drops. This frequency drop also occurs
as the result of rms thermal velocity of the nucleii if
the source is heated with respect to the absorber.

With a receiver 74 feet below the source. Pound and
Rebka were able to measure the blue shift of the falling
pbotons. Thus the atomic clocks at a higher gravitational
potential appear to run fast.

All such measurements have been in agreement with
the theory of relativity, which says that

5 2\ 1/2
dr _ <l n -i(_ vq>
di " Ca

where 7 is the increment of time measured by a clock
at a gravitational potential x and moving at a velocity v
with respect to the coordinate clock. which measures dr.
As the moving, elevated clock describes its trajectory, the
total time dilation is

v 2\ 1/2
A::fm——f(/r=f[1—<|+2f‘—vq> :ldz
_ R

For ordinary potentials and velocities such that

2 and ¥ <1
c” c”
1 2
At = qf<v——x>(lt= -l-qf(r— V)t .
c? 2 mc*

where

T = ) mv?® = kinetic energy of body

V = myx = potential energy of body

The time dilation for a body executing a trajectory at
nonrelativistic speeds and potentials is the integral of
the Lagrangian L = T — V. divided by the rest energy.
mc?. In other words, the difference in clock rates is
proportional to the excess of kinetic energy over potential
energy.

Hamilton’s principle of least action states that for a
free body the path is such that "L dr is least (or takes an
extreme value). From the foregoing we see that this is
the same as requiring that the time dilation be least (or
stationary). and represents the nonrelativistic approxi-
mation of the principle that. for a geodesic. f'd/7 is an
extremum.

We normally think of electrons as indivisible particles.
Just as Young's experiment in optics established the
wave nature of light, electron diffraction (Fig. 7) forces
us to assign wave properties to matter. Some years ago
Feynman* showed that. at least in the nonrelativistic
case, the diffraction and interference of particles (for
example. electrons) was consistent with the concept
that all possible trajectories contributed equally to each
arrival. To each possible trajectory is assigned a (complex)
probability amplitude with a phase 8 = 2x/h) SL (’
For each of the possible end points all probabilift
amplitudes are added to give a complex number whose
magnitude squared is the probability of detecting an
arrival at that point. If a large number of paths contribute
in nearly the same phase. the probability will be large.
If the phases cause the amplitudes to cancel. the prob-
ability of arrival is zero.

From the foregoing we see that # is the phase shift
27/ Ar that would occur in an oscillator of the Compton
frequency /= mic, lras a result of the time dilference

1
R [L di
me*,

Is time dilation, then. an intrinsic ingredient of all
motion. determining it as much as being determined by
it? Or have our fancies led us astray?

Perhaps it is time to turn our gaze back to the stars.
They seem to be in their proper places once more. for
we have come to the end of our flight. Does anyone feel
younger?

Ar =
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High-power solid-state devices

Advances in process technology are giving rise to the
appearance on the market of an increasingly large number and

variety of economical high-power semiconductor devices

I. A. Lesk, C. B. Ackerman, W. E. Taylor, ]J. C. Haenichen,

In any “state of the art”” discussion, particularly when
the field is as broad as that of solid-state devices. it is
important at the outset to define the basic area to be
covered. For the purpose of this article, solid-state
devices will be restricted to those utilizing p-n junctions
in single-crystal semiconductor material. From the stand-
points of practical usefulness and availability, we are
then further restricted to the consideration of silicon
and germanium p-n junction devices, limiting our
discussion to those capable of handling a high power.
Other high-power solid-state devices—many of them
utilizing a semiconductor material—include resistors,
capacitors, transformers, thermoelectric generators, bar-
rier-layer rectifiers, crystal lasers, piezoelectric and
magnetostrictive transducers, photoresistors, positive
thermal coetlicient thermistors, and varistors.

What differentiates a high-power from a low-power
device has not been universally established. Moreover, a
power that is considered high at microwave frequencies
may be relatively low in the audio range. In addition, the
mode of operation, such as amplification (in various
classes) or switching, makes a big ditference in how much

ywer the device handles. We shall use as an approximate

‘inition of high-power devices those capable of dis-
sipating more than one watt, and exhibiting useful char-
acteristics under this condition.
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High-power semiconductor p-n junction devices are
large (active dimension generally in the range 0.05 to
1 inch) compared to signal devices (0.001 to 0.05 inch).
Hence, they are still much more ditticult to manufacture
free from catastrophic defects than are low-power
components. However. advances in process technology
(including, for example. epitaxy, diffusion, crystal grow-
ing, alloying), along with a continually improving under-
standing of the physics of device operation and failure,
are giving rise to the appearance on the market of an
increasingly large number and variety of economical
high-power semiconductor devices. The future should
witness a continuation of this trend, so that five years
from now most of the high-power semiconductor p-n
junction devices on the market will be made of silicon,
of the types described in this article, but extending to
higher power ranges. A large number of germanium
power alloy transistors will probably still be used, and
perhaps power varactors using gallium arsenide will
appear.

Basic power considerations

The power level to which a device can be driven de-
pends upon operational, reliability, and thermal lim-
itations. Operational limitations refer either to those that
physically prevent the voltage or current level from ex-
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ceeding a certain value, or reduce the efficiency of
operation to a useless value even though higher voltages
or currents could be achieved. Operational limitations
are discussed separately for the case of each device.

Reliability limitations refer to changes that high tem-
perature. voltage, and current (in various combinations)
can cause in the characteristics of devices after long
periods of application. The failure rate generally in-
creases at higher powers, and can be a factor that limits
the operating power level of a device for ultrareliable
applications. Failures of this type are surface induced,
and are the subject of intensive research at present. As
reliability is increased. even better results will be obtain-
able at lower power levels. For most applications. the
major power limitations are operational and thermal. so
reliability limitations need not be discussed here further.
It should be noted, however, that hermetically sealed
packages are necessary for the present high level of
reliability that is obtained (failure rates of ~ 0.001 per
cent per 1000 hours under operating conditions).

Thermal limitations are those that prevent operation of
the device at a higher power level in a specified heat flow
configuration. even though it could operate efliciently at
higher power in a more eflicient thermal environment.
The more important thermal limitations common to all
semiconductor devices are discussed in this section.

The V-1 characteristics of a p-n junction are shown in
idealized form in Fig. 1. In the forward direction (p-type
region positive) the current increases in an exponential
manner with voltage. On a linear scale. this closely
resembles a region of very low resistance offset by a
voltage ¥V, (about 1 volt for silicon, 0.5 volt for ger-
manium) from the current axis. In the reverse direction.
a very-high-resistance region limits current /; to the
approximate ranges of 1 nanoampere to | microampere
for silicon and 1 microampere to 1 milliampere for
germanium. This high-resistance region is abruptly ter-
minated in a very-low-resistance region beginning at the
avalanche breakdown voltage V..

Thermal limitations on the power level to which a p-n
junction device may be operated are almost always
caused by the extreme temperature sensitivity of the
reverse leakage current /.

To a first approximation

I, < emaVe/kT (H
where
V,; = semiconductor band gap. about 1.1 volts for silicon
and 0.7 volt for germanium at room temperature
T = temperature in °K

kT ¢ = 26 mV at 27°C (300°K)
The rate of change of /, with temperature

dl, N qVe;
ar — kTt @

An approximation sufliciently accurate for many
calculations over the normal range of operation of most
silicon and germuanium p-n junction devices (— 50 to
+150°C) is

dl,

= 0l 3)

Fig. 1. Idealized V-I characteristics of a p-n junction

This approximates an increase in /;, by a factor of
two for each 10°C rise in temperature and by a factor of
ten for each 50°C temperature rise. If /, is increased
because of surface (or other) defects, its rate of increase
with temperature can be less than the rate that is given
by (3). At some elevated temperature. however. the faster
rising term given by relation (3) will emerge as dominant.

In the forward bias direction, over an appreciable
current range, V. decreases about | mV for each 1°C
temperature increase.

Figure 2 illustrates schematically a practical high-
power-device mounting scheme. The pellet (silicon f’
this example) contains one or more p-n junctions, th
temperature at a given junction being designated T,.
The device is bonded to the bottom of its case, only one
section of which is shown in Fig. 2. The case temperature
is T.. In use. the case (package) is mounted on a heat sink,
a portion of which is shown in Fig. 2. T} is the heat sink
temperature.

Heat is generated at the p-n junction. and is dissipated
through the pellet and case to the heat sink. For linear
heat conduction

dQ KA o @
dt L

where

Q = quantity of heat (energy)

K = thermal conductivity

A/L = area-to-length ratio of specimen through which

heat is lowing
AT = temperature difference

By analogy to electric-current flow,

dy / aA AV )
dt L
where
¢ = electrical conductivity ‘
AV = potential dilference
g = electronic charge
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Fig. 2. Schematic diagram of heat-flow path from p-n junc-
tion to ambient for high-power device

and also R = resistance = L/oA. We can define a thermal
resistance

g = 6
KA ©)
and
dQ AT
= 7
dt 6 ™

‘ .’ractical units for § are °C per watt. An important dif-

ference between the thermal and electrical situations is
that. since Q represents an energy, dQ/dr is a power. and
can be equated to an electric power. For the case of a
p-n junction under steady-state bias

Vi ol 8
A 9 )

There are various thermal resistances that are specified.
For example. from junction to case

T, - T
vl =, 9)
I
From juaction to heat sink
T, — T,
0.

From the nature of Eq. (4)—and perhaps more simply
by analogy to electric circuits—thermal resistances in
series can be added. For example,

0}.\' = 0/:' + Bm (l])

This is really an approximation because the regions
(Fig. 2) are not isothermal, and heat flow is not linear.
separate thermal resistances can be calculated for each
‘gion from a knowledge of K for that material and the
heat generation pattern of the junctions. The latter is
often difficult to ascertain. Interfuces hetween regions
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Fig. 3. A p-n junction rectifier that has been biased into
the avalanche breakdown region
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Fig. 4. Total and uncontrolied power curves for a device
with given junction-to-heat-sink thermal resistance 6,

may also add significant thermal resistances. and so must
be taken into account in an equation like (11). A thin
layer of silicone grease is often inserted between the case
and heat sink before they are bolted together to improve
conduction between the metal surfaces. which are not
perfectly flat. Heat is transferred from the heat sink to an
ambient by convection (free air) or by conduction to a
stream of forced air or water. The latter technique em-
ploys water tlowing through a tube brazed to the heat
sink.

Electrical isolation of system parts is often necessary
and the use of isolated heat sinks is generally impossible.
Instead. a separate layer is provided between the case
and heat sink during mounting, between two metal parts



Fig. 5. Thermal spreading resistance from hemisphere of
diameter d to one of diameter D is given by the relation
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Fig. 6. Lowering of ¢ by the spreading of heat flow

of the case. or between the pellet and the case. A thin
piece of mica (and silicone grease) is generally used be-
tween the case and heat sink. adding a thermal resistance
in the range 0.2 to 0.5°C per watt. The other isolation
schemes use thin metallized ceramic disks, generally of
aluminum oxide. Recently beryllium oxide ceramics,
which have much higher K values than aluminum oxide,
have become available. Thermal resistances added by the
ceramics are higher than that of mica because they are
thicker; and, since heat flows in a spreading fashion from
junction to heat sink, they have effectively smaller areas.
For example. an alumina disk 0.1 inch in diameter and
0.02 inch thick has 8 = 10°C per watt from top to bottom
(assuming uniform heat flow). Beryllia would have § =~
1°C per watt, about twice the value of an equivalent
piece of copper.

To illustrate thermal limitations in a simple manner,
consider a p-n junction rectifier to be biased into the
avalanche breakdown region, as shown by the points in
Fig. 3 (axes shifted from Fig. 1). Power generated is then
simply V1. Power dissipated is (7" — T,)/6,. and equals
the power generated for steady-state conditions. Three
operating points—P,, Py, and P.—are shown in Fig. 3.
Shown dotted are the junction leakage currents, larger
for the higher power conditions due to junction tem-
perature rise. P,’, P,’, and P’ are the values of power
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generated at the three operating points as the result of
leakage current flow. Figure 4 represents these effects
graphically.

The straight line plots total power P = T/8 = Vi,
The exponentially increasing line represents uncontrolled
power, V,l,, a power that cannot be utilized. The dif-
ference between the two curves is controlled (usefu’
power. At P, the total power is uncontrolled. For th
given 6, points beyond P (Fig. 3) are not attainable
because if we were to attempt to increase /; the conse-
quent temperature rise would increase /, to a still higher
value. This is called thermal runaway, which, if not
safely limited. results in catastrophic burnout of the
device. A stable power limitation point is P,,. where (Fig.
4) the rates of increase of the total (P,;) and uncontrolled
(P,’) powers with temperature are the same. Below T,.
an increase in power dissipation within the device will
result in a greater increase in heat flow to the heat sink
than in uncontrolled power. By differentiating (10) with
respect to T, assuming T, constant,

7 dl 1 (12
dr, 0, .
From Eq. (3),
1
0.1 VI, ~ (13)
05

Hence, for absolute stability,

10
Vil; < (14)
0

Although (14) was obtained for a simple case (Fig. 3), .
applies to any operating mode of a device, where /; is a
leakage current.

Semiconductor p-n junction devices operate well at
high power densities, and can fail so quickly as the result
of thermal (or other) runaway that they are difhcult to
protect. Structures designed specifically for high-fre-
quency operation are forced to operate at high power
densities to minimize parasitic electrical effects. Hence.
lowering thermal resistance is a major design considera-
tion. Figure 5 illustrates the basic problem for a device
with small junction area (approximated by a conductive
hemisphere of diameter ). The spreading thermal re-
sistance (from ¢ to infinity) is 8 . = 1/wKd. The thermal
resistance from  to D, with D = 2, is s, = 1 27w Kd, or

Fig. 7. Schematic illustration of distribution of p-n junction
structure, giving lower value of 4

Fig. 8. Schematic illustration of large-area p-n junction de-
vice designed for operation at high currents

Fig. 9. Schematic illustration ot two devices connected in
parallel in one package

Fig. 10. Schematic illustration of two separately packagc.
devices connected in parallel on a heat-sink member, thus
forming a new, large package
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Fig. 11. Two internal geometries for power rectifiers

Z|vo

)

z

Package

Heat sink

98

Fig. 12. Pellets stacked on top of each other in a package
in order to increase reverse breakdown voltage

half the value of 8... To a first approximation for small
geometries, §;. may be taken as the sum of 6., and 6 from
D = 2d to the case; see Fig. 6. For heat flow from an
area of width D and unit length to one of width D 4+ §

o= (i3 15
ks " D ey
L
0.0 = XD (16)
/"
08:!01) ( )

Hence. lateral spread of heat flow is important in
lowering 6. Figure 7 depicts schematically a device in
which the junction geometry is split into two equal
parallel parts for better electrical performance or lower
thermal resistance. To take full advantage of heat-flow
spreading, the two sections are not brought closer
together than approximately the thickness of the pellet.

For operation at very high currents, devices having
large areas are required, as shown schematically in
Fig. 8. Since the largest crystals of silicon or germanium
that can be grown conveniently are about 1.5 inches in
diameter, a device that requires a larger size than this
must be built in several parallel-connected parts. Also,
from a practical standpoint, it is more difficult to make
large-area p-n junction structures at a high yield than
small ones, because of crystal defects and process lim-
itations. Another limitation on the size of a single struc-
ture that may be built is thermal expansion coefficient
mismatch between the silicon and its large-area metal
contacts. If a hard solder connection is used, the silicon

pellet may be strained, or may shatter upon cooling down
from the bonding temperature. If a soft solder con-
nection is used, the solder may rupture upon repeated
temperature cycling (thermal fatigue). To solve these
problems, smaller devices can be connected in parallel
in a package (Fig. 9), or perhaps connected in parallel on
a heat-sinking member and then perhaps repackaged g
mounting on a larger heat sink (Fig. 10). These multipl,
device arrangements permit selection and matching of
units before interconnection.

Power rectifiers

Solid-state power rectifiers are single p-n junction
devices, made according to either of the geometries
illustrated in Fig. 11, where p* and n* are very-low-
resistivity p-type and n-type regions, respectively. The
power rating of a rectifier is increased by increasing its
reverse avalanche breakdown voltage and current-
handling capacity, consistent with packaging to provide
adequate thermal dissipation. The reverse breakdown
voltage of a single silicon cell is limited to about 2 kV
for practical reasons, and most rectifiers have absolute
maximum peak reverse voltage ratings of under 1 kV.
As cell size increases, so do the difficulties in producing
cells that are free from defects, and hence, the voltage
rating decreases. Reverse voltage can be increased by
stacking two or more silicon pellets on top of one another;
see Fig. 12, This method is not in common use, however,
because the forward voltage drop is doubled and, even
worse, the thermal resistance of the top cell is increased
by a large factor. High-voltage cells generally have their
p-n junctions covered with silicone varnish, and may be
packaged with a gas under pressure, to prevent arcing
across the p-n junction in the package.

If a reverse line transient drives a rectifier into ’
reverse avalanche breakdown region, the device shou
recover provided the average power is not sufficient to
produce thermal runaway. It can happen, however, that
reverse avalanche breakdown occurs first in a localized
region, generally at the surface. Appreciable current (at
high voltage) flowing through such a localized region can
result in a local thermal runaway, which destroys this
part of the cell and, as a consequence, generally makes its
overall characteristic unusable. Hence, the cell must be
protected from receiving reverse transient pulses by
various means. To prevent surface breakdown from
occurring before bulk breakdown, various schemes for
lowering the surface electric field are being used. Figure
13 illustrates one of these schemes—that of shaping the
pellet surface. By this technique, 1000-volt rectifiers have
been made that can be pulsed nondestructively to 100
amperes in the reverse avalanche region, giving a peak
power of 100 kW.

In the forward direction. single-junction rectifiers are
rated to average currents of about 500 amperes, with
peak surge current ratings (1/120 second) of twenty times
this value. Pulsed operation takes advantage of the
extremely high instantaneous thermal gradient (and
hence, large heat flow) produced by fast heating of a
junction in contact with the relatively cool body of the
adjacent semiconductor. Junction defects are not so
important under forward bias, because they generally
result in regions of low current density and, hence, I¢
power. Adjacent normal areas heat the defect areas by
conduction through the silicon, making them more
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Fig. 13. Surface-contoured rectifier cell designed to prevent
surface breakdown from occurring before bulk breakdown
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Fig. 14. Derating curve for 35-ampere stud-mounted rec-
tifier (resistive or inductive load)

‘ig. 15. An example of a small rectifier stack assembly
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efficient, thus tending to make current flow more uniform.
The forward current carried by a p-n junction cell of a
given size 1s limited by the increase in forward voltage
drop that takes place at high currents due to its very
small, but finite, series resistance. This additional voltage
drop reduces circuit efliciency and increases power
generation. Germanium rectifiers are used primarily in a
few selective applications that take advantage of their
very low (<0.5 volt) forward drop. For example, in
electrochemical refining, where enormous currents are
used, the high forward efficiency results in a considerable
savings in power.

Until 7, becomes appreciable, almost all the power
generated in a rectifier is under forward bias. Hence,
forward current must be derated at elevated case tem-
peratures. As shown in Fig. 14, for a 35-ampere stud-
mounted rectifier having 6, = 1°C per watt, no derating
is necessary until a case temperature of 150°C is reached.
Although most rectifiers operate at line-power fre-
quencies, some have been designed for higher-frequency
use and fast switching. For example, 30-ampere rectifiers
are available that have 99 per cent rectification etliciencies
to beyond 150 kc’s and recovery times, from forward
operation to a high reverse resistance, of less than 0.2
us.

Very-high-current rectifiers are being made by the
paralleling concept illustrated in Fig. 10. Individual cells
are selected for forward match to within 1 per cent before
assembly, and are aided to some extent in uniform current
distribution by thermal flow from the heat sink to cooler-
running (higher forward voltage) cells. A further advan-
tage of this type of construction (rather than a single,
hermetically sealed package) for very-high-current
rectifiers is that a very large, current-carrying hermetically
sealed member is not required. A seal that is large in
area and that will withstand stresses caused by thermal
cycling is extremely difficult to make.

Fig. 16. Power-temperature derating curve for a zener
diode having a power dissipation of 50 watts
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Fig. 17. Common transistor geometries, in cross section. A—Germanium alloy. B—Silicon
diffused. C—Germanium mesa. D— Silicon planar. E—Silicon annular (interdigitated)

Rectifier stacks are assemblies of separately heat-
sunk rectifiers to perform specific functions. One type
of small stack is shown in Fig. 15. A great many series,
parallel, and bridge arrangements are possible.

Power zener diodes

The zener diode is a regulator utilizing the almost
constant-voltage region following reverse avalanche
breakdown of a p-n junction (¥, in Fig. 1).

Although the term ‘“‘diode™ is generally reserved for
low-power units and the term “‘rectifier” for high-power
units. common usage is such that “zener diode” refers to
all power levels of this device. Zener diodes with dis-
sipations up to 50 watts are available, covering (in the
high-power region) voltages from 6.8 to 200. A typical
derating curve is shown in Fig. 16. The major effect of a
rise in T is to increase the avalanche voltage. Tempera-
ture coeflicients of zener diode avalanche voltage range
from 0.1 per cent per °C for 200-volt units down to
0.04 per cent per °C for the 6.8-volt device. A 50-watt

zener diode is packaged like a stud rectifier, or in a single-
ended case.

Power transistors

There are several generic types of power transistors in
common use: germanium alloy, germanium mesa. silicon
alloy. and silicon diffused. Each type has several mod-
ifications, a few of which are sketched in cross section in
Fig. 17. Like the rectifier cell, the transistor is limited in
voltage operation to the breakdown potential of a single
p-n junction and, although limited in current density by
some basic considerations, can be extended to higher
current levels by an increase in area.

Both n-p-n and p-n-p transistors can be made in silicon
or germanium by each of the processes used, although in
some cases one type has emerged as predominant. Hence.
almost all germanium power alloy and mesa transistog
are p-n-p. and most silicon power alloy and diffused ur‘
n-p-n. For some applications, matched n-p-n and p-n-p
types can lead to circuit simplification. A rather close
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match can be obtained in some cases (such as silicon
diffused base), but tight matching. particularly at high
frequencies, is dillicult because of inherent differences in
device physics of the two types.

Transistors can be utilized in circuits in three different
configurations: common base, common emitter, and

‘mmon collector. Since the common-emitter con-

Furation is by far the most frequently employed, and

also best exhibite the wse and limitations of power

transistors, it will be the only tvpe discussed. The emitter

is common to input and output characteristics. the input

is between base and emitter (/,;, V). and the output is
between collector and emitter (/,., Vip).

Historically, the germanium alloy power transistor
was the first power transistor worthy of the name. These
transistors are generally made as shown in Fig. 17(A),
although many modifications, such as the diffused-base
type, are used. For these devices, §;, = 0.5°C per watt,
so with a mica isolator, 8, < 1°C per watt. When mount-
ing is on a convection-cooled heat sink. 8, can be as
fow as 3°C per watt.

Some power transistor limitations can be visualized
by considering the common-emitter characteristics of a
germanium alloy unit, such as shown in Fig. 18, Opera-
tional limitations for this type of unit are now imposed
by BVego (collector-emitter breakdown voltage with
open base) values generally less than 200 volts. The
value of BV, is determined by reverse avalanche break-
down of the collector junction, and is often lower than
this (see Fig. 18) as the result of current gain and surface
effects. Since high current gain (at low currents) tends to
reduce BV, it is doubtful that the present limit will be led
extended very much. Laboratory structures with high
gain to 400 amperes have been made, but the marketing

Q)temial has not warranted their appearance as a product.

sermanium alloy power transistors have very low values A

of Vepeon, 50 mV o at 50 amperes being attainable.
Although this does not represent a very large power (2.5 |
watts), it is not negligible. The low V..., value attain- !
able with these units makes possible eflicient operation
with low-voltage sources such as thermoelectric gen-
erators, solar cells, fuel cells, and sea-water batteries. \
Because of their wide bases and high /i, germanium
alloy power transistors generally have serious gain fall- \
off above 10 kc/s. Dilfused-base types are usable in the \
radio-frequency range and as high-current switches, with \
fall times under a microsecond.

Germanium alloy power transistors are rated to power Fle
levels of just under 200 watts at a 25°C case temperature.
With 6, = 0.5°C per watt, these units are linearly
derated to zero power at 110°C. A constant-power curve
is shown in Fig. 18. For a given thermal environment, a
curve of this type then defines the limit of dc operation, '
even though useful transistor characteristics extend
beyond the curve and could be utilized in a more eflicient
thermal environment. For an amplifier application, the Vet )
average power generated must be considered. This will ,
vary tremendously depending on whether class A, B, or lo J
C is used. For a switch application, not only must the

Collector current g, amperes

20 30 40
Collector-to-emitter voltage Vg, volts

Fig. 18. Common-emitter characteristics of a typical
germanium alloy power transistor

Fig. 19. Avalanche switchback and secondary breakdown in
collcctor V-1 characteristics, common-emitter connection

Secondary
\ breakdown

Constant-power
curve

power generated in the ofFf and ON positions be con- ’

sidered, but also the power generated during switching. -

The latter is a function of switching speed and load-line u N pe— T
.vape, which may be far from linear for reactive loads.

‘or fast switching, the transistor may safely traverse L S ) : B

extremely high power regions. Thermal time constants 0 LV ceo J BVceo Ve
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are in the range of 50 ms for these transistors, so during
each switching pulse the time spent in high-generation
regions must be considerably less than this to utilize
powers higher than the dc rating.

Silicon n-p-n alloy power transistors are limited to
about 30 amperes, but are rated up to 250 watts. 250
volts BV, and can operate to 175°C. They have much
lower current gains (about 20) and much larger values of
Vpen than germanium units of similar geometry (well
over 1 volt at rated current). Silicon diffused transistors
of similar geometry, Fig. 17(B). are available in ratings
up to 300 watts, with a minimum /., of 10 at 50 amperes
and BV, of 150 volts, and are derated to zero power
at a case temperature of 200°C.

Power transistor operation would be relatively simple
if the only operational and power limitations were those
already discussed. Unfortunately. there are several
complicating factors. These are illustrated in Fig. 19,
which shows only the curves limiting the area of operation
of a transistor. The Vepwn curve OA is similar to that in
Fig. 18. Figure 19 shows a BV, value equal to the
collector—base junction breakdown voltage. This is the
case where the transistor is free from punchthrough
(collector junction depletion region reaching the emitter
junction) and surface breakdown (caused by surface
impurities and imperfections), and has a low value of
leakage current. Leakage current /., along OB is not
differentiated from the V., axis because of its small
value. As the transistor is driven beyond breakdown (base
open), the characteristic follows along the curve BDGE.
From B to D. collector-emitter voltage drops as current
increases. This part of the characteristic is determined by
the equation Ma = |, where M is the avalanche multi-
plication coetlicient (a function that increases with
voltage) and « is the low-voltage common-base current
gain. As collector current is drawn beyond BV ., «a
increases, so M must decrease to keep Ma = 1. Hence,
collector voltage decreases. At higher currents. /i stops
rising, so the negative-resistance region terminates (point
D) in a low-value positive-resistance region DGE at a
voltage LV, The avalanche switchback from BV,
to LV is approximately 50 per cent for germanium
p-n-p and n-p-n as well as silicon n-p-n transistors but,
due to a lower avalanche coellicient. is only about 20
per cent in silicon p-n-p transistors. To the right of BDGE,
between LV, and BVep, the common-base current
gain N, = Mea is greater than unity. Operation in this
region in the common-base configuration is possible, as
long as the circuit is properly designed to accommodate
the greater-than-unity current gain. The region DG can be
shifted to voltages higher than LV, ., by reverse biasing
the emitter-base junction and, in some cases, can ap-
proach BV ..

At point G in Fig. 19, a secondary breakdown region
GF is indicated. Secondary breakdown is a phenomenon
that appears to occur in all transistors. although in low-
power types it is often entirely beyond the rated power
and, in such cases, can be neglected. In high-power
transistors, it is a major problem and can restrict the
operating range far below the limitations produced by
ordinary thermal considerations.

Several mechanisms are recognized as being capable of
causing secondary breakdown, and they often act in
combination. One is caused by defects that concentrate
current in small areas. These defects may be regions of

higher current gain due to localized. thin base sections.
The local power density becomes very large. and local
thermal runaway occurs. Another mechanism involves a
greater temperature rise at the middle of a large structure
(see Fig. 6) than at the edges. since the edge regions take
advantage of thermal spreading. A defect near the center
of a large structure will invoke both mechanisms.

Transistors having high-resistivity base regions, .
that uniform punchthrough can easily occur, display a
third type of secondary breakdown. This is caused by
constriction of emitter current to a small region near its
center as the result of biasing by radial base current flow.
This effect is particularly active along DGE. Fig. 19,
in which region a large majority current flows from
collector to base. Here an emitter—collector voltage drop
from G to F (secondary breakdown) can occur with no
requirement for temperature rise. although the con-
striction of current to a small region often produces one.
The secondary breakdown condition is made worse (that
is, I; is lowered) if the emitter-base junction is reverse
biased; or improved (that is, 7, is raised) for forward
emitter—base bias. Here, also, defects complicate the
picture.

A fourth secondary breakdown mechanism appears
when the contact to the collector region is injecting. and
may be caused by a nonintentional, perhaps not even
continuous, p-n junction, or a tunneling process. The
transistor (from emitter to collector) assumes a p-n-p-n
appearance (like a silicon controlled rectifier). This type
of structure is regenerative, and switches to a lower
voltage at the current /,. If the undesired injecting
structure is nonuniform, current can be localized.
Secondary breakdown is often destructive because of
current (and hence, power) concentration that can cause

local thermal runaway. ’
For purposes of amplification, transistor operation ¥

Fig. 20. Curves of safe operating area for a typical ger-
manium alloy power transistor with various switching times
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limited (Fig. 19) to the region enclosed by OBDGFO,
with the additional limitation that power generated must
be within the rated limit. This region, called the safe
area, is specified for a given transistor as shown in Fig. 20.
An amplifier load line will be entirely within the safe area.
For switching applications, since we are concerned only
'\/ith the end points and not with the linearity of char-

acteristics in between, the load line may violate all
limiting curves as shown by JK in Fig. 19.

One item of concern in this case is the power generated
during switching, which must be kept below the power
that results in thermal runaway in any of the violated
regions. The faster the switching, the less the power
generation, so safe-area curves may be extended (Fig.
20). Another item of concern is latch-up at point L in
Fig. 19. Since L represents a stable operating point, the
transistor can end up there during the turnoff cycle
instead of returning to point J. If the power generation at
point L is beyond the transistor rating, it will undergo

thermal runaway. It is necessary, then, thal the turnoff
pulse be not only sufficiently fast to avoid thermal prob-
lems, but sufficiently strong to carry the transistor back
to point J.

The germanium mesa transistor has a diffused base
region and alloy emitter, as shown in Fig. 17(C). It
derives its name from the shape of the active area that is
formed by etching down the remainder of the original
pellet surlace. Although originally dcsigned for low-
power high-frequency operation, larger-area versions
mounted in packages designed for better thermal dis-
sipation are useful into the range of several watts. Ger-
manium power mesa transistors are usually limited to a
BVeg, of 25 volts and collector current of !/s ampere.
Usable to about 250 Mc/s for communication applica-
tions, they previde, for example, about 2/; watt output
RF power at 160 Mc/s with greater than 50 per cent
efficiency.

Silicon diffused-base power transistors are almost

Fig. 21. High-power silicon interdigitated epitaxial annular transistor pellet. Size is approximately
0.5 inch square. Tapered emitter (center) fingers can be used to reduce emitter area because
current decreases down a finger due to its distributed flow into the base
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always made using masked diffusions for base and
emitter, giving structures like those shown in Fig. 17
(D) and (E). This type of construction (as does the ger-
manium mesa) allows the formation of extremely thin
bases. less than 0.5 micron in many cases. Since the
transport time of minority carriers across the base region
is inversely proportional to the square of the base width,
frequency response of these units can be very high. A
narrow base creates an additional problem, however, in
that the sheet resistance of the base region becomes very
high. Base current flowing laterally between emitter and
collector creates an electric field in such a direction
(for hp, < 1) that a somewhat higher emitter junction
forward bias is produced at its periphery than toward its
center. Since current injected from emitter to base is an
exponential function of junction voltage. a small potential
difference leads to a high degree of emitter current
crowding toward the periphery. Hence. the central parts
of the emitter carry little current, but do add a large
parasitic junction capacitance. The obvious result has
been to utilize geometries that concentrate on “line”
emitters, such as a narrow stripe or ring. Where larger
current capability is desired. geometries are used that
effectively place many line segments in parallel. such as
an interdigitated structure; see Figs. 21 and 17(E).

The structure shown in Fig. 17(D) will have a relatively
high value of V. .., due to the ohmic drop caused by
collector current tlowing through the rather high re-
sistivity (of the order of 1 ohm-c¢m) collector region. As
the geometry is made more “linear.”” electrical and
thermal spreading resistance become important, par-
ticularly since current flow through the base and into the
collector is constricted to a path about the size of the
emitter. The electrical (but not the thermal) resistance
can be very much reduced by utilizing a collector that has
a thin (generally 10-50 micron) high-resistivity region (so
that a high collector-junction breakdown voltage may be
achieved) backed up by a very low resistivity region
(generally 100-250 microns); see Fig. 17(E}. Thickness of
the high-resistivity region is greater the higher the break-
down voltage. A much thinner pellet with just the high-

Fig. 22. Gain-bandwidth product f vs. collector current for
two types of 10-ampere diffused-base silicon transistors
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resistivity region would work even better, but breakage in
processing would be excessive. It is important, however,
from the thermal standpoint, to keep the pellet as thin
as practically feasible. Two-layer collector structures
(n-n* or p-p*) are produced primarily by the epitaxial
process. wherein the high-resistivity layer is grown on the
low-resistivity substrate. Epitaxial growth and localize
(masked) ditfusion are the two ‘“breakthroughs” withou'
which silicon high-frequency power transistor technology
would be far below its present level of perfection.

Base transport time (base width) is not the only factor
determining speed of a transistor. The other major limit-
ing factors are controlled by junction capacitance and
diffusion capacitance (charge storage) effects. Each p-n
junction behaves very much like a capacitor in parallel
with the mechanism producing nonlinear V-I charac-
teristics (Fig. 1). These parasitic capacitances degrade
performance of high-frequency amplifiers by virtue of
the resulting RC time constants. If the emitter junction is
made as narrow as possible, its capacitance is reduced.
The collector junction is also kept as small as possible for
the same reason. Practical process limitations impose
restrictions on how fine a structure can be made. Lateral
spacings and line widths in the 5-to-10-micron range are
handled reasonably well at present. Collector capacitance
can be reduced by raising collector resistivity. At high
current densities, however, this permits the effective base
width to increase, and hence the frequency response is
lowered by virtue of a longer base transport time. This
technique limits the power handling capability of the
transistor, but is very useful in automatic-gain-control
applications.

The gain—bandwidth product of a transistor [y =
VvV Gf. is a measure of how fast a signal can travel from
emitter to collector, and includes emitter and collectc
junction capacitance charging times (RC products), base
transport time, and collector depletion layer transit
time. At fp, lu: = 1, but power gain exists because of
impedance transformation. In Fig. 22, f is plotted versus
collector current for a 10-ampere silicon diffused-base
transistor (Fig. 21). The drop-off at low currents is due to

Fig. 23. Power vs. frequency for silicon high-frequency
power transistors and varactors
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increasing emitter junction time constant since emitter
junction resistance Ry, = 1/(dlg/dV}) is inversely pro-
portional to /. The drop-off at high currents is due
primarily to effective base widening, and is much more
severe for the higher voltage (higher collector resistivity)
unit.

Although f+ is an important measure of the ability of a
.unsistor to amplify at high frequencies, a more impor-
tant figure of merit for amplifier use is the maximum
frequency of oscillation

N
f, = i i max
max 5 \/l‘hlcc if fonx > fr (18)

As base width is reduced to increase fy, r,’ increases
because of inherent process limitations, and f£,., may
actually drop. Hence, for amplifiers, f7 is often lowered
so that f..., and hence, amplifier performance, is op-
timized.

The present status of silicon high-frequency power
transistor amplifiers is illustrated in Fig. 23. The shaded
curve represents upper limits of powers attainable with
usable etliciencies. The lower part of the shaded areca
depicts transistors that can be made with reasonable
yield and the upper part indicates transistors that have
been demonstrated as laboratory models. Because of
thermal limitations imposed by the fine geometrical
designs, above approximately 100 Mc/s these transistors
are generally distributcd over the surface of a larger
silicon pellet. The parts are made as separate lower-
current transistors (see Fig. 7) and then interconnected
in parallel by metalizing. Conducting paths then form
over the surface of the silicon dioxide passivating glass,
approximately 1 micron thick, that covers the silicon.
‘ontact to appropriate silicon regions is made by cutting

oles in the glass. Metalized paths drop down from the
outer oxide surface and alloy to the silicon in these
regions. Although some (or all) of the interconnections
could be made by connecting p-n junction geometries,
over-the-oxide interconnections have lower parasitic
capacitance and, hence, are essential for the ultimate in
transistor high-frequency performance.

High-frequency transistors are often used in parallel
(see Fig. 10) to increase power output. High-frequency
power silicon transistors are often ditticult to use in low-
frequency applications because of their tendency to
oscillate in practical circuits. If the base is widened to
lower the frequency response, current gain drops because
minority carrier lifetime in the low-resistivity base
regions produced by this type of process tends to be low.
Diffused-base transistors in the 10-ampere 100-volt
range have been successfully made with f; values as low
as 10 Mc/s. Lower than this, geometries such as that
shown in Fig. 17(B) are used.

The current gain—-bandwidth product f; is a good
indicator of how fast a transistor can be switched on.
To turn it off, however, requires removal of the minority
carriers stored in the base and collector regions while in
the (saturated) *“on” condition. Fastest switching is
accomplished by lowering minority carrier lifetime
(by gold diffusion) to a very small value so that the
injected minority-carrier stored charge will quickly
'combine once turnoff is started. Transistor design to

hinimize stored charge is also important. Very low life-
times indicate very thin bases, so that a reasonable
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Fig. 24. Safe-area curves for a typical high-power diffused-
base silicon transistor with various switching times

Fig. 25. Junction structures in the two SCR polarity types

Cathode Gate
7 ZA
" |
P
N
P
7 Lz 7z 7
Anlde
An?de Gate
}
% H 7
P
N
P
N
g
Cathode

105



106

Fig. 26. V-1 characteristic of a silicon controlled rectifier

current gain will be preserved. At present, transistors are
available with switching times of approximately 10 nano-
seconds for currents in the low ampere range.

Thermal limitations for diffused-base power transistors
are similar to those for other transistors, and safe-
area curves are necessary (Fig. 24). Because of the very
thin bases of these structures. large-area versions are
prone to be limited by defect-induced secondary break-
down.

Silicon controlled rectifiers

The silicon controlled rectifier (abbreviated SCR) is a
four-layer device utilizing three p-n junctions for its
operation. Like the transistor, two polarity versions are
possible. as shown in Fig. 25, the most commonly used
version being shown at the top. The SCR is used as a
three-terminal switch. such that anode-to-cathode switch-
ing from a high voltage-low current (off) state to a high
current—-low voltage (on) state is triggered by a small gate
signal. In order to return the SCR to its high-impedance
state, the anode-to-cathode current is reduced below
a critical hold current /. Figure 26 illustrates the V-7
characteristic of an SCR. As voltage is increased in the
positive direction (center junction reverse biased) a small
leakage current flows until the avalanche breakdown
voltage V,, of the center junction is reached (or until
surface breakdown occurs). Past this point, appreciable
current can flow. As with the transistor. the V-/ charac-
teristic from Vg, to I,; is governed by the equation
Ma = 1., except that since now there are two transistors,
each utilizing the reverse-biased center junction for a
collector, the equation in this case is approximated by
Moy, + apmy) = 1. As the current increases, aum
and/or a,., increases, so the voltage drops to reduce
M. Whereas in the case of a transistor this avalanche
switchback is undesirable. in the case of an SCR we wish
to maximize it. The current gain sum o + @op rises
quickly with current, permitting efficient switchback to a
low voltage at a low current /,;. At this point, and for all
higher currents, all three p-n junctions are forward biased,
with the outside two of polarity opposite to the center

junction. Hence, the total voltage drop across the device
is approximately that of a single forward-biased silicon
p-n junction, about 1 volt. Hold current /,; is typically
in the range of 1 to 50 mA. For currents larger than /,;, the
multiplication factor M is equal to unity because of the
low voltage, so the equation describing this region is

Qe + gy = 1L

The short section of the SCR V-I characteristic exten.
ing vertically from V,,, Fig. 26, is present on some types
made utilizing a ‘“‘short-circuited junction” geometry
—for example, in Fig. 25 (top), if the cathode contact
were to extend a short distance farther to the right. it
would short-circuit a section of the upper p-n junction
on the surface. As V,,, is exceeded, appreciable avalanche
current from the center junction flows through the
short-circuited region into the cathode instead of having
to flow through the upper p-n junction. Hence, the
effective emitter efficiency of the upper (n-p-n) transistor
is zero. As current is increased, however, lateral current
flow through the upper p-type region, Fig. 25 (top),
produces a transverse voltage drop there, causing the
left section of the upper p-n junction to receive a forward
bias. This triggers the main p-n-p-n anode-to-cathode
breakdown, which occurs somewhat away from the short-
circuited region. The short-circuited junction geometry is
built into an SCR structure to promote temperature
stability of V. An effect of this type may be obtained on
nonshort-circuited units by attaching a resistor between
gate and cathode ; see Fig. 25 (top).

If the gate is given a small bias in a direction so that
the upper p-n junction is forward biased, the upper
three junctions behave as a transistor, and current flows.
The current flow increases au,., Or ., or both, and. if it
is large enough (that is, of the order of /;), the high-
impedance region (Fig. 26) disappears. The characterisl’
then follows the short dashed curve from the origin t
1,;. Hence, switching from A to B is accomplished by the
application of suflicient gate current that the high
impedance region is eliminated (or very much reduced)
and point B becomes the only stable operating point
available for the circuit. The device will stay at point B
when the gate signal is removed.

For an anode-cathode potential of the opposite
polarity, the two outer p-n junctions are reverse biased.
Switching action does not occur in this case and the SCR
behaves like two reverse-biased junctions in series and
undergoes avalanche breakdown at the sum of their
individual breakdown voltages. Silicon controlled rec-
tifiers are generally rated (at 125°C) with the same values
of forward and reverse breakdown voltages.

The silicon controlled rectifier has an advantage over
power transistors when used for off-on switching. Since
the action is regenerative and has two stable points
(without the need for gate current), current flow is uni-
form over the area of the device, except for small per-
turbations in short-circuited junction structures. No
crowding toward a junction periphery takes place.
Hence, simple large-area geometries sutlice for very-high-
current operation.

Gate-firing characteristics for an SCR must be wcli
specified to muke sure that all units of a given type will
turn on if a gate pulse beyond a given current threshold is
applied. Also, since the gate region—and usually t
gate lead, too—is small compared to the anode anc
cathode, applied gate power must be limited.
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The highest-current SCRs are rated up to 400 voits and
lower-current units are generally rated in the 600-800
volt range. Newer devices show promise up to 1500 volts.
The power controllable by a 400-volt 300-ampere unit
approaches 100 kW, and can be reliably switched by the
expenditure of as little as 1 watt. Thermal resistance from
.xnclion to case (stud) of a power SCR runs from 0.1

0 1°C per watt. Since the SCR is often used for controlled
rectification, wherein the device is triggered to start
conduction at a particular phase angle of a sinusoidal or
square-wave power voltage, the units are generally
graphically rated for the convenience of the user, so
permissible average forward current is specified as a
function of conduction angle. Most silicon controlled
rectifiers are rated for operation up to 125°C.

If the duration of a high-power pulse is short compared
to the thermal time constant of the heat-removal system,
the user can take advantage of a much lower thermal
resistance, since thermal gradients are higher. Thus. L
in Eq. (4) is effectively shortened. Turn-on times for an
SCR are short because of the regenerative nature of
their switching. Even the larger units turn on in about 1
us. If anode-cathode voltage is applied too quickly (for
example, when controlling conduction in a square-wave
system), however, the value of V,., may be lowered.
This dv/di effect occurs if the charge released from the
center junction when it is quickly reverse biased is suf-
ficient to charge up the bases of n-p-n and p-n-p com-
ponent transistors. The effect is most severe if the central
n-type and p-type regions are thin. High-power SCRs
have relatively thick regions, however. and voltage
application rates of greater than 10 volts per us are gen-
erally permitted without lowering V.

The turnoff time of an SCR is much slower than the
'urn-on time, and is circuit dependent. Most devices are

rated through 400 ¢/s sinusoidal and square-wave op-
eration, with newer (medium current) SCRs operable
above 10 kc/s. Turnoff is quickened if reverse anode-
cathode voltage is applied. Even though the anode-
cathode current has dropped to a value below /,,. the
SCR may refire at a voltage below V,, if suflicient
time has not been allowed for recombination of charge
stored deep within the device. Hence, turnoff time must
be measured by determining how long a time must
elapse before a voltage of V,, is required to fire the unit.

For certain pulse applications, switching is entirely
within the first quadrant (Fig. 26). A high reverse-voltage
rating is not required. Silicon controlled rectifiers of this
type are rated to close to 1000 volts V,,,, 100 amperes
repetitive (10 us) pulse current. Turn-on times are in the
range of 250 nanoseconds. Turnoff times (with 10 amperes
reverse current) are several microseconds. Forward-
voltage application rates exceed 50 volts per us.

The silicon gate-controlled switch (GCS) is an SCR
in which the gate can be used to turn the unit olt as well
as on. Consider a controlled rectifier to be on (position
B in Fig. 26). A reverse bias on the gate will change the
characteristic to that shown by the long dashed line (if
the SCR does not burn out first). The only stable point
for the anode—cathode bias circuit is at A, so the device
must turn off. Gate control works by robbing the upper
transistor of some of its minarity-carrier base charge.
.lcnce, a higher current is required to make a.,. +

., = l.and I;; moves up to /;,’. The gate electrode must
obtain at least partial control over the base region it
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contacts, and thus the situation is between that of an
SCR and a transistor.

Silicon gate-controlled switches are rated up to 400
volts, 5 amperes. They turn on with forward gate currents
similar to those of an equivalent SCR, but have less gain
during turnoff. For example, turnofl’ from 5 amperes to
25 volts is accomplished with 500-mA reverse gate cur-
rent, or a turnoft gain of 10. This is lowered at higher
voltages and lower currents, as shown in Fig. 27. Ratings
are for a 200-us pulse width. The GCS can simplify
switching circuitry, as shown in Fig. 28, for an electronic
ignition system.

The silicon GCS is a recent product innovation, and
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Fig. 27. Change in turnoff gain for a silicon gate-controlled
switch with current and voltage. T.: (temperature of case)
is held constant for these curves and produces a small
effect (about 20 per cent) from —40 to 100°C

Fig. 28. Simple electronic ignition system utilizing a bi-
stable semiconductor switch (silicon gate-controlled switch)
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should witness rapid improvement in characteristics, par-
ticularly in current rating and turnoff gain. Other more
complex structures have been demonstrated in the labora-
tory and should appear as products in the near future.
These include a five-layer diode—that is, n-p-n-p-n with
double shortcircuited junctions—for symmetrical two-
terminal switching, and a three-terminal five-layer device
that is switched on for either polarity of anode-cathode
potential by means of a pulse of either polarity applied to
the gate. Fig. 29 (after F. E. Gentry, General Electric
Company) illustrates the rather complex internal geom-
etry of the latter device.

Power varactors

The varactor is a p-n junction rectifier designed to
maximize junction capacitance variation with voltage
and to minimize series resistance. For high power capa-
bility. high reverse breakdown is also necessary. Because
of its nonlinear properties, the varactor is used to generate
higher harmonics from a signal impressed across it. V-/
characteristics of a varactor are like those for any p-n
junction (Fig. 1).

The depletion region that defines the extent of a p-n
junction is illustrated in Fig. 30. It is a region which, to a
first approximation, contains no mobile charge, but con-
tains a large fixed charge. Hence, its behavior is much
like that of a parallel-plate capacitor, and

C=— 19

where

C
€
w

capacitance per unit area
dielectric constant (12 for silicon)
width of depletion region

Il

The value of w depends upon the total potential across
the depletion region, increasing for reverse bias and
approaching zero for large forward bias. An applied po-

‘C

Fig. 31. Capacitance vs. voltage for a p-n junction varactor

tential appears, to a first approximation, entirely across

the depletion region. adding to (reverse bias) or subtract-

ing from (forward bias) the built-in junction potential d—

in the range of 0.7 volt for many silicon p-n junctions.
For an abrupt p-n junction

C, < (d—w" (20)

For a linearly graded p-n junction
C, o (@ — w13 1)
Powers from —1/2 to —1/5 are obtained in practice.
depending in detail upon the impurity distribution in 1_

structure. If the bottom edge of the depletion layer, Fi3
30, should reach the n* boundary before avalanche break-
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Fig. 32. Simple varactor frequency-doubler circuit

down, the extent of the depletion region w from that
voltage until breakdown is almost constant, and so the
capacitance changes very little with voltage, as seen in
(19). Operation of a varactor under reverse bias is limited
by the avalanche breakdown voltage Vg, shown in Fig. 1.

Under forward bias, appreciable quantities of holes are
injected from the pt region into the n-type base (Fig. 30).
These are neutralized by electrons, and can constitute a
charge much greater than the free electron charge in the
n-type material by itself. This charge lowers the effective
resistivity of the n-type region, a fact that is responsible
‘or the extremely high forward efficiency of a p-n junction

ectifier. Since this large charge is stored by virtue of a
forward junction voltage, it constitutes a capacitance
called diffusion capacitance, in addition to and effectively
in parallel with the junction depletion region capacitance.
Hence, as the p-n junction goes into forward bias, its
capacitance increases at an extremely fast rate because
both the depletion capacitance—as v — & in Eq. (20)—
and diffusion capacitance terms become large. A plot of
total capacitance versus voltage for a p-n junction varac-
tor is illustrated in Fig. 31.

A p-n junction varactor may be considered to be a non-
linear capacitor C(V) with a series resistance Rg. If a
sinusoidal current is impressed upon a nonlinear capaci-
tor, of the type indicated in (20) or (21), the voltage
appearing across the capacitor will be nonsinusoidal. It
will contain harmonics of the fundamental signal. In a
practical case, the current, voltage, and stored charge will
all be nonsinusoidal functions of time. When the non-
linear capacitor is placed in a circuit so that it is common
to loops resonant at fundamental (input) and first-
harmonic (output) frequencies, much of the input signal
at frequency / is converted to frequency 2f. Figure 32
shows a simple frequency-doubler circuit.

The efliciency of frequency conversion by a varactor is
a function of the losses in the system. The circuit Q,
which i1s important. is controlled to a large extent by the
quality factor O of the varactor diode.

® 1

Q= 2rfRsC
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A diode cutofl frequency /. is defined as the frequency at
which @ =1, so

1
fo = 27 RsC (23)

Rs and C both vary with voltage. For a good 25-watt
silicon varactor, C will be in the range of 50 pF (measured
at 6 volts reverse bias). Rg climbs from about 0.5 ohm
at 300 volts reverse bias to several ohms as zero bias is
approached. This gives a device Q of well over 100 for
most of this voltage range, and a cutoll frequency /. at
300 volts approaching 50 Ge/s, and at 6 volts of about
2 Gc/s. Equations (22) and (23) are only partially
realistic, however, since they do not take into account
how much C varies with voltage.

Advantage can be taken of the very wide capacitance
swing under forward bias at high frequencies by proper
circuit biasing. If a diode is driven into forward bias under
low-frequency conditions, current flows and Q is very
much lowered. If the diode is driven into forward bias
for part of a high-frequency cycle, however, the injected
charge can be extracted as the junction swings quickly
into reverse bias. Hence, there is little loss since almost
no ohmic current flows. By the use of these techniques,
as well as by careful circuit tuning, varactors are presently
capable of accepting 50 watts input at 50 Mc/s and
doubling frequency at greater than 80 per cent efliciency
or quadrupling at over 40 per cent efficiency.

Strings of varactor multiplier circuits are used to take
power from the 50-Mc/s range and convert it with reason-
able efliciency to well beyond 10 Gg/s. Figure 23 shows
how the use of varactors for frequency multiplication has
extended the range of transistors. Because of the ex-
tremely nonlinear operation of varactors. their perform-
ance is very diflicult to calculate and circuit tuning is
extremely sensitive. Nevertheless, their use above 100
Mc/s is important at the present time and will continue
to grow. Fromt the dcvice standpoint, decrcasing Ry is
the most important problem. Linearly graded silicon
structures offer an advantage in this respect. Also, ger-
manium and gallium arsenide, because of their higher
mobilities, may find widespread use above 1 Gc¢'s.
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IEEE spectrum—Retrospect and prospect
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Eighty vears ago a great society of electrical engineers
was born. At that time its planners laid heavy emphasis
on the communications aspects of electrical engineering.
At Hist they stressed telegraphy., and later telephony as
well. Then. with greatly expanded activities. the American
Institute of Electrical Engineers took its place as a worthy
representative and tool of the electrical branch of the
engineering professions.

Twenty-eight vears later there came into being another
major engineering society specializing strongly in two
particular divisions of electrical engineering -communi’
cations and electronics. This organization, The Institute
of Radio Engineers. also prospered. And it too grew into
a definite symbol and instrument of the professional en-
gineering interests of its membership.

The coexistence of these two societies was, on the
whole. gratifvingly dignified and peaceful. Yet it seemingly
perpetuated an anomaly. which resulted from a partly
artificial division of electrical engineering into two arbi-
trarily delimited sections. Although AIEE was also
vigorously active in the electronics and communications
tield. IRE stressed comparatively few portions of most of
the other divisions of electrical engineering. Inevitably
there was undesirable duplication of effort by the two
societies. And there was a corresponding partial waste of
funds and. more important, of skilled and relatively scarce
engineering manposwer.

The problem of unity

Four decades ago the need for unity in the electrical
engineering profession became increasingly evident. at
least to some of us. But formidable obstacles loonmed in
the path to unification. These included the jealously
guarded corporate standing of the societies. the personal
pride or individual ambitions of important members, re-
sistance to supposed subordination of one society or the
other, outright conservatism. and normal competitive
instincts. These factors and other all-too-human elements
for many years were solid roadblocks in the path of th‘
merger of the two Institutes.

Yet the wheel of time turned irresistibly from a partly
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unsatisfying past toward a brighter and greater future.
Increasing tolerance and understanding sprang up be-
tween the societies—first as tender shoots. then as mas-
sive-trunked and sheltering trees. Mutual understanding
led to growing cooperation. The necd for unification be-
came ever clearer. Accordingly, when a comprehensive
merger proposal. painstakingly developed. was submitted
in 1962 to the AIEE and IRE memberships, it was ac-
cepted by an overwhelmingly favorable vote. And now we.
the membership of the older societies. are The Institute
f Electrical and Electronics Engineers, Inc. And we have
n our hands all the responsibilities and challenging
opportunities conferred in our new corporate charter.

Thus, with broad coverage of the entire electrical and
electronics field within our scope, it is appropriate that
IEEE should select as its unifying and *‘core” publication,
reaching all its members. a new journal born this month—
fittingly termed IEEE SpeEcTRUM. Its novel designation
was wisely and felicitously suggested by E. K. Gannett,
in charge of IEEE Editorial Operations, and W. R. Crone,
Consultant to the IEEE STUDENT JOURNAL.

It is anticipated that IEEE SrECcTRUM will contain re-
view and tutorial articles. and occasionally articles of
broad and fundamental import. It will include articles of
application and of economic significance. It will present
news of the profession and of IEEE, announcements and
reports of conferences and conventions, news of education,
and letters to the editor on topics of broad concern as well
as of general interest. Also included will be news of scien-
tific and engineering advancement. items of political and
social interest to the profession. and abstracts of or refer-
ences to material in other IEEE publications. The techni-
cal level of IEEE SpecTruUM will be such that it will be a
positive force in upgrading the level of membership
ability and in fostering the development and expansion of
the field encompassed by IEEE. It will inherently aim to
be an agent for human progress through enhanced pro-
fessional capabilities.

Q The title IEEE SPECTRUM is particularly appropriate in
iew of the unusually wide range of topics falling within
the scope of IEEE. These subjects, at present, might in-
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clude (merely as a small and typical sample): electrical
applications of Boolean logic and algebra, error-correct-
ing codes, magnetohydrodynamic power generators,
peak-power storage in elevated water basins (tidal or
artificial), helicopter placement of transmission-line
towers. fuel cells as primary generators, magnetic mem-
ories of the ferrite-core or thin-sheet types, status of elec-
tronic prosthetic devices in medicine, plasma absorption
of electromagnetic radiation from re-entering space ve-
hicles. and space communication over tens or hundreds
of megamiles. One might multiply this sample many hun-
dredfold to acquire some concept of the breadth of
knowledge that will necessarily be presented in IEEE
SPECTRUM.

Professionalism

Yet. serving as a source of dependable and timely in-
formation on matters within the scope of IEEE, and thus
keeping the membership of the Institute up to date in its
fields. is only one of the purposes of IEEE SPECTRUM.
Another primary aim of IEEE and its publications is to
foster and strengthen the professional standing of its
members and to promote and emphasize their profes-
sional accomplishments. It is appropriate here to consider
briefly the nature of professionalism and the personal
value and significance of the professional attitude among
engineers. Our new publication, IEEE SprecTRUM, will
appear in clear perspective if its aims are shown to be defi-
nitely identical with those of IEEE itself. Publisher and
publication must be parts of the same consistent and co-
herent structure. Accordingly it is fitting here to consider
the nature of the professional engineer and of his chosen
implement, our Institute. Thus the services rendered
by IEEE SpecTrRUM will be clearly seen and justified.

There is of course a close professional kinship between
electrical and electronics engineering and the older
professional fields. Technically considered, the closest
relationship is probably between the field of the IEEE and
the civil and mechanical engineering fields. Ethically and
socially, the field of IEEE perhaps seems closest to the
field of medicine. Professional consulting engineering calls
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for the solution of individual problems somewhat similar
to those encountered in electrical and electronics engineer-
ing and involves the acceptance of similar ethical con-
cepts. The legal profession is based on somewhat different
fundamental needs and concepts. Yet it and the field en-
compassed by IEEE are slowly approaching similar com-
mon bases and modes of attack on problems.

Professionalism merits a clear definition. To avoid con-
fusion. we should first consider some elements that,
though not directly within the purview of a learned so-
ciety such as IEEE, are self-evident requirements for the
successful functioning of the professional man. To begin
with. these are the establishment and maintenance of
reasonably attractive working conditions and adequate
remuneration for the engineer, permitting personal and
family life at a cultural level. Included are due public and
private recognition of the value of the work of the indi-
vidual engineer (even though the engincer has not been
notable as a seeker for fame through self-advertising
which. in fact. is viewed with doubt or distaste by most
ethical engineers). The preceding factors must be re-
garded as the necessary socioeconomic foundations of
any healthy professionalism.

But at this point we must face a group of complex.
knotty. and potentially controversial elements involved

in professionalism. We must ask ourselves such questions
as: What are the essential elements of a professional call-
ing? How do they ditfer from those of a trade or a craft?
What are the inherent obligations of a professional
worker? How shall his fellow workers and the public
recognize his unique characteristics and accomplish-
ments?

The usual dictionary definitions are not particularly
helpful in attempting to answer these questions. Thus. a
profession is defined as *“‘the occupation, if not commer-
cial. mechanical. agricultural. or the like. to which one de-
votes oneself.” A craft is defined as “an occupation re-
quiring art or skill."” The definition of a trade is. for ex-
ample, “a means of livelihood™ or, alternatively. “the act
or business of exchanging commodities by barter or
sale.”

Admittedly. ditferent men might give diverse answers to
the questions posed above. Yet it is believed that the
nucleus of agreement. like the nucleus of the atom, is
firmly knit and adequately definable. Here. then, are some
proposed answers to these questions. The inherent factors
in a professional occupation include the possession of a
wide range of knowledge. both broad and detailed, of the
chosen field. Also needed is much more than a smattering
of its relation to society in general, implying as well a good
understanding of the humanities. Other factors are the
possession of unusual skills in applying the teachings of
the tield, a strong sense of responsibility and of personal
dignity. and a measured pride of accomplishment in the
field. These factors lead naturally not only to self-respect
but also to respect for fellow workers. They require a
firm refusal to engage in comment or conduct prejudicial
to a comember in the field unless clear ethical considera-
tions, violations of law, or obvious neglect of duties lead
to a public controversy or a legal procedure in which
professional men must be involved.

Thus the obligations of the professional worker flow
naturally from his standing and privileges. His main ob-

jects in life are such as to emphasize and justify his special
repute, his scientific and technical skill, his creativity, his

social importance to humanity. his ethical guidance, and
his intraprofessional relationships.

IEEE fits well into this matrix of purposes. Clearly one
of its major functions is to nurture and preserve a precious
dichotomy. This dualism involves the reconciliation and
coexistence of the socioeconomic elements and the pro-
fessional aspects of the electrical engineering profession.
As has been stated. one part of the engineer’s life is n
dissimilar to that of other men. It is obviously essentiul
that the engineer and his family shall live an economically
pleasing life free from harassment or distress arising from
his daily needs and the development of his long-term se-
curity. An atmosphere of acceptable peace and modest
plenty are rightfully needed. To these ends the engineer,
as an econonmic unit, rightfully asks an adequate scale ot
remuneration and a congenial type of environment. Some-
times the engineer handles these matters directly through
personal negotiations. And sometimes these factors are
worked out by group association and large-scale negotia-
tion. But. in any case. their handling is a necessary and
normal part of the engineer’s life.

But man lives not by bread alone. The engineer is first
and foremost a professional man. What then shall we seek
as a primary function of IEEE? Clearly, one such aim
must be firmly to establish and maintain professionalism
under the guardianship of IEEE. If we succeed in build-
ing up IEEE as the vigilant and effective symbol of en-
gineering professionalism—and we shall—all else may
well be given to us.

Yet there are many matters of detail that must be con-
sidered. As influential and large an organization as the
IEEE is justified in taking a “‘long. hard look™ at its pur-
poses. procedures, and accomplishments. and even at its
daily activities. Great amounts of human effort, time, and
devotion have gone and will go into IEEE. Correspond
ingly convincing and decisive reasons justifying its aimx‘
its mode of operation. and its desired results can legiti-
mately be sought and developed with utmost care.

Without any wish to be dogmatic or didactic. here are
some personal concepts concerning this Institute. which
belongs to all of us. Considering its specitic aims, these
concepts clearly include the orderly large-scale collection
and dissemination of comprehensive and advanced in-
formation in the electrical and electronics field. This
information should range from the most specific to the
most general; from the longest-term historical data to the
latest “news of the minute™; and from the most highly
technical data through humanitarian aspects of public
interest to the study of the particular needs and personal
welfare of the members of our Institute. Every available
and logical agency for the collection of information
should be considered and, if found suitable, should be ef-
fectively utilized. And all available and powerful modes ot
dissemination of the gathered information should be used,
including small specialized meetings. larger meetings, con-
ventions, world conferences, publications, and wide dis-
tribution of films and tapes.

Since IEEE is a nonnational body. it must appro-
priately proceed on the valid basis that science and engi-
neering know no frontiers. Truth has a scope as wide
as the cosmos. To implement so broad a plan, great care
must be taken to encourage and support activities ot
IEEE in every country of the world. The IEEE membe'
ship in each country must enjoy in equitable measur
every opportunity and privilege granted to those in other
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countries. Race, creed, and national origin are not rele-
vant factors in the standing and advantages to be en-
Joyed by every member.

It follows naturally that cach body of regional mem-
bers shall have full opportunity to work out its problems,
1o exercise its organizational and administrative in-

.».tnuity, to expand its Sections and Chapters in healthy

ashion, and to make its maximum contribution to the
fulfillment of the general aims of IEEE.

Some interesting, diflicult, and challenging problems
are therefore encountered by a nonnational body like
this Institute. One of these is the barrier of language
difierences. Here an early and complete solution may be
cconomically impracticable. However, several steps to-
ward making all technical material issued by IEEE
equally available to all or most members (and readers)
are possible. Various fields must be explored. open-
mindedly. These include multilingual editions (or ab-
stracts) and utilization of machine-translation facilities,
with the resulting availability of printed. microfilm, or
tape versions of basic material. The ultimate aim is
to make every technical advance in the field of the In-
stitute available to all.

Members’ needs and obligations

At all times, the needs of the membership and of the
community should be kept in mind as guides to preferred
procedures. These activities of the Institute, its Sections,
Regions, Chapters, Professional Technical Groups. Com-
mittees, and other Divisions should be skillfully and
painstakingly adapted, probably on a partially pragmatic
or even empirical basis, to the needs of the membership
and to the benefit of the public.

IEEE has acquired a rich heritage of accomplishments
irom its parent societies. The professional assets of IEEE
represent in considerablc measure the summation of the
achievements of AIEE and IRE. These accomplishments
are so outstanding and helpful to IEEE that nothing fur-
ther need be said on the subject. As to the future, how-
ever, even more may confidently be expected from IEEE.
It must be expected to accomplish many and more com-
plex tasks. Scientific and technical progress in its field
must be progressively and systematically promoted.
The professional viewpoint and standing of the Institute
and its membership must be jealously guarded. The pub-
lic must ever be made aware that the engineer members of
the Institute are not only the dependable custodians of
profound knowledge. skill, and creativity but also the ex-
ponents of the high and demanding standards of pro-
fessionalism. The dignity and importance of the electrical
and electronics field must continually be explained and
stressed.

In the light of these needs. it is seen that there are
definite obligations involved in IEEE membership. Each
member should feel a proper pride in his Institute and
should do his utmost to enhance its standing. There is an
urgent need for the maximum of “‘grass roots™ activities.
Only thus can the Institute continue to enjoy democratic
regimes, consistent with firm and capable everyday ad-
ministration, Each member may well have a group of uni-
fied loyalties, which are ditferent aspects of the same basic
identification of himself with his Institute. A man may be

dweller in his home town, a citizen of his local state or
regirie, and a citizen of a nation. So too an IEEE member
may be a member of his local Section and Chapter, a
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member of his Professional Technical Groups, and a
member of IEEE. These multiple atiiliations are all dif-
ferent aspects of the same association. Together they form
the strong bond between IEEE members, imbued with a
common purpose, and their Institute.

Despite the most careful planning and an enthusiastic
membership, the path of IEEE may nevertheless be beset
with pitfalls that must be carefully avoided. There may
well arfse a trend toward burcaucracy, with its cumber-
some, costly, and time-consuming frustrations. Attempts
at “empire building” may arise, with their corresponding
animosities and political overtones. Ill-advised members
of industry or government may attempt to wrest control
of IEEE policies and procedures from the members of the
Institute, with consequent damage to the professional
spirit of the Institute. There may arise deviations from
high professional ideals and methods. And, last but not
least. the prolonged maintenance of vestigial and useless
customs may perpetuate a tragic waste. The membership
of the Institute and its elected representatives and head-
quarters stall must be ever on guard against these in-
sidious weaknesses, which could be encountered in the
future of IEEE.

Perhaps one of the best panaceas for these ailments is
the avoidance of any freezing of the form and activities of
the IEEE. A dynamic future must consistently be sought.
At every step. careful judgment based on experience must
be exercised. Viewpoints must be kept flexible, perhaps
through an empirical approach to many problems. And
there must be an open-minded readiness to try out new
plans, and modifications of old plans, whenever inadequa-
cies in current principles of operation become evident.

In brief, the future success of IEEE will rest on the
enterprise. originality of thought, and the loyalty and pro-
fessional pride of its membership and their representa-
tives. And always the independence of the Institute must
be sedulously guarded so that it may fulfill the purposes
for which it was established.

Prospects for the future

On the basis of these guiding principles. we may specu-
late optimistically as to the future of our IEEE. We may
anticipate that it will render many and valuable services to
us, its members, and that it will make important contribu-
tions to human welfare. We are called on to retain our
enthusiasm, our inspiration, and our willingness to render
yeoman service to our Institute and thus to each other and
to society. If we do, a bright vista of accomplishment is
spread before us.

Never should it be forgotten that this IEEE is our
Institute. It is no more and no less than a reflection of our
hopes, our ideals, our professional dedication, and our
sense of our value to each other and to the world. It is ours
to mold. to change, to guide, and to re-create in an in-
creasingly worthy form.

Each of us, therefore, is most fortunate in having the
unique opportunity and the pleasant obligation of adding
our quota to the integrated efforts of our IEEE member-
ship. Thus our Institute will not be merely a large society;
rather, it will be a great and admirable institution of social
and professional worth. It will symbolize the professional
aspirations and accomplishments of each of us, and of all
of us together. And these, it is hoped and expected, will
ever be ably reflected in our new journal, the IEEE
SpecTrUM, which is now laid before us.
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New coherent light diffraction techniques

Scattered coherent light exhibits a granular, sparkling
appearance. Experiments described give an insight to this
phenomenon. Diffraction techniques permit giant antenna
scaling with desk-top scale models

Wl'igllf H. Hllllfl(’}’, Jr. Stanford Electronics Laboratories
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Scattering
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When continuous-wave gaseous lasers are operated
n the visible portion of the spectrum, an unusual effect is
apparent to the observer. Wherever the beam strikes a
scattering surface. the illuminated spot exhibits an
extraordinary granular. sparkling appearance,

When examined at close range, the illuminated spot
appears like a richly detailed mosaic and the viewer’s
first impression is that the laser must be oscillating
in thousands of modes. This impression is readily
disproved, however. when the observer moves his head
from side to side; for the granular pattern does not
remain fixed with respect to the scattering surface as one
would expect with multimoding. Instead, it sweeps
across the field of view. The relative direction of motion
depends on whether the eye is focused in front or behind
the viewing surface.

The best explanation of this phenomenon was given
by B. M. Oliver.! who says that *‘...coherent light
reflected by a diffusing surface produces a complex.
random. but srarionary dilfraction pattern.” He dem-
onstrates that this pattern consists of a large number of
needle-like beams which are essentially the lobes of the

ser beam passes through a pinhole onto camera film. The
color red is matched as closely as possible to the actual
color of the continuous-wave gaseous laser

.Diiffraction pattern obtained when a 6328-A helium-neon
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Fig. 1. Diagram showing the schematic
representation of the majcr lobes of a
standing, coherent diffraction pattern
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far-field radiation pattern of the scattering spot. Lang-
muir? has indicated the similarity between this standing
pattern and the familiar problem of radar clutter wherein
the sea. chafl, or moving trees give a fluctuating return;
yet a similar pattern is involved. The pattern is simply
more stationary with coherent light scattering because
individual scattering points tend to maintain a fixed
relationship to each other.

It is interesting that most people experience an odd
psychophysical reaction when attempting to look at the
scattering spot. If the spot is small—2 mm in diameter—
and the observer is more than a few centimeters from the
scattering surface, it is quite difficult to focus the eyes
on the plane of the scattering surface. As a result. printing
on that surface disappears (also described by Oliver).
The reason for this illusion is that the stationary dif-
fraction pattern exhibits granularity that always seems in
focus, no matter where the eye is actually focused. Figure
I illustrates the effect on the eye—or other imaging
system—in the far field. Each line represents the center
of one of the needle-like random lobes.

Focusing on the scattering surface produces an image
of minimum size and the granularity is crowded into a
small area. If the eye is out of focus, the over-all image
expands and the details of the granularity are enlarged.
Most observers find that their eyes focus automatically
at some average point which yields rich granular detail
and sufliciently small image size to have moderate
intensity in the individual grains. This arbitrary focal plane
almost never will coincide with the scattering surface.

Another effect can be seen from Fig. 1. If an iris is
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hp FREQUENCY SYNTHESIZER PROVIDES
5 BILLION PROGRAMMABLE FREQUENCIES

Discrete signals, dc to 50 mc
Remote programming—1 msec switching speed

Frequency increments as small as
0.01 cps, as large as 10 mc

High stability and spectral

purity—spurious signals 90 db down
o
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high resolution, rapid selection

The new hp 5100A-5110A Frequency Syn-
thesizer offers pushbutton convenience
for fast, accurate selection of frequencies
from 0.01 cps to 50 mc in steps as fine as
0.01 cps. Remote programming in less than
1 millisecond may be accomplished by ex-
ternal electronic switching. The excellent
spectral purity is evidenced by the fact
that spurious components are more than
90 db down (including power line com-
ponents) and signal to phase noise ratio
is greater than 60 db.

The system consists of the 5100A Frequency
Synthesizer and the 5110A Synthesizer
Driver. The latter contains a 1 mc quartz
crystal oscillator which has a long term
stability of = 3 parts in 10" per day. The
design of the instrument allows for the use
of an external 1 mc or 5 mc oscillator. In

any case, the output frequencies retain the
.accuracy of the chosen driving standard.
The 5110A Synthesizer Driver generates

An extra measure of quality

I SPECIFICATIONS

Output frequency: 0.01 cps to 50 mc

twenty-two discrete, spectrally pure sig-
nals from the single standard trequency.
These fixed frequencies are then fed to as
many as four 5100A’s by means of rear
panel BNC connectors,

Manual frequency selection is accomplish-
ed by means of ten columns of pushbuttons
arranged in standard decimal notation. Re-
mote programming connections are made
through three 50-pin connectors located
on the rear of the 5100A. Further versatility
in control is added by the fact that it is
possible to use a combination of local and
remote programming.

Standard instrument design provides a
search oscillator which may be used in any
one of the eight least significant digit col-
umns. This technique allows the output
frequency to be varied smoothly over the
range of frequencies covered by the sub-
stituted column, either manually or by ap-
plying an external voltage.

Photo shows rapid frequency switching capa-
bility of hp Synthesizer. In this application,
Model 5100A-5110A is remotely switched be-
tween 1 ke and 3 kc at a 1 kc rate. Sweep
speed is 0.5 ms/cm.

HEWLETT-PACKARD COMPANY

1501 Page Mill Road, Palo Alto, Calif. 94304, (415) 326-7000.

Sales and service in all principal areas. Europe, Hewlett-Packard
S.A., 54 Route des Acacias, Geneva, Switzerland; Canada,

Hewlett-Packard (Canada) Ltd., 8270 Mayrand St., Montreal, Que.

Search oscillator:

Digital frequency
selection:

Spurious signals and
harmonic distortion:

Signal-to-phase-noise
ratio:

Frequency stability
and accuracy:

Output voltage:

‘ Output impedance:

From 0.01 cps per step to 10 mc per step; se-
lection is by front panel pushbutton or by
remote contact closure

All non-harmonically related signals are more
than 90 db below (including power line com-
ponents) the selected frequency; harmonics
are more than 30 db below the fundamental

More than 60 db down in a 3 kc band cen-
tered on the signal

as external standard

50-ohm resistive load

External standard input:

Interference:

With internal standard, less than + 3 parts Temperature range:

in 10” per day; with external standard, same Dimensions:
1vrms = 1db from 100 kc to 50 mc; 1 v rms
- 2 db — 4 db from 50 cps to 100 kc into

Weight:

Price:

50 ohms nominal
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BA435R

Allows continuously variable frequency se-
lection with an incremental range of 0.1 cps
up to 1 mc, depending on the digit position
being searched; dial accuracy is + 3% of
full scale; linearity with external voltage
control is within 4 5% (—1 to —11 volts)

1or 5 mc, 0.2v rms minimum, 5 v maximum
across 500 chms; purity of output signal wili
be determined partially by purity of external
standard

Complies with MIL-1-16910A (SHIPS)

0 to -+ 55° C

5100A, 1034~ high, 1634” wide, 16%” deep
behind panel; 5110A, 5Y2” high, 163" wide,
1638” deep behind panel; hardware furnished
for quick conversion to rack mount

5100A, net 75 Ibs.; 5110A, net 52 tbs.

5100A, $10,250; 5110A, $5,000

Data subject to change without notice. Prices f.0.b. factory.
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placed ahead of the lens, the outermost lobes will be
intercepted, the detail in the granularity will be reduced,
and the eye will refocus to find a new brightness-detail
balance. It is this automatic readjustment that causes the
apparent increase in granule size when the scattering
spot is viewed through a limiting iris. This effect is best
examined on the ground-glass screen of a camera, where
the aperture and the focus are independently controllable.

Observed effects and photographic investigation have
all strongly established the validity of Oliver’s hypothesis.
This unexpected effect may have a major influence upon
systems design. We might ask: What happens if the
detector of a coherent-light radar falls in a null of the
scattered return? What happens if the target moves?
Can this effect be utilized in a system design ?

Because these questions seem to deserve early answers,
an effort has been made to demonstrate conclusively the
validity of Oliver’s hypothesis by repeating (with minor
variations) his experiment and by devising new tests, and
to extrapolate the results of this effort to indicate areas

Fig. 2. B. M. Oliver's original photograph of the
standing diffraction pattern

Fig. 3. Duplication of Oliver's photograph, ex-
cept that transmission rather than scattering
diffraction is used. (Difference in grain size is
caused by dissimilar degree of enlargement)

for future investigation and the application to possible
systems.

Random-scatter experiments

Oliver’s original photograph (Fig. 2) was taken by
exposing the film to the scattering spot without lens or
limiting aperture. An earlier assumption, attributing th
granularity entirely to diffraction limiting in the inciden’
beam, caused some confusion.

The photograph, reproduced as Fig. 3, was made by
exposing the film as in Oliver’s experiment but the spot
was illuminated from behind the diffusing screen. That
is, the laser beam illuminated the rear of a thick piece of
white paper and the photograph is the result of the
standing diffraction pattern produced after the light had
diffused through to the surface nearest the film. However,
the ““diffraction-limited” argument is not entirely invalid.
It merely tends to distract the casual reader from the more
basic issue—that the source must be spatially stable for
the diffraction pattern to “‘stand still.”

While this first experiment indicated clearly that
there was a stationary, standing diffraction pattern
in space, an additional test was made to demonstrate
that the only effect of an iris is to restrict the amount of
the pattern reaching the film.

Figure 4 shows the rcsults obtained when limiting
apertures of various sizes are placed between the scat-
tering surface and the film. As in the first experiment, no
lens was used and the granularity is caused by light
passing directly from the white paper to the film. Note
that there is no difference in the granularity between (A)
and (B). Only close examination reveals the slight effect
of edge smearing from diffraction around the border of
the iris.

The energy in any major lobe (bright spot) of th
standing diffraction pattern is dependent upon net phasc
addition from incremental scattering points across the
entire illuminated surface of the spot. It would be
reasonable to expect that slight motion of the scattering
surface in the laser beam would cause bright spots to
dim, while other areas previously dark would become
bright as new scattering surface is illuminated. Thus,
one might expect the entire complex pattern shown in
Figs. 2 through 4 to “boil” as the scatterer moves through
the laser beam.

To confirm that this effect actually takes place. the
paper was mounted on the minute hand of a clock,
and the pattern was observed on the ground glass of a
camera with no lens. The expected **boiling’ did occur.
but it was accompanied by an additional effect which
should have been predicted. As usual, hindsight is
exceptionally keen!

The unexpected effect was a large transverse motion
of the pattern with respect to the amount of boiling.
Since a small motion of the paper with reference to the
incident beam diameter removes and adds only smull
scattering areas, it is possible for a given lobe to retain
its identity while being swept through an angle which is
very large compared to its diameter. This “‘sweeping”
effect of the pattern is illustrated by the streaked ap-
pearance evident in Fig. 5. The photograph reproduced
in Fig. 5 was taken with the same arrangement used for
Fig. 4, but the scattering paper was moved very slight!
with respect to the incident light beamn during the ex-
posure. Although Fig. 5 does not illustrate adequately
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Fig. 4. A—Effect of an aperture between the scattering light
and the film. B—Reduction of the aperture has no effect
upon the granularity of the photograph image

Fig. 5. Streaking caused by motion of the scatterer in the
laser beam is shown in this picture

the dynamic effect obtained by viewing the ground glass
directly, it nevertheless does show the ease with which
tangential motion of the scattering surface in the beam
can be detected.

It appears from the results of this last experiment
that the random scatter may have some useful ap-
plications. It was decided that the author’s earlier
assumption—that the granularity is always present in
the image no matter where the optical system is focused
(as indicated in Fig. 1)—should be verified.

Figures 6 (A) and 6 (B) were made with the use of a
small telescope with a relatively large aperture in order to
obtain sulliciently large images on the film. Figure 6 (A)
shows the well-focused image of a 2-mm diameter
scattering spot as seen from a distance of about 15
feet; (B) shows the same spot with the image strongly
out of focus. The dark, center region is caused by the

hadow of the small center mirror in the Cussegrainian
telescope. Note that the total amount of granularity
has changed very little, but the grains are larger and
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Fig. 6. A—A 2-mm scattering spot taken at a distance
of 15 feet by eyepiece projection with a focused Ques-
tar telescope. B—Photograph of spot taken under
identical conditions, except that telescope is strongly
out of focus. Note that the granularity remains
whether or not the optical system is focused
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they are spread over a greater area, exactly as indicated
in Fig. 1.

Scaling antennas with coherent light

Diffraction effects are not new to most engineers.
The stubborn refusal of electromagnetic radiation to
propagate in the nice straight lines of geometric optics is
accepted as a “fact of life.”” While the antenna designer is
concerned with directivity, main-lobe width, side-lobe
amplitude (or null spacing) the lens designer must
consider the effect of diffraction limits on the resolution
of his optical system. And, where the antenna designer
increases the diameter of his antenna to increase its
directivity, the lens designer increases the diameter of his
lens to improve its resolution. This parallel is more than
coincidence ; both are dealing with the same property of
radiation, although in heretofore widely separated
portions of the spectrum.

Recently, Skolnik? borrowed the *slits and pinholes”
of the classic physics demonstrations to suggest a novel
way of making scale models of antenna arrays. He
proposed the substitution of a hole in a conducting
plate for each driven element in the array. By illuminating
the “holey plate” with radiation of the appropriately
scaled microwave frequency, a pattern can be generated
on the other side of the plate that is the same as if each
hole represented an active radiating element. If the array
is not too large with respect to wavelength, this technique
has tremendous advantages over assembling the array
with waveguide or coaxial feed lines connected to each
element.

But, unfortunately, recent systems require very large

Fig. 7. Typical arrangement for simulating
large antenna patterns with a laser. Photo-
graph shows a test aperture, "*holey plate,”
and its location in the apparatus diagram. The
square mesh is electroformed nickel with cen-
ter-to-center hole spacing of 0.001 inch (40)).
The overall array aperture is 0.020 inch (800))

arrays for space tracking and radio astronomy. The
increase in size and number of driven elements has
compounded the difliculty of calculating the pattern or
space factor and has emphasized the need for testing
with scale models.

The following technique extends Skolnik’s method
to permit scaling antennas that are hundreds or ever
thousands of wavelengths in diameter on a measurement
range that is little larger than the average laboratory
workbench.

The emergence of the helium-neon cw laser as a readily
available laboratory tool makes possible a great extension
of the holey-plate technigque by taking the “slits and pin-
holes” back into the optical region of the spectrum.
When operated in the visible region (6328 A), the laser
beam provides a stable source of plane waves with a
very large diameter in wavelengths—about 1580/mm.
These plane waves are used to illuminate an opaque
screen that has holes corresponding to the elements of
the array being scaled. The size and shape of the holes
and their relafive spacing are scaled down by the ratio
of the light to the microwave wavelength.

For example, to scale an array to be operated at 3 Gc¢
for evaluation with the 6328-A helium-neon laser, the
dimensions of the holey plate are related to the di-
mensions of the 3 Gc array by

)\liuht _6328 X 1010

=6.328 X 10—°
10—t

("

)\m icrowave

Spherical mirror Collimating lens |
|
L_"_\— — Camera Film
| |
| Holey plate’
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]
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It is apparent that such an eaticine scaling factor
will tend to restrict the technique described to antennas
whose dimensions are all relatively large with respect to
wavelength.

Several methods are available for controlling the
characteristics of the illuminating source. But. for the

urposc of this discussion, let us assume that we are
"zlling with a simple linear array of similar sources
with equal spacing. The resultant far-field pattern can be
described by simply multiplying the patterns of an
individual source and an array of isotropic point sources
as

E—_f(0.¢)F(0,¢)/./},(0Q¢)—!- F(0.9) (2

where the first two terms are the field patterns of an
individual source and an arvay of isotropic sources, and
the last two terms are their respective phase patterns.
There are several constraints on Skolnik’s holey-
plate technique and its described extension when an
array is scaled that differs substantially from the uni-

formly illuminated normal or brouadside array. The use
of lenses to create spherical phase fronts in the illuminat-
ing source, or tilting the holey plate to obtain linear
phase ditferences between individual sources also in-
fluences the phase pattern f,(6.¢) of the individual
source. Since large individual sources have already
been specified, this effect must not be ignored in attempts
to scale steerable arrays where the phasing is adjusted
for F,.. at angles ather than 90 degrees to the linear
array.

While phasing poses problems that have not been
solved satisfactorily, polarization and amplitude dis-
tribution are more subject to control by the investigator.
A “‘quarter-wave plate” gives circular polarization when
the crystal axes are at 45 degrees to the polarization of
the incident light, and other orientation angles provide
all possible axial ratios of elliptical polarization.

It is often desirable to illuminate an array more strongly
at the center and gradually taper the illumination to
zero at the edges. The natural-mode patterns of the
laser can be used quite effectively for approximating

Fig. 8. The resultant far-field pattern of the model array
shown in Fig. 7. The two-dimensional surface of the picture
represents the two spatial dimensions (E and H field) of the
field pattern. This illustration does not show the last few
nulls near the main lobes. These are clear in the negative
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such tapered illumination. The TEMy,, modes. for
instance, have a nearly Gaussian amplitude distribution.
and it is necessary only to furnish the appropriate lenses
to collimate the beam at the desired diameter ahead of
the holey plate. Some of the same precautions men-
tioned in connection with phasing should be considered.
However, smooth amplitude tapering should have small
effect on the individual aperture field pattern f(8,¢), if
this aperture is small with respect to the aperture
of the array.

Operation in the visible portion of the spectrum has
an advantage over microwave scaling. The pattern
can be recorded directly on photographic film. It is
easy to convert the film record to more conventional
plots by merely scanning the negative with a densitometer
and. if necessary, applying corrections for nonlinearities
in the film response.

A typical equipment arrangement is shown in Fig. 7.
A hemispherical mirror configuration in the laser is
desirable. for it can be aligned readily for a simple,
strong TEMy,, mode. and the spherical wavefront (from
the curved-mirror end) can be allowed to expand to the
desired diameter before being collimated to obtain the
plane wavefront.

Punching. etching, and electroforming are all useful
techniques for producing the relatively small holey plates.

An interesting property of this scaling technique
is that the experimenter can see the actual pattern
distribution. Calculation of the range required for far-
field pattern measurement 2D\, where D is antenna
diameter and X\ is wavelength, is noteworthy because of
the magnitudes involved, but quite unnecessary in
practice. Merely moving a piece of white paper away
from the holey plate quickly shows the rather abrupt
transition from Fresnel to Fraunhofer regions—and at
surprisingly short distances for most apertures.

Figure 7 also shows a typical aperture which was
produced by sandwiching an electroformed, square
nickel mesh and a thin sheet of phosphor-bronze with a
single, punched hole. The mask was coated with carbon
black to prevent distortions caused by edge effects.
Figure 8 shows the resultant pattern. The wide range of
intensities in the figure is greater than the dynamic
range of conventional printing processes. This illustration
does not show the last few nulls near the main lobes,
but they are quite clear in the original negative. Special
films are now available with over 60-dB dynamic range
of intensity. so this is not a serious problem.

In Fig. 8, the two-dimensional surface of the picture
represents the two spatial dimensions (E and H field)
of the field pattern. Simple geometry will quickly convert
the linear dimensions to angular values.

The differeatial density of the film (D, — D-) is directly
related to the relative illuminating energy levels (Ey/Ey)
by

D,— D=~ log = 3
E

where v is the slope of the film’s characteristic curve.
The use of this expression—if the film vy is known—will
permit conversion of film density to a quantitative plot
of the far-field pattern. This represents a salient advantage
over the simple qualitative evaluation of the pattern that
may be obtained by merely viewing the distribution of
Fig. 8.

{'his optical scaling technique could be readily extended
to provide realistic, laboratory-sized models of moun-
tain-ridge diffraction paths and other configurations
of diftlicult analysis that are large with respect to wave-
length. The cw laser should prove to be a powerful
experimental tool for investigators in these areas.

Conclusions .

Two principal conclusions have been reached on the
basis of all the diffraction experiments described.

The new relationship between the typical size of
target-surface irregularities and wavelength will probably
cause severe amplitude fluctuations at the detector in
optical radars.

The same phenomenon gives high promise of providing
rapid tracking capability by direct measurement of
tangential target velocity.

It is evident from the previously described experiments
that the spatial and even temporal coherence of the
gaseous laser beam can produce most interesting scat-
tering effects. These experiments also provide suflicient
information to engage in some speculation about future
optical electronic systems.

It is quite probable that the high directivity possible
in this region of the spectrum will permit practical
illumination of relatively small target areas at great
range. If so, the detector used in such a system will have
to operate in the sort of field pattern shown in Fig. 2.
If the detector aperture is small and at great distance
from the target. any tangential motion of the target with
respect to the illuminating source can be expected to
produce large fluctuations or scintillations in the detector
output. Some initial investigation of metallic surfaces
has shown the same random intensity patterns as the
test paper, though polarization is not at random, as it
from the paper.

If an array of detectors (with proper correlative
interconnection) or an imaging system is used to examine
the target returns, a potentially annoying effect could be
turned into a unique advantage. The sweeping motion of
the random-field pattern is a direct function of the
tangential-velocity vector of the target in the beam.
Therefore, it should be possible to obtain angular tracking
information on a nearly instantaneous basis. It is also
possible to modulate the beam to obtain range and radial-
velocity data. The additional information on relative
tangential velocity is all that should be required to
maintain continuous track on a target in three di-
mensions.

Proposed optical electronic systems will encounter
monumental problems in acquisition—but the ability
to establish rapid tracking of an acquired target could
improve some proposed systems significantly.
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EHV ac and de transmission

EHV is used to move large blocks of power when distances
between power source and load are great. On existing
transmission structures, one 500-kV line could replace six
230-kV lines, as far as loading capability is concerned

‘ J.J. W. Bl'()\l’ll, E. M. Hunter General Electric Company

As the electric utility industry enters the vear 1964, the
list of utilities in the United States with 500-kV projects
under way and expected to be in service by the mid-1960s
is most imposing: Virginia Electric Power Company;
Pacific Gas and Electric Company; Southern California
Edison Company; Pacific Power and Light Company;
Bonneville Power Administration; South Central Electric
Companies: Tennessee Valley Authority; Pennsylvania-
New Jersey- Maryland (P-J-M) Utility Group; and Alle-
gheny Power System. Inc. In addition, a large number of
new 345-kV projects have been started. The July 8. 1963,
issue of Electrical World estimates a total of 5450 circuit
miles of EHV interconnections planned between 1964 and
1970. Of these. 2210 miles will be at 345 kV and 3230
miles at 500 kV and higher. Similar growth is also to he
found in Canada and overseas and is. in fact. world-wide.

Extra-high-transmission voltages (EHVs) are defined at
voltage levels above 230 kV. To put this expansion of sys-
tem voltages in its proper perspective. let us briefly trace
its growth. In the United States, 230 kV was first com-

GE surge generator site for full-scale EHV tower testing
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missioned in 1923, 287 kV in 1936, and 345 kV in 1953.
Today, 345 kV is the highest commercial voltage in the
United States. Overseas, Sweden energized 400 kV in
1952; this voltage in the ensuing years has been adopted
by Finland, West Germany, Austria, France, Italy, Great
Britain, Spain, and Switzerland. In Africa, South Amer-
ica, and Australia 345 kV is being used butona limited
scale. At present, the line mileage outside the U.S.S.R. is
estimated to be 4000 at 345 kV and 5600 at 400 kV.

The U.S.S.R. installed its first 400 kV line in 1954.
East Germany, Czechoslovakia. Hungary, and Romania
followed suit shortly thereafter. Then, in 1961, the
U.S.S.R. found it expedient to raise the EHV level to 500
kV.

With regard to the future, there appears to be no con-
ternplated 500-kV transmission expansion for western
Europe. In Canada, however, as well as the United States,
line construction is now under way and terminal equip-
ment is on order for 500-kV projects that should be com-
missioned by the mid-1960s. Canada will also have a
700-kV project in partial service by 1965 and fully com-
missioned by 1967 or 1968. This is the first 700-kV project
to be undertaken by any nation. (The U.S.S.R. reports
studying 700 kV and plans for a network by 1969.)

The achievement of a heretofore unattained EHV level
has moved from country to country. Some critics of the in-
dustry have used this as a criterion of progress. Far more
significant criteria, however, are the proper voltage level
and development and application of the new higher volt-
age in time to meet the needs of industry expansion.

1. Electric utility peak loads

Winter Peak
Companies MW Rank
Tennessee Valley Authority (TVA) 12 124 1
American Electric Power 5 638 2
Pacific Gas & Electric 5 500 3
Commonwealith Edison 4 996 4
Consolidated Edison 4 373 5
Southern California Edison 4 157 6
Niagara Mohawk 3 201 7
Duke Power 3192 8
The Detroit Edison 3119 9
Public Service Electric & Gas 2 921 10
Georgia Power 2 766 11
Philadelphia Electric 2 711 12
General Public Utilities 2 303 13
Florida Power & Light 2 130 14
Virginia Electric Power 2 076 15
Consumers Power 2 066 16
Alabama Power 2 007 17
Allegheny Power 1 953 18
Ohio Edison 1894 19
City of Los Angeles 1 840 20
Pacific Power & Light 1794 21
Union Electric 1670 22
New England Electric System 1 643 23
Northern States Power 1638 24
Pennsylvania Power & Light 1 556 25
Houston Light & Power 1 540 26
Carolina Power & Light 1 516 27
Duquesne Light & Power 1254 28
Public Service of Indiana 1221 29
Long Island Lighting 1 206 30

Alternating voltage selection

In 1947 the International Electrotechnical Commission
(IEC) selected 400 kV as an international standard. It was
an increase of 173 per cent above 230 kV, the highest
voltage then in use in Europe.

At about that time, 345 kV was selected in the United
States as the overlay voltage for an existing 138-kV sys-
tem. The 2.5 factor between the old and the new voltage
was economically sound.

It is generally conceded that neither 345 nor 400 kV is
a suitable voltage to superitnpose on a 230-kV system, as
neither is high enough.

An acceptable criterion in selecting a new voltage is to
have a ratio of 2.0 to 2.5 between the superimposed and
existing voltage. The 1EC at its 1963 meeting in Venice,
Italy, approved the addition of 500/525 kV and 700-750/-
765 kV toits list of standard voltages.

ASA Sectional Committee C92 on Insulation Coordina-
tion and EHV’s is contemplating changes to its Standard
ASA C92.2 “EHVs™ by changing 500/525 kV to 500/550
and 700/735 kV to 700/765. The change to 550-kV maxi-
mum voltage will support the practice on United States
500-kV systems and the 765-kV maximum is in accord
with the IEC Standards.

These days, new voltage levels come to fruition much
sooner than expected. However, in the United States, the
prevailing opinion is that a 700-kV network will not be
needed before the mid-1970s. However, while 700 kV
could be accepted as a suitable overlay for 345 kV, it is
not economically sound for 500 kV. Should there not be
in the Standards a superposition voltage for 500 kV? It
is suggested that 1000/1100 kV be considered for future
studies and investigations. Before the end of the century,
it might be needed.

Why EHV? .

Power losses in a transmission line are a function of the
impedance and the square of the current; thus, raising the
voltage lowers the current proportionately, which helps
compensate for the increase in impedance with distance.
Extra-high voltages, therefore, are economically applied
when the distances are great between the power source
and the load. Sweden, for example, is a country without
known deposits of fossil fuels but with a substantial sup-
ply, in the northern part of the country, of potential hydro
power. However, the load for the output of these plants is
in the southern part of the country. The first 400-kV line
in Sweden ran about 600 miles between the hydro site in
the north to the load center (Stockholm) in the south. A
similar load-generation distance situation exists in the
U.S.S.R.

In Great Britain. on the other hand, these great dis-
tances are not encountered. However, with the high den-
sity of population and with the pressures to preserve the
appearance of the countryside, transmission rights of way
are very difficult to obtain and those at hand must be
utilized to their full capability. The higher voltages in
Great Britain are needed to load the rights of way.

In the United States, EHV transmission is used to move
large blocks of power. While there is an extensive land
mass in continental United States, about 10 per cent of it
is underlain by coal deposits. These have wide geographic
distribution. While there are a few remote coal fields am‘
hydro sites yet to be developed, transmission lines longer
than 150 to 200 miles are relatively rare because of the
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relative proximity of fuel sources to load ceileis. How-
ever, new rights of way to some of our metropolitan
centers of population arc most difficult to come by ; public
opposition to overhead construction is growing, and use
of public lands for this purpose is being hedged with re-
strictions, making it more and more necessary to utilize
ully whatever is in place. The full significance of this
atement is better appreciated when it 1s considered that
one 500-kV line could replace six 230-kV lincs as far as
loading capability is concerned. (See the Appendix.)

Incentives for EHV transmission growth

The rate of growth of electric utilities is such that they
must plan and construct a facility equal in size to the one
in place on the average of every ten years. In 1962, the
investor-owned electric utilities announced that they
would spend $8 billion in the next eight years to expand
their transmission networks. This amount, together with
government expenditures (approximately 25 per cent of
the total) is a sizable investment.

Furthermore, of the total investment in an electric
utility system—generation, transmission, and distribu-
tion—expenditures for low-voltage transmission are
approximately 20 per cent. EHV transmission expendi-
tures, however, are closer to 25 per cent; thus. these latter
expenditures play an important role in system financing.

Any one of several factors may be the deciding incen-
tive for installing a new EHV line. The new line may be
used for an overlay of existing transmission facilities to
provide the backbone of the system of the tuture. How-
ever, EHV transmission can be used only by the larger
systems because the economic loading capabilities are so
great they cannot be fully utilized on smaller systems.
Electrical World for March 18, 1963. alphabetically listed

tility companies and their December 1962 peak loads.

hese data. listed in descending order of peak loads. are
shown in Table I. One may readily observe that (1) only
17 companies have a peak load in excess of 2000 MW.
which is about the surge impedance loading of a 700-kV
line; (2) it would not be sound engineering to transport
the total load of any company over one line; and (3) ex-
isting and planned EHVs through 500 kV are sufficient
for overlay purposes at present.

On the other hand, EHV transmission may be used to
provide the grid to interconnect neighboring utilities
whereby the individual companies can share economically
the installation of relatively large generating plants and
give and receive mutual support in times of emergencies.
The pooling of resources through interties can support
higher transmission voltages than could be justified by
the individual member companies comprising the pool.

Last but not least, EHV transmission may be the prime
factor in allowing a wider choice of sites for new genera-
tion facilities. Remote low-cost fuel plants at mine mouths
where essential cooling water is available, or remote hydro
sites that could be exploited, increase in economic attrac-
tion with increases in the higher voltage levels and the
bulk power to be transmitted,

It should be noted that some or all of the above fac-
tors were compelling incentives for the 500-kV EHV
projects enumerated at the beginning of this article.

A first attempt at appraisal of the economics of various
Qeans to move large blocks of power long distances is

iven in Fig. 1. It shows present-day energy transportation
costs in mills per kWh as a function of distance, and com-
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pares EHV transmission costs with the cost of moving
coal by rail. It should be recognized that the results pre-
sented must of necessity be average figures and specific
studies might produce different break-even points.

EHV transmission techniques

Certain techniques, somewhat peculiar to EHV trans-
mission. have been developed to reduce to acceptable
standards some of the problems encountered to make the
systems serviceable and economical.

EHV transmission systems may be subjected to dy-
namic overvoltages owing to the large charging kVA re-
quirements. It is well known that the flow of reactive
charging current through a reactance, such as is found in
a power transformer. produces a rise in voltage. If, how-
ever. the line reactive current is compensated by shunt re-
active current. the dynamic overvoltages can be con-
trolled. Shunt reactors are available for this purpose. The
application technology must be able to resolve whether
the shunt reactors should be located on the high- or low-
voltage systems, and when they should be switched in and
out of the system.

Transient overvoltages from internal origin can in-
crease system insulation requirements; hence there is con-
siderable economic incentive to keep them to minimum
levels. Fortunately. they are for the most part internally
generated and therefore predictable and controllable.
Most of these overvoltages result from switching opera-
tions. EHV circuit breakers have series resistors that can

Fig. 1. Transmission costs based on optimum loading of
two-circuit transmission from base-loaded station (90 per
cent transmission load factor). Receiving system, 138 kV; 15
per cent annual carrying charge; average coal-by-rail
costs based on 9000 Btu/kWh plant heat rate
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kig. 2. A critical path diagram for EHV transmission desig.

be preinserted on closing operations, and are designed o
prevent restriking on opening operations. With these

measures, the switching overvoltages of 3.0 or higher
‘ormerly encountered may now be limited to the order of
2.0 times normal.

EHYV transmission circuits may also require series com-
pensation for the line’s inductive reactance to improve
either stability or load flow. The series capacitor with its
protective gap is available as an aid in the moving of bulk
power over great distances.

To improve stability for remote generating plants, dy-
namic braking resistors need to be considered. The re-
sistors (electric brakes) are switched onto the system as
overspeeding occurs to act as the load absorbing the in-
put to the prime movers until adjustments can be made.
The basic principles of application of series compensation
and dynamic braking to achieve system stability are un-
derstoud. In fuct. they have been thoroughly studied by
system planners for at Jeast 30 vears but only with
EHV transmission have they received new impetus.

EHV designs by the critical path method

There are many technical decisions to be made during
the design stages of an EHV project. They must come at
the proper time and in orderly sequence because decisions
in one area often hinge on conclusions in several others.

As an aid in thinking through one of these under-
takings. a critical path diagram can be prepared similar to
that shown in Fig. 2. Each numbered circle represents a
decision point which may be either provisional. inter-
mediate. or final. Each arrow connecting the circled deci-
‘ion points represents an activity.,

The lower portion of the diagram embracing decision
points 1 through 5 covers system performance and the
specifications for the purchase and installation ol substa-
tion terminal equipment. The upper portion involving
decision points 6 through 13 involves the electrical and
mechanical design of the transmission line and towers.
Thus, this critical path diagram gives a bird ‘s-eye view of
what must be accomplished from the time the decision has
been made to go ahead with the project to the fulfillment
of the undertaking,

Many engineering tools are available that may be used
in getting facts for decision making. Load flows and
stability problems are studied by the well-known analog
and digital computers. System overvoltage magnitude,
if from internal origin, can be established on the Transient
Network Analyzer (TNA) when the system is set up in
cquivalent miniature and tested, Lightning performance
can also be predicted by geometric scale models. Full-
scale tower tests using an impulse generator at the General
Electric Company's Project EHV will give full assurance
that the insulation used will develop the strength needed
in service. Project EHV has also added much in the way of
basic data and understanding in the areas of corona and
R1V (radio noise influence voltage) which aids in the se-
lection of the economic conductor size.

.Vleteorological integrated forecasting
Troubles on transmission lines and the attendant inter-
ruptions of service are, for the most part. oriented with
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adverse weather conditions. Hourly records of weather
for periods up to 15 to 20 years are available from the
United States Weather Bureau. Statistical models con-
structed from these data integrated into a computer pro-
gram can be used to assess the lifetime performance of
any particular line design. For example, the program can
judge the possibility of the occurrence of maximum
switching surges or maximum lightning voltages at a
time when factors such as air density, humidity, precipita-
tion (rain, snow. sleet), and wind (proximity of conductor
to tower leg) are least favorable to the maintenance of in-
sulation strength.

Two types of management decision questions that can
be answered by the meteorological integrated forecasting
(MET1IFOR) approach are:

I. Given a fixed line investment, what is the optimum
allocation of expenditures to produce the maximum in
service continuity ?

2. Will increasing line investiment produce a justifiable
increase in performance or not ?

Power transmission with HVDC

HVDC (high-voltage direct current) transmission is a
scheme by which power can be rectified from 60-¢/s cur-
rent to direct current and transported to the load center
where it is inverted from direct current to 60-¢’s current
for distribution and utilization by the ultimate consumer.
[tis a relatively new tool in power transmission.

The first commercial application in the world was
placed in service in 1954 between the Swedish mainland
and the island of Gotland. Twenty MW is delivered over

View of GE three-phase 230-kV 65 000-kVA shunt reactor
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a 60-mile single-conductor cable at 100 kV. This applica-
tion which was made by Allmanna Svenska Elektriska
Aktiebolaget (ASEA) has provided experience and en-
couragement for additional undertakings.

The second application was the tie between France and
England. This link through 40 miles of cable across the
English Channel is suitable for transporting 160 MW at
+100 kV in either direction.

To date, outside of the U.S.S.R. contracts have been let
for four other projects as listed in Table II. ASEA mer-
cury-arc valves will be supplied in all of the new applica-
tions although the English Electric Company is supplying
the other equipment on the Italy—Sardinia undertaking.

tl. Summary of HVDC transmission systems

Ins.talla- Rating
tion Type of

Location Date kV MW Transmission

Island of Gotland 1954 100 20 60-mile cable

English Channel 1961 +£100 160 40-mile cable
Donbass-Volgograd
(U.S.S.R.) 1964 +400 750 300-mile overhead
New Zealand 1965 +£250 600 25-mile cable
360-mile overhead
Italy-Sardinia 1965 200 200 61-mile cable

217-mile overhead
Japan (50-60 c/s) 1965 215 300
Konti-Skan (Den- 1965 250 250 53-mile cable
mark-Sweden) 59-mile overhead

View of GE 345-kV transformer rated FOA-T 200 MVA, show-
ing three bushing-mounted load-tap changers on top and
two Atmoseal oil expansion tanks on either side

The U.S.S.R. scheme employs two valves in series for a
100-kV bridge and a basically different valve design. At
the time of this writing, this project is reported to be
operating at -+ 100 kV with the expectation that it will be
at full voltage of 400 kV in 1964.

Technical feasibility of HVDC transmission has been
proved in the applications made to date. Economic feas}
bility needs to be studied on each application considered.

HVDC transmission has economic potential in bulk
power transmission in four categories: (1) overhead re-
mote source-to-load transmission; (2) underwater cable
transmission; (3) underground cable to distribution net-
works in large cities; and (4) conversion tie between large
networks of dilferent frequencies.

These are all point-to-point applications. The future
possible use of HVDC transmission in integrated net-
works will require a great deal of study, taking into con-
sideration the high cost of terminal equipment and that
the controls for multitapped lines will require attention.

As already mentioned, in this country power sources
and load centers for the most part are geographically so
situated that there has been little need for transmission
lines over 150 to 200 miles in length. However, there are
some remote coal fields in the western part of the United
States and underdeveloped hydroelectric sites in Canada
where the distances become much greater. Some of these
remote power sites are being studied and comparisons of
series and shunt-compensated ac lines have been made
with HVDC. If the transmission route includes a section
requiring cable, economics favor HVDC because of the
higher permissible dc loadings of cable.

HVDC terminal equipment is more expensive than that
required for ac transmission. On the other hand, HVDC
transmission lines cost approximately 70 per cent of an
equivalent ac line. On the French-English cross—chunn'
application, roughly two thirds of the investment cover
terminal equipment and the other one third goes for
cable. If the application had been ac, these percentages
would have been reversed; i.e., one third for terminal
equipment and two thirds for cable. The economics of
the application was such that the application was at the
break-even point between ac and dc. The nonsynchro-
nous features of the dc tie was one of the deciding factors
in favor of HVDC.

With regard to the immediate future, the high cost of
HVDC terminal equipment limits HVDC transmission to
applications wherc large blocks of bulk power are to be
transported on a point-to-point basis over great overhead
or cable distances. There probably will be only a limited
number of these applications in the next decade or so but
each could be a massive undertaking.

APPENDIX

The surge impedance of a line may be expressed approximately
as C x (kV)?, where C cquals 2.5 for single conductors and from
3.0 to 3.5 or gréater for bundled conductors, depending on whether
two or more conductors are in the bundle. The surge impedance
loading (SIL) of 345 kV is on the order of 300 MW, 500 kV is 800
MW, and 700 kV is 1800 MW. The ecconomic loading is often ¢x-
pressed in multiples of surge impedance loading and may vary
from 1.0 SIL to 3.0 SIL, depending upon the transmission distance,
scries compensation used, number of circuits with intermediate
switching stations, and stability of the system.

The surge impedance loading of a 230-kV linc is equal to 2.5 >
2302 = 133 MW. Similarly, for a 500-kV line, it is between 3.0 ’
5002 = 750 MW, and 3.5 X 5002 = 876 MW. Thus, 750 divide
by 133 is 5.62 and 876 by 133 is 6.57. Six lincs is, therefore, @ good
approximation.
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The U.S. basis

of electromagnetic measurements

Whenever technology outstrips our ability to measure,

the result is poor reliabiliry, overdesign, and delays. Here

is how a radio standard evolves, and how NBS

is striving to shorten the standards time lag

John M. Richardson, James F. Brockman

> national basis of electromagnetic measurements. deserves the

oughtful consideration of all members of the IEEE, and we have
reccommended that it be brought to their attention through this
publication.

.Thc undersigned believe that the following material, describing

The size and importance of the electrical and electronics industry
is clear to all members of the IEEE without the need of statistics.
What may not be so clear is that this whole industry must rest on a
uniform base of accurate and precise measurement if it is to achicve
in practice the results which physicists and engineers find possible
in principle. That base can only be provided by the National Bureau
of Standards. However, the provision of a uniform base of measure-
ment is costly in manpower, laboratory space. equipment. and time
because of the great scope of electromagnetic quantities in kind,
frequency., magnitude, and accuracy.

There is a strong indication, from some of the material presented.,
that the provision of that base has not kept pace with the growth of
the industry. We believe that the National Burcau of Standards is
making strong efforts to discharge the task assigned to it by Con-
gress, but we also believe that the importance and magnitude of the
problem call for understanding and support from outside NBS. it
is from this standpoint that we recommend to members of the
profession the reading of this article.

E. C.Jordan
R. Kompfuer
W, A. Lewis
E. L. Haln N. F. Ramsey
E. W. Houghton J. C. Simons, Jr.
Members. National Academy of Sciences—National Research
Council Advisory Panel to the Radio Standards Laboratory of the
National Bureau of Standards.

A. A. Oliner, Chairman
S. A. Bowhill
W. Gordy

In 1911.J. V. L. Hogan. one of the founders of the IRE,
asked the National Bureau of Standards to calibrate a
wavemeter. The job was given to a young emplovee, J.
.wward Dellinger, who, 50 years later, described the

ent as follows:

“I was working in the Inductance and Capacity Sec-
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National Bureat of Standards

tion, in part of & room in the South Building. I was
taking a course in Maxwell and had been intensively
studying high-frequency phenomena. So this job was
handed to me. It had to be in the Inductiance and Ca-
pacity Section, for how else could you make a fre-
quency standard at radio frequencies than by setting
up a resonating LC circuit? I had to improvise such a
circuit which generated the current, and the crystal
rectifier to detect resonance. all without vitiating the
value of frequency calculated from the 1. and the C.”

Thus was the first radio calibration made by the Na-
tional Bureau of Standards. Apparently the work was
satisfactory since Dellinger later became chicf of the
NBS Central Radio Propagation Laboratory and was
elected president of IRE.

From one man. the Burcau's effort in 1adio standards
has grown to a stalf of 300 people. who form the Radio
Standards Laboratory. The Laboratory’s purpose is to
provide the central basis for electromagnetic measure-
ments in the United States and to assure their interna-
tional coordination. Thus it provides the measurement
foundation for the electronics industry—an industry that
has multiplied about 35 times during the past 25 years
while the gross national product has increased only by a
factor of six.

Pressure from the research frontiers

Electronics’ first big leap forward came with the wide-
spread use of radar during World War 11. NBS felt the
impact through a request from the Joint Chiefs of Staff
dated April 26, 1944:
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“The Joint Communications Board has decided that
there is a need by our Armed Forces for primary radio
frequency standards for frequencies between 1,550 and
11,000 megacycles per second. These standards are
necessary for the proper calibration of secondary
standards by which the radio equipment of our Armed
Forces can be calibrated in the field. No primary
standards of frequency determination for use in the
radio spectrum between 1,550 and 11.000 megacycles
per second are now known to be available. .. ."

The need was clear-cut. the reasons behind it were well
defined, and the need could be considered with little con-
cern for large simultaneous improvements in other
quantities. This was probably the last time that major
measurement needs in the field could be so clearly and
succinctly summarized.

Since 1944, electronics has enjoyed spectacular growth
in both size and scope. Its importance in new, extreme,
and complex environments means continual pressure for
extending the useful range of electromagnetic energy.
This in turn means continual and substantial pressure for
improving the art of radio measurement—to higher
frequencies, to different magnitudes (both high and low),
and always with greater accuracies.

This pressure for the extension of radio measurements
is augmented by the swift application of new discoveries.
It is well known that the lag time between the discovery
and application of major developments is swiftly de-
creasing; over 50 years for electric power generation,
about 4 years for the transistor, about 19 months for the
laser. A consequence of this acceleration is that new
standards are desired barely moments after discovery.

One part
Type of standard in
r )
Fulure ?
1012

Cesium beams ———

100

Effects of a measurement gap

With the need for better standards, more standards,
and the rapid development of standards, it is not sur-
prising that technology sometimes outstrips the science
of radio measurement. It should also come as no surprise
that this lack of measurement creates spectacular prob-
lems. Usually, however, these problems are not recog'
nized as being the result of inadequate measurement, fo
standards of measurement tend to remain hidden in the
background.

Since 1960, NBS has been meeting with members of
the Aerospace Industries Association to compare in-
dustry’s measurement needs with the services offered by
NBS. This has helped define the needs more precisely and
has provided some measure of their relative urgency.
The meetings have also uncovered many specific illustra-
tions of how industry is affected when a standard of
measurement does not exist—when there is a measure-
ment gap. Some of the effects are:

® Disagreement between contractor and subcontractor
as to whether a product meets specitications.

8 Poor reliability.

m Excessive time required to produce equipment by
trial and error since, if the component characteristics are
unknown, it is impossible to predict performance ac-
curately.

B Need to overdesign to be sure the product will do
the job.

m Schedule delays caused by inacceptable components
and systems.

B Duplication of effort.

T T T T 7T
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2
’
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The dramatic quality of our national defense and space
programs. and the fact that most unsatistied customers of
the Radio Standards Laboratory are tied to these pro-
grams. may create the feeling that improved electro-
magnetic standards need only concern those whose work
is related to the defense and space efforts. It should be
'murenl. however, that better measurement in these

reds alfects the entire national economy.

The National Aeronautics and Space Administration
has estimated that about 90 per cent of spuce systems
failures we electronic; it seems reasonable to assume
that a portion of these are due to inadequate measure-
ment.

While visiting our laboratory last year, H. L. Balder-
ston of the Boeing Aircraft Corp. referred to the early
(1952-1954) flights of the Bomarc missile which occurred
before the Department of Defense was insisting that
weapons svstems be tested by instiuments whose cali-
bration was directly traceable to the U.S. standards at
NBS. None of the first six test flights was completely
successful. The next missile. thoroughly tested with meas-

Fig. 1. Evolution of a national standard. Improvementsin
the accuracy of the U.S. national frequency standard (A).
New cesium beam standard (also usable with thallium) was
buiit and is now being evaluated by the NBS Radio Stand-
ards Laboratory (B). Its 18-foot length should reduce spec-
tral line width to about 45 cycles as compared with 110
cycles in the previous 10-foot model, and should increase
precision significantly. Improved frequency stability of
WWYV due to control by low.frequency broadcasts from

‘/WVB and WWVL (C)

Major users

‘ferification of cosmological theories
Fundamiental relativistic enperiments
Deep space research and ogeveiupment

iNational and irternational frequensy standarde

National coordination of standards teborateries
Aerospace research and development laboratories

Aerospace operations (doppler tracking)
Research laboratories

Instrument manufacturers

Space navigation. velocity of light experiments

Optical satellite tracking

Air navigation, astronomy
Radio and TV servicing
Automatically controiled clocks

Radio and TV broadcasting., radio communications
Rado amateurs. telephotn, facsimile

Surface transportation
Power companies, telephone companies

o R
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urement traceability, was the first Bomarc that accom-
plished all flight test objectives and marked the turning
puintin a successful tight test program.

Obviously it is important to both industry and the
taxpayers that the expense of these programs be kept at a
minimum by the very best measurements we are able to
provide. And experience shows that meeting the ex-
treme demands of advanced technologies often provides
the ability to meet similar needs as they develop in such
fields as telephone. radio. television, electric power, and
industrial process control.

Mean

Freguency deviation, parts in 10

1960 1961 1962

131
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How a national standard is developed

The pressure for new and more accurate standards of
electromagnetic measurement means that the Radio
Standards Laboratory is continually faced with requests
for crash development. This pressure provides an ex-
citing stimulus, but it has forced the staff to concentrate
on developing calibration services at the expense of
national standards of measurement.

A standard of measurement grows from fundamental
research. It evolves through theoretical work that applies
the fundamental principle to a particular measurement
problem. It matures as the instrumentation and proce-
dures that provide a standard, and finally a calibration
service, are developed and evaluated.

Development of a national standard is illustrated by
the evolution of the United States Frequency Standard,
presently obtained from cesium atomic beams. The
fundamental research on which these machines are
founded was done by Rabi and his associates about 1940.
NBS published early research results of the development
of an atomic frequency standard in 1949, and the first
machine began reliable operation in 1957. But this ma-
chine was not accepted as a standard until a second one
was completed and independently evaluated.

The independent testing of each machine, together with
a comparison of their frequencies over a period of three
years, establishes our confidence in the quoted accuracy
with respect to the idealized atomic transition frequency
(about [ part in 10") and precision (about 2 parts in
1013 for a 12-hour averaging time). What these machines
mean in the evolution of the U.S. Frequency Standards
is shown in Fig. 1(A).

Now the staff is evaluating a new cesium beam, Fig.
1(B), which is longer and therefore should be more pre-
cise. They have also developed thallium beams to evaluate
their potential as frequency standards, and are exploring
the possibility of using lasers.

During development of the cesium beams, the staff
was also concerned with making the frequency standard
available to others. The instabilities of high-frequency
propagation require averaging the signals from station
WWYV for a period of up to 30 days to achieve a precision
of 1 part in 10% (the usual, quickly attainable precision is
only about 1 part in 107), and reliable reception is limited
to a few thousand miles. In 1959, several major organiza-
tions, including NASA, requested much higher accura-
cies over most of the globe.

The Laboratory began an experimental broadcast
at 60 ke/s, WWVB, in 1956. Although the radiated power
was only 2 watts, this did meet the needs of some spe-
cialized users by offering higher precision over shorter
measuring periods. For precise measurement, however,
60-kc/s transmission is effectively limited to the conti-
nental United States.

In April 1960, the Laboratory began broadcasting with
another experimental station, WWVL, at 20 kc/s. WWVL
was located in the mountains near Boulder, Colorado.
With a radiated power of only 15 watts, it was received
as far away as New Zealand and verified predictions of
the NBS Central Radio Propagation Laboratory that
20 ke/s was suitable for stable global transmissions.
Since 1961, WWVL and WWVB have been controlling
WWYV in Maryland and WWVH in Hawaii. The im-
provement this provided in the frequency control of
WWYV can be seen in Fig. 1(C).

In 1963, both the 60- and 20-kc/s stations began broad-
casting with larger antennas and more powerful trans-
mitters from a new site near Fort Collins, Colorado. The
radiated power was increased to about 1 kW for WWVL
and to about 7 kW for WWVB. The 60-kc¢/s transmission
includes time signals that will offer a precision ranging
from a ten-thousandth to a miflionth of a second (d
pending on distance from the transmitter) which
10 to 1000 times more stable than the signals from WWV,
The WWVL 20-kc/s transmission is being used to extend
experimental studies required to provide accurate time
signals, clock synchronization, and frequency trans-
mission with very narrow band signals over much of the
globe.

Besides the creation and dissemination of standards,
another major responsibility of the Radio Standards
Laboratory is the international comparison of standards.
In the area of frequency standards, this responsibility
has been met by comparisons made through propagation
data among the Bureau standards, four commercial
cesium standards in the United States and one in France,
the British standard at the National Physical Laboratory,
the Canadian standard at the National Research Council,
and the Swiss standard at Neuchatel.

The performance of these various standards has led to
international consideration of redefining the unit of time
in terms of an atomic transition. The ephemeris second,
the presently accepted astronomically based unit, is now
recognized as inadequate for precision measurement, and
a change to a definition of the second based on atomic
properties will probably follow. The choice of a particular
atom and a particular transition, the experimental condi-
tions under which this transition is observed, and the
assignment of a particular frequency to this transition,
will be based on scientific results of the next few years. .

The standard of frequency is unique in two way!
the unit of frequency is directly related to the unit de-
fined for one of the six basic physical quantities (length,
mass. time, current, temperature, and luminous intensity)
in terms of which the units for all other physical quanti-
ties are defined; and it is the one standard disseminated
by broadcast.

Usually, the chain of derivation extending from a basic
physical quantity is quite lengthy and complex and re-
quires meticulous care in analysis and, usually, dissemina-
tion is accomplished through the calibration of inter-
laboratory standards by the NBS Electronic Calibration
Center. Otherwise, the various steps in the development
of the atomic frequency standards are representative of
the evolution of each national standard of measurement.

Dimensionality of radio measurements

Even those working in electronics seldom realize the
number of national standards involved in electromagnetic
measurements. Figure 2 illustrates three ‘‘dimensions”
of this work. The front plane shows the variety of stand-
ards requited to measure power at various frequencies
and magnitudes. Succeeding planes show the various
quantities of electromagnetic measurement—each re-
quiring an entirely new family of standards.

One must imagine a fourth dimension to this graph to
indicate the various activities required in the development
of each standard—research, development, and distrib’
tion. Finally, a fifth dimension is involved in that th
equipment sometimes must operate in a variety of tem-
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Fig. 2. Three “dimensions’’ of electromagnetic measurement. Each quantity represented by
a plane (power, field strength, etc.) requires a new family of standards

peratures, applied fields. or other environmental param-
eters.

The scope of this multidimensional space is obviously
so big that the Laboratory cannot hope to fill the entire
volume. We therefore do our best to recognize key anchor
points, and upon these to erect a network to span the
various areas to a suitable degree.

Suppose. for example, that we decide that power shall
be standardized only at an anchor point near one milli-
watt. By standardizing attenuation for all ranges, any
value of power can be referred to the one-milliwatt level
with a standard attenuator. Thus the need for power
standards at all other levels is eliminated.

The general areas of research and engineering at the
Radio Standards Laboratory are the development and
distribution of frequency standards; studies in the areas
of radio and microwave materials, radio plasmas, and

microwave physics; the development of high-frequency
’.md microwave standards; and the development and
calibration work of the Electronic Calibration Center.
A look at work under way and at some of the services
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available gives an idea of the present status of radio
measurement.

Studying basic materials

Materials research at the Laboratory is designed to
acquire an understanding of the magnetic (primarily
ferrimagnetic). dielectric. and conductive behavior of
materials at radio and microwave frequencies, in terms
of the atomic constitution and structure of matter. For
example, magnetic resonance studies are being conducted
to determine the magnetic energy levels, relaxation times,
and transition probabilities in paramagnetic and anti-
ferromagnetic crystals.

Specific tools and techniques are developed. such as
the RF permittimeter which makes dielectric measure-
ments without electrodes, thus avoiding dielectric and
electrode interaction problems and errors.

Probing radio plasmas
Plasma physics is of great interest to the Laboratory
because of the potential use of radio methods to char-
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acterize plasmas and the potential use of plasmas as
radio devices. Measurement of plasma mechanisms is
complicated by the number of parameters and variables
involved, and by the fact that the numerical values of
these quantities cover five to ten orders of magnitude in
experimental plasmas.

Because of these problems, the prevalent theories
apply to rather idealized plasmas, and often it is im-
possible to realize physically the assumptions that are
used in the theory. Research at the Laboratory is pres-
ently limited to phenomena that are associated with the
macroscopic properties of plasmas generated in the
laboratory, and the goal is reasonably accurate measure-
ment of plasma parameters, variables, and mechanisms.

Exploring millimeter waves

In microwave physics the staff is concerned with the
‘generation, detection, transmission, and measurement of
millimeter- and submillimeter-wave power.

Useful devices in industry are already operating at
wavelengths as short as one millimeter. Thus, sooner
or later the Laboratory is sure to be called upon to
make numerous measurements and to provide stand-
ards of virtually every quantity that has been of
interest at longer wavelengths, especially power, at-
tenuation, and Q. Presently the Laboratory has no
measurement facilities below 3 millimeters, but we hope
during the next few years to have equipment working at
wavelengths as short as 0.5 millimeter.

This group is also adapting the Fabry-Perot resonator
for use in refractometers, wavemeters, and resonators
for masers; is in the final stages of measuring the velocity
of light at millimeter wavelengths with a Michelson inter-
ferometer, and is using the Stark effect—the splitting of
spectral lines by the application of electric ficlds—to
measure dc and low-frequency voltages with very high
precision.

Creating microwave and HF standards

In the sections concerned with the creation and
evaluation of microwave and high-frequency standards,
research is usually aimed directly at a specific measure-
ment application. Two of the basic measurement tools of
industry invented by these groups are the RF micro-
potentiometers for providing accurately known micro-
voltages at radio frequencies, Fig. 3, and an improved
bolometer bridge for measuring microwave power.

Among the national standards and measurement tech-
niques the staff has developed in recent years are systems
for measuring attenuation differences up to 120 dB in
the 1-300 Mc/s frequency range with an accuracy of
+0.002 to +£0.05 dB; and in the 0-50 dB range, at 10
Gc/s. with an accuracy of +£0.0001 to %0.06 dB. These

Fig. 3. Micropotentiometer operates on a simple principle
a known current is fed into a known very low resistance (one
or more milliohms), and the potential drop across the resist-
ance gives a voltage that can be precisely calibrated.
Primary purpose is to provide accurate microvolts for
checking standard-voitage generators or for use directly as
a standard-voltage generator at all frequenciesto 1 Ge/s

high accuracies are possible at present only as attenuation
differences in a system. Measurements on attenuators
that must be inserted into the measurement system are
more limited in accuracy due to mismatch errors. Re-
flection coeflicients of 0.1 are measured to an accuracy of
1 part in 1000. These are the best values currently avail-
able, and are higher than the accuracies offered on
regular calibration basis.

Providing calibration services

NBS working standards for quantities in the high-
frequency and microwave regions are established and
maintained in the Electronic Calibration Center. Here
the Laboratory provides those calibration services which
are in suflicient demand to justify the development of
instrumentation. Special calibrations not available
through the Center can sometimes be arranged, but these
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may require time-consuming rescarch and thus be quite
expensive.

The Electricity Division of NBS, in Washington, D.C.
is primarily responsible for standards and calibrations
in the low-frequency region (below about 30 kc¢/s). but
the Center also provides the low-frequency calibrations

’)al are 1n greatest demand.

About half the Center’s work load is devoted to the
design and construction of the special instrumentation
required to perform calibrations at optimum accuracies
on a routine basis. It is interesting to note what routine
means in this context. Since the Center calibrates inter-
laboratory standards for the nation’s top standards
laboratories in terms of the national standards, it is
obvious that its shop-level calibrations carry a profound
responsibility.

At high frequencies (30 ke/s to 300 Mc/s), the Center is
equipped to calibrate standards of voltage, power, im-
pedance, attenuation, and field strength. These standards
are at present limited to those designed for continuous-
wave measurements and those having coaxial terminals.
For most quantities, calibration services are offered at
the fixed frequencies of 30, 100, and 300 ke/s; and at 1, 3,
10, 30. 100, and 300 Mc/s. Continuous-frequency cover-
age is provided where feasible, but such calibration
equipment is usually less stable and less accurate than
that used at the fixed frequencies.

Microwave calibration facilities are being provided at
the Center for the measurement of power, impedence.
frequency, attenuation, and noise power. The initial
goal is to cover the frequency range from 300 to 40 000
Mc/s for all quantities. For one quantity—the frequency

Fig. 4. Calibration man-hours, 25
by fiscal year, of the NBS Elec-
tronic Calibration Center. The
dips and upturns evident in
some of the curves are ex-
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of cavity wavemeters—the Center provides a calibration
service to 75 000 Mc/s.

Examples of developments in this arca include an im-
proved measurement system for microwave impedance
(reflection coeflicient) calibrations based on reflectometer
principles. and an improved microwave radiometer for
use in measuring the noise temperatures of microwave
sources.

The calibration workload of the Center, see Fig. 4,
shows a dip in man-hours during 1962. This is largely
attributable to a more eflicient calibration program
adopted by the Navy which reduces the number of stand-
ards sent to NBS for calibration. The upturn during 1963
is the result of some of the new services being olfered by
the Center.

Measurement needs of the future

To assist in planning for the future, the Radio Stand-
ards Laboratory staff has prepared a set of accuracy
charts that summarize the state of the art, including
existing national standards and calibration services. its
five-year goals in national standards and calibrations,
and the approximate present measurement needs of
industry.

One example of such a chart is Fig. 5 showing micro-
wave power standards in waveguide systems. It shows
that at X band (8.2-12.4 Gc/s) a national standard exists
in the neighborhood of 103 to 102 watt, to an accuracy
of one part in 1000. and that this exceeds most of the
present needs at this magnitude and frequency. At lower
powers there is a continuing loss of accuracy until it is no
better than 10 per cent at 1 microwatt. There is also a loss
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of accuracy in other frequency bands. and there is no
national standard above 10 milliwatts. In this same
area, measurements are being made by industry at levels
of 1000 or 100 000 watts to accuracies of from 1 to 10
per cent.

The laboratory’s five-year objective is to fill in some
of these gaps at selected frequencies and at selected
power levels, but at somewhat lower accuracies.

Of course, such charts are merely guide lines and are
subject to constant review as we continue to receive
feedback from industry on present and future require-
ments. For example, we recently learned of a develop-
ment program for high-power millimeter-wave tubes
that is being undertaken by manufacturers on both
coasts. They are in great need of a national standard of
millimeter-wave power for rather high peak powers. It
takes time for such a development to be incorporated into
our program, and we appreciate having as much feedback
as possible, as early as possible, and that it be specific
and realistic.

There are other examples which indicate future needs
being created by technological advance. NASA is going
to extremely narrow-band operation to reduce the trans-
mitter and transponder power required for tracking and
communication with deep-space vehicles. Bandwidths of
1{, c/sat 10" ¢/s will be in use shortly. Assuming thatan
automatic frequency control system would be used, for
searching and locking, the signal must be maintained at
this stability for at least the AFC time constant, which in
turn must be large compared to the reciprocal of the
system bandwidth. The frequency stability implied in this

Fig. 5. Accuracy sheet shows existing and proposed national standards and calibration serv-
ices, and the present measurement needs of industry

[
|

' Microwave power standards
in waveguide systems

requirement is of the order of one part in 10'3 per second.
It is fairly clear that NASA will be forced to hydrogen
masers to control such signals, and that therefore we
should be considering the performance standards of
hydrogen masers.

Measurement of the phase of radio and microwave
signals is becoming more and more important. Phas
measurement has wide application in the electronic
scanning of fixed directional antenna arrays and is
essential to the ranging of missiles and space vehicles.
Linear phase characteristics are essential to communica-
tion systems that transmit high information rates.

During August 1962, the Inter-Range Instrumentation
Group determined that there is a need for global synchro-
nization of time to the order of microseconds. The main-
tenance of time to microsecond accuracy over a typically
desired interval of one day requires frequency stability to
parts in 10", Here we have to determine whether it is
appropriate for NBS to undertake full global distribution
of time and frequency and, if so, the Laboratory must
determine feasible ways of accomplishing the objective.
One method which should be carefully considered is
standard frequency broadcasts from satellites.

Most likely, the whole burden of national standards for
lasers as communications devices will fall upon the Radio
Standards Laboratory and the NBS Central Radio
Propagation Laboratory. The latter is undertaking pre-
liminary experiments with a commercial continuous-wave
He-Ne laser and is proposing a substantial study of the
propagation of laser beams. The Radio Standards Lab-
oratory must provide the measurement standards for
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lasers as, for example, measurements of the elements of
the third-order tensor giving the nonlinear electric polari-
zation of a material resulting from the application of two
intense electric fields.

Other laser standards that are likely to be required, and
which we are preparing to investigate. are power, spectral

rity, directivity, quantum efliciency of mixers and
armonic generators, power dissipating ability, mode de-
termination. modulation, and noise level. During the next
five years, the stalf plans to consider the use of double
heterodyning systems for measuring attenuation, power.
or other quantities at laser frequencies. and laser control
by lower frequencies through phase or frequency lock.

The effect of quantum electronics upon radio science
has grown until now it overshadows almost all of our
future planning. In many projects it is the dominant area
of study. For example. a group in materials research is
working to establish material constants and characteris-
tics that will provide energy level information for solid-
state microwave and millimeter-wave applications. De-
velopment has begun on an antiferromagnetic resonance
spectrometer, and preliminary antiferromagnetic reso-
nance measurements are being made on systems with low
Neel temperatures such as CuSO,; and CoSO, (anhy-
drous). During the next few years. the group expects to
extend these measurements to many more systems such as
the double fluorides KMF; (M = Mn, Fe, Co. or Ni)
and MnTe. MnSe. and MnSb—including those with
higher Néel temperatures.

In the area of nonlinear dielectrics. the Laboratory is
beginning the development of a measurement technology
to determine the material characteristics of ferro. ferri,
and antiferroelectrics under a variety of control param-
‘ters. Classes of materials must be investigated for special

aracteristics such as domain structure and relaxation
processes. and the investigations and measurement tech-
nology must be extended to optical frequencies. Special
needs in this area include knowledge of materials sen-
sitive to thermal environments. development of synthe-
sized specimens of controlled structure and composition.
and development of optical measurement equipment.

A goal that underlies all of this work is to increase the
accuracy and reproducibility provided by our present
macroscopic standards by developing standards (such as
the atomic beams) based on atomic or molecular phe-
nomena. Therefore we are increasing our studies into the
possibility of deriving electromagnetic standards from
such phenomena as the Zeeman effect. the Stark effect.
Larmor precession. electron—proton resonance. and
nuclear magnetic resonance.

Closing the measurement gap
In considering which steps can best help the Radio
Standards Laboratory meet its responsibilities, the most
obvious is one of selection: the weeding out of measure-
ment needs that can be met by commercial laboratories.
and the careful assignment of priority to the work that
remains. This is being done. and already a substantial
portion of proposed work has been eliminated.
Another possible step is to substitute precision for
accuracy. Consider, for example, the cycle of events that
‘s occurred in evolving the length standard. At first the
'andard of length was to be one ten-millionth of the
quadrant of the meridian passing through Paris. Con-
ceptually, this was very satisfying, but in practice it was
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inconvenient to use. Therefore an arbitrary standard, the
meter bar, was adopted because it could be used with
much higher precision.

Next the meter bar as a standard was replaced by
the wavelength of krypton. at a temperature of the triple
point of nitrogen. This is conceptually much more satis-
fying than the arbitrary meter. It now appears possible
that by going to an oscillating laser we will have a stand-
ard of length that is much more precise than the krypton
wavelength, but its unperturbed value may not be known
with such absolute certainty. We might then arbitrarily
adopt a laser oscillating under specified conditions as a
more convenient standard than the krypton lamp.

The Laboratory is in a similar position with respect to
Q factor. We have a bank of standard coils with which

Fig. 6. Financial support for radio standards. Annual sales
of the electronic industry and annual expenditures of the
Radio Standards | abaratory. (See the Appendix)
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other unknown coils can be compared more precisely
than their Q factor can be stated in terms of the ratio of
energy stored to power dissipated per cycle.

Thus where precision exists with respect to existing
arbitrary apparatus. we might quote the results of NBS
tests with respect to the “standard of X as maintained
at NBS with. for example, a precision of comparison of
perhaps one part in 104 and with an accuracy with respect
to the international standards of perhaps one part in
10,

This would be analogous to the present situation for
frequency in which an unknown frequency source can be

Fig. 7. Ratios of annual and cumulative expenditures of the
Radio Standards Laboratory to annual and cumulative in-
dustry sales. (See the Appendix)
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compared to the national standard of frequency with a
precision of one part in 10'2, but the accuracy of the
national standard of frequency with respect to the in-
ternationally accepted standard of time is only one part
in 10°. This anomalous situation occurs because the
internationally accepted standard of time (based o
astronomical units) is very imprecise, although by deﬁn'
tion it is infinitely accurate.

However, the substitution of precision for accuracy
and the careful selection of priority do not strike at the
heart of the problem, and the program of fundamental
development which remains is sobering.

The main curves in Fig. 6 show (1) the annual factory
sales of the electronic industry and (2) the annual ex-
penditures of the NBS Radio Standards Laboratory—
expenditures which provide the national basis of meas-
urement for this industry. The secondary curves. identi-
fied on the figure, show expenditures in related areas.

Figure 7 gives (1) the ratio, since 1946, of the cumula-
tive expenditures of the Radio Standards Laboratory to
the cumulative factory sales of the electronics industry,
and (2) the ratio of the annual expenditures of the Radio
Standards Laboratory to the annual industry sales.

It is clear that there was a period of relatively low sup-
port for radio standards. and that in recent years this
support has increased. The cumulative effect of the drop
in support is seen in the curve which shows cumulative
expenditures of the Laboratory relative to industry sules.
This curve, which falls below the one showing the relative
yearly ratios, indicates the possibility of a backlog of un-
met demands.

To explore this situation, the Radio Standards Labora-
tory has analyzed current needs reported to the Labora-
tory and has estimated the effort it will take to meet thesy
needs at a rapid but realistic rate of development. Th‘
needs in question were made as specific as possible by
asking each company or organization involved to define
the reason (application) for a reported need, and to
estimate the required accuracy at particular points of
magnitude and frequency.

These studies indicate a requirement for a significant
enlargement in the program of the Radio Standards
Laboratory if the very real and expressed needs of the
industry are to be met in a realistically determined length
of time. Significant enlargement means increases of the
order of 30 per cent per year for several years.

This would be a challenge to any organization; it is a
particular challenge to a government laboratory devoted
to scientific research, whose basic product is knowledge
or applied science in which advancement is recorded in
the movement of a decimal point.

APPENDIX

Sources of information for Figs. 6 and 7 are the Electronic In-
dustrics Association and the National Science Foundation. The
estimate that factory sales of the electronic industry will total $25
billion by 1970 is from R. R. Dockson, “The Electronics Industry
and the Dynamic Los Angeles Metropolitan Area.” Growth
Pattern Study No. 4, of the Union Bank, Los Angeles, 1962. The
carly expenditures of the Radio Standards Laboratory are shown
dashed (Fig. 6) since it is difficult to isolate the work in radio
standards from other radio research being conducted by NBS at
that time. The Laboratory expenditures are expressed in ﬁsc‘
vears while all of the other values are in calendar years: the siN
month oflser between fiscal and calendar values is ignored. The
1964 tigure for the Laboratory is an estimate as of September 1,
1963.
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Quiet sun years begin—

Focal points

international cooperation makes program possible

We are in a new age of exploration of
our environment—pushing at frontiers
under, on, and above the ground of
which the explorers of other ages did not
even dream. Drilling below the ocean
depths, mapping the Antarctic conti-
nent, cxploring the upper atmosphere
and space with direct probes, all activi-
ties of the past decade, have had one
important manifestation that atfects the
world in more than a physical sense.
They have given birth to, and in turn
have depended on, international co-
operation on an unprecedented scale.

The most recent formal international
program of exploration is called the
International Years of the Quiet Sun,
abbreviated 1QSY. It will operate dur-

Active group of sun spots photographed from a balloon at 80000
feet. Though such sun spots are expected to be rare during the
IQSY, their study will be all the more important in leading to

174

ing the two-year interval of January 1,
1964, to December 31, 1965, which in-
cludes the expected time of minimum of
the 11-year cycle of sunspot numbers-—a
period of low solar activity.

The IQSY program is entirely one of
basic science. It will be worth the cost if
the only result proves to be an increased
understanding of the universe. But it
will be surprising if unforeseen practical
benefits do not result also, as has been
the case with all large programs of basic
research in the past.

IQSY is an outgrowth of its opposite
program, the International Geophysical
Year (IGY), which was itself the largest
international program of exploration
ever undertaken. The IGY was a com-

prehcnsive examination of the earth, its
atmosphere, and its spatial environ-
ment, during a peak of the sunspot cycle
characterized by unusually high solar
activity; the observations were made
from July 1, 1957, through December
31, 1958. The wide scope of its efforts,
which involved scientists of 66 nations,
made possible the collection and analysis
of an unprecedented body of scientific
data.

Twenty to thirty thousand scientists
in the cooperating countries took part,
operating from some 4000 scientific
stations. One of the most important
contributing factors to the success of
the IGY was the concept of synoptic
observations—those made by the same

an undistorted description of solar-terrestrial relationships. The
spot group shown in this NSF photo caused major disturbances
in long-range radio communications and a brilliant aurora
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techniques at the same time from a
number of places to give worldwide
pictures which had never been available
before. Synoptic observations were
made possible by the agreement among
the scientists and laboratories in-
‘ved that data would be exchanged
and made available through a system
of World Data Centers. In addition,
the effort to secure observations in
many fields at once on particular days
agreed to in advance resulted in learning
interrelationships that had not been
previously known.

Most of the fields of study involved
phenomena which occurred in response
to activity on the sun, and it was the in-
terrelationships among these phenomena
which were so revealing. For example,
studies in the fields of solar activity,
aurora, ionospheric absorption, and
geomagnetism all together enabled us
to spell out the nature of the phe-
nomenon of polar cap absorption (PCA)
which can occur following a very large
solar flare.

The very advantage of large solar
activity resulted, however, in an overlap
of events which often made it difficult
to disentangle the exact sequence of
cause and effect. In an interval when the
sun’s disk is covered with active regions
at all times, regions which are always

aring’’ to some extent, it becomes very

ficult to know which flare or sub-
flare is responsible for a particular
variation in the geomagnetic field.
Furthermore, the ionosphere and the
earth’s magnetic field never get a chance
during sunspot maximum to subside
back to an undisturbed state before the
next disturbance occurs. Thus measures
during the 1GY itself did not show the
full range of terrestrial effects that might
occur in response to solar variations.
We never got down to where the zero
point is.

Development of IQSY. In an attempt
to overcome these ditliculties the idea
began to grow, about the beginning of
1960, that an extensive program at the
time of sunspot minimum would be a
useful supplement to the IGY for those
fields in which the solar variation was
important. IQSY was planned through a
series of conferences and discussions
on the international scientific scene to
include activities in most of the IGY
fields, but to omit such fields as oceanog-
raphy and seismology, which are not
markedly affected by the solar cycle.

IQSY has developed, not as a minia-

re IGY, but as a full program that can
take advantage of the opportunities for
studying solar-terrestrial relationships
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at the minimum of the sunspot cycle.
In & number of areas it will use tech-
niques developed since IGY: in in-
strumentation, data handling, high-
altitude ballooning, and sophisticated
space probing.

Each of the more than 60 countries
involved in IQSY has planned its own
program coordinated in consultation
with the other countries at a series of
international meetings spaced about a
year apart. The overall program took
final shape at the last of these meetings,
in Rome, in March 1963. Working
groups in the individual disciplines met
and hammered out the necessary com-
promises to make an overall interna-
tional program on which everyone could
agree. The working groups’ decisions
were presented as resolutions before a
plenary session of the international
IQSY Committee, which examined them
for potential conflicts. The final program
is contained in a series of reports of the
national programs appearing in the
publication /QSY Notes, and in a series
of instruction manuals for the individual
disciplines. The Notes and the manuals
are issued by the 1QSY Committee
whose executive offices are in London,
and are available to scientists in the
United States through the U.S. Com-
mittee for the IQSY, a committee of the
National Academy of Sciences.

The Program. The United States pro-
gram for IQSY consists of researches
in the fields of meteorology, geomag-
netism, aurora, air glow, ionospheric
physics, radio astronomy, solar activity,
the interplanetary medium, cosmic rays,
trapped radiation, and aeronomy.
Emphasis will be placed on solar
mechanisms; determining the state of
the interplanetary medium during solar
minimum; mapping the earth’s radia-
tion zone to establish its configuration
and density at minimum; observing
solar events and the transit through
the interplanetary medium of the solar
plasmoids and the interaction of the
plasmoids with the geomagnetosphere;
observing at magnetically conjugate
points on the earth the auroral, iono-
spheric, geomagnetic, and hydromag-
netic consequences of such interac-
tions; determining the energy content
of the solar ionizing radiations that in-
fluence the aeronomy of the middle at-
mosphere; studying the winds and circu-
lation of the ionospheric regions; de-
termining the basic photochemical char-
acter of the middle atmosphere and
ionosphere in its least disturbed condi-
tion; and undertaking such programs as
studies of the low-energy portion of the

galactic cosmic-ray spectrum that are
best done during times of solar quiet.
Also included will be the completion of
certain network synoplic programs of
aurora, geomagnetism, ionospheric
physics, and cosmic rays throughout the
present solar cycle, continuing what was
done for IGY and since.

To accomplish these objectives there
will be a solar patrol that includes optical
flare patrol, radio patrol, and satellite
observations. Work in geomagnetism
will involve the operation of standard
observatories, including those in the
Antarctic, and satellite and space probe
observations. Networks of all-sky auro-
ral cameras, visual observations, spec-
trometer and photometer observations,
and air glow observations will be active,
including operations in the Antarctic and
in Greenland. lonosphere observations
include a vertical incidence network, a
radio nolse network, a riometer net-
work, and several whistler networks
covering both very low and extremely
low frequencies. Cosmic-ray work in-
cludes the operation of a chain of neu-
tron monitors for lower-energy cosmic
rays and meson telescopes for the harder
component of the flux.

Special opportunities in solar—ter-
restrial relationships will be pursued by
means of X-ray and ultraviolet tele-
scopes, particle detectors, and energy
analyzers on satellites, as well as by
rocket and balloon observations of
particle streams entering the upper at-
mosphere at geomagnetically significant
locations. Such observations, along with
the data derived from the synoptic net-
works, will provide information as to
the identity, flux, and energy spectra ot
the particles, their spatial distribution,
and their temporal history. Conjugate
point observations will be made between
various locations in Alaska, Canada, and
the northern United States, and loca-
tions in Australia, New Zealand, and
the Antarctic.

Coordination. Many of the IQSY ob-
servations will be made on a continuing
or a daily basis, but in some cases this
would be too expensive or otherwise
impracticable. Temporal coordination of
these intermittent projects is accom-
plished through a program of so-called
World Days and World Intervals. These
are indicated on the International
Geophysical Calendar in a format which
was developed for the IGY and later
modified. It marks intervals in which
observers can expect that their col-
leagues in other countries and in other
disciplines will be making an increased
effort to obtain synoptic observations.
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Difterent designations are used for
intervals of differing lengths and perio-
dicities. For example, a Regular Geo-
physical Day occurs each Wednesday
throughout the two-year 1QSY. Regular
World Days are three consecutive days
of each month, always Tuesday,
Wednesday, and Thursday near the
middle of the month. These are intended
for experiments which should be made
for about 10 per cent of the total num-
ber of days throughout the year. The
Wednesday that is a Regular World
Day and a Regular Geophysical Day is
a Priority Day, and there is one each
month; on it both weekly and monthly
observations would be made. Similarly,
there is in each season a Quarterly
World Day, and also a World Geo-
physical Interval consisting of 14 con-
secutive days intended for intensified
programs aimed at the statistics of
seasonal variations or the timing of
seasonal changes. In addition to these
arbitrarily chosen times, the calendar
indicates the dates of solar eclipses and
meteor showers which may call for
special observations.

Certain other special days are not
shown on the calendar because they can-
not be predicted in advance; they are
days of Alerts or Special World In-
tervals, which are declared by one of
several solar—geophysical regional warn-
ing centers on the basis of observations
of actual or impending solar activity. or
solar-related events. Notices of the
Alerts and Special World Intervals are
distributed by telegram and radio
broadcasts and through the meteorolog-
ical telecommunications network.

World-wide cooperation in the timely
exchange of collected data is an im-
portant part of the program. The ex-
change of data that are either raw or
iust sufliciently calibrated for use by
others enables all investigators to have
for analysis a wider span of data than
they could expect to obtain by their own
efforts. Making his data available to
others on a timely basis involves some
sacrifice on the part of the observer,
because it forces him to a relatively
short time during which his own obser-
vations are exclusively his for analysis
and interpretation. That thousands of
observers have been willing to join in
this world-wide exchange for the good
of all is a testament to their selflessness
and their devotion to the progress of
science.

The World Data Center system, de-
veloped for IGY, has remained in opera-
tion ever since. It comprises three major
centers, World Data Center A in the

176

United States, B in the U.S.S.R., and C
having disciplinary components in Japan,
Australia, and several western European
nations. On a regional basis, original
data, either raw or reduced, are for-
warded to one of these three denters.
Each center then sends copies to the
other two, so that each accumulates
identical global data. From these three
centers or their elements data are sup-
plied upon request, usually on a cost
basis, to scientists and scientific institu-
tions from their various regions. In the
United States, several institutions and
agencies, each responsible for a single
discipline, form the total complex of
World Data Center A. Coordination,
particularly necessary in international
exchange, is supplied by the National
Academy of Sciences.

QOrganization. International scientific
programs are formal arrangements de-
veloped among groups of people who
are themselves members of sovereign
states. Not all the people are subject to
the same sets of laws, or to the same
customs or political systems. In view of
these differences, the scientists’ success
in organizing international projects has
required great diplomatic skill. Their
success has been generally recognized
as a pattern of human cooperation to
be emulated in other fields.

A few dozen international scientific
societies exist that bring together sci-
entists or engineers with common in-
terests. Normally the adherence to such
a union is by country, with a national
committee in each country. The member-
ship of individuals in the union is
through membership on a national com-
mittee. or on the recommendation of
that committee. (Customs vary some-
what from one union to the next.)
Since a number of problems and goals
are common to the several unions, they
have formed an International Council of
Scientific Unions (ICSU), a sort of
parental or supervisory body with its
own ollicers and committee structure.
United States adherence to any of these
international bodies is through the
National Academy of Sciences.

IGY was primarily the creation of
three of the international scientific
unions: the International Scientific
Radio Union (URSI), the International
Union of Geodesy and Geophysics
(IUGG), and the International Astro-
nomical Union (IAU). However, the
enterprise  involved other unions,
notably the International Union of Pure
and Applied Physics (IUPAP). Coordi-
nation of the IGY program was
achieved under a special ICSU com-

mittee for the IGY, known as CSAGI
(Comité Spécial de I'’Année Géophy-
sique Internationale). For the activities
after IGY, a continuing Comité Interna-
tional Géophysique (CIG) was estab-
lished, which in turn established a woy,
ing group for IQSY and in March 1963
at the first IQSY General Assembly in
Paris, the CIGIQSY Committee was
formally appointed. This committee,
under the chairmanship of Prof. W. J. G.
Beynon of the United Kingdom, in-
cluded representatives of the four scien-
tific unions just mentioned, a reporter
appointed by the appropriate scientific
union for each discipline, representa-
tives of other ICSU committees and
international scientific organizations:
the Scientific Committee on Antarctic
Research (SCAR), the Committee for
Space Research (COSPAR), the Inter-
national Ursigram and World Days
Service (IUWDS), and the World
Meteorological Organization (WMO).
The latter group is somewhat more
governmental in character than the
others, being an agency of the United
Nations. In addition, regional repre-
sentatives are chosen to ensure that all
areas of the world are adequately rep-
resented.

U.S. coordination in the 1QSY pro-
gram is provided by the National Acad-
emy of Sciences and the Natio
Science Foundation. The Academy
Geophysics Research Board (GRB),
under the chairmanship of Dr. M. A.
Tuve, has a Committee on IQSY chaired
by Dr. M. A. Pomerantz. Its executive
secretary is Stanley Ruttenberg, and its
concern is with the international con-
tacts essential in carrying out the pro-
gram, the planning and balance of the
U.S. program, and the coordination of
the World Data Centers and data ex-
change generally.

In the later stages of the 1QSY pro-
gram’s development, the Academy
sought formal Government endorse-
ment through the National Science
Foundation. Dr. A. T. Waterman, then
director of the Foundation, obtained
authorization for U.S. participation
from President Kennedy, who. at the
same time, designated the National
Science Foundation as the agency to
correlate the Federal Government's
regular activities that contribute to the
program, and to coordinate and to ar-
range the budget for the additional ac-
tivities. In carrying out these functions,
the Foundation is guided by a panel
advisers from the scientific community”
Funding of special 1QSY projects is
done in the same way as the Founda-
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tion’s funding of other researches.

The total U.S. contribution to the
IQSY is, of course, far larger than the
projects funded out of specially desig-
nated parts of the Foundation’s budget.
Work in the broad area of geophysics

ulated by IGY continued through

intervening years. The ongoing pro-
grams of many agencies, for example
NASA, the Department of Defense, and
the Department of Commerce’s Weather
Bureau and Bureau of Standards, all
contribute to IQSY and are taken into
account when the U.S. program is pre-
sented in detail to the international
IQSY Conmmittee. Their volume of
work may be likened to the large, in-
visible volume of an iceberg that is
below the water line. The added
amounts from specially designated
tunds for 1QSY projects are relatively
smaller, and sometimes have the func-
tion of the keystone in an arch. They
frequently establish a new station that
serves to bind already existing stations
into a series, or they may set up an
experiment which should be carried out
with the others to study their interrela-
tionships or, again, experiments or ob-
servational programs that require a
special interdisciplinary effort for com-
pletion.

Looking toward the future. It is, of
gurse, too early to state precisely what

, exciting advances will come out of

SY. However, we can discern two
trends in modern science that are typified
by this program. First, interest in inter-
national cooperation in science is in-
creasing. Science has always been a co-
operative effort characterized by cordial
relations across national boundaries,
but it is only very recently that tre-
mendous improvement in transportation
and communication has enabled people
to pool their efforts on such a large
scale. Looking at it another way, this
pooling of effort can multiply the effi-
ciency of every American scientist. He
receives stimulation and information not
only from his colleagues in the same

laboratory, city, state, or country, but
has these benefits from the world-wide
body of scientists. Much duplication of
cffort is saved. Though sending a body
of people to an overseas conference in-
volves expense, usually the ideas brought
back savc larger expenditures that would
have been planned in ignorance of other
scientific work.

A second trend is the growth of a new
area of scientific research—a field with-
out a unique name but beginning to be
recognized as an entity. It represents an
extension upward of the interests of
geophysicists (especially students of the
atmosphere) to include the interplane-
tary medium, planetary atmospheres,
even the weather of the solar atmos-
phere. Interests of many astronomers
now extend downward into the earth’s
atmosphere. This mixing of concepts
and methods from fields which were
formerly widely divergent has been
healthy for the growth of all.

One might, of course, describe the
new field of interest as a simple extension
of either geophysics or astronomy, but
in practice it is more than that. A solar
system with all its intricate interactions
of parent star, interplanetary medium,
magnetic and radiation fields, and solid
planets is probably a common phe-
nomenon in space. Nevertheless, the
detail with which we can study our
particular solar system is so much
greater than the detail which we can
bring to bear on analogous systems that
it becomes a specialized problem within
the broad field of astronomy. It is im-
portant, but not of overriding impor-
tance, in comparison with stellar evolu-
tion, the nature of the galaxies, cos-
mology, and the many subdivisions of
these areas which form the main prob-
lems of astronomy.

At the same time, the new field is
somewhat “far out™ to students of the
lower atmosphere, oceanography, and
the solid-earth branches of geophysics.
All these fields are affected by the sun
and especially by variations of the solar

Approaching transonic commercial air

travel propels all-weather landing systems to the fore

All-weather landing systems—with
optimum operational capability in ¢con-
ditions of low and zero visibility—have
been the goal, through the yeais, of the

'ation industry. The expected increase
subsonic and transonic jet air travel

in the next decade—and the complexity
of safely and efficiently controlling and
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terminating air traffic according to its
destination schedule—has tinged the
problem with a sense of urgency. Diver-
sion of flights because of weather con-
ditions to alternate airports in the United
States alone last year cost domestic car-
riers an estimated $60 million. In Eu-
rope, and especially in England, where

output, but as soon as we get much be-
low the level of the absorption of ultra-
violet light by ozone, the fluctuations of
solar energy input to the lower at-
mosphere and to the surface are vanish-
ingly small. The main energy fluctua-
tions are in the far ultraviolet, and they
affect primarily the upper atmosphere.
Readers ot this journal will of couise
recognize that the ionosphere and
magnetosphere, the regions of the at-
mosphere which are so critical to radio
communications, are markedly affected
by solar variations, so that a radio engi-
neer is more concerned with solar
activity than is, for example, an ocea-
nographer.

The activities of which we speak are
sometimes called “space research,”
though that implies that the observa-
tions are made from space vehicles
rather than from the ground. Ground-
based work forms a substantial part of
the activities in the field. The term
“planetary sciences™ has been frequently
used; ‘“‘space physics” and “space sci-
ence” are other terms. Frequently the
terminology is influenced by the tradi-
tional academic field out of which the
new activity has grown in the local con-
text. In the National Science Founda-
tion responsibility for this general area
is in the Program for Solar Terrestrial
Research, a part of the Section for At-
mospheric Sciences. The coordination of
the IQSY is one of the activities of this
program oflice.

We may confidently expect that while
reaching into space and understanding
more and more of the large-scale en-
vironment in which we move, we will,
through such activities as the Interna-
tional Years of the Quiet Sun, mature
both in knowledge and in our abi’ity to
get along with each other on the surface
of our small planet.

Robert Fleischer

Coordinator for the IQSY

Program Director for Solar Terrestrial Research
National Science Foundation

Washington, D.C.

greater low-visibility exposure exists, the
hard-won time-saving potential of new
very-high-speed aircraft is perhaps under
graver threat than elsewhere.

Here, in the United States, high pri-
ority is being given to the early develop-
ment of such a system. The Federal
Aviation Agency (FAA) at its National
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TERRAIN AVOIDANCE
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...the Problem Was Easier then!

Today terrain avoidance has been complicated by higher air
speeds, ground search radars and more deadly defensive
weapons. Thus the critical need for research on the terrain avoid-
ance problem.

Evidence of Cornell Aeronautical Laboratory’s leadership in
researching the problem is given by the recent receipt of its 15th
contract in this field. Since the first contract was awarded to
CAL a decade ago, the Laboratory has performed such research
for the Air Force, Navy, Army. commercial sponsors, and the
United Kingdom.

By making this new knowledge available to scientists and to the
military services concerned, CAL is actively advancing the state
of the art.

But this is just one of the areas of technology in which CAL’s
technical staff is leading the way. Others are computer sciences,
applied physics, electronics, operations research, aerodynamic
and applied hypersonic research, flight research, applied mechan-
ics, vehicle dynamics, life sciences, and systems research. If your
experience qualifies you to join this team, we invite you to send
the coupon below. It will bring you an interesting briefing on
this community of science.

<

J. E. Rentschler
CORNELL AERONAUTICAL LABORATORY, INC.
Buffalo 21, New York

] Please send me your factual, illustrated employment prospectus, ‘‘A Com-
munity of Science,'’ and an application blank.

CORNELL AERONAUTICAL LABORATORY, INC.
OF CORNELL UNIVERSITY

1 1’m not interested in a new job now, but | would like to see your 40-page
‘*Report on Research at CAL."’

Name
Street
City

Zone $tate

An Equal Opportunity Employer

| Chesapeake Corporation of Virginia,

i Positions Open

'The follqwing positions of interest to
IEEE members have been reported as
open. Apply in writing, addressing reply
to address given or to Box Number, ¢
IEEE Spectrum, Advertising Depa’
ment, 72 West 45th St., New Yoik, N.Y,
10036.

Overseas. Robert College, in Istanbul, Turkey,
presents a challenge in education where East
meets West. An opportunity to contribute sig-
nificantly to the development of a young re-
public is available to specialists in engineer-
ing, business administration and economics,
the sciences, the humanities, and English as
a foreign language. Graduate degrees re-
quired. Address inquiries to Miss Shirley
Osmun, Personnel Officer, Robert College,
Bebek Post Box 8, Istanbul, Turkey; with copy
to the Near East College Association, 548 Fitth
Avenue, New York 36, New York.

The Department of Electrical Engineering at
the City College of the City University of New
York seeks staff in all academic ranks; Pro-
fessor, Associate Professor, Assistant Profes
sor, Instructor and Lecturer. For Professional
appointments the Doctor’'s Dcgree is re-
quired. Opportunities available for combined
research and teaching at graduate and under-
graduate level. Salaries commensurate with
qualifications and experience. Apply in confi-
dence to Prof. H. Taub. Chairman, E.E. Dept.,
The City College, New York, N.Y. 10031

Electrical Maintenance Superintendent. B.S.
Degree in E.E., with minimum of 10 years’
experience in electrical maintenance. To take
charge of electrical preventive maintenan
program and crew. Also, to be responsib
for all electrical engineering in integrated pulp
and paper mill currently involved in $21,000.000
expansion program. Salary open, commen.
surate with qualifications and experience.
Excellent fringes and benefits. Write, giving
resume of education and experience, to.
William E. Fish, Personnel Manager, The
West
Point, Virginia.

Positions Wanted

Address replies to Box Number given,
c/o |EEE Spectrum, Advertising Depart-
ment, 72 West 45th St., New York 36, N.Y.

Ph.D., E.E., extensive teaching, research &
design background in A.C. & D.C. machines,
des. outstand. opportunity in indust. or univ.
Box 8000.

Electric utility distribution and transmission
superintendent, 17 years’ experience, return-
ing from foreign assignment, seeks position
anywhere U.S. or Canada. Available imme-
diately. Box 8001.

Advertising/P.R. Manager. Highly diversified
experience in electronics and industrial prodg
ucts. Know trade publications and all med;
ability to develop and execute sales-producir
ideas and marketing plans; able budget and
product administrator. Work with sales, en-
gineering & top management. Large corpor-
ate experience. Box 8002.
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What'’s a
Radar Systems Man
Doing at UNIVAC?

What’s an
IR Specialist

Thinking about at UNIVAC ?

What’s an
Inertial Guidance Analyst
Up To at UNIVAC?

THEY ARE HELPING SHAPE THE TOTAL CONFIGURATION
OF LARGE-SCALE MILITARY COMPUTER-BASED SYSTEMS

AEROSPACE SYSTEMS ANALYSTS and SYSTEMS
DESIGN ENGINEERS here influence the development
of new subsystems in their original field —and in the
broader area of large-scale military configurations,
where computers form the heart and brains of the
operating complex. They gain a total systems expo-
sure unattainable from a single subsystem area.

Consider the breadth of the problems at Univac-

Twin Cities, where concern is more than ever with
total defense systems. Here are just a few examples:

[ utilizing digital techniques for beam-forming of
phased array radars, an advance achieved through
collaboration of radar systems people, computer logic
designers and men from other disciplines at Univac
— for advanced Nike work.

||P developing criteria for a new sensor system for

missile tracking, to bring it into conformity with real
time computing requirements at superspeed.

[ evaluating various inertial systems in order to de-
velop interface specifications for a ballistic missile
mid-course guidance computer.

MEN WITH A DEEP ‘FEEL” FOR SYSTEMS AND EXPERI-
ENCE WITH MILITARY PROBLEMS ARE INVITED TO INQUIRE
ABOUT AN OPPORTUNITY IN THEIR SPECIALTY.

Inertial Platforms, Multi-Sensors, Data Transmission,
Systems Simulation, Optimizing Techniques, Digital
Servo Control, Display, Microwave Communication,
Radar/Sonar, Real-Time Command and Control, Op-
erations Analysis.

Write informally to Mr. R. K. Patterson, Employment Mgr.,
Dept. A-26, UNIVAC Div. of Sperry Rand Corp., Univac
Park, St. Paul 16, Minnesota. An Equal Opportunity Employer

UNIVAC

DIVISION OF SPERRY RAND CORPORATION
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COMMUNICATION
SYSTEMS
ENGINEERS

Must have complete knowledge and
capability of designing systems within
the following categories:

B CARRIER SYSTEMS

Must have knowledge of Lenkurt 45
BX series, Telesignal, Collins M-108
and WECO 43 Al.

W RADIO COMMUNICA-
TIONS
Must have knowledge of TMC 40
KW, SSB Equipment, Teletype, An-
tennas, Transmission lines and
Multiplex Equipment.

BB DATA SWITCHING
CENTERS

Must have thorough knowledge of
terminating communications and
data circuits to the IBM 7090 or
7094,

B TELEPHONE—INSIDE
PLANT
Must have knowledge of Kellogg
Crossbar, Key Systems, Carrier to
Multiplex and telephone Interfac-
ing.

i DATA COMMUNICA-
TIONS (Telpac)
Must have knowledge of Data
Switching Systems, High Frequency
Radio and Teletype Systems.

Il DATA TRANSMISSIONS
Must have knowledge of Trans-
missions Techniques as applied to
input and output equipment-knowl-
edge of interfacing to IBM 7090
or 7094,

Bl TRAFFIC ANALYSIS

Must be able to determine traffic
loads and predict peaks. Knowl-
edge of data handling and data
switching equipment helpful.

B TELETYPE SYSTEMS
Must have knowledge of Model 28
Teletype, Automatic Switching Sys-
tems, Multiplexing and SSK.

B FREQUENCY PROPAGA-
TION ANALYSTS

Must have knowledge of Antenna
Systems and understand RF propa-
gation.

BSEE and 4 years’ minimum experience
preferred. However, 8 years' experience
acceptable in liev of degree.

These positions are in our world wide
NASA support group involving com-
munications, data handling and trans-
mission.

Direct Resume In Confidence to Dept. 808
DON KIRKLAND

Employment Manager

PHILCO

A SUBSIDIARY OF FORD MOTOR COMPANY

TECHREP DIVISION

P.O. Box 4730 . PHILADELPHIA 34, PA.
An Equal Opportunity Employer
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Phase 111 can be attained is adequate
roll-out guidance once the aircraft has
touched down. Two major functions
are involved: (1) all-weather surveillance
information that must be available to
the controller, and (2) feeding guidance
information to the pilot so that he may
safely bring his aircraft from runway to
ramp in conditions of no visibility.

FAA studies second generation system.
The ILS—radio-altimeter flare-out sys-
tem, which is the heart of the first
generation AWLS, bears some inherent
limitations that the FAA hopes to over-
come through a second generation
AWLS. The new system will utilize two
ground stations to transmit elevation
and azimuth beam guidance information
into the approach zone to provide air-
derived guidance data to any equipped
aircraft. These same ground stations
will receive radar reflections from ap-
proaching aircraft to provide ground-
derived guidance data for monitoring
or for backup precision approach radar
(PAR) capability. Integrated into the
system is a precision distance-measuring
technique, utilizing an air-borne inter-
rogator—decoder and a ground trans-
ponder. The aircraft is thus in posses-
sion of precision angle and distance data
—all the guidance information required
for the entire approach and landing
maneuver,

This  ground-scanning  technique

should prove superior in a number of
ways: (1) To provide broader, more
flexible approach paths for incoming air-
craft (ILS system, in essence, establishes
fixed approach slots); (2) To eliminate
the transition at low altitude from IL!
glide-slope guidance to radio-altimeter
guidance. Narrow scanning microwave
beams would provide guidance from
five to eight miles out, until touch-down.
Ground-scanning technique is under de-
velopment by Airborne Instruments
Laboratory, and should be ready for
ground testing in about two years.

In addition, the FAA is now eval-
uating three other systems: (1) Bell Air-
craft’s GSN-5 system, built around K-
band ground-based tracking radar and a
ground computer; (2) Regal, developed
by Gilfallan and the Bendix Corp., a
system combining X-band vertical meas-
uring equipment, distance-measuring
equipment, and air-borne flare-out com-
puter; and (3) North American’s APN-
114, a radio-altimeter type of flare-out
system with inertial rate of descent used
to augment height signals.

Some human nature problems are an-
ticipated in implementing the all-weather
system. Many pilots will at first have
reservations about relying on an auto-
matic landing system. But the successful
performance of the system will bring so
great an advance in flying safety tha.
quick acceptance is likely.

International Space Communication Conference
allocates radio frequencies for use in interstellar space

With the signing of the Final Acts,
the Geneva Space Radiocommunication
Conference, convened by the Inter-
national Telecommunication Union
(ITU), completed its work.

The main task of the Conference,
attended by more than 400 delegates
from 70 ITU member countries, was
the allocation of radio frequencies for
outer space activities and the consequent
revisions of the Tuble of Frequency Allo-
cations which is the heart of the Radio
Regulations, the basic document govern-
ing the operation of radio throughout
the world. This was last revised by the
Geneva Radio Conference of 1959. The
allocation of an adequate number of
frequencies for outer space has become
an urgent task since then because of the
rapid growth of activity in space.

The Conference allocated, on a
shared or exclusive basis, frequencies
totalling 6076.462 Mc/s for the various
kinds of space services, 2800 Mc/s of

which are for communication satellites
on a shared basis with other services.
Thus, while at the 1959 Conference only
about one per cent of the frequency spec-
trum was made available for outer
space, about 15 per cent has now been
made available.

The details of theallocations are shown
in the accompanying table of frequency
allocations. Where reference is made to
Regions, Region 1 comprises roughly
Europe, Africa and the Middle East,
Region 2 comprises the Americas, and
Region 3 comprises Asia and Austral-
asia.

The Conference adopted a number of
revisions and additions to other parts of
the Radio Regulations, mainly con-
cerned with general rules for the
assignment and use of frequencies
notification and recording of frequencie.
in the Master International Frequency
Register, the identification of stations,
service documents, terms and definitions,
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Table of frequency allocations

Frequency bands

Decametric waves, Kc/s
15 762-15 768
18 030-18 036

Metric waves, Mc/s
30.005-30.010
37.75-38.25
73-74.6
136-137

137-138

143.6-143.65
149.9-150.05
267-273

Decimetric waves, Mc/s
399.9-400.05
400.05-401

401-402
460-470
1400-1427
1427 1429
1525-1535
1535--1540
1660 1670
1664.4-1668.4
1690- 1700
1700-1710
1770-1790
2290-2300

2690-2700

Centimetric waves
3400-4200 Mc/s
4400-4700
4990-5000

5250-5255
5670-5725
5725-5850

5850-5925
5925-6425

7250-7300
7300-7750
7900- 7975
7975-8025
8025-8400
8400-8500

10.68-10.7 Ge/s
14.3-14.4
15.25-15.35
15.35-15.4
19.3-19.4

Millimetric waves, Gc/s
31-31.3
31.3-31.5
31.5-31,8

31.8-32.3
33-33.4
34.2-35.2

Service

Space Research, shared
Space Research, shared

Space Research and Space (satellite identification), shared

Radio Astronomy, shared

Radio Astronomy, exclusive

Space Research (telemetering and tracking), shared in
regions 1 and 3, exclusive in region 2

Meteorological-Satellite, Space Research (telemetering and
tracking), Space (telemetering and tracking), shared

Space Research (telemetering and tracking), shared

Radionavigation-Satellites, exclusive

Space (telemetering), shared

Radionavigation-Satellites, exclusive

Meteorological-Satellites (maintenance telemetering), Space
Research (telemetering and tracking), shared

Space (telemetering), shared

Meteorological-Sateliites, shared

Radio Astronomy, excliisive

Space (telecommand), shared

Space (telemetering), shared

Space (telemetering), exclusive

Meteorological-Satellites, shared

Radio Astronomy, shared

Meteorological-Satellites, shared

Space Research (telemetering and tracking), shared

Meteorological-Satellites, shared

Space Research (telemetering and tracking in deep space),
shared

Radio Astronomy, exclusive

Communication-Satellites (satellite-to-earth), shared

Communication-Satellites (satellite-to-earth), shared

Radio Astronomy, shared in regions 1 and 3, exclusive in
region 2

Space Research, shared

Space Research (deep space), shared

Communication-Satellites (earth-to-satellite), only in region 1
and shared

Communication-Satellites (earth-to-satellite), only in regions
1 and 3 and shared

Communication-Satellites (earth-to-satellite), shared in all
regions

Communication-Satellites (satellite-to-earth), exclusive

Communication-Satellites, shared

Communication-Satellites (earth-to-satellite), shared

Communication-Satellites (earth-to-satellite), exclusive

Communication-Satellites (earth-to-satellite), shared

Space Research, shared in regions 1 and 3, exclusive in
region 2

Radio Astronomy, exclusive

Radionavigation-Satellites, exclusive

Space Research, exclusive

Radio Astronomy, exclusive

Radio Astronomy, exclusive

Space Research, shared

Radio Astronomy, exclusive

Space Research, shared in regions 1 and 3, exclusive in
region 2

Space Research, shared

Radio Astronomy, only in region 1 and shared

Space Research, shared
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and special rules relating to particular
services. These revisions and additions
were required to make provision for the
space services. In addition, the Confer-
ence accepted a number of important
resolutions and recommendations. One
of these deals with the future action to
be taken by the ITU in the light of future
developn.ents in space radio communica-
tions.

One of the most important resolutions
concerns space vehicles in distress or in
an emergency. It notes that the fre-
quency of 20007 ke/s had been set
aside by the Conference for this purpose
and states that temporarily the distress
signal used by ships or aircraft—(SOS)
in raido telegraphy and MAYDAY in
radio telephony —should also be used by
spacecraft.

Another recommendation. addressed
to the International Radio Consultative
Committee (CCIR), emphasizes that
‘“. . . the use of satellite transmissions for
direct reception by the general public
of sound and television broadcasts may
be possible in the future™ and urges the
CCIR to expedite its studies on tech-
nical feasibility of broadcasting from
satellites. Thus an important step has
been taken toward the future possibility
of the general public’s receiving radio
and television programs direct from
satellites.

A further recommendation called on
the forthcoming ITU Aeronautical Con-
ference to provide high-frequency chan-
nels (bands between 2850 and 22 000
ke/s) for communications for routine
flights of transport aerospace vehicles
flying between points of the earth’ sur-
face both within and beyond the major
part of the atmosphere.

Finally, a recommendation was
adopted recognizing *‘. . . that all Mem-
bers and Associate Members of the
Union have an interest in and right to
an equitable and rational use of fre-
quency bands allocated for space com-
munications” and recommending to all
ITU Members and Associate Member
States . . . that the utilization and
exploitation of the frequency spectrum
for space communication be subject to
international agreements based on prin-
ciples of justice and equity permitting
the use and sharing of allocated fre-
quency bands in the mutual interest of
all nations.”

The Conference is considered to
have reached agreement on its difficult
problems largely because of the high
degree of harmony and cooperation
that prevailed.
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ENGINEERING SOCIETIES

PERSONNEL SERVICE,

INC.

(Agency)

If you are an employer and are interested in a listing under our “Men Available”
column, under the New York office section, write to the New York office, listing the
applicant’s number, and a copy of his résumé will be mailed to you immediately.
In the event that said applicant becomes employed by you, a placement fee in the
amount of 2 per cent of the first year’s salary will be charged to you. The above does
not apply to our Chicago and San Francisco ““Men Available” listings.

If you are an applicant interested in any of our “Positions Available” listings, and
are not registered, you may apply by letter or résumé and mail to the office nearest
your place of residence, with the understanding that should you secure a position as a
result of these listings you will pay the regular employment fee. Upon receipt of your
application a copy of our placement fee agreement, which you agree to sign and
return immediately, will be mailed to you by our office. In sending applications be

sure to list the key and job number.

New York
8 West 40 Street

Positions Available

January 1964

DEVELOPMENT ENGINEER, electrical
graduate, with a minimum of 5 years’ experi-
ence in transistor HF pulse and digital circuit
design (nanosccond range). Broad background
preferred encompassing vacuum-tube and ana-
log techniques. Equal opportunity employer.
L.I., N.Y. W-4014(b)

SUPERVISOR, BSEE, with 5 to 15 ycars’
managerial experience with electromechanical
background and emphasis on clectronic cir-
cuitry, as applied to production machinery, for
a producer of precision multicolor printing
processes. Will be responsible for recommenda-
tion, design, and application of clectrical equip-
ment to company products, assist on installa-
tion problems, and advise on plant clectrical
problems. $10,000-$12,000 plus profit-sharing
retirement plan and liberal insurance program.
Conn. W-4011.

PRODUCT ENGINEER, BSEE or BSME:
with 2 to 5 years’ experience in production of
electromechanical and/or electronic equipment.
Good working knowledge of fairly simple
solid-state circuitry. Will sce that manufac-
turing holds to engineering specifications. To
$10,400. Fee negotiable. Metropolitan N.J.
arca. W-4005.

ELECTRICAL TRANSMISSION ENGI-
NEER, BSEE, with 5 to 10 ycars’ experience in
transmission line design, engincering and con-
struction. Salary open. Apply by letter includ-
ing salary requirements. Mass. W-3998(a).

JUNIOR ENGINEERS, BS in EE or ME, with
0 to 2 ycars’ general engineering experience, to
enter training program with corporate staff en-
gineering group. Limited travel. To $8000. New
York, N.Y. W-3988.

ELECTROCHEMIST, Ph.D. or equivalent de-
sired, with knowledge of and competence in
clectrode kinetics from an experimental point
of view, for investigations of c¢lectrode reac-
tions in nonaqueous media from a fundamental
point of view. Considerable independence in
planning and executing of the work. Salary
open. Mass. W-3980.

TECHNICAL WRITER, e¢ngineering degree,
with experience in preparing texts for proposals
and publications, preferably relating to the
¢lectronic component field. Will write propo-
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Chicago
29 East Madison St.

San Francisco
88 First St.

sals for submission to customers concerning de-
sign capabilities, functional application and
manufacturing delivery capabilities for a manu-
facturer of electrical connectors. Will assemble
detailed technical information to be written in
proposal form in support of bids to customers
in the OEM, military and aviation markets.
Salary open. Conn. W-3961.

ENGINEERS. (a) Rescarch Enginecr, degree
in electrical engineering or physics, with 2to §
years® experience. Work will include studics of
the behavior of diclectries at high frequencices,
setting up instrumentation laboratory in con-
nection with these studies, and design of micro-
wave components. Salary open. (b) Sales Engi-
neer Trainecs, electrical or mechanical degree,
plus component setling experience to OEM ac-
counts. Indefinite training period at headquar-
ters plant followed by territorial assignment
somewhere in U.S. To $10,000 to start. Com-
pany pays fees. Headquarters, Central Penna.
W-3957.

DESIGN ENGINEER, Capacitors, BSEE or
cquivalent product design experience in capaci-
tor ficld. Experience in the design and product
development of high-voltage capacitors; will be
involved in design and development of capaci-
tors using dielectrics such as rolled kraft paper,
mylar, teflon, isomica and bentonite clay film
capavcitors. From $10,000. Company pays fce.
Central Penna. W-3956.

SENIOR PROJECT ENGINEER, Cutouts,
BSEE, with several years’ experience in cutout
design, for design and development of distribu-
tion cutouts and fuse links. $9000-$12,000 plus
annual cash bonus, profit-sharing retirement
plan, major medical group insurance; interview
and moving expenses paid. Missouri. W-3953.

SALES ENGINEERS. (a) Senior Sales Engi-
neer, BSEE, math or physics. Minimum of 3
years® sclling experience in electronics research
and development to government. $10,000-
$14,000. (b) Electrical Engincer, young, inter-
ested in sales work. Actual sales experience not
necessary and/or will take non-degree sales en-
gincer with 5 or more years’ experience in com-
mand contro} sales. $10,000-$14,000. (c) Ad-
vanced Programs Command and Control—
Marketing. Past experience in command and
control ¢lectronic systems, forces and weapons,
for Army, Air Force, and Navy. MSEE re-
quired. $13,000-$16,500. East. W-3924,

SALES ENGINEER, electrical graduate, with
clectrical equipment sales experience, to sell
high-voltage power capacitors, large and small,

through manufacturers’ representatives. Con-
siderable traveling. $8000-$10,000. Headquar-
ters, New England. W-3899.

EDITORIAL PERSONNEL. (a) Assistant Ed-
itor, BSEE, to procure and edit articles on the-
ory and application of information systems,
control systems, digital data, ctc. $9000-$11,-
000. (b) Assistant Editor, BSEE, background in
clectronics with a flair for reporting and writing
technical articles in this field. $7500-$10,000.
New York, N Y. W-3882.

ELECTRONICS ENGINEER, at least a BS in
EE or an ME, experienced in the design of elec-
tronic-electrical-mechanical  control  devices
with some supervisory experience. Must be de-
sign and ¢ngineering application oriented rather
than production or industrial engincering.
Should be interested in taking on administra-
tive-management  responsibilities.  $15,000-
$20,000. Mass. W-3870.

ELECTRICAL ENGINEER with at lcast §
years’ experience in ficld or regulated power
supplics, to design (both theoretical and practi-
cal) new models with specified characteristics
and costs. Test prototypes and prepare reports
on same and supervise others doing similar
work. Must be versatile. Small but growing
firm. To $12,000. Central N.J. W-3869.

DEVELOPMENT ENGINEER, graduate
clectrical, mechanical or chemical, with about
10 years’ experience in design and analysis of
control systems and components in process or
steam power fields, to design and analyze clec-
trical control systems for power boilers and
boiler turbine units for subcritical and super-
critical stecam pressure. Analyze steam dynamic
characteristics using field test results and also
computer simulation studies, $13,000. Conn.
W-3863.

DESIGN ENGINEER, BSEE, with at lcast 3
to 6 ycars' experience in the design and devel-
opment of pulse system packages (modulators),
charging chokes and pulse transformers for ap-
plication in the radar field. Some overall knowl-
edge of the field of pulse forming networks. Sal-
ary open. Central Penna, W-3852.

SALES ENGINEER, Inertial Instruments
Products, with experienee in inertial guidance
systems components for application and sales
of velocity meters, clectro-static accelerome-
ters, gyros and possibly attitude reference plat-
forms: also design or systems engineering in-
tegration experience. Will develop overall sales
strategy related to a specific product line; will
act as company technical representative to po-
tential customers; coordinate inputs from field
sales representatives with broad management
objectives.  $13,000-$16,000. Upstate  New
York. W-3851.

ASSISTANT CHIEF ELECTRICAL ENGI-
NEER, graduate, with minimum of 10 to 1§
years® experience in transmission and distribu-
tion for large firm of consulting engincers.
Should have design, estimating, construction,
and oftice experience to do all proposal and
contract on this type of work. $15,000-$18,000.
East. W-3846.

SENIOR ELECTRONIC PROCESS DEVEL-
OPMENT ENGINEER, electrical engineer,
physicist, etc., with inventive ability and flair
for the unusual approach and solution to prob-
lems; successful record of unique accomplish-
ments in electrical-clectronics ficlds; experience
in optics, computing circuitry, contro! circuitry
and/or process control desirable. Will be re-
sponsible for designing and developing clectri-
cal and clectronic systems to control manufac-
turing processes—e.g. (1) make measurements
of small angles and dimensions in micro-inch
range and (2) develop high-speed sizing-gaging
control without ‘‘contacting” product. To
$15,000. Mass. W-3825.
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HIGH VOLTAGE
POWER SUPPLIES

15 to 30 KV

CONTINUOQUSLY VARIABLE REGU-
LATED DC POWER SUPPLY WITH
FOCUS VOLTAGE TAP.

Regulation better than 0.5% at Ima.
Ripple less than 0.1%. Highly
filtered. Variable focus tap 4-6 KV
for use with flying spot tubes.
Model RP-30 with meter $375. Less
meter $325.

Send for catalog showing many other models.

HIGH VOLTAGE TRANSFORMERS

7 Kv For Transistorized power supplies such

as full wave DC to DC convertor. In-
put 28V. 7 KV at 0.5ma. Completel encapsu-
lated 2" x 237" x 1#,*.  MODEL T-7A $24.00.

~
Input 110 V 60cy.
output 8 kv 8 KV ¢
RMS 10ma. Suitable for
use in single-end or
doubler circuit in air or
oil. 5" x 5”7 x 41,”,
MODEL HP-8 $30.00

- i 4
| Input 110
44 KV V 60cy.
A Output 44 KV RMS.
%& 4 10ma. Can be used
single-ended or in
v 120 KV doubler circuit 15'; x 11 x 7. Use
in oil. MODEL HV-44 $125.

Many other High Voltage and Step-up
Transformers are available.

SEND FOR COMPLETE CATALOG.

HIGH VOLTAGE CO., INC.
i/ 1930 ADEE AVENUE, BRONX 69, N.Y.
(212) Ki 7-0306

. Low noise, microvolt
A signal
<2 processing
§ :

. ey

20 * Instfuments developed for
.' . ’ :. . » infrared technology created
': “this line—suitable wherever low
&N noise characteristics are vital.
. . Example: IRI's microvoltmeter
indicates 2.2+10-*% (per cycle @5KC).

§~ Lo

Over 50 catalpg units include:

R
- %

§ . amplifiers

pre-amps
calibrators
integrators

* .. microvoltmeters

" —

S
S
0
-~
]
2

* Get special combinatiori tech bulletin,

INFRARED INDUSTRIES, INC.

Radiation Electronics Division

[[MUURIES T | SANTA BARBARA, CALIF, (805) 684.4181
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Cut costs—save
valuable space
with these...

SUBMINITURE
LU, and B
AIRVARLABLES

i
R

I,

/

]
|

Precision machined for high reliability—
exceptional mechanical stability!

® HIGH “Q”"—GREATER THAN 1500 AT 1 MC!
®HIGH TORQUE... 2% TO 10 INCH OUNCES!

oLOW TEMPERATURE COEFFICIENT—
PLUS 45 = 15 PPM/°C!

Cut costs—improve performance—save valuable
space with these sub-miniature air variable capaci-
tors! Type *““U” requires less than 0.2 square inch for
chassis or panel mounting—Types “UA’ and “UB”
require less than 0.23! No special tools required for
installation—slotted rotor shaft accommodates large
screwdriver. Rotors and stators precision machined
from onc picce of solid brass—provide outstanding
mechanical stability. Units offer high “Q™ (greater
than 1500 at [ mc.); low temperature cocflicient; pro-
vide absolute freedom from moisture entrapment
found in trimmer capacitors of the enclosed or solid
dielectric type.

All metal parts arc silver-plated—ceramic is stcatite
Grade L-4 or better. Exceptionally uniform delta C
and voltage characteristics . . . voltage breakdown
ratings available to 1300 volts DC.

Three fast, easy mounting styles—
Single Section types available in: *'Loc-
Tab”, Printed Circuit and Two-Hole—
Differential and Butterfly types available
7 only in Printed Circuit mounting styles.
V$/ Tuner (coil-capacitor)asstter;nbllets avail-

3 i i uantities to you
2-Hole Mounting able in production q your

specifications.

Detailed Components Catalog Avail-
able—Write for your free copy today
on company letterhead.

Capacitors ¢ Tube Sockets » Connec-
tors « Pilot Lights ¢ Insulators » Knobs
and Dials » Inductors « Hardware

E. F. JOHNSON CO.

7414 Tenth Ave., S. W. o Waseca, Minn.
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AVAILABLE!

Whatever your prablems in microwave
energy generatian the solutians can mast
likely be faund in the new Trak Technical
Manual and Catalog (63-A). It lists more
than 100 stack ascillatars, harmonic gen-
eratars, amplifiers and special praducts
at frequencies fram 400 Mc. ta 11 Ge. All
can be madified to ather frequencies or
special requirements. In many cases, Trak
devices permit development of previausly
impassible prajects because af their small
size and advanced capabilities.

SEND FOR YOUR COPY !

TRAK

Microwave

TRAK MICROWAVE
CORPORATION

5006 N. Coolidge Avenve Tampa, Florida
Phone: 877-6735
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‘ On models for reality—Philosophy, in-

cluding the more specialized philosophy
of science, is not a particularly familiar
topic with engineers. The practicing
engineer (civil, mechanical, electrical,
etc.) is likely to be a pragmatist who is
not directly concerned with questions
of basic research (or metaphysics or
epistemology). He has little need for
justifying what he does in terms of a
philosophy—the obvious short- and
long-run economic needs of society
provide justification enough for a
pragmatist. When an engineer turns to
basic research, he becomes a scientist
with a useful tool (i.e., engineering
know-how) and forthwith joins with
others in the physical and life sciences
who seek to clarify basic questions.
Sometimes the converting engineer needs
a philosophic hand-hold in order to
make the transition gracefully. The
purpose of this note is to offer such a
crutch—but 1 hasten to warn that the
one to be discussed does not fall into
the conventional pattern.

Current philosophy as it pertains to
physical science seems to have been
most influenced by the successes of
Einstein’s theory and the often elegant
logic of Bertrand Russell. 1 wish to
describe an earlier and much less
popular philosophy as formulated by
Herbert Spencer (who was an engineer),
T. H. Huxley, and others. Strangely,
Spencer is scarcely even mentioned in
many books on the philosophy of
science most appropriate to the physical
sciences.

Spencer championed the notion of
thoroughgoing scientific agnosticism—
that nothing is provable or under-
standable. Indeed. this is a forlorn
philosophy and it is apparent why a
strong following did not develop,
especially after these notions spread to
morality, ethics, and religion. A typical
situation given in support of Spencer’s
philosophy is the limitlessness of matter
—one can never really discover the
logical limit of smallness on the one
hand or of vastness on the other.

It is intended here to rephrase sci-
entific agnosticism in a way that is
somewhat more palatable, and perhaps
even more than trivially different from
that due to Spencer. Plenty of room will
be left for separate opinion in meta-

| physics and religion, which the Spen-

cerian dogma appears to abolish as.
inconsequential. Before proceeding,
however, it is well to point out that
what satisfies the life scientist in the
way of a philosophy may not be em-
braced by a physical scientist. The
former prefers to base his concepts on
Darwin’s theory; the latter on mathe-
matical logic. Perhaps this difference in
point of view is due to preoccupation in
the life sciences with evolving structures,
whereas evolution as such has little or
no bearing on problems of interest to
the physical scientist. When one tries to
build physical simulations of phenomena
from the life sciences. the two points of
view must be reconciled. Perhaps the
following discussion can aid in this.

Let a phenomenon P be represented
in symbolic terms, where symbols may
be prose, logical statements, geometric
structures, mathematical equations, and
so forth. Phenomenon P is explained
by truth 7, which can be expressed in
an unlimited sequence of terms as

T=T+Th+T:+...+T,+... (1)

where we suppose that 7, is the principal.
statement of 7, T, is the first-order
correction term to Ty, T is the second-
order correction term, and so forth.
The independent variables in T are left
unspecified for convenience—actually,
everything that happens in the universe
may have an effect on the single phe-
nomenon represented by 7" (as in Lewin’s
field theory).

Man, through several senses, observes
P and seeks to discover T. He attempts to
construct model M in symbolic terms
hoping that, at least for his requirements

M=T 2
Model M has a sequence of terms
(albeit, many may be zero) so that
T=M=M,+M+
Mi+. .. +M,+... (3

Let us suppose that, by stroke of good
fortune. a scientist finds a few of the
leading terms in M which are also
thosein 7. Then

T=M=T,+T.+T.+
. .+Tq+MI/+l+

M+, .. (4).
in which event a model for the truth

has been discovered. But caution must
be exercised: M is not T, but only
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FREE

Electric photoconductive cells
to design engineers for
breadboarding work and evaluation testing

General

Here's a chance to try the new G-E photoconductive cells at
absolutely no cost to you. We've been telling you, through ads
and sales calls, about the long life, ruggedness, high sensitivity
and proven reliability of our photoconductive cells. Now we
want you to try them. We want you to prove {o yourself that
they will equal or surpass any other cadmium sulfide photo-
conductive device on the market. And it won’t cost you
a cent to do it!

Check the following specifications to see which cell(s) comes
closest to meeting your requirements. Keep in mind that on
most types, when it comes to production orders, these “fixed”’
specifications can frequently be varied to match your exact
need, often at only a slight price premium.

(Photocells shown actual size)

GE TYPE NUMBER

Wave length of maximum
spectral response

| Maximum po(weT o
dissipation

_M.ax;nﬁm a'ppliredr B
voltage

Resistance @ 100 ft=c.

I | wc;uld like to have t'he .
number of samples
indicated (Write in box)

Re;stance @ 2 ft-c. ]

650

100 ©

A33 A35 B46 B425 B1035
i o 0. (] - 70 T o - T ) o
5550 +700A | 55004-700A| 6100 +-600A 6100 +-600A 6100 +-500A
[ C5mw | 75 mw 250 mw 250 mw 300 mw coEt.

(500 mw 600 mw int.

on request)
v 50v 60 v 250 v 350 v
6oooe | 120000 | 100¢ | e [ 4s00e
340 480 ¢ 220 ¢

Y-1136(1)

6100 --600A

200 mw

250 v

900042
480 ¢

Here’s how to get your free photoconductive cell(s):

(1) Tear out this ad, (2) Indicate the type of photoconductive
cell(s) you are interested in evaluating, (3) Specify the num-
ber of cells desired*, (4) Mail the ad, along with a note
written on your company letterhead giving your name, title,
indication of the specific application involved, and an esti-
mate of present and potential usage for samples requested,
to: General Electric Company, TIPS Box 7000C, Owens-
boro, Kentucky. That’s all there is to it. Why not tear out
the ad right now!

Progress /s Ovr Most Important Prodvet

GENERAL 3 ELECTRIC

tNow in initial development stage; sample supply extremely limited until 2nd Quarter.
*Offer is subject to withdrawal without notice, and arbitrary sampie limits may be imposed at the discretion of General Electric Company.
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approximates T. M represents a fic-
titious world invented by the scientist
in order to explain reality. Many
scientists have been fooled into mis-
taking M for T, especially if M consists
of a compact mathematical statement.
Along with a successful Mz'.
approximation, a model based on causal
factors is often provided. This model is
generally identical with the entire
sequence M. Let us next ask the
question: How many symbolic models
M based on arbitrary causal factors
exist whose first g terms agree?, ie., if

Tle=To+Tg+ 500 +T,+
Mq+l+Mt1+‘l+ e .

T= M9=T0+T2+. 8 +Tq+
My Mo+

T= M3=T0+T2+ 060 +T,,+
M +M,."+. .0 (5)

and if each approximation conjures up
a different set of causal factors, then
which model and associated set of
causal factors is the correct one?

From the foregoing it is evident that
any one phenomenon can be approxi-
mated in terms of an unknown number
of models M and associated sets of
causal factors. No single explanation
can therefore be expected to be ab-
solutely correct.

The task of the scientist is apparen
from this argument. He must seek ever
more accurate approximations to reality.
In the process he may be able to rule
out certain models with their indicated
systenis of causal forces in preference to
others. In the course of his work. the
scientist should be willing to modify
his theories of causality, even drastically
if indicated (which, unfortunately, some-
times involves cmotional factors when
“pet” theories are attacked). The
frustrating thing about all this is that
the process is never ending; existence
of numerous and competing sets of
causal factors must always be recog-
nized. In fact, more causal systenis may
remain unknown than known! We can
at least take comfort in the apparent
never-ending need for (paid) scientists.

As an aside. the nature of an applied
scientist can perhaps be clarified at this
point. He seeks to adapt a known model
to a current need. In this process. he
does not obtain a more accurate ap-
proximation to reality except, perhaps,
inadvertently.

Some phenomena have terms in the
T series which decrease very rapidl:
In such cases, only a few of the leading
terms need be discovered in order to
acquire a relatively good model. Such is
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One operator using ACTIVAC can analyze
the oxygen content of any substance.

ACTIVAC—the Toshiba-developed Neutron
Activation Analysis Unit — is an example
of the product versatility of Asia's major
producer of electronic equipment.

Toshiba pioneered in microwave research:
built—and is building—huge power instal-
lations the world over; recently gave New

Tokyo Shibaura Electric Co., Ltd.

For information: TOSHIBA Foreign Trade Division,
Hibiya Mitsui Bldg., Yurakucho, Tokyo

ILEE spectram JANUARY 1964

In one minute

Zealand the world’s first all-transistorized
radio station. And with stepped up, origi-
nal LASER and MASER research, Toshiba
is looking ahead, into the space-age.
Don’t miss the Toshiba booths at the New
York Coliseum and the New York Hilton
for the March L.E.E.E. Show. ..

Today — and tomorrow — Toshiba stands

for the best in electronic products.

|
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There’s nothing so simple
or satisfactory as record-
ing with

I AR R g
R e s
L “Electricity is the ink” |
: | 10,0007 f.

1

High-altitude weather data from radar ceilometer is
recorded instantly and vividly on ALFAX electrosen-
sitive paper. 20-minute. chart segment shows returns
to 30,000 feet.

Progressive innovators are obtaining
vital information never before possi-
ble and often unsuspected in such
fieldsas...

a LONG RANGE RADAR DETECTION

As opposed to scope cameras, operator seesre-
turns instantly, evaluates more rapidly, gets
permanent record with increased sensitivity.

s RADAR SAMPLING

Tone shades keyed to signal intensity provide
vivid **picture’ of radar return even when bulk
of data is gated out.

= SONAR ACTIVE AND PASSIVE

Unparalleled identification and location of re-

turns even in poor signal to noise ratio through

integrating capability of Alfax paper.

s OCEANOGRAPHY

High resolution capability, dynamic tone shade

response with Alden recordirgg techniques add-

ing synchronizing ease provide ‘‘optimization”’

of underwater sound systems.

[ ] FRE%UENCY ANALYSIS, SAMPLING AND
REAL TIME

Intensity modulation and frequency vs. real
time provide continuous vital information with
permanence and past history to achieve pre-
viously unattainable evaluation.

s SEISMIC STUDIES

Dynamic response at high writing speeds yields
discrete geological data at resolution never be-
fore possible.

s HIGH SPEED FACSIMILE
Why? Because of

broad, dynamic response of 22 d-Istinct tone

shades

remarkable expansion at low fevel signal,

where slight variation may provide critical

information

records in the sepia area of the color spec-

trum where the eye best interprets shade

differentials in diminishing or poor light

writing speed capabilities from inches per

hour up to 1400 inches/second

captures 1 microsecond pulse or less

» dynamic range as great as 30 db

integration capabitity for signal capture in

i'?"?' to noise ratio conditions worse than
0

.

°

resofution capabilities of 1 millisecond
1 inch of sweep

accuracy capabilities of few thousandths of
an inc

sensitivity to match most advanced sensing
devices

°

By merely passing a low current through Alfax
everything from the faintest trace signal of
microsecond duration to slow but saturated
signal can be seen instantly, simultaneously.

Write for

+ ALFAX HANDBOOK
SENSING

DOKE OF INSTANT

INPUT GRAPHIC

0, RECORDING

PAPERS
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| the situation in classical physics where
| equations are simple and straight-
forward (although this hardly applies in
modern particle physics). 1 think this
situation has misled many people into
endowing mathematics with unusual
powers to reveal the truth; the most
frequently taught philosophy of science
seems to repeat this oversimplification.
If a scientist develops an excellent
model, he becomes like God in the
imaginary universe represented by his
construct. But he does not thereby
acquire absolute knowledge in the real
world—no more, perhaps, than the
historian or the politician.

Most phenomena have T series which
are not adequately represented without
the use of many terms. This situation is
characteristic of the life sciences. Neat
mathematical formulas involving a
highly limited number of variables are
rarely apparent. It is no wonder that,
in the life sciences, mathematics is not
especially useful! This may have caused
many life scientists to actively avoid the
use of mathematics in their work;
rather, they tend to pure experimental-
ism using verbal arguments and, when
the bulk of data so indicates, the
convenience of orderly processing by
means of digital computers. The physical
scientist scoffs at this attitude, which
only serves to underscore his mis-
understanding. It is almost absolutely
safe to say that the important problems
in the life sciences will never be ex-
plained with expressions as ‘‘simple”
as those deriving from Einstein’s general
gravitational theory or the Schroedinger
equation for irregular crystal lattices.

On the other hand, the life scientist is
making a mistake in not recognizing
the value of quantitative mathematical
models for
parts of a complex system. The process
of direct simulation, for example,
provides a calculus by means of which
elementary constituents may be com-
| bined to form a ‘“‘computer” to solve
equations which may not even be known.
Model making of the direct simulation
kind may serve to provide quantitative
explanations for phenomena which are
| too complex to be clarified by means of
mathematics alone, yet which may
require liberal use of mathematics in
order to implement the construction.

We have argued upon the assumption
that the approximating model M con-
tains the first few terms of the truth
series 7. The situation is not this simple;
for the existence of an approximation to
reality does not imply content of any
particular term or terms in 7. In short,

representing elementary |

|
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Instant Graphic

-

Helix recording of ultrasonic inspection of rocket
case-to-liner bond. Dynamic tone shades accurately
portray bonding effectiveness — middle tones show
porous areas; light spots are bubbles.

Simple, reliable Alden "'flying spot” helix
recording techniques—combine with ALFAX
electro-sensitive paper to produce visible, in-
formative “pictures” of sonar, radar, infrared
and other instrumentation outputs. Pulse
length, relative signal strength and timing are
continuously integrated on a single real-time
recording. Data from sampling arrays, time-
base signals, scan or sweep sources are syn-
chronized with the Alden "'flying spot™ helix to
present—as scale model "visual images'—ob-
served phenomena, with new and essential
meaning instantly revealed.

Why? Because of
EXCLUSIVE ALDEN FLYING

Poper Advance

Resitient helix provides low inertia, constant
electrode pressure over a wide range of re-
cording speeds. Endiess loop electrode deposits
ions on the Alfax Paper when a signal appears
on the helix. The electrode 'blade” moves
continuously to provide a freshening of its
surface, for thousands of feet of continuous
recording. Precision blade stops maintain pre-
cise, straight-line electrode relationship to the
resilient helix, while protecting paper sensitivity
by acting as paper chamber seal-off.

Alden “flying spot’’ recorders are available . . .
e for anv recording speed from 8 rpm to

3,600 rpm

® with any helix configuration — linear 360°
sweep — nonlinear — reciprocating —
multi-helix

@ in any record size — 27, 57, 8", 117, 19”
. .. to five foot widths

@ plus plug-in modular construction — inter-

changeability with a high degree of flex-
ibility and adaptability

It's simple to get started.

Alden “flying spot” Component Recorders, detachable
drives, plug-in electronics, accessories are available
to incorporate the Alden instant graphic recording
techniques into your instrumentation.

Write for “ALDEN HANDBOOK OF INSTANT
GRAPHIC RECORDING COMPONENTS & IN-
STRUMENTS."
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the individual terms in T are as un-
knowable as T itself. So we leave the
problem at this point—perhaps the
dilemma can be resolved through
astrology. But in any event, I hope the
discussion has softened the implications
f scientific agnosticism by suggesting

that truth may at least be achievable in
the limit. I also hope that the notion of
approximalion serves to  suggest a
bridge with which different philosophies
may be reconciled.

Jolm L. Stewart

Samia Rita Technology, Inc.

Menlo Park, Calif.

A definition of hot electrons. It seems
appropriate to point out that the terms
“hot electron diode™ and “‘hot electron
triode” as applied to a metal-semi-
conductor diode and a semiconductor-
metal-semiconductor  triode,  respec-
tively. are confusing, inasmuch as they
suggest that other devices. in par-
ticular p-n junction devices. are not
hot electron devices. The purpose of
this note is to emphasize that con-
ventional p-n semiconductor diodes and
triodes are also hot electron (or hole)
devices and to suggest that other more
suitable terms be used to apply to the
metal-semiconductor devices.

The term *‘hot electrons” was evi-
lently coined by Shockley!' to describe
electrons in the conduction band of
germanium that had been elevated to
energies well above the bottom of the
conduction band by a strong electric
field. This does not imply. however,
that electrons very near the bottom of
the conduction band cannot also be hot
electrons under suitable conditions.
The proper reference level is the Fermi
level and the correct definition of hot
electrons must be rthose electrons as-
sociated with an excess density over the
density corresponding 1o thermodynamic
equilibriunm with the luttice.  The thermal
equilibrium density is the product of the
density of states in the material and the
Fermi-Dirac distribution function for
electrons at the appropriate lattice
temperature. There are several ways of
generating hot electrons (or holes) in
various materials. as indicated in this
list:

(1) Photoexcitation in any material
(2) Quantum mechanical tunneling,
as in Esaki diodes and metal-insulator-
metal structures

(3) Minority-carrier injection across a
torward-biased p-n junction

(4) High-field acceleration in non-
metallic materials, as in avalanche
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SCR 584 RADARS AUTOMATIC
TRACKING 3CM & 10CM

Our 5845 in like new condition, ready to go, and in
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ICROWAVE SYSTE
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AN/APN-126 DOPPLER RADAR
Including AN/APN-122 and AN/APN-GT Doppler
Navigation Radur complete.

AN/TPS-ID RADAR

.nn kw 1220- l IB'I m(-~ 160 nautical mile scareh range
Pl oand ‘I. thyratron mod. 3J2G
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X-Y ANTENNA MOUNT

Airborne autotrack complete with drives and servos.
PULSE MODULATORS
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MIT MODEL 3 PULSER

Output: 144 kw (12 kv at 12 amp.) Duty ratio: .001
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v 400 to 2000 eps and 24 Sde. 8325 ea. Full
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400-600KW THYRATRON PULSER
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i breakdown in reverse-biased p-n junc-
| tions
(5) Schottky emission over a metal-
! semiconductor junction that is for-
ward biased.

Any device utilizing any of thes'
phenomena could be called a *‘hot-

electron” (or in some cases ‘hot-
hole) device, but such an adjectival
phrase is not particularly definitive.

It is suggested that metal-semi-
conductor diodes be called M-S diodes.
and that semiconductor-metal-semi-
conductor triodes be called S-M-S
triodes or metal-base transistors.?

LOW VOLTA

G E
HIGH CURRENT

TRANSFORMERS
AND CHOKES

Most extensive line in the industry
available for immediate delivery from
stock.

Donovan V. Geppert
Stanford Research Institute
Menlo Park. Calif.

! 1. Shockley, W., *“Hot Electrons in Ger-

‘ manium  and Ohm's Law,” Bell System
Technical J.. vol. 30, Oct 1051, p 990,

2. Geppert, D. V., “A Metal-Base Transistor,”

Proc. IRE, vol. 30, Junc 1962, p. 1527,

AVAILABLE FROM STOCK .
g . ro! C e
See our line in the Radio Electronic Watch your language! My duties as

1

Master or write for catalog. ‘ Editor of the IEEE TRANSACTIONS ON
[
|

E1 rcTrRONIC COMPUTERS have made me
sensitive to a number of solecisms and

IGINAL TRANSFORMER COTINC_ inaccuracies current in the speech and

writing of the members of our profes-
I 1661 McDonald Ave., Brooklyn, New York 11230 (212) ES 6-0615 | sion. 1 hope that poinling them out

may be a small step toward stamping
them out. I find especially offensive: ‘

1. The use of “finite” where *‘non-
zero” is intended. Thus. cngineers
often speak of *“‘a finite probability,”
| just as though there were some other
| kind. Again. a recent book speaks of
“finite-width samipling pulses”™ on
} one page and on the next of “finite
band-width.” One must read with
care in order to recognize that the
| author means in one place ‘‘not zero™
and in the other **not infinite™!
‘ 2. The careless redundancy of “binary
bits.”” Since “bit” is a contraction of
“hinary digir,” the repetition of
“binary” is quite unnecessary.

ELEGTROLYTIC CAPACITORS mowly abused, For insance, -The
RELIABLE, COMPETITIVELY PRICED

Reliability of Electro-Mec Capacitors begins with the materials and is
built into the product through every process involved in its manufacture.
The result: Electro-Mec capacitors far surpass the requirements speci-

‘ signal is hopefully well above the
i noise.”” A signal cannot do anything

“hopefully,” or “*cheerfully,” or **hap-
‘ pily.” “*Hopefully,” like these others,

fied in EIA standards and offer long and stable operating life, minimum is an adverb that may be used prop-
Iohw'ftTTperature impedance and capacitance drop off, and excellent erly Only to describe the actions of
shelf life. .
The broad range of capacitors is described in a 12 page catalog people. One may hope that the signal
available to you upon request. Among the types included: Wl tubular, is well above the noise, but the signal

axial lead types W upright can types with twist prongs or printed

o e . itself is quite indifferent about the
circuit ring and lugs @l larger energy storage types used for a wide

range of filtering applications in computers, power supplies, instruments. matter.
ELECTRO-MEC N R. Se
_) CAPAC'TORS orman R. Scotl
EAST ORCHARD STREET.TERRYVILLE,CONNECTICUT 06786 University of Mlt'/"&’ll"
ELECTRO-MEC Telephone: Area Code 203 LU 2-8104 - Teletype: BRIS 277 Ann Arbor, Mich.
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