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Even though he may suffer feelings of confusion and absurdity, man must evolve a new concept of his
relationship with machines, which up till now have automated his own human powers. In the article
beginning on page 87, it is argued that through widespread artificial intelligence it will be possible to
move toward evolutionary man-machine dialogue that would work for the enhancement of man.

IEEE spectrum SEPTEMBER 1967



VOLUME 4 O NUMBER 9 IEEE spectrum <@> SEPTEMBER 1967

Spectral lines

Copyright problems. The concept of ownership may
seem to be a peculiar one to use in connection with new
scientific and technical knowledge. Yet such knowledge is
certainly of great value and its originator deserves to be
rewarded. The legal means for protecting the intellectual
property of an author is the copyright. Ideally, it is a de-
vice for encouraging the free flow of information, since,
by protecting the rights of the originator, it encourages
him to invest his time and energy in putting his knowledge
and ideas in a written form and thus making them avail-
able to others.

Similarly, copyright procedures should also serve to en-
courage a publisher to produce and circulate the written
work by protecting his economic investment in its prep-
aration for publication. Although the author’s and the
publisher’s interests are by no means identical, they both
deserve protection for the investment that each of them
makes.

The needs and welfare of the public also must be con-
sidered, however. As it is usually in the best interest of
society to have new information disseminated to all who
can benefit from it, and as freely as possible, the copyright
protection afforded the author and publisher should not
impede the rapid and widespread flow of such informa-
tion. Also, it has been recognized that, in some areas, the
free flow of information is so important that the rights of
the copyright holder do not take precedence. In the United
States of America, for example, under the “fair use” ex-
emption, educators have been allowed to reproduce, in
reasonably small quantities, copies of copyrighted mate-
rial for instructional purposes without obtaining the per-
mission of the copyright holder.

Present copyright procedures in the United States and
other countries are being re-examined because of the
newly developed capability to produce rapid and inexpen-
sive reproductions of information practically simulta-
neously for a great number of users who may be at differ-
ent locations. Various technological advances, such as im-
proved photoreproduction techniques, computers, and
efficient high-capacity communication channels, make
many of the conventional copyright procedures inappli-
cable. New procedures are needed to ensure that the pro-
tection of the rights of the copyright holder does not result
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in a stifling of experimentation with new information-dis-
semination techniques. At present, a proposed revision of
the almost 60-year-old copyright laws is under study in the
United States Senate (Senate Bill S. 597) and there is a
strong disagreement among interested parties as to what
its effect would be on modern information-dissemination
methods.

Most professional societies such as the IEEE copyright
their publications. Perhaps their major reasons for doing
so are to prevent the republication of material without the
consent of the author and to prevent republication of ma-
terial bearing the organization’s name in an unpro-
fessional manner. However, if republication proposals
meet the appropriate requirements, permission to dupli-
cate or republish is given unhesitatingly, usually without a
fee. But it is not diflicult to imagine a situation in which
freely given permission to republish could, with the use of
the new technology. result in the erosion of the economic
base on which the society operates. For example, the
IEEE’s published output could be readily put in the form
of a machine-readable tape either by the Institute or an-
other organization. The question of reproduction rights
then could become quite crucial, since hard copies might
be produced from the tape so inexpensively that a user
could obtain all of the technical literature output of the
1EEE without becoming a member.

From this standpoint, it could well be argued that the
IEEE should take a hard line and attempt to maintain
tight control over the republication of its literature. or
even over its input into a computer-based information sys-
tem. On the other hand, it should not be forgotten that a
fundamental objective of the Institute is to foster the rapid
and effective dissemination of scientific and technical in-
formation. It would certainly not be appropriate for the
Institute to attempt to retard the development of new
techniques which would result in more widespread
use of the information it publishes. If such develop-
ments threaten the financial base of the Institute, it is clear
that steps would need to be taken to protect its economic
viability. However, such steps should not include mea-
sures that impede the experimentation and studies needed
to develop new and better means of information dissemi-
nation, F. Karl Willenbrock
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Electron devices
in science
and technology

The many achievements in electron decices, particularly
since the turn of the century, can be used as a yardstick to
forecast trends in this rapidly expanding field

R. Kompfner

Whatever one may think about progress in the affairs
of mankind, it cannot be denied that great things
have happened in the recent past in science and
technology, much of ii a direct consequence of the
invention and development of many different kinds of
electron devices. This article speculates on future
trends and developments, and the engineer’s prob-
able role.

Some of you may remember that thke IRE celebrated
its S0th year of existence in May 1962, On that occasion
the PROCEEDINGS published a jubilee :ssue, which con-
tained a number of very useful and competent reviews
of the state of the art by experts in many fields. It also
contained a section entitled *“*Communications and
Electronics— 2012 a.p.: A Predictive Symposium by
Fellows of the IRE.”

1 was one of those who were asked to contribute to this
section. This was a great and appreciated honor, but 1
found that any ideas that came to me in trying to foresee
what our world would be like in 2012 were so feeble,
such obvious extensions of our present-day world, such
trivial projections of already existing trends that, in the
end, I declined the honor with regrets.

Now, just five years later, I am not sorry that I did.
From reading these forecasts now, it is clear that engi-

Revised text of a talk presented at the 1EEE Electron Devices
Meeting, Washington, D.C., Oct. 26-28, 1966.
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neers, however eminent they may be in their many fields,
are not science fiction writers. They are not in a class with
Jules Verne, H. G. Wells, and Jonathan Swift. Ob-
viously much thought had gone into this “*Symposium”
and there were many ingenious ideas. Still, the overall
impression—-on me, at any rate-—was unconvincing, and
I came to the conclusion that engineers are not partic-
ularly good at forecasting the future.

Engineering, however, more than any other profession,
appears to shape the future. I say this because of what
engineers have accomplished in the past. It is tempting to
make a simple extrapolation: they will keep on shaping
the future. Such forecasting seems to be pretty safe.
Butisit really?

It is this problem to which I shall address myself.
In order to avoid floundering in generalities, 1 shall re-
strict the field of inquiry. Naturally, science and tech-
nology, one of the “two cultures” of C. P. Snow, is my
frame of reference. Within it I shall, however, confine
my attention to “‘electron devices,” a small but crucial
subfield of electrical and electronics engineering. I shall
look at its past, consider the present, and then we shall
see what can be said about the future. (It seems clear
that the better the understanding of the past the more
meaningful will be the appraisal of the future.) If we then
should come to a conclusion about the future of electron
devices, we may, or may not, apply it to technology in
general.
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Electron devices in the past

Historically, I suppose, the term “electron devices”
goes back to the time when radio engineers were con-
cerned with antennas, with propagation, with circuits,
and with components that made it possible for radio to
work—namely, the vacuum tubes, the devices in which
the electrons were moving around freely. These were
clearly so ditferent from other components and clearly
so important that a special, although broadly applicable,
name was invented : electron decices. For my purpose here
I propose to define an electron device even more broadly,
as a man-made construction in which electrons play a
crucial part by virtue of their charge, mass, or spin.

A device may be invented, designed, or developed
for a variety of purposes. It may be intended to assist in
making discoveries. It may simply serve a useful function,
such as amplifying a weak signal. It may be used to gen-
erate radiation. It may be built just out of curiosity, so
that its behavior can be studied, as a means of studying
nature,

With all this in mind I claim titat the Geissler dis-
charge tube (actually invented by Plicker in 1858) was
the first electron device: a partially evacuated glass tube
through which a current can be made to pass. That this
current is made up of electrons and ions was, of course,
not known at first, but the device was clearly an intriguing
one. It demonstrated the power of science in that it com-
bined the science, or art, of pumping air out ol a vessel
with the new electrical science of the induction coil, to
preduce an impressive display of glowing color. It was a
curiosity—and it provoked curiosity, the desire to dis-
cover and learn. Soon someone (I don’t know who) dis-
covered that a magnet brought near the discharge tube
alfected the discharge, and I believe it was Plicker who
discovered, after getting a better vacuum than anybody
before him, that the envelope could be made to fluoresce
and that this fluorescence was due to the impact of rays
coming from the cathode—which were called cathode
rays by Goldstein in 1876.

In 1895 Roentgen was experimenting with such a tube
when he discovered X rays. I cannot resist repeating what
has been pointed out many times before: that many
great discoveries are not planned, or scheduled. Nor was
Roentgen’s discovery a lucky accident, in the sense that
anybody playing with the discharge apparatus would
eventually have made the same discovery.* It needed a
Roentgen to study this particular combination of appa-
ratus and phenomenon, and his perceptiveness and his
audacity in postulating an invisible radiation penetrating
solid bodies other than glass and his skill in making clean,
comprehensive, and decisive experiments.

Here is an electron device that surely has had an im-
mense impact on our life and civilization. Its most im-
mediate impact, of course, has been on medicine. (Less
than three months after their discovery, X rays were put
to use in a hospital in Vienna.) With the help of X rays,
the structure of the atoms of all the elements has been
determined; atomicity itself, the structures of crystals
including those of some very important organic com-
pounds such as DNA and RNA—these are only a few
of the more recent triumphs.

*The story is told of a laboratory assistant who reported to
the Professor of Experimental Philosophy at the Clarendon
Laboratory, Oxford, that the photographic plates stored near

a Crookes’ tube appeared to be darkened by it and was told by
the profussor to store them clsewhere.

Within a year of Roentgen’s discovery, J. J. Thomson
had determined that cathode rays are negatively charged
particles of a certain charge-to-mass ratio, that they
could be accelerated by electric fields and deflected by
magnetic fields. This, some people believe, led to the
invention of the cathode-ray-tube oscillograph associated
with the name of Braun. Several years earlier Heinrich
Hertz and Hallwacks had discovered the photoelectric
effect; but I think that Elster and Geitel, in the 1920s,
found that photoelectric emission took place also in a
vacuum. They, presumably, invented the photocell.
Edison discovered thermionic emission from hot filaments
in his lamp, and thereupon J. A. Fleming in England in-
vented in 1905 what we now know as the vacuum-diode
rectifier, which he called a “valve.”

I never cease to wonder at the Tact that more fuss is
not made about the invention, in 1907, of the audion or
triode by De Forest. Everybody “knows™ that Marconi
invented radio, Edison the phonograph, the Wright
Brothers the acroplane, but relatively few people know of
De Forest, whose invention really has transformed our
civilization. Such a simple thing: to put a grid between the
filament-cathode and the plate. And such a momentous
result!

Try to picture modern communications, including
radio and television; physical sciences, such as nuclear
physics, physical chemistry, solid-state physics; life
sciences, such as biology and neurophysiology; or de-
fense and space technology, navigation and guidance,
and many other fields of human activity—without elec-
tronic amplification. (This is now done by transistors, of
course.)

You undoubtedly will have noted that 1 am trying to
show just how important electron devices have been;
not only to electronics and engineering, but also to science
(pure as well as applied) and to human life in all its mani-
festations. All this, of course, is in support of my thesis
that engineers have helped to shape the future.

Notable developments in electron devices

At this point 1 should like to list a few more of the
important discoveries and inventions in electron devices,
starting with the period around 1900:

J. J. Thomson and Aston: Positive-ray efm
measurement and mass spectrography
Rutherford and Geiger: Geiger counter

There seems to be a gap of some 20 years during which
no electron devices of comparable importance were
invented, perhaps as a consequence of World War I.
In the 1920s came

A. W. Hull, Barkhausen, Kurtz: Magnetron
oscillator and triode transit-time oscillator

Zworykin: Iconoscope

Busch and Gahor: Magnetic electron lens

Dacisson, Germer, G. P. Thomson: Electron dif-
fraction tube (which led to the discovery of
the wave nature of matter)

Langmuir and Hull: Thyratron

Schottky and others: Multigrid tubes (tetrodes,
pentodes)

Later on, in the 1930s, came

Cockeroft, Walton, Van de Graaff: H igh-energy
particle accelerators

Lawrence: Cyclotron

Heil and Briiche: Velocity modulation principle
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This period marked the beginning of a science of elec-
tron devices, which started as the dynamics of particles
in conservative fields, and later also in nonstationary
fields, including those due to the charged particles them-
selves. Science by now has come to the aid of electron
devices (as a small repayment for the aid electron devices
have given to science).

The 1940s saw the following developments:

Pierce: Space-charge-limited electron gun
Kerst: Betatron

W. W. Hansen: Linear accelerator

Oliphant, Veksler, McMillun: Synchrotron
Randall, Boor, Sayers, Millman: Multicavity

magnetron
Haeff, Kompfner* Pierce: The traveling-wave

tube and electron beam and wave theory

* The writer has struggked with the problem of including his
own name in the list for samic time. It eventaally oceurred to him
that noninclusion would be even more ridicu'ous than inclusion.
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microscope | semiconductor diode
device theory
i | Traveling wave Diode and
52;225,%,? i tube electron-beam
optics and beam wave | parametric
theory { amplifier
\ F— $
Multicavity Strong Blnn:aNect
Cyclotron magnetron s;:::,s(;;‘rgm oscillator
Betatron,
High-energy | synchrotron, Ferrite Optical
particle 'and nonreciprocal r!'laans:r
accelerators acc';?:;rtor devices tamifications
1930 - 1940 - 1950— Since
1940 1950 1960 1960

Burdeen, Bratiain, Shockley: The transistor and
semiconductor-device theory
Developments in the 1950s included
Hogan: Nonreciprocal ferrite devices
Uhlir and Suhl: Varactor diode and parametric

amplific

Esaki: Tu

ation
nnel diode

Livingston and Christophilos: Strong focusing
synchrotron

Townes,

Weber,

Busor,
(quantum electronics)

Prokhoror:

Maser

Adler: Electron-beam parametric amplitier
Buck : Kryotron

And now in
Townes,

Schawlow,

the 1960s:

maser. and all its ramifications
Franken: Nonlinear optics
Gunn and Read: Gunn oscillator and transit-time
effects in semiconductors

Maiman, Javan: Optical

The foregoing list is clearly far from complete, nor can
I expect to obtain agreement on its general validity.
It comprises what I personally consider to be electron-
device milestones, identified as far as possible by the
invention, and the inventors or major contributors.
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Many of the inventions have led to extensive rurther de-
velopments and more inventions; some have led to major
discoveries and developments in physics and other
sciences. I had to cut off somewhere, and I tried to exer-
cise reasonable judgment in doing so.

Let us now examine the result, which is summed up in
Fig. 1. When I look at this chart, I cannot help feeling
proud to have been associated with a branch of human
activity of such incredible breadth and depth, ingenious-
ness and creativity, and of such usefulness to so many
other important spheres of endeavor. Those who work
with electron devices have indeed been close to “where
the action is” for a long time.

Is it possible to draw from the chart any conclusions
that will help us to see what the future may bring?
Not yet! Before attempting to do this we need to acquire
some perspective, so that we can see electron devices in
the context of technology, technology in the context of
science and technology, and finally science and tech-
nology in the context of all human activity.

Peaks and troughs

Looking at the chart of “milestones” we note some-
thing like a peak. Although this peak may just possibly
represent merely a statistical fluctuation due to the small
numbers of “‘events,™ I shall treat it as real and important.
We know that there are peaks and troughs in all kinds of
human affairs. There are such peaks in the arts, and pre-
sumably also in the sciences.

Consider, for instance, music in Vienna between 1790
and 1820. The musical giants of those days included
Haydn, Mozart, Beethoven, and Schubert. Where else,
or whenever, has there been such a concentration of

musical genius within such a short time span or in such a
small space?

Or let us take theoretical physics between 1900 and
1930—a period that saw such *greats” as Lorentz, Planck,
Einstein, Bohr, De Broglie, Heisenberg, Schroedinger,
Dirac, Pauli, Sommerfeld, and Debye. Here again was a
peak in time and space.

Thus it can be seen that there is nothing new in this
phenomenon of wave crests and troughs. However, how
does this phenomenon fit in with other things we know?

It has been said that “The number of scientists alive
today is equal to 90 percent of all the scientists and re-
search workers who have existed since the beginning of
history.”

This fact is a direct consequence of the exponential
increase in the number of scientists during the last few
hundred years with a doubling time of 15 years; how-
ever, it is not easily reconciled with the impression of the
peak in theoretical physics from 1900 to 1930 described
earlier. It may well be held that this peak is only a sub-
Jective illusion, that any other 30-year period would
exhibit an appropriate and adequate number of eminent
physicists. An uncritical application of the “90 percent”
statement would indeed imply not only that at least 90
percent of those mentioned should be alive now, but also
that 90 percent of the scientists alive now should be of the
stature of Galileo, Kepler, Newton, Faraday, Maxwell,
and soon,

That this is not the case surely does not require proof.
And it leads to an important insight : the exponential in-
crease in the number of scientists, which can be traced
back for at least 250 years, does not imply a similar rate of
increase of eminent scientists.

FIGURE 2. Number of individuals who received Nobel Prizes annually in physics,
chemistry, and medicine-biology.
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The Nobel Prizes

What is the rate of increase of eminent scientists?
To answer this question is diflicult because it depends on
subjective judgments of just how eminent a scientist may
be. There is, however, an institution that has been making
these judgments for quite some time: the Nobel Prize
Committees. Over the last 66 years Nobel awards have
been given, by and large, to the most deserving and clearly
outstanding candidates, and the international scientific
community has accepted these judgments.

Looking at the number of individuals receiving awards
annually in the disciplines of physics, chemistry, and
medicine-biology since 1901* we note that there were
years when prizes were not awarded, either because of a
world war, or because there was no suitable candidate.
We also note that the tendency for sharing awards seems
to increase with time. Thus it is possible to obtain a rate
at which eminent scientists are recognized, in spite of the
fact that each year three prizes at most are awarded.
From Fig. 2 we can observe that the average annual
number of awards doubles approximately every 45 years.
On this basis, admittedly somewhat rough, we should
expect a progressive dilution of eminence among scien-
tists, and therefore the relative proportion of scientists of
Nobel stature will shrink by one half every 22 years
(which confirms what I have suspected). {

One may now ask: What else doubles every 45 years
or so? The answer is not too surprising: the human race.
Thus we have at last come around to a plausible hy-
pothesis: The fraction of humanity represented by men
with outstanding talents and creative genius, with the gift
of pushing into new fields and capable of having entirely
new thoughts, is constant and independent of time.
Those sciences identified by the Nobel Prizes appear to
have had just about their fair share of those men.

Let us now return to the phenomenon we observed
earlier, the apparent peak in “electron device” activity in
the 1930s. There is something remarkable here: Whereas
science and technology as a whole double every 15 years,
one of the most important branches of science and tech-
nology not only has stopped growing, but seems to be
actually shrinking. One may wonder why this is so.
Perhaps there is little left to be invented, which is as if
somebody had said, in 1820, that there was no music
left to be composed after Haydn, Mozart, Beethoven,
and Schubert.

A more plausible explanation is that electron-device
activity has not had a fair share of the creative fraction
of humanity for some time, and that its share is still
rapidly diminishing. This is the clear inference to be drawn
from the *“‘peaking’ phenomenon.

Since the overall number of individuals with ex-
traordinary gifts is increasing, there must be peaks build-
ing up in other fields of science and technology. One is re-
minded of waves in the ocean, which grow and shrink in

* | have made no distinction between awards given for a partic-
ular achievement and shared among a number of contributors,
and a divided award.

1 After doing this little piece of “‘rescarch’™ on my own, I came
across a book, Little Science— Big Science, by D. ). de Solla
Price, that does a far more thorough and imaginative job of
quantifying scicnce and scientists than 1 could cver do. I highly
recommend it to anybody interested in what really goes on, and
has been going on, in the development of science. 1 was happy to
find that nothing 1 am saying is in essential contradiction with
Price’s discoveries.

Kompfner—Electron devices in science and tecknology

some unpredictable manner even though the molecules
of the top layer remain essentially the same. An extra
large wave comes about by the accidental superposition
of more than the usual number of waves, but its very
size ensures that it vanishes all the sooner and is replaced
by a correspondingly low trough.

Contemporary art seems to have hit such a trough,
and one wonders where the creatively gifted individuals
are and what they might be doing now --the type of indi-
viduals who, in other times, produced the art of the Re-
naissance and the music of the Baroque. I have a suspicion
that they are now forming part of the scientific and tech-
nological wave that comprises physics, chemistry, bio-
physics and biochemistry, astronomy and mathematics,
communication and computer science, and space and
nuclear engineering.

Returning to electron devices, there is another aspect
to consider when one ponders the information contained
in Fig. I; that is, the earlier electron-device milestones
represent contributions by engineers as well as by
scientists—engineers with electrical training and scien-
tists with training in physics. The achievements in the
last decades, however, are almost entirely those of
physicists.

If we accept the thesis that the fraction of superbly
gifted individuals remains constant in time, we are forced
to conclude that a rapidly shrinking fraction of them
contribute to the science and technology of electron de-
vices, and an even smaller fraction of them are trained in
electrical engineering.

This is a very serious matter to us electrical and elec-
tronics engineers. I am not concerned about the number
of members of the Electron Devices Group. That number,
I am sure, is growing. I am concerned about our share
of the significant contributions to science and technology,
and that seems to be shrinking.

I am afraid what we see here is only a small part of
something much bigger. The bigger thing is that rech-
nology (or engineering) is slipping with respect to science.

I could document this statement with more statistics
and curves, but in the interest of saving time, let me merely
point to the number of Nobel Prize awards for engineer-
ing contributions as compared with those for scientific
contribution—and this in spite of the fact that Alfred
Nobel’s will reads: **. .. to those who, during the pre-
ceding year, shall have conferred the greatest benefit
on mankind ... one part to the person who shall have
made the most important discovery or incention within
the field of physics; one part to the person who shall
have made the most important chemical discovery or
improvement . ..”

We can count the number of engineering contributions
that were deemed worthy of the Nobel Prize on the fingers
of one hand! We may quarrel with the way this came
about, but it is a fact nevertheless. }

1 People whose opinion I respect have indeed quarreled with
me on this issue, It would take altogether too much time and space
to air my views and prejudices here. The story of the establish-
ment of the Nobel Prize makes fascinating reading, as reported in
the book, Nobel, the Man and His Prizes, by H. Schiick et al.
(Edited by the Nobel Foundation, University of Oklahoma Press,
Norman, Okla., 1951.) A story of how the Nobel Prize came to be
accepted by the international scientific community; how and why
the direction and impact gradually changed; how the award
managed to live with diplomatic, political, and public pressures
and influences, and to thrive, would make an equally fascinating
book. I hope it will be written during my lifetime,
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It has not always been like that. When the Royal
Society was tounded, in 1660, its charter read ... to
study all things mathematical, philosophical and mechan-
ical . .. and to promote the improvement of all useful
arts, manufactures, mechanical practices, engines, and
inventions.”” (**Philosophical™ meant physical sciences in
those days.) The present membership of the Royal
Society no longer reflects these intentions (see box).

Science has become more and more respectable; the
purer, the more respectable. But we must admit that it
has become even more exciting, more inspiring, more
promising of greater things to come.

Since October 1966, when the talk on which this
| article is based was given, corrective action has
been initiated, as can be seen from this portion of
an address given by Prof. P. M. S. Blackett to
the Royal Society on November 30, 1966:

“The Royal Society has, in the past, included
in the fellowship such outstanding engineers as
Smeaton Rennie, James Watt, Brunel (father and
son), R. Stephenson, Siemens, Parsons, S. D. de
Ferranti and Sir William Stanier, to mention
only a few. It is my personal view, however, that
in recent decades the Society has been somewhat
remiss in not recognizing more engineers and
applied scientists by admission to the fetlowship.
I gain the impression that the level of ability,
originality and eminence required of an engineer-
| ing designer, for example, to be admitted to the

fellowship has been disproportionately higher |
than that required of a research scientist, I feel ‘
that the imbalance between these two levels has
been detrimental to the Society and to Britain I
as a whole.

“The situation in this respect, however, is |
changing. For the past three years this problem
of giving adequate recognition to engineers and
technologists has been seriously discussed within |
the Society. One outcome was the raising in 1964 ’

of the number of candidates elected each year
from twenty-five to thirty-two, with the explicit
object of using some of these seven additional
places for applied scientists and engineers.”

Here lies a great danger: a flourishing science feeds on
flourishing technology and vice versa. If one of the two
withers, the other one will surely also die eventually.
If science draws the best and brightest young spirits into
its orbit and what is left goes into engineering, in the
end both science and engineering will be doomed.

It is my belief that the Nobel Prizes have served not
only as yardsticks against which achievements may be

measured; they hace also divecily affected what they
measured by attracting the bright, young, impressionable
spirits to the very fields in which the prizes were awarded.
They are a link in a positive feedback circuit, in which
instability can happen, if indeed it has not already
happened.

Recognition of engineering achievements

It is unpleasant to complain, It is also useless to com-
plain. Results are best obtained by positive action. If at
this late hour it might prove difthcult to persuade the
Swedish Academy of Sciences to adjust their scale of
values to be more responsive to Alfred Nobel's will, is it
not possible to find another man with vision, and money,
to found prizes for engineering achievements—prizes
that could become comparable in stature and impact to
the Nobel Prizes? To show what I mean, consider these
men, now living, as representative examples of possible
candidates:

E. Ruska, for the invention of the electron micro-
scope

V. Zworykin, for the invention of the iconoscope

F. Whitile, for the invention of the jet engine

D. Gabor, for the invention of holography

C. E. Shannon, for his contribution to information
theory

Such prizes not only would be well-merited rewards for
important achievements; they would serve as yardsticks
against which to measure other achievements; they would
help to educate the general public and enhance its ability
to discriminate between what is great and what is medi-
ocre both in science and in technology; and they would
be an inspiration for the young and aspiring ones. All of
these goals have been achieved by the Nobel Prizes for
science.

Another positive action could be taken in the field of
education, where physics has made great efforts in recent
years to make itself as fascinating as possible to teachers
as well as to pupils and where it needs to be shown that
science and engineering together can be even more fas-
cinating, that the combination has a deeper meaning for
mankind and a more profound impact.

At the present time, when we are witnessing the
conquest of space by men (incidentally, mostly engineers
and not scientists); when we are about to see the “fourth
state of matter”—plasma—play a part in bringing about
thermonuclear energy conversion; when we are close to
an understanding of the phenomena of superconductivity
and superfluidity and even closer to applying such
understanding; when we are in the middle of the gigantic
revolution in information processing and automatic con-
trol brought about by the advent of the digital computer
(another engineering achievement); is this the time to
worry about the decline of technology in general, and
electron devices in particular?

I say yes—unless we see to it that we are in the middle
of all this, making our rightful contributions.

It should be obvious to the reader that this article embodies
the ideas and views of the author only., Nevertheless, I should like
to acknowledge the helpful criticisms of a number of people,
including C. C. Cutler, E. E. David, and S. J. Buchsbaum, without
implicating them in any way if possible. Special thanks are due to
Prof. C. Siisskind, who has rectitiecd some of my historical “facts.™

Kompfner—Electron devices in science and technology



Numerical solution of
electromagnetic problems

Using integral equations, the high-speed

digital computer provides uccurate solutions to complex
electromagnetic problems that hitherto have been
solvable only by experimental methods

R. L. Tanner, M. G. Andreasen

Modern high-speed digital computers have made pos-
sible the solution, by theoretical-numerical tech-
niques, of many problems in clectromagnetics that
have traditionally heen solvable only by experi-
mental methods. Formulated in terms of integral
equations, the techniques described yield answers,
with an accuracy and completeness unobtainable by
experimental methods, in a small fraction of the time
and at much less cost than by the experimental
approach. Computer programs utilizing these tech-
niques have been developed in the arcas of radia-
tion and scattering from arbitrary wire-antenna
structures, bodies of revolution, and cylindrical bodies
of arbitrary cross scction.

It has not been many years since the fastest calculating
machine available to engineers and scentists for nu-
merical computations was an electrical desk calculator.
This situation has changed dramatically; the develop-
ment of high-speed electronic computers has made pos-
sible computations at speeds more than a million times
that of a desk calculator. Thus the time it takes to multi-
ply two 10-digit numbers is less than one microsecond
on the world’s fastest computer, the CDC-6600. It can
hardly be a surprise to anyone that this development has
had and will continue to have a tremendous impact on
many areas of technology and engineering. The modern
digital computer has enabled us to solve many technical
problems faster and at less cost than before. Of even
greater significance is the fact that digital computers
have enabled us to undertake problems that could never
have been attempted without them. The real-time cal-
culation of space-vehicle trajectories is one example;
the elaborate numerical processing involved in recon-
structing photographs of maximum quality relayed from
Mars by Mariner 1V is another.

It is probably less well appreciated, however, that the
computer also permits the invasion, by theoretical tech-
niques, of problem areas that traditionally have been
the exclusive domain of experimental methods. One
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example is the area of electromagnetics. Although there
are niany electromagnetic problems for which the theo-
retical -numerical techniques described here cannot be
expected to compete economically with experimental
methods, at least not at the present time, there are also
many problems hitherto amenable only to experimental
attack that today can be solved by theoretical ‘numerical
techniques faster, at less cost, with greater accuracy,
and with a completeness altogether unobtainable by
experimental methods. 1t is significant that the properties
of an antenna configuration, for example, can be eval-
uated more economically by computer technigues than
by experimental methods; however, it is perhaps even
more important that the computer can also be pro-
grammed to change the antenna configuration in a sys-
tematic way to find a structure that is optimun in certain
respects. It is not at all unrealistic 10 expect that an
optimization that might take several weeks if done ex-
perimentally can be done within ten minutes by computer.

Although the theoretical-numerical techniques can
be expected to make many experiments superfluous, the
computer programs using these technigues could hardly
be developed without the experiments because the ex-
periments are very important for checking the validity of
the computer programs developed.

Differential equations

To understand better the new ingredient that computers
have added to the theoretical possibilities for treating
practical electromagnetic problems, it is desirable to
review briefly the theoretical techniques available for
the treatment of such problems. For almost two centuries
the most useful method has been the method of sep-
aration of variables, invented by Fourier, which resulted
in the discovery of the Fourier series. This method de-
scribes the boundary-value problem in terms of a partial
differential equation. If the boundary surfaces in the
problem, the surfaces of a waveguide for example,
coincide with the natural surfaces of the coordinate sys-
teny, solutions for problems are readily obtained in terms
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of the so-called eigenfunction solutions of the differential
equation. This method, sometimes called the harmonic
series method, has been responsible for a great many
important results. For example, all information concern-
ing the common waveguide and resonator modes in rec-
tangular and circular waveguides have been obtained
by use of this technique.!

Where the shape of the structure does not coincide with
coordinate surfaces—and in most practical engineering
problems this is unfortunately the case —the harmonic
series method is of little value. Odd-shaped waveguides
or irregularities or obstructions in normal waveguides
—in fact, almost any nonideal or practical situation in-
cluding virtually all radiation and antenna problems— can
be treated only approximately. Even such idealized prob-
lems as slender cylindrical dipole or biconical antennas
are treated only approximately by analytical methods
based on differential equations.

Integral equations

Differential equations, such as Laplace’s, Maxwell’s,
and the wave equation, are one form in which problems in
mathematical physics and engineering can be stated.
An alternate form is the integral equation, but hereto-
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FIGURE 1. Low-frequency umbrella antenna.

FIGURE 2. Approximating an integral by a finite sum.
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fore the integral equation statement of a problem has
not been very helpful because no one has been able to
solve such equations for cases of practical interest.

A significant development occurred when it became
possible to use integral equations to develop variational
expressions of such important physical quantities as the
equivalent reactance of waveguide discontinuities, the
impedance of simple antennas, the resonant frequency of
cavity resonators, and electrostatic capacitance. This
variational principle as developed by Schwinger was an
important step forward because it was not limited to
simple geometries (spherical, circular, cylindrical, or
plane surfaces) as were differential equation methods,
but it would permit solutions for fairly general geometries.
One disadvantage of the variational principle is that it is
diflicult to estimate the error, which depends on the choice
of a certain trial function and may not always be small.
The importance of Schwinger’s variational principle
has diminished somewhat because the availability of
high-speed electronic computers today has made possible
the direct solution of integral equations from which the
variational expressions were developed.

To see what we mean by an integral equation, con-
sider the following expression, which gives the electro-
static potential due to a distribution of charge, ¢(r)

N g(r) i
V') = / areokir, 1) M

This basic equation says that we can find the potential
V at a position in space (indicated by the radius vector
r’) by dividing all the charge in space into the equivalent
of a very large number of infinitesimal point charges and
summing (integrating) their individual contributions.
The magnitude of the individual point charge at location
ris ¢(r) dr, and its distance from point r’ at which the
potential is being calculated is R(r, r’) (the distance is
a function of both r’, the location at which the potential
is being calculated, and r, the location of the point charge
whose contribution to the potential is being considered).
This equation is given in even the most elementary books
dealing with electric fields. It is usually presented with
the idea that if we know the distribution of charge
¢(r), we can then determine the potential at any desired
point in space by performing the indicated integration,

In most cases of engineering interest, however, we
know very little about the charge distribution, but may
have some very important information concerning the
potential. We do not know what the potential is every-
where in space, but we do know that at all points on the
surface of a conductor the potential has a constant value.
Consider the umbrella antenna illustrated in Fig. 1,
for example; if one volt is applied to the antenna we
know that charge will flow onto it, but not how much
charge or where it will flow. If we knew, we could say a
great deal about how the antenna would perform as a
low-frequency broadcast antenna. We could calculate its
effective height, its capacitance, its radiation resistance,
its bandwidth, and even the electric fields about the in-
dividual conductors composing the antenna.

Keeping the antenna in mind, let us now return to Eq.
(1). Because we know the voltage to the antenna, (1)
is an integral equation when applied to points on the sur-
faces of the conductors making up the antenna. This
term is used because the unknown quantity in the prob-
lem, the charge distribution on the antenna, is under the
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integral sign. It the integration is performed for each
point on the antenna, it must lead to the correct value of
potential. Although at any particular point there are
many charge distributions that will give the correct
potential, only one distribution yields the correct value
at all points. The distribution capable of producing this
result is the solution of the integral equation.

In times past, the matter rested here. It was recog-
nized that there was a distribution of charge that con-
stituted a solution to the equation but no one had any
useful ideas on how to go about finding it even for rela-
tively simple contfigurations of conductors.

To see how computers have altered this situation, let
us look again at this equation. It is well known that an
integral is the limit of a sum, and that to evaluate an
integral numerically, one replaces it by a finite sum of dis-
crete sampled values of the function being integrated,
each of which is multiplied by a weighting factor that in-
cludes, among other things, the size of the interval be-
tween sampling points (see Fig. 2). The accuracy with
which the evaluation is made depends upon the number
of terms in the sum and how clever one is in choosing a
numerical integration method; Simpson’s rule, for ex-
ample, generally yields a more accurate answer for a
given number of terms than does the simpler method,
sometimes called the trapezoidal rule. Suppose we decide
to evaluate the integral of (1) by replacing it with a finite
sum. This corresponds roughly to breaking up the entire
antenna into N sections and calculating the potential
at the point in question by considering the charge on a
segment at some distance from our peint to be con-
centrated at the centroid of the segment. If we are eval-
uating the potential at the center of the pth segment, then
the integral of (1) becomes

7 LAY g(r)A,

Vi) = Ap R, p2 R,»
» »

9 606 (2)

or, more generally,

N

(/(l',,)A
V(r,) = E A a .
nn

a—1

The coeflicients 4,, now include the constants of the
equation in addition to any weighting factors associated
with the numerical integration scheme. R,, is the dis-
tance from the pth point, where the potential is being
calculated, to the center of nth point, where the charge
1s located.

We remember that for the distribution of charge ¢(r)
to be a solution of the integral equation, the equation had
to hold at all points on the surface of the antenna.
The analogous condition with respect to the finite sum of
(2) is that it has to hold at all N segments into which the
antenna is divided. In other words, we will have N equa-
tions similar to (2) involving the same N unknowns, ¢(r,).
These equations constitute a set of simultaneous linear
algebraic equations. The unknowns are the values of
charge density at the centers of the N segments into which
the antenna was divided; the known quantity is the
voltage on the antenna. which we know to have the
same value at all N points. The N? values of the coeffi-
cients 4,,3,/R,, can be calculated without difficulty.

To represent the integral eyuation adequately may
require a set of several hundred simultaneous equations,
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which for all practical purposes would be insoluble with-
out the aid of a computer. A high-speed computer, how-
ever, can calculate all the coeflicients and solve the
equations in time periods of a few seconds to a few
hours, depending upon the complexity of the problem, the
accuracy required, and the speed of the computer. As
an example, to treat an umbrella antenna having 18
top-load conductors and obtain answers with an accuracy
of 0.1 percent requires less than 5 seconds on the Control
Data 3800 computer. The much more complicated prob-
lem of calculating the radar cross section of a relatively
large (electricallv) space vehicle. for the entire range of
incidence angles ard for botn polarizations of the incident
wave, requires about one-half hour on the CDC-3800.

Besides giving answers more rapidly, more accurately,
and generally more economically than can experimental
techniques, the computer method described provides
information on aspects of the problem that are almost
impossible to investigate experimentally. For example,
in connection with the umbrella antenna, the computer
yields as a matter of course exact information on the
distribution of charge and electric field at the tips of the
top-load conductors, enabling the designer to decide
what diameter he must make the conductors to avoid
corona. It can tell him what effect different amounts of
catenary sag in the top-load conductors or dilferent
numbers of top loads have upon antenna performance.

The umbrella antenna has been discussed in some de-
tail because of its simplicity, and because it is useful in
illustrating the general features of the numerical in-
tegral equation method. It is also a fairly classic case of a
relatively simple practical problemi for which no theo-
retical technique could give useful engineering answers.

The principal reasons for the simplicity of the umbrella
antenna problem is that we are dealing with a relatively
simple scalar quantity, the static potential. This results
in an extremely simple Green’s function, which is, in the
case of the umbrella antenna, the potential of a point
charge ¢/R(r, t’).

In more complicated antenna and microwave problems,
where the dimensions of the structure are no longer small
with respect to a wavelength, we must concern ourselves
with radiating waves. In the general case. a source is
given that radiates electromagnetic energy in the pres-
ence of some boundary surface such as a reflector or an
antenna structure The field radiated by the source will
induce a current distribution on the boundary surface
such that the known boundary conditions for the elec-
tromagnetic field there become satisfied. Meeting these
boundary conditions leads to the following general in-
tegral equation for the induced curren: distribution K :

E"(r’) + J‘A I(r, r')-K(r) da = B (K) (3)

tangential

where ' is a dyadic Green’s function so defined that the
product of I" and the elementary dipole K(r) du equals the
electric-field vector radiated by this elementary dipole.
The left-hand side of this equation expresses the tan-
gential electric field at the boundary surface as a sum of
the source field and the field produced by the induced cur-
rent distribution itself. The integral equation says that
this tangential electric field must have a value commen-
surate with the boundary condition B. (B would be zero
if the surface were perfectly conducting.)
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FIGURE 4. The determination of the susceptance of an
obstacle in a waveguide.

FIGURE 5. Current distribution on slot-coupled TM,,; cylin-
drical resonator excited by a plane wave.
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The integral equation (3) can be replaced by a set of
simultaneous linear equations just as was done in the
case of the umbrella antenna; the computer then solves
these equations to yield the current distribution. Once
the currents are obtained, the fields they radiate can be
be calculated for any point of space by simple numerical
integration.

The numerical integral equation method has received
considerable attention in recent years. It was used to
solve the umbrella antenna problem mentioned above,?
and has also been applied to the solution of problems of
radiation and scattering from other wire structures.®7
Other problems solved by this method include scatter-
ing in two dimensions®~1! and in three dimensions.!!"!3

Program for cylindrical reflectors

To give an idea of the power of the numerical in-
tegral equation method, we would like to show some
numerical results obtained by computer programs that
we have developed. The first is a program that calculates
the current distribution induced on cylinders of arbitrary
cross section by an arbitrary source field. Figure 3 shows
an example of the results obtained for a parabolic cyl-
inder antenna illuminated by a vertically polarized line
source in front of a subreflector. The conductor cross
sections are indicated by the solid black outlines; the
current on the front and back surfaces of both reflectors
is indicated by the lines drawn perpendicular to the con-
ductor surfaces. The exact pattern of the antenna, in-
cluding all nulls and minor lobes, is plotted in the polar
diagram to the right. Phase information in all parts of the
pattern, as well as for all the currents, is also available.

Another example is shown in Fig. 4. In this case we are
considering a waveguide terminated by a matched load
and an obstacle placed in the guide; the obstacle is a
capacitive iris with a semicircular cross section. The
distribution of currents on the guide wall is also shown
in Fig. 4. From this current distribution it is evident that
the reflection from the capacitive iris causes a standing
wave on the generator side of the iris. Anyone who has
used a slotted line could use the standing-wave ratio and
the position of the current maxima relative to the iris
to obtain the value of the equivalent susceptance intro-
duced by the iris. This particular case was treated be-
cause analytical calculations are possible, as given
by Marcuvitz in the Ware Guide Handbook. The agree-
ment obtained between Marcuvitz’ values and those
obtained by the numerical integral equation technique
with the digital computer is as close as the curves given
by him can be read.

A particularly interesting case, and one that provides
an extremely stringent check on the accuracy of the
computer program, is illustrated in Fig. 5. Here a plane
wave i1s allowed to fall on a hollow cylinder coupled to
space by a very narrow slot; one recognizes this con-
figuration as a cylindrical cavity resonator with a coupling
slot. Because the wave is polarized parallel to the axis
of the cylinder, the slot shields the interior very well from
external fields. At a frequency near the resonant fre-
quency of the cavity, however, one would expect to
find a resonant buildup of the interior currents, and by
examining the situation at a number of frequencies near
resonance, the resonance curve can be established. From
the width of the resonance curve, the radiation Q can be
determined. It can be shown that a resonance will be
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predicted by the program only if the solution being given
by the computer is quite accurate. Although we haven’t
the space to detail the reasons for this, it is related to the
fact that the resonant distribution of currents inside the
cavity can very nearly exist without benefit of an exciting
field, plus the fact that if the slot were closed completely
no currents would flow on the inside of the cavity.

In this case, because the cavity is so well shielded by
the narrow slot, it is possible to calculate its radiation
Q quite accurately by approximate analytical methods.
The Q calculated in this manner agrees with the Q given
by the computer program to within the accuracy of the
analytical calculation; both methods agree that the Q
is approximately 1.25 X 105 Agreement on a value of
Q that is 1000 times smaller than this would have been a
very satisfying confirmation of the accuracy. As shown
in Fig. 5, the currents of the resonant mode in the cavity
are of the same order of magnitude as the external cur-
rents and of the magnetic field in the incident wave.
At a frequency approximately 0.01 percent lower (one
part in 107), the currents inside the cavity are nearly 500
times higher; at a frequency 0.5 percent higher they have
dropped to less than 3 percent of the value shown.

Program for rotationally symmetric reflectors

Another type of problem, inherently more difficult
than any of those discussed so far, is the scattering from
three-dimensional bodies. A computer program that
solves this problem for bodies of revolution with arbitrary
cross section has been developed. The object in this case is
to calculate the radar cross section, including the amount
of energy returned from the vehicle with polarization
orthogonal to the incident polarization. The basic tech-
nique is again the same: the currents on the body required
to satisfy the boundary condition are first found by nu-
merical solution of the integral equations, and the scat-
tered field is then calculated by suitably integrating over
these currents. There are a number of reasons why this
type of body is more difticult than the previously described
examples. but the most significant is that Green's func-
tion for a three-dimensional problem is much more
complicated. It does not exist in tabular or closed analytic
form, nor can it be adequately represented in the form of a
power series; it must be calculated by numerical integra-
tion whenever needed during the program. Figure 6 shows
numerical results for the backscuttering cross section of a
2:1 spheroid obtained by the program. Some measure-
ments, also shown, are seen to deviate a maximum of 1.5
dB from the calculated results, which is about the esti-
mated accuracy of the experimental measurements. The
calculations have also been checked against other calcula-
tions using a ditferent approach, and have been found to

" agree with these within 0.1 dB.

It is possible to obtain another check on the accuracy of
calculations of the type leading to the data shown in Fig.
0. This check originates from the reciprocity theorem for
electromagnetic fields (see Fig. 7). We find the backscat-
tering cross section by calculating the currents on the body
and then integrating these currents to find the field re-
radiated in the direction of the transmitter. Once we know
the currents, we can find the helds reradiated in any direc-
tion and consequently can find any desired bistatic cross
section for the body as easily as we find the backscattering
cross section. For example, we can calculate the energy re-
radiated at 120 degrees for a wave incident at 70 degrees

Tanner, Andreasen-
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(or any other pair of angles); we can also calculate the re-
radiated energy at 70 degrees for a wave incident at 120
degrees. Now, the reciprocity theorem requires that the re-
radiation in these two (or any two) reciprocal directions
be the same. The computer, however, treats these situa-
tions as entirely separate cases; the current in the two situ-
ations, in fact, is quite different, and the reradiation pat-
tern in general will be quite dilferent. The required reci-
procity relationship, to the extent that the computer has
made errors in calculating either the two current distribu-

o H

: [ 1 | I I [

SRS L At —
| Calculated

S | Measured

It |

s 0

o

3

S

2 -5

g \v

§ Mrection of incidence

_5 10[_ —1 — _l +- ] —I —+ —4 SIS T

g [ !

® A |

dB/A2

[ Mrectlon of incidence
-10} +—F 4+ 4

~ — 1 L S - 2

0 30 60 90 120 120 180

Back scattering cross section

Angle of incidence V, degrees

FIGURE 6. Scattering from a spheroid.
zation. B—Perpendicular polarization.

A—Parallel polari-

FIGURE 7. Simplified representation of the reciprocity
theorem for electromagnetic fields.
o= 0 in scattering [y =12 for antennas

Reception -

‘[?/ fiy

Transmission

7 \
Reception Transmission ’/
/
72 ‘12 =ty
' I
@ 4 k. o
N
57



58

]

I ® Calculated
| & Measured

FIGURE 8. Calculated and measured input impedance of a
flat dipole above ground from 80 MHz to 120 MHz in steps
of 10 MHz. (Chartimpedance =50 chms.)

FIGURE 9. Calculated and measured input impedance of
a conical dipole above ground from 80 MHz to 200 MHz in
steps of 20 MHz. (Chartimpedance = 50 chms.)
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tions or the reradiated fields from these distributions,
will not be satisfied.

Program for wire structures

Another extremely interesting and useful type of prob-
lem that has been solved by the numerical integral equa-
tion method pertains to the radiation and scattering from
structures composed of linear conducting elements—that
is, from wires, conducting cylinders, tapered cylinders, or
cones. This problem is reminiscent of the umbrella an-
tenna, but for the more general problem, we must deal
with the situation in which the dimensions are not small
with respect to a wavelength. In this case, we consider the
electromagnetic field, including all the near-zone compo-
nents, radiated by the currents flowing on the elementary
sections into which the antenna is divided rather than a
simple scalar potential emanating from a static charge.
Instead of requiring the potential to have a constant value
on the surfaces of the antenna conductors, we require the
tangential electric fields on the surfaces to be zero every-
where except in the terminal gap where the source is
located. The reciprocity theorem also provides a check on
the accuracy of calculations of wire antennas. Figure 7
shows a wire antenna with two gaps: one excited by an
EMF and the other short-circuited. According to the
reciprocity theorem, the ratio between the applied EMF
and the short-circuit current is independent of which of
the two gaps is excited.

When we can treat structures composed of arbitrary
numbers of linear conductors, arbitrarily oriented and
having arbitrary lengths, we are in a position to analyze a
large majority of the antennas of practical engineering im-
portance and to obtain information that has been hereto-
fore virtually unobtainable. Such antennas as loops, di-
poles, arrays of lincar elements, Yagi antennas, rhombics,

FIGURE 10. Input impedance of six-element Yagi antenna.
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log-periodics—in fact, any antenna composed of slender
conducting elements  can be calculated with any accuracy
desired and characteristics of interest also established.
When one develops a computer program to calculate the
properties of almost any wire antenna with very high ac-
curacy, it is essential to be able to check out the validity of
the program by comparison with results obtained by other
methods. The only theoretical case for which a compari-
son is worthwhile is the simple dipole antenna. In most
cases one must, therefore, rely on experimental measure-
ments for a comparison. The quantity best suited for a
comparison is the input impedance of the antenna, which
describes an important property of the antenna in terms of
only two numbers: a resistance and a reactance. From an
experimental viewpoint, the input impedance can be de-
termined with much greater accuracy than either the cur-
rent distribution or the radiation pattern of the antenna.
From a theoretical viewpoint, the input impedance most
often depends much more strongly upon approximations
than either the current distribution or the radiation pat-
tern. Therefore, the current distribution and the radiation
pattern will usually be calculated with much greater ac-
curacy than the input impedance.

Figures 8 through 11 show calculated and measured
results for the input impedance of a number of wire an-
tennas. Figures 8 and 9 show the input impedance of a
vertical dipole and of a conical monopole. The agreement
between calculated and measured results is very close.

Figure 10 indicates the input impedance of a six-ele-
ment Yagi antenna array. The agreement between the cal-
culated and measured results here is also quite good,
though not as good as for the dipoles in Figs. 8 and 9. The
difference is probably due mostly to experimental errors.

Figure 11 shows a 2.5-to-1 log-periodic array of five ele-
ments fed from a 200-ohm transmission line. The calcu-

FIGURE 11. Representation of a log-periodic array of five
elements fed from a 200-ohm transmission line.
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lated and measured input impedance of this antenna over
the 2.5-to-1 frequency band in which it should be opera-
tive is shown in Fig. 12. The agreement between the theo-
retical and measured results is seen to be extremely good;
even the smaller loops of the impedance curve agree very
well. With the wire antenna program we can treat, with
surprisingly good results, some configurations that one
does not at first associate with linear antennas.

Figure 13(A) provides an example of a structure com-
posed of cylinders, tapered cylinders, and cones, that has
more than a passing resemblance to an aircraft with a tail-

FIGURE 12. Calculated and measured input impedance of
the log-periodic array of five elements. A—From 170 to 270
MHz in steps of 10 MHz. B—From 270 to 400 MHz in steps
of 10 MHz. (Chartimpedance = 50 ohms.)
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FIGURE 13. An RB-66 aircraft with tail-cap antenna. A—Crude model. B—Cur-
rent distribution at airframe resonance frequency.

cap antenna. In this example all members, including the
air-foil surfaces, have circular cross sections, and all ex-
cept the vertical stabilizer with the tail cap are coplanar.
The dimensions of the members are chosen so that the
structure is an approximate electrical representation of the
RB-66 aircraft. A much better representation could be ob-
tained by using two or more parallel cylinders to represent
the flattened air-foil surfaces, by dropping the nacelles
below the wings and supporting them on struts as they
are in the actual aircraft, and by employing other refine-
ments. These refinements would increase both the time re-
quired to prepare the data for the computer and the com-
puter time to obtain the desired solutions. If one were in
earnest about the problem, however, such time would be
well spent. Again, as much accuracy as desired could be
obtained at the cost of increased computer time necessary
as the result of the increased complexity of the structure
analyzed.

In spite of the comparative crudity of the representation
shown in Fig. 13(A), surprisingly useful and accurate
results are obtained. (The inaccuracy, it should be pointed
out, is not in the answers provided by the computer for the
structure analyzed, but in the representation of the actual
aircraft by that structure.) The computer calculation pre-
dicts the resonant peak in radiation resistance associated

with airframe resonance as well as other aspects of im-
pedance behavior. When suitable corrections are made to
allow for the rather substantial disparity between the ac-
tual feed-gap region and that incorporated in the repre-
sentation, the calculated impedances, both resistance and
reactance, agree with the impedances measured experi-
mentally on a model of the actual aircraft within approxi-
mately 20 percent at those points checked.

The computer calculation provides rather interesting
data on the distribution of currents on the airframe mem-
bers. These currents for a frequency near airframe reso-
nance are shown in Fig. 13(B). In the figure, the airframe
members are represented by lines forming the axes of the
members and the currents are plotted vertically, picket-
fence fashion, along these lines. The phases of the currents
vary only a few degrees from one end of any member to
the other and are indicated by the phases shown on the
diagram, which apply to the currents at the center of each
linear member composing the airframe. The finite values
at the extremities show the amount of current flowing onto
the flat end caps of the cylindrical members.

Another good measure of the accuracy of the results
provided by the calculation is in the correspondence of the
measured with the calculated radiation patterns. This
comparison is illustrated in Fig. 14 for a frequency some-
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FIGURE 14. Comparison of calculated and measured patterns of the RB-66

aircraft with tail-cap antenna.

what higher than the airframe resonance frequency. (The
experimental measurements were made a number of years
ago, and only limited data were available.) It is evident
that the computer has predicted all major features of the
patterns. The only significant discrepancy is in the null
below the aircraft in the longitudinal principal plane pat-
tern (top center), where the computer predicts a signif-
icantly deeper null than was measured. The two small
vestigial pattern lobes, the one directed up and forward
and the other rear and down on this pattern, are predicted.
Because the patterns are changing quite rapidly with fre-
quency, the discrepancy in the downward null may well be
due to a relatively minor misjudgment in the choice of
dimensions for the linear element representation of the air-
craft. It is almost certain that a more e aborate representa-
tion would overcome whatever discrepancies do exist.

Conclusion

The examples given show that high-speed computers en-
able the treatment by very general theoretical methods of
practical engineering problems of virtually unbounded
complexity. Besides the advantages of speed, economy.
and flexibility relative to experimental methods, the nu-
merical approach provides answers with a precision and
wealth of detail completely beyond the reach of experi-
mental techniques in most instances. This detail and preci-
sion can provide the basis for enhanced insight into the
operation of the devices and structures analyzed, leading
in most instances to designs that exhibit improved perfor-
mance and are more efficient and economical. As the
power of computers increases and the ingenuity with

Tanner, Andreasen
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which they are applied grows, the realm of unsolved or
unsolvable engineering problems will continue to di-
minish.
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Railway
vs. highway—
the zoom

of things
to come

Although the advocates of
expanded highway transportation
will register their objections;
exotic transit systems that

will match subsonic aircraft
speeds for short- and
intermediate-distance interurban
tracel are no longer “whooshful”
thinking, they are being

planned and built in places
where tires fear to tread

Gordon D. Friedlander
Stuff Writer

The snob appeal of the private car—an overweight,
superpowered, oversized monster—has trapped the
American commuter to the point at which he is
willing to endure incredible traffic jams, sickening ex-
haust fumes, and outrageous parking charges for the
privilege of traveling to and from work in exclusive
style, but questionable comfort. Perhaps the term
“mass rapid transit,” in itself, has had the unfortunate
connotation of strengthening the commuter’s belief
that travel by such a plebeian-sounding system would
somehow tend to degrade his standard of living.
Nevertheless, the acceptance of mass rapid transit
may be the only short-term solution to the concrete
invasion of superexpressways into the heart of our
major cities. Meanwhile, there has been no scarcity of
idcas and proposals for both conventional and *‘far
out” mass transit solutions. In fact, the entire subject
has alrcady been researched to exhaustion by tech-
nical committees, transportation experts—and colle-
giate science majors. Now it is time to implement the
practical ideas by tangible action.

The big battle shaping up for the remainder of this
decade will be between the advocates of mass rapid transit
and the highway and automotive interests. This promises
to be a protracted campaign of attrition, in which no
quarter will be given (except in turnpike tolls), and no
compromise for “balanced” transit systems will be
readily accepted. In a balanced system, scientifically co-
ordinated rail and highway traffic would supplement each
other, particularly in urban areas.

Urban sprawl and urban crawl

During the past decade, the federal government has
appropriated 100 times more money for highways than
for mass transit, despite the fact that one conventional
high-speed rail line could carry as many passengers in a
given peak travel hour as 20 lanes of superhighway.
Cities such as Houston and Los Angeles that have ex-
hibited phenomenal growth patterns since the end of
World War 11 have virtually no mass transit systems, and
it is almost impossible to achieve any degree of mobility
without a car. More than 50 percent of the sprawling area
of Los Angeles is covered by asphalt and concrete. And,
like many other American metropolises, it is a *car
happy” city. A recent survey indicated that the 17 percent
of its families who do not own cars are practically im-
mobilized.

Nevertheless, the motor vehicle's demand on cities has
reached a critical level. A portent of imminent car-
sponsored catastrophes occurred in Boston on December
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30. 1963, when all downtown traftic ground to a jarring
halt at 3 e This granddaddy of all snarls required six
hours to untangle

The car manufacturers, auto clubs, the construction
industry, and putlic works officia's, however, still insist
that more and more highway construction is the only
answer to the problem.

Rapid transit, U.S.A.

Mass transit, in a balanced transportation concept,
includes interurban (up to 700 km), commuter (80 km),
and intraurban systems. The term balanced transporta-
tion actually means a well-coordirated network of high-
speed rail transit, automobiles on expressways, feeder
buses, and outlying parking facilitieseach used to its
optimum advantage to complement and supplement the
other interlocking systems.

Ihere are presently 38 metropolitan areas in the
United States (Fig. 1) of suflicient size to warrant bal-
anced transportation systems,

The criteria for balanced transportation. Transporta-
tion planners have established three cardinal principles
that must be met to attain the proper balance between
adequate expressway facilities and railway rapid transit:

1. Metropolitan area residents must predetermine the
type of city they want and can realistically attain in the
future. All transportation planning is then predicated
upen the fulfillment of these goals.

Fricdlander—Railway vs. highway

(Above) Typical rapid transit car of the Cleveland Transit
System, which will provide high-speed service from down-
town Cleveland to Hopkns International Airgort

2. All means of transportation must be interfaced,
interrelated, and planned on an area- or region-wide basis
as part of the basic scheme.

3. 1t should be recogmized that rail rapid transit repre-
sents the optimum combination of speed, comfort, safety,
convenience, and economy for the conveyance of large
nunibers of passengers in metropolitan areas.

The implementation of these criteria, however, is 2
large order that requires heavy investments in time,
money, and imaginative planning. To build an ultra-
modern coordinated network into the physical configura-
tion of old established cities will inevitably entail con-
siderable inconvenience, dislocation, and readjustment.
But the ultimate prize should be worth the penalty.

Some existing systems—and their expansion

Chicago. Metropolitun Chicago was ane of the first
urdan centers 1o realize the benefits of the balenced trans-
portation concept. About 180 000 motor vehicles travel
cast and west over the 15%-mile (25-km) stretch of the
Eisenhower Expressway (completed in 1956), from the
Loop area of downtown Chicago to suburban Hillside,
during any 24-hour weekday period. In peak travel hours,
the Congress Stiect transit line of the Chicago Transit
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Authority, whose right of way is in the center mall, car-
ries about 50 percent more people on the 5 4-mile (8.7-km)
run than the four-lane expressway that runs alongside.
Although the expressway is saturated during rush-hour
periods, the rapid transit line, which presently runs from
the Loop to the city line, has an expandable capacity for
future growth,

The rapid transit component of the Eisenhower Ex-
pressway has augmented the passenger-carrying capacity
of the east-west corridor by some 500 percent, while
simultaneously increasing the overall construction costs
by only 10 percent to achieve a notable example of opti-
mum mixed-transportation land use. The success of this
venture has encouraged Chicago to appropriate the funds
necessary to extend its balanced transportation network
to include rapid transit facilities for the center malls of
LWO MOre expressways.

Toronto. In 1934, the city of Toronto, Ont., completed
the first phase of its proposed comprehensive rapid transit
system. This was the $67 million, 4Y5-mile-long (7.2-km)
Yonge Street line (along the principal business thorough-
fare of the city) from Union Station north to Eglinton
Avenue. Almost 70 percent of all the major residential
and commercial construction from 1934 to 1959 was
within walking distance of this subway.

In 1965, the north-south University Avenue loop line,
running parallel to the Yonge Street subway, was put into
service; and, last year, the 8-mile-long (12.8-km) Bloor-
Danforth line (the major east-west link) completed the
third phase of the ambitious transit project. In addition to
providing millions of dollars in increased tax revenues for
Toronto, the city has been able to phase outa number of
its surface bus and tram lines to ease the traflic congestion
along many downtown streets. City officials estimate that
the Bloor -Danforth line alone will initiate a $2 billion
building construction boom along its route.

Cleveland. The Cleveland Transit System (CTS), one
of the newer American transit operations, began the
construction, in June 1966, of a 4-mile-long (6.4-km) ex-
tension to Hopkins International Airport. When this spur
is completed in mid-1968, Cleveland will become the first
city in the United States to have a rapid transit system
(see title illustration, p. 62) serving a major airport. Only
the airports at Brussels and Tokyo have a similar service.

Cleveland is a good example of a balanced transporta-
tion concept, since the CTS maintains extensive suburban
parking facilities for the accommodatior of more than
5000 cars, and offers comprehensive feeder bus services
to intertie sections of the city that are not presently
served by rail rapid transit.

About half of the $14 million cost of the extension to
the airport is being financed by the U.S. Department of
Housing and Urban Development.

San Francisco. Despite considerable local public
apathy and bureaucratic administrative complexities,
San Francisco’s Bay Area Rapid Transit (BART) sys-
tem dramatically stands as the foremost symbol of a com-
prehensive high-speed, computer-controlled interurban
rail line that is based upon advanced concepts and en-
gineering principles. Nevertheless, BART has been
plagued by disputes ranging from esthetic design to cost
estimates that have soared as high as $1.2 billion (of
which sum the federal government has only contributed
$26 million thus far). But although the city is further
harassed by litigations and the resignations of consul-
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tants and transit officials, BART is still being huilt.

... And the others. At present, some 23 cities in the
United States. including Philadelphia, Boston, New York,
Atlanta, Washington, Baltimore, and Seattle, have far-
reaching plans for and intraurban rail transit systems.

The Northeast Corridor

Perhaps the area that has received the most attention
from transportation experts in recent years is the heavily
traveled Northeast Corridor (Fig. 2), the 450-mile (713-
km) stretch from Washington through New York to
Boston, with feeder lines on portions of the Long Island
Rail Road and in the metropolitan Boston complex.

Present federal program. The High-Speed Ground
Transportation Act, passed by the U.S. Congress in 1965.
provides a twofold program in which:

1. Demonstration projects of moderately high-speed
trains —-about 125 mi/h (56 m/s)—will soon be operated
on the Pennsylvania Railroad between Washington and
New York, and on the New Haven Railroad between
New York and Boston.

2. A longer range R & D program will be set up from
which a new and much higher speed ground transport
system could be designed.

Of the $90 million authorized by the government under
the act, about $11 million will be spent on the improve-
ment and speeding of passenger service on the New
York—Philadelphia-Washington run. But some $44 mil-
lion in costs will be borne directly by the Pennsylvania
Railroad. If the project eventually becomes profitable,
the federal government will recoup its investment,

The primary purpose of the demonstration projects
just mentioned is passenger response to the improved
interurban services. The results of the reduced running
times and upgrading of other passenger facilities will be
measured by a detailed data-collection program. The
second portion of the program, the long-range R & D
effort, is presently under way at M.LT., and at Rensselaer
Polytechnic Institute, where the feasibility of a revolu-
tionary tube transit concept (to be discussed later in this
article) is being investigated.

New York-Washington—faster runs are coming

The U.S. Department of Transportation (DOT) is
presently conducting a series of test runs on a 21.2-mile
(34.2-km) section of the Pennsylvania Railroad’s tracks
between Trenton and New Brunswick, N.J., as part of
its High-Speed Train Evaluation Project (HIGH-STEP).
This section of track was selected (Fig. 3) because it is
free of grade crossings and contains only four moderate
curves in its run. Welded rail was installed, thousands
of ties were replaced, interlockings were renewed, and
the track profile was raised or lowered to a uniform
vertical control elevation. A heavier trolley contact wire
also was installed in the catenary to reduce loss of contact
at high speeds.

The four self-propelled test cars (designated T-1
through T-4) were specially built for DOT as *“‘rolling
laboratories” (Fig. 4) that are equipped with test instru-
mentation provided and operated by Melpar, Inc., a sub-
sidiary of Westinghouse Air Brake Company.

The testing equipment. In the test configuration. there
are four instrumentation subsystems:

1. Pantograph and catenary dynamics, car T-1.

2. Track and wheel dynamics, car T-2.
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FIGURE 4. Four of the self-propelled test cars,
capable of speeds in excess of 150 mi/h (87 m/s),
presently in use by the U.S. Department cf Trans-
portation for its HIGH-STEP trials.

FIGURE 5. Field engineer on research rail car
loads magnetic tape into an Ampex FR-1300, 17-
track tape recorder, which stores information for
subsequent computer processing. Information is
recorded simultaneously for all analog measure-
ments taken by 300 sensors on four test cars.

3. Truck and car dynamics, car T-4.

4. Track and catenary dynamics, at the wayside.

Distances, displacements, speeds, accelerations, loads,
strains, pressures, temperatures, and electric voltages,
currents, and power are moritored continuously by de-
vices selected to meet the special conditions of each mea-
surement. All physical phenomena are converted by
transducers to an electric signal having a known analog
relation to the measurement.

Some of the electric signals are immediately recorded
on chart paper for use at the time of measurement. All
signals are also recorded in analog form on magnetic tape
to permit computer processing of the information. Re-
cording facilities are kept to the minimum compatible with
the research requirements by multiplexing the signals
from the sensors before they are recorded on the data
tapes. This process permits the recording of 150 data
channels on only live magnetic tape tracks.

Transducer-produced information is supplemented, in
three instances, by recorded images from closed-circuit
television systems. And measurements not conveniently
obtained by conventional instrumentation can be made
by using the stop-motion capability of the television re-
corder.

A variety of devices are used to scan and inspect all
of the signals that are being recorded. For example,
television monitors give a continuous display of the pic-

tures going onto the video recorder; oscilloscopes and
various meters permit the inspection of the measurement
signals being recorded on magnetic tape. In addition, a
four-channel chart recorder is used to provide continuous
analog records of special-interest information.

All instrumentation and recording equipment has been
designed for maximum compactness and portability.
For operational convenience, all data generated by the
car-borne systems are recorded in car T-2 (Fig. 5). The
wayside recording equipment, mounted in a panel truck,
is coordinated automatically with the passage of the test
cars. Thus the maximum capability is provided for under-
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FIGURE 6.

Block diagram showing the dynamic instrumentation used in recording

the mechanical and electrical performance characteristics of the power-collection sys-

tem on a high-speed test car.

standing the interactions of a high-speed railroad car with
the track, other cars and trains, and the overhead power
supply system.

In detail, for example, the purpose of the car
T-1 instrumentation is to measure the mechanical
and electrical performance of the pantograph power
collection system from the overhead catenary. Longi-
tudinal, vertical, and lateral accelerations of the panto-
graph shoe are measured by servo acceleromaters mounted
in a Teflon container under the shoe (see Fig. 6 circuit
diagram). The vertical motion of the pantograph is mea-
sured by a rotary linear variable potentiometer that is
mounted on the roof of the car and connected to the
pantograph arm by a nylon line.

The existence and duration of arcing between the
pantograph shoe and the catenary contact wire is de-
tected by a tuned coil wrapped around the high-voltage
lead from the pantograph. A closed-circuit television
camera, mounted on the roof of the car, permits the mo-
tions of the various pantograph parts and the trolley wire
to be observed and recorded.

Eyecwitness reports. Last May 24, correspondents
were invited to witness one of a series of high-speed tests,
conducted between New Brunswick and Trenton, with

Fricdlander—Railway vs. highway

the four-car multiple units.

Although the on-board and wayside visitors were im-
pressed by the smooth-riding qualities and the blur of
motion as the train whooshed by at 156 mi/h (70 m/s),
some observers reported that there was considerable and
rather violent lateral oscillation in the catenary in the
wake of the four-car unit. And The New York Times’
correspondent mentioned that the vacuum produced by
the train has a rather nasty habit of sucking out the win-
dows of some of the older conventional passenger cars as
they pass each other on adjacent tracks. These problems
would seem to indicate that parallel track clearance
specifications, curve radii, superelevations, and catenary
design will have to be modified before future regularly
scheduled runs at maximum speeds can become practical.

The new service—Phase 1. Fifty new cars, each 85 feet
long (25.9 meters) by 10 feet wide (3.2 meters), are
presently being built for the Pennsylvania Railroad by the
Budd Company. These dimensions, in the interest of max-
imum passenger comfort and safety, are larger than con-
ventional railroad standards. Each of these self-propelled
units will contain four 300-horsepower (221-kW) Gen-
eral Electric series-wound dc traction motors. This
power package will permit the units to accelerate to 125
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wide by 13-foot-high (25.9 by 3.2 by 4.0 meters) air-con-
ditioned, 122-passenger-capacity, stainless-steel  and
aluminum cars (Fig. 8) will have a top speed of about 100
mi‘h (44.5 m/s).

Improved access to Manhattan—Phase II. Today, the
LIRR has only one terminal in Manhattan— Pennsylvania
Station. More than half of the 80 000 daily passengers on
this railroad must either backtrack to the East Side, or
make their way uptown or downtown on the overcrowded
facilities of the New York City subway system.

The MCTA'’s consulting engineers are working with the
New York City Transit Authority in developing the de-
tailed engineering plans necessary to give LIRR com-
muters direct, no-transfer service to lower Manhattan,
and to share an expanded, four-track tunnel project under
the East River at 63rd Street to bring passengers from
Long Island to the midtown East Side ofhice area.

Phase IIl—an interstate scheme. The New Haven
Railroad’s west-end passenger service (New Haven to
New York on the main line, and Waterbury and New

FIGURE 9. Sketches showing the enclosed beam-
way and pylon supports for the General Electric
suspended-car monorail concept.

-Beamway

Canaan to New York on the branch lines) carries 70 000
regular commuters and casual passengers on each working
day of the week. The railroad, which is in receivership, ur-
gently needs massive capital investment for new com-
muter cars, extended electrification, and station and
signal equipment improvements.

To replace this railroad with alternative highway
facilities from Connecticut, through Westchester County
to New York City, would cost more than $1 billion. Also,
there would be the almost insurmountable problem of
accommodating a further deluge of motor vehicles in
the traffic-choked Manhattan business districts. For
example, during a one-hour peak period each weekday
morning, the New Haven line carries 15 500 passengers
into Grand Central Terminal. To duplicate this move-
ment by automobile would require 14 lanes of limited-
access highway-—at a cost of about $32 million per mile
(520 million per kilometer).

The MCTA and the Connecticut Transportation
Authority have made the following five-point, joint
recommendations to the governors of New York and
Connecticut for the upgrading of interstate commuter
service on the New Haven Railroad over the next five
years:

1. The two transit authorities, acting as agents for New
York and Connecticut, should lease for 99 years the
rights of way, stations, shops, and electric power installa-
tions of the New Haven Railroad from Woodlawn
station in the Bronx, to New Haven, Conn.- including
the New Canaan, Danbury, and Waterbury lines.

2. The two authorities should enter into a 99-year con-
tract with the New York Central Railroad for trackage
rights from Woodlawn station to Grand Central Ter-
minal, and for the joint use of Grand Central and the
125th Street station (Manhattan).

3. The interstate agencies would lease some of the
New Haven’s existing rolling stock until modern and
efficient equipment could be built and put into service.

4. The agencies would undertake an $80 million
modernization program to update the electrification, sta-
tions, signal equipment, and repair shops of the New
Haven Railroad, and would provide an all-modern fleet
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FIGURE 10. Budd-Sikorsky ‘'skylounge’ being airlifted
in recent demonstration in Philadelphia. Prototype macdel
carries a maximum of 23 passengers.

of self-propelled commuter cars for the interstate service.

5. The two authorities would enter into an agreement
with the trustees of the New Haven Railroad for the
operation and management of the New York -New
Haven commuter service. and the distribution of pas-
senger revenues accrued.

An aerial transport system

Every air traveler has come to recognize the often
frustrating airport-to-center-city ground transportation
problem. And every commuter has been annoyed by the
unreliable service afforded by antiquated rolling stock
traveling over railroad rights of way that were built more
than 50 years ago. It is paradoxical that although we are
in the acrospace and nuclear age. thousands of captive
riders are still forced to rely upon ground transportation
facilities that have not been significantly upgraded since
the turn of the century.

Based on the design concept of the French beamway
SUSPENsion SAkLGE transport system, the General Eiec-
tric Company has developed a monorail contiguration
that will afford passenger safety and comfort in traveling
to and from airports at speeds up to 100 mi’h (44.5 m’s)
under all weather conditions. For example. traveling ot
high speed from Dulles International Airport to dowrn-
town Washington, a distance of 25 miles (40 km). would
require less than 20 minutes. This aerial system, of course,
could be readily adapted for commuter service to metre-
politan suburbs.

['he aerial structure can be erected economically over
expressway median strips or adjacent to heavily trafticked
arterial highways.

Inclosed track is a notable feature. The enclosed
beamway (Fig. 9) contains the running surface for the
power units, vertical rails for the guide wheels, and elec-
tric power transmission lines for vehicular propulsion,
signaling, and communication. The underside of the

beam is designed to permit the passage of the suspension
equipment that connects the power unit to the roof of the
vehicle. A permanently dry track would ensure uniform
high performance efliciency. even in bad weather.

Advantages and disadvantages. According to its de-
velopers, the system has the advantages of

1. Utilizing the *third dimension™  the valuable
air space over congested areas.
2. High-stsengtk  supporting  pylons that occupy

minimal ground space necessary for construction.

3. Negotiating small-radius curves and thus parallel the
horizontal and vertical curvatures of conventional high-
ways.

4. Electrically powered bogies (trucks) running within
the enclosed beamway on pneumatic tires to provide
quiet and smooth transportation.

5. No smog-producing fossil-fuel exhaust fumes.

The monorail concept, in its many variations, is hardly
novel. Although a four-mile-long (6.4 km) dual-beam-
way line was built for Seattle’s “Century 21" exposition
in 1961, a monorail demonstration system was a feature
of the New York World's Fair 1963--1965. and a “*mini-
rail™ line is presently in use at Montreal’s “Expo 67.7 the
general publie reaction to the monorail scheme in the
United States, unfortunately. has been far from wild en-
thusiasm. Critics cite the adverse esthetic and functional
effects of buiiding such lines over already congested city
streets, and the relative inflexibility of the systems to
eventual expansion to meet projected increases in pop-
ulation. Also. some city planners feel that new concepts
in helicopter -bus service can better meet the needs of
city-center-10-airpart transportation.

The helicopter-borne ‘skylounge’

The Budd Company, in a joint cooperative venturc
with the Stkorsky Aircraft Division of United Aircraft
Corporation, on May 13, displayed and publicly tested
its prototype combination **skylounge™ and **skycrane™
modules (Fig. 10) at the Northeast Philadelphia Airport.

The skylounge module is an aluminum pod, 30 feet long



by 8 feet wide by 8 feet high (9.14 by 2.44 by 2.44 meters),
that weighs about 12 000 pounds (5450 kg) empty. In use,
the wheel-mounted pod—capable of carrying 23 passen-
gers and their luggage——could be hauled as a trailer by the
truck-tractor element of the system from downtown
passenger collection points to a center-city heliport pad.
Here, the turbine-powered skycrane module is coupled to
the loaded pod, and the ensemble is airlifted to the main
airport.

The Los Angeles Department of Airports is interested
in developing, with Budd and Sikorsky, the first working
version of these vehicles, capable of airlifting 44 persons,
between downtown Los Angeles and International Air-
port. The first of such units could be in operation by
1970.

A new concept for present transit system design?

The writer has recently received an interesting commen-
tary and copy of a patent application from Raymond A.
Young, an electronics engineer associated with Hughes
Aircraft. His proposal, which has received considerable
publicity in West Coast newspapers, alleges at the outset
that “the most significant thing about present system
planning is the complete lack of any new ideas. For ex-
ample, the BART system is simply 1890 warmed over,
using 28-ton cars which are decelerated and accelerated to
pick up and let off as few as one passenger—resulting in
a low efliciency, low average speed and poor accessibility,
coupled with installation costs that are impossible to
cover with fare-box revenues. . .”

Monorail and capsules. Mr. Young’s scheme utilizes
lightweight overhead steel rail lines to suspend “minicap-
sule’ cars that carry a maximum of four passengers each.
The capsules require no motive or braking power of their
own, since all power is supplied by a transporter unit

capable of carrying 200, or more, of the individual cars,
and all braking equipment is built into the support rails
at the stations,

The transporter rail would essentially consist of an
elongated, flexible metallic band, which would be propelled
along the monorail by a synchronous electric motor con-
nected to drive wheels at its forward end for engaging the
monorail. With this system, each capsule may be picked
up or dropped off, by means of its self-contained retract-
able wheels, as the transporter rail —traveling at a con-
stant speed of 60 mi/h (26.8 m/s)—passes station facilities.
When the wheels are fully supported on the transporter
rail, the car experiences a programmed smooth acceler-
ation to the speed of the traveling rail. A similarly pro-
grammed braking is accomplished when the car is dis-
engaged.

In operation, a city could be crisscrossed by many such
monorail lines. With a number of transporter units run-
ning on the system, interchange would be possible from
one rail line to another, thereby creating a high-speed
grid, or network, in which the capsules would have a
degree of directional flexibility, within station limits, that
would be comparable to a taxi. According to Young, the
entire network could be completely automated and con-
trolled by a central computer that would allow ride
charges to be based upon length of trip and on a monthly
billing basis.

Young believes, for example, that traveling via his
capsules in Los Angeles would be much faster than using
the existing freeways. He also feels that his system would
provide speedier service than helicopters from down-
town Los Angeles to International Airport.

Unfortunately, however, the esthetic problems created
by this and other monorail system proposals for down-
town areas will undoubtedly militate against such

FIGURE 11. Profile of the gravity-vacuum tunnel concept showing the theoretic and practical pendulum paths for this
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schemes. Cities that have recently eliminated their un-
sightly elevated transit lines to upgrade the appearance
and property values of principal thorcughfares will cer-
tainly not want to re-establish overhead nionorail struc-
tures.

A ‘far-out’ concept: the gravity-vacuum tunnel

In theory, the gravity-vacuum tunnel (GVT) concept
bypasses the conventional horizontal acceleration limita-
tion (restricted by passenger comfort to about 1.4 times
the pull of gravity) by employing a pendulum motion in
which the horizontal acceleration component is not
noticeable. Such a tunnel configuration (Fig. 11) drasti-
cally reduces vehicle propulsion power requirements—
particularly critical at high speeds—by

I. The use of an evacuated tube (a partial vacuum
equivalent to an altitude of 70 000 feet, or 21 350 meters),
in which gravity is employed for much of tke acceleration
and braking power that is needed.

2. The sequential use of air pressure to push a train of

vehicles during acceleration, and to apply a piston effect
in braking the vehicles during deceleration.

Gravitation, plus pneumatic power. As indicated in
Fig. 11, the practical tunnel profile arcs down and up
again to let GVT trains take full advantage of gravity,
both to accelerate and decelerate the train reliably,
smoothly, and efliciently. Depth at the midpoint of the
GVT arc depends upon the distance between stations.
With stops a mile (1.6 km) apart, the average distance for
an urban transit system, the tunnel invert depth would be
about 300 feet (1.5 meters) below grade (Fig. 12). A
vehicle freely rolling down this slope would attain a
maximum speed of 85 mi/hr (38 m/s), which would dimin-
ish rapidly as the train swept up the arc to the next sta-
tion. For stations 1'% miles (2.4 km) apart, the midpoint
depth would be 500 feet (152.5 meters), for a maximum
speed of 120 mi/h (53.7 m/s).

The other source of motive power for the GVT train is
a continuous bank of electrically powered pneumatic
compressors, cross ducts, and cross-connection valves,
placed underground and adjacent to the parallel transit
tubes. The pumps would reduce air pressure within the

tubes to about 1.5 percent of normal atmospheric pres-
sure. This serves to reduce air-drag losses as a train passes
through the tube, and supplements the gravitational
forces in starting and stopping the vehicles.

In operation, normal air pressure, acting against the
rear end of the train, at the start, applies a thrust of about
70 tons to accelerate the train on the downward arc in the
evacuated tube. As the train passes, air replaces the vac-
uum behind it to assist in the acceleration. When the train
reaches the lowest point of the arc, the start valve and
acceleration valves are closed. The train continues to
accelerate, but at a decreased rate, as the cross-connection
ducts close as the vehicle passes in order to contain the
air in the rear. On the upward arc, the train begins to
compress the residual air in the tube ahead of it, und this
cushion serves as a gradual braking force. Finally, when
the air compression ahead of the train reaches normal
atmospheric pressure, the deceleration and terminal
valves are opened. These are closed again as the train
passes.

Tracks and trains. The proposed train is essentially a
long, pressure-tight, articuluted cylindricalc apsule, with
a diameter two inches (5.1 cm) smaller than the 9% -foot-
diameter (2.9 meters) steel tubes. Each car would be 65
feet long (19.8 meters), and designed to run on four-wheel
mountings over twin steel guide rails that can be welded
to the floor of the tube. Entrance and exit doors, on oppo-
site sides of the cars, would be pressure-tight sliding
panels that retract into the ceiling of the vehicle. Each car
would accommodate 64 seated passengers.

Tunnel construction. The tunnel tubes, even at great
depths below grade, could probably be constructed
through deep bedrock by modern hydraulic boring ma-
chines. Figure 13 shows a typical twin-tube tunnel
cross section.

To achieve ultimate smoothness in the high-speed ride,
a “dynamic flotation” technique is proposed in the pro-
vision of a water cushion that will flex under load. Thus
the tube in the no-load condition (shown at left in Fig.
13) will be submerged in water to a depth of about 20
inches (51 cm). Small structural disturbances will also
be absorbed by the self-leveling of the water to ensure

FIGURE 12. Profile of the GVT system as applied to a typical metropolitan subway system, with sta-

tions spaced approximately 1.6 km apart.
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FIGURE 13, Cross section of a typical GVT tube pair. Note that the tubes are floated in water to
ensure smooth vehicular travel. The water level in the empty tube is shown at the left; the occu-
pied tube at the right shows the change in water displacement. Note also that cross valves inter
connect the tubes, and vent valves, in the top of the tube, open for acceleration of vehicles.

the rigidity and alignment of the tubes. Under train load,
of course, the tube will deflect downward. It is calculat:d,
however, that, although the water level in this condition
will rise 7% inches (19.1 cm), the tube itself will settle by
only 1% inches (3.8 cm).

Applications of the GVT system

Although L. K. Edwards, the developer of GVT, and
head of Tube Transit, Inc., Palo Alto, Calif., envisions
the eventual application of his system to the Northeast
Corridor run (Boston—Washington), at speeds up to 550
mi/h (246 m/s), he has also evolved more modest pro-
posals such as. ..

The New York ‘supersubway.” Running along a
34-mile-long (54.7 km) twin tubeway, from Mt. Vernon in
Westchester County to Huguenot Avenue on Staten
Island, with 28 intermediate stops, according to Edwards,
would require only 48 minutes. The speed of the tube
trains would be about twice that of the conventional ex-
presses now in operation on New York City’s subway
lines.

Computers would run the train schedules, with head-
ways spaced at two minutes apart, around the clock, every
day of the week. At this frequency of service, 75000
passengers per hour—the equivalent of 25 lanes of auto-
mobile expressway—could be moved in a north and south
direction.

Edwards says his GVT system could be built at a cost
per mile that would be far below that for conventional
subway tunneling because:

1. The cross section of the tunnels is almost 50 percent

smaller than present conventional two-track subway
tunnels.

2. At depths ranging from 90 to 700 feet (30-214
meters) below grade, tunneling would be in bedrock;
thus expensive and laborious cut-and-cover excavation
would not be required.

3. Gravity and air pressure are used to propel the
trains, and costs for power transmission and signal equip-
ment can be minimized.

OId theory, new problems. It must be obvious to the
reader, by now, that the GVT concept is merely a sophisti-
cated and updated version of the pneumatic tube systems
that have been used for more than 50 years in many large
department stores to convey the customers’ change and
receipts.

As a civil engineer, the writer cannot accept some of
the economy claims stipulated in favor of very deep tun-
nel boring. For example, there would be many construc-
tion problems associated with such tunneling in areas of
geological faulting, and in the precision alignment re-
quired for extra-long runs.

Further, this reporter feels subject to a bad case of the
bends—or at least writer’s cramp—in contemplating the
difficulties of passenger evacuation from the bottom of a
vacuum tube, several hundred feet down, in an emergency
situation.

R.P.L.’s ‘Project Tubeflight’

Project Tubeflight, presently under development by a
faculty and graduate student group of aeronautical,
mechanical, and electrical engineers at Rensselaer Poly-
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FIGURE 14. Tubes for Rensselaer Polytechnic Institute's Tubeflight system could be
built of clear plastic to follow horizontal and vertical curves above grade level.

technic Institute, headed by Dr. Joseph V. Foa, is a
practical concept in which aerodynamically supported
and propelled vehicles travel at high speeds in nonevac-
uated tubes. Dr. Foa believes that evolutionary scientific
and technological progress in propulsion systems is rap-
idly taking us away from the wheel as a mode of ground
transportation,

Tubeflight differs from the GVT concept in three prin-
cipal ways:

1. The tubes, or guideways, do not follow a pendulum
arg, but may be built above or below grade (Fig. 14) to
follow normal horizontal or vertical curves.

2. The vehicles are self-propelled.

3. Subsonic and supersonic speeds are feasible in ad-
vanced system applications.

Guideway and vehicular support. In Tubeflight, the air
in most of the guideway remains nearly at rest while the
vehicles “fly” through. Essentially, the vehicles propel
themselves by transferring the air from the front to the
rear by means of pussages contained within the vehicles,
and through the space that separates the car from the wall
of the tube. The research team at R.P.I. is presently con-
centrating its efforts on the development of such an “air
gulper” system, which permits air to pass through the
vehicles in order to eliminate the piston action of the
capsule as it travels within the guideway. Numerous pro-
pulsion systems, for the achievment of subsonic and
supersonic speeds, are being evolved and tested.

Because of the high speeds proposed for the vehicles,
large clearances between the walls of the guideway and
the tube cars are necessary. The vehicles can be kept on a
centered path by means of suitably arranged GEM
(ground effect machines), or air-cushion, pads. In the
forward motion of the vehicles, the rearward momentum
of the deflected air curtains would also contribute to the
thrust. And this type of “floating” suspension, installed
in a vehicle with a low center of gravity, would auto-
matically tilt the craft—regardless of speed—to the cor-

Friedlander—Railway vs. highway

rect angle of bank in negotiating every horizontal curve.

According to Foa, the presence of large, confined
masses of air within the tube would provide a safe and
simple solution in braking a vehicle, even at speeds of
2000 mi‘h (895 m/s). As soon as the propulsive power in-
put is shut off, the piston effect would take over as the
air in front of the vehicle is compressed. This compression
could be relieved by vents in the vehicle to permit flow-
through control. Once the car is slowed sufhiciently by
these aerodynamic methods, conventional friction brak-
ing techniques could be applied for stopping.

Propulsion systems.  Although a variety of power units
could be used to propel the subsonic-speed vehicles, Foa
believes that a turbofan would be a good engine for this
velocity range. The “bladeless” propeller (a Foa inven-
tion), however, would probably be better suited for use
at higher speeds (see Fig. 15). This device is an applica-
tion of crypto-steady pressure exchange between axial
flows in a liquid or gas.

Supersonic travel would be possible if a more radical
engine design, such as a “ramjet,” were adopted. A ram-
jet engine consists of a ‘“‘nose cone” surrounded by a
cowling. When properly designed and operated, air enters
the engine through a ‘“‘leading shock wave” that extends
from the apex of the cone to the lip of the cowling. As
the air flows around and behind the centerbody within
the cowling, it is compressed and mixed with fuel, and
undergoes combustion and expansion. In this process,
a forward thrust is exerted on the centerbody. If we now
assume that the cowling surrounding the nose cone of the
centerbody is extended indefinitely to form the tube in
which the centerbody travels, we can see an elementary
application of the ramjet principle to the Tubeflight con-
cept.

Electric power supply alternative. Dr. Foa concedes
that it would be most desirable to power the vehicles by
means of external electrical sources. Toward this end,
Professors K. E. Mortenson and D. N. Arden of R.P.1.’s
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FIGURE 15. The ‘bladeless propeller,”” an efficient means of powering the faster vehicles
through pipelines. This device is an appBcation of crypto-steady pressure exchange, which pro-
vides direct transfer of mechanical energy, and would operate on an air-to-air principle.

Electrical Engineering Department have suggested that a
possible solution would be to supply electric energy to the
vehicles at microwave frequency by using the tube as a
waveguide. Microwave power transmission would have
the further advantage of requiring no extra rails or other
internal structures. Since most of the equipment would be
electronic, it could be situated external to the tube. But
since microwave is a line-of-sight phenomenon, many
transmissior problems in the curved portons af the tube
would have to be solved.

Vehicle and tube construction. The vehicles would be
constructed of lightweight, high-strength metal alloys.
The tubeways for the short-distance, commuter-type
vehicles could be built of low-cost clear plastic, and the
supersonic version would be stainless steel. In some cases,
the pipelines could follow already existing railroad rights
of way or the center malls of expressways.

With electronic control devices assisting in the sched-
uling of the vehicles, trains could be efficiently run over
great distances on five- to ten-niinute headways. Foa be-
lieves that the distance between stations, because of the
high speed of the vehicles, would have to be at least 35
miles (56 km).

Running times: highway and tubeway. At present, a
motorist driving at the posted speed limit on the New
York State Thruway can travel between New York City
and Albany in three hours. A Tubeflight vehicle, traveling
at a top speed of 500 mi/h (224 m/s) with one or two inter-
mediate stops en route, could negotiate the same distance
in about eone-half hour. Traveling nonstop. supersonic
express vehicles could zip transcontinental passengers—
New York to Los Angeles—in about 1% hours.

The R.P.I. scheme is still in its early R & D stages.
Although a 2000-foot-long (610 meters), one-foot-diam-
eter (30.5 cm) steel tubeway has been built to study the

dynamics and propulsion alternatives of the 1/18th full-
scale computer-monitored vehicles, a full-size prototype
seems to be severil years away. Tubeflight is still an un-
fulfilled dream, but it is a dream that is worth pursuing.

The prescription for the future

The world today has the greatest mix of transportation
services ever known to any civilization-—thanks to the de-
velopment ia this century of the automobile, airplane,
and the pipeline. The major prablem lies in the practical
coordination of these services ta provide for the eptimum
mobility of surgirg populations and restless people.

And as a recommendation to interested IEEE mem-
bers, a special issue of PROCEEDINGs, early next year,
will be devoted to a comprehensive discussion of all as-
pects—sea, land, and air—of present-day and future
transportation,
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Patterns of U.S. energy
consumption to 1980

The importance of energy to the nation’s economic
expansion and future trends of demand, with special emphasis
on the role of utility electricity, are explored

William A. Vogely, Warren E. Morrison

Bureau of Mines, U.S. Department of the Interior

The total consumption of energy in the United States
in the year 1980 is expected to be equivalent to
93 X 10! joules or 63 percent greater than in 1965.
Coal consumption in 1980 is projected at 612-677
million tonnes, natural gas at 696 000 million cubic
meters, and petroleum products demand at 899 million
tonnes. Nuclear power generation will be 723 million
MWh; conventional fuel-burning plants will provide
up to 1941 million MWh of energy.

The pattern of energy flow is an ever-changing one,
Along with the rising trend of total demand to meet
the needs of our expuanding economy, significant shifts
occur in the mix ol energy resources supplied to energy
markets or consuming sectors. These shifts are occasioned
by technological and other factors that influence the size
and structure of markets on the one hand, and the supply
and availability of specific resources on the other. The
result is that in 1967 we have a very different pattern of
energy consumption than prevailed two decades ago,
and further shifts may be expected in the future.

Assumptions made for the forecast period 1965-1980
provide for no major change in United States interna-
tional relations; an annual growth rate of 4 percent in
gross national product (GNP) in rezl terms; a growth
rate of 1.6 percent in population; stabiiity of the real
cost of primary energy resources (relative to each other
as well as to the general level of commodity costs);
adequate supplies of energy resources, either domestic or
imported; and a net foreign trade in energy resources
during the forecast period that bears the same propor-
tional relationship to domestic demand for these re-
sources as prevailed in 1965. Other simplifying assump-
tions are that there will be no major restrictions or curtail-
ment on the use of fossil fuels as a means of controlling
environmental pollution; a continuation of an evolu-
tionary technology in the energy sector rather than a
revolutionary one; and that no other new fuel sources or
energy forms (such as shale oil, tar sand, coal gasification
or liquefaction, magnetohydrodynamics, and solar
energy) will contribute significantly to energy consump-
tion during the next 15 years.
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Energy consumption by source

The nation’s energy needs are met for the most part
from domestic primary sources of petroleum, natural
gas, coal, and hydroelectric power. Less than 10 percent
of the requirements are met by imported products;
these are mainly crude cil and petroleum. For the next 15
years it is anticipated that increasing quantities of energy
will be needed and that by 1980 total consumption will be
equivalent to 93 X 10'® joules, or approximately 63 per-
cent greater than in 1965.

The combination or mix of specific energy resources
required to meet total energy demand will continue to be a
function of the separate demands of the major energy
markets or consuming sectors (household and commer-
cial, industrial, transportation, and electric utilities).
Also influential in the resource mix is the degree of sub-
stitutability of resources in various uses, and the forms
resources assume within the energy markets as direct
fuels, utility electricity, raw materials for chemicals, etc.

In Fig. 1 and Table I, coal is shown as supplying al-
most half of all energy consumed in 1947; by 1965, coal
had dropped to about one fifth of the total. Coal's de-
cline was offset by the expansion of natural gas and petro-
leum, which together accounted for almost three quarters
of total energy consumed in 1965. Historically, hydro-
electric power has been of lesser importance in the total
energy picture than conventional fuels, whereas nuclear
power only recently became commercially viable. During
the next 15 years, further shifts are anticipated. Although
consumption of petroleum, natural gas, and coal will
continue to increase absolutely, these fossil fuels are
expected to account for a relatively smaller portion of
total energy. The declining contribution of fossil {uels
will be olfset by nuclear power, which is projected to
account for 5 to 9 percent of total energy by 1980.
Hydropower is expected to remain stable as a percent of
total energy during the forecast period.

A historical supply and demand balance for coal is
given in Table II. Recovery of bituminous coal during
the early 1960s, after losing most of the space heating
and transportation markets, is related to its growing use
by electric utilities and expansion of the demand for
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FIGURE 1. Total gross consumption of energy resources.

l. Total gross consumption of energy resources

Percentage Average
Annual Change

1947-65

Item Quantity 1947 1965 1980 1965-80
Gross energy Joules X 108 35 56.7 93 +2.7 +3.3
Coal Million tonnes 550 428 612-677 —1.4 +3.1
Natural gas, dry Million cubic meters 123 660 450 000 696 400 +7.3 +3.1
Petroleum, including
natural gas liquids Million tonnes 268 566 899 +4.2 +3.1
Utility electricity
(net generation)
Hydropower Million MWh 85 181 340 +4.3 +4.3
Nuclear power Million MWh 4 458-723 +37.0
Conventional
fuel burning Million MWh 173 872 1676-1941 +9.4 +5.5
Total utility electricity Million MWh 258 1057 2739 +8.1 +6.6

coking coal. Coal demand is expected to continue to rise
through 1980, with consumption in that year projected
at a range of 612-677 million tonnes (675-747 million
tons). The spread is predicated on two levels of nuclear
generating capacity in 1980. Nuclear growth will directly
affect the use of coal for power generation, which is
projected as 437-502 million tonnes for 1980.

Table 1H indicates the rapid expansion of demand for
natural gas over the last two decades when gas captured
large segments of the space and process heat markets
from both coal and oil. Approaching saturation of gas
substitution in some markets and an anticipated decline
in the availability of gas on an interruptible basis at elec-
tric utilities is expected to slow the future growth of gas.
Demand for natural gas is projected to increase at the

rate of 3.1 percent during the next 15 years, with con-
sumption in 1980 estimated at 696 400 million cubic
meters (24 600 billion cubic feet).

Petroleum, including natural gas liquids, is the United
States’ major source of energy. As shown in Table IV,
petroleum demand expanded steadily throughout the
historical period, and is projected to increase 3.0 percent
annually with estimated consumption in 1980 being 6665
million barrels (899 million tonnes). The fastest growing
component of the petroleum sector is liquetied gases,
which are the major sources of feedstock for petro-
chemicals; however, the major petroleum product will
continue to be gasoline through 1980.

In Table I, net generation at hydropower installations
is projected to increase during the next 15 years at the
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H. Coal supply and demand (millions of tonnes)

Percentage Average
Annual Change

Item 1947 1965 1980 1947-65 1965-80
Production 621 476 740 —-1.5 +3.0
Imports, exports (net) ~70.5 —26 '—65.1 —2.4 +2.3
Domestic demand:

Household and commerecial 117 20.9 9.1 —9.3 —-5.5
Industrial 244 176 152 —1.8 —-1.0
(Coal carbonized for coke) 9% (86) (88) —0.5 +0.1
Transportation 102.5 1 neglig. —23.1 ..
Electricity generation, utilities 81.5 222 437-502 +5.7 +5.6
Raw material uses 5 6 8 +1.0 +1.9
Miscellaneous 3 6
Total domestic demand 550 428 612-677 —-1.4 +3.1
L. Natural gas supply and demand (miilions of cubic meters)
Percentage Average
Annual Change
Item 1947 1965 1980 1947-65 1965-80
Market production 130 000 454 000 712 000 +7.2 +3.0
Imports, exports (net) —409 +11970 +18 650 cen +3.0
Domestic demand:
Household and commercial 30 500 151 300 273 100 +9.3 +4.0
Industrial 68 500 202 000 311 000 +6.2 +2.9
Transportation A 14 200 19100 ... +2.0
Electric utilities 10 600 65 500 81 000 +10.7 +1.4
Raw material uses 13700 8000 11 800 —-2.9 +2.7
Total domestic demand 123 300 441 000 696 000 +7.3 +3.1

IV. Supply and demand, petroleum and natural gas liquids (millions of tonnes)

Percentage Average
Annual Change

1947-65

Item 1947 1965 1980 1965~80
Production crude petroleum 250 384 625 +2.4 +3.3
Imports, exports (net) crude petroleum +6.9 +60.7 +103.4 +12.9 +3.6
Output refined products 259 489 786 +3.6 +3.2
Imports, exports (net) refined products -7.5 +51.4 +60.5 +11.3 +1.1
Transfers in natural gas liquids 8.7 29.1 49 +6.9 +3.5
Domestic demand refined products:
Household and commercial 45.2 111.5 137.6 +5.1 +1.4
Industrial 46.3 64.1 96.6 +1.8 +2.7
Transportation 141.5 364 529 +4.3 +3.7
Electricity generation, utilities 10.3 16 18.4 +2.5 +1.0
Raw material uses
Petrochemicals 3.0 28.0 64.4 +13.3 +5.7
Other 13.5 28.9 53 +4.3 +4.1
Miscellaneous 8.2 12.5 a0
Total domestic demand 268 566 899 +4.2 +3.1

average rate of 4.3 percent per year, with net generation
in 1980 set at 340 million megawatthours. Nuclear power
generation is projected for 1980 in terms of a range of
458-723 million MWh. The range is predicated on the
attainment of either 70 000 MW or 110000 MW of
nuclear generating capacity by that year. Even with the
attainment of the high range of nuclear capacity and
generation, it is estimated that conventional fuel-burning
plants will still provide the greater portion of electricity
generated in 1980, from 1676 to 1941 million MWh.

Vogely, Morrison—Batterns of U.S. energy consumption to 1980

Energy consumption by form

The pattern of energy consumption is influenced by the
forms resources are required to assume at the point of
consumption, either as direct fuels, raw materials, or
utility electricity. The historical and projected demands
for energy by form are given in Fig. 2. The direct input of
energy resources as fuel is expected to remain the prin-
cipal form of energy consumption through 1980, account-
ing for two thirds of total energy utilization in that year.
However, although direct use of fossil fuels will continue
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FIGURE 2. Consumption of energy by form of utilization.

to grow absolutely, 2.7 percent per year to 1980, this will
be a declining portion of the total energy. Utility elec-
tricity and raw materials, the other two major forms of
energy utilization, are growing both absolutely and rela-
tively, Raw materials use, which consists primarily of
petroleum products, including petrochemical feedstock. is
projected to grow at an annual rate of 4.2 percent to
1980 and to account for 6 percent of total energy in that
year.

The fastest growing form of energy utilization is utility
electricity, which is displacing the use of direct fuels
for process and space heating in both the household and
commercial and the industrial sectors. 1t is also expanding
rapidly in such nonsubstitutable applications as lighting
and appliances, as well as for new uses such as air
conditioning. The projected rate of growth of utility
generation to 1980, as shown in Table 1, is 6.6 percent
per year. This is higher than the 5.3 percent growth pro-
jected for the calorific value of energy resources inputs
into the utility sector for 1965 1980 shown in Fig. 2.
The difference in these rates reflects the increase in
efliciency of utility generation anticipated for the next 15
years, with fewer joules of resource inputs required per
kilowatthour of output.

Energy consumption by sector

The four basic energy markets or consuming sectors
are household and commercial, industrial, transportation,
and electric utilities. Although still the smallest of the
four, the electric utility market has the fastest rate of
growth. As shown in Fig. 2, this sector is expected to

account for 28 percent of total energy in 1980. In that
year it is estimated that 60-71 percent of total utility
electricity generated will still come from conventional
fossil fuel plants, 12 percent from hydropower plants,
and 17-28 percent from nuclear power plants. In analyz-
ing the trends of energy demand in the other three markets,
it is useful to distribute the utility electricity to these
markets before examining sector trends of energy re-
source utilization. In this distribution the calorific
equivalent of the actual power distributed is used at an
assumed 100 percent of efliciency. In Fig. 3 utility elec-
tricity is merged with direct fuel consumption in the three
markets, and the utility sector no longer appears as a
separate energy market.

In the household and commercial sector, combined
resource inputs, including utility electricity, are pro-
jected to increase at an annual rate of 3.4 percent during
the next 15 years. By 1980 this sector will account for 31
percent of total energy consumption. In the industrial
sector, combined resource inputs, including utility power,
are expected to increase at the rate of 2.7 percent annually,
with industry remaining the largest energy consumer in
1980 with 39 percent of total energy. Transportation will
remain largely the province of petroleum, and is expected
to grow at the rate of 3.6 percent to 1980, accounting for
30 percent of total energy resource inputs within the three
markets in that year.

Resource competition and substitution

Competition and substitution among resources within
the energy markets are influenced by four factors:
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FIGURE 3. Consumption of energy by major consuming sectors.

growth of total energy demand by sector, changes in
efficiency of resource use, price changes, and revolu-
tionary technological change. With respect to sector and
resources shifts, changes in demand for individual energy
resources during 1947-1965 were generally greater than
the change in total energy demand within the major
markets or consuming sectors. Obviously, the inputs of
individual resources within the markets were the subject
of pronounced competitive shifts during the period.
The extent of resources shifts within the sectors can be
seen (Table V) in an examination of the percentage con-
tribution, historical and projected, of consumption of
direct fuels and utility electricity in the three major
markets, and the resource mix in the electric utility sector
prior to distribution to the other markets.

The picture that emerges is one of intrusion of natural
gas and, more recently, electricity into the household
and commercial and the industrial sectors, and the com-
plete domination of transportation by petroleum. In
electric utilities the absolute shift, in terms of quantity,

V. Percentage distribution of energy resources by sector

Household and

has been much less than the percentage proportional
shift, with coal still remaining as the principal source of
fuel.

These observed shifts are the end result of a series of
complex interacting phenomena. The major factors at
work are (1) growth of total energy demand by sector,
(2) changes in the efficiency of use of energy by sector,
(3) changes in the prices of energy sources, and (4)
revolutionary technological change in the consuming
sectors themselves or in the transportation of energy.

The effect of the first of these factors on the demand for
an individual energy source concerns the structure and
size of the markets or sectors wherein resources are con-
sumed, and the growth of these sectors. For example,
although the petroleum industry supplies almost all
of the transportation market, historically this market
has been one of the slower growing of the four primary
consuming sectors, However, coal is now finding its major
market in the electric utility sector, which has the fastest
rate of growth. This differential market phenomenon

Commercial industrial Transportation Electric Utilities

Item 1947 1965 1980 1947 1965 1980 1947 1965 1980 1947 1965 1980

Coal 47 5 1 55 29 20 35 e e 47 53  55-44
Natural gas 16 41 45 23 41 42 4 3 9 22 12
Petroleum 32 40 30 19 22 25 65 96 97 11 7 4
Utility electricity 5 14 24 3 8 13 T e A0
Hydropower .. 5 33 18 12

Nuclear power <1 17-28
100 100 100 100 100 100 100 100 100 100 100 100

Vogely, Morrison—Patierns of U.S. encrgy consumption to 1980
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results in differential effects on the demand for individual
sources of energy.

The second factor is the increase in the efliciency of use
of energy resources within the consuming sectors. This
improvement is a result of normal technological advances
in the consuming sectors and is comparable to the in-
creasing productivity of labor and other factors of pro-
duction. In electric utilities, for example, a precise mea-
sure of improved efliciency is the heat rate. In 1947 the
megajoule input per kilowatthour of output came to
18.0. By 1965 this figure had dropped to 11.1, a decline
of almost 40 percent; for 1980 the estimated heat rate is
9.4 MJ/kWh.

With regard to the third factor of price change,
traditional economics would assign the major responsi-
bility for shifts of energy source demand by consuming
sectors to changes in prices of the energy sources. It is
interesting to note, however, that natural gas, which
enjoyed the greater gain in market shares among the
major energy sources, also has sharply increased in rela-
tive price. Despite declining prices, coal still lost its space
heat and transportation markets. Price changes, there-
fore, cannot alone explain the major substitutions that
have taken place.

The fourth factor—revolutionary technological change
—is distinguished from the ‘“‘normal’ improvements
cited in factor 2, and involves major technological changes
in the production functions of the consuming sectors or
in the transportation of energy. The writers believe that
this factor accounts for the major shifts that have taken
place in energy demand by source. In the household
and commercial sector the major substitution that has
occurred is the displacement of coal by gas and, to some
lesser extent, by oil. It is advanced that this substitution
was largely the result of the growth of the natural gas
pipeline network in the United States, made possible
by technological innovation of high-pressure, large-
diameter seamless pipe. Natural gas is now available in
every major U.S. market. The high rates of growth of
gas within the industrial and the household and commer-
cial sectors, observed from 1947 to 1965, represent the
extension of this transportation network. The forecast to
1980 shows natural gas as growing more slowly than total
energy, indicating that substitution from this source has
come to an end.

The loss of the coal market in the transportation sector
resulted from the dieselization of the railroads, which was
undertaken not to conserve fuel cost but to provide
more economical transportation. Another example to
illustrate our hypothesis is the increase in coordinated
electric power networks in the United States, and the
growth of extra-high-voltage transmission. This trend
is enlarging the marketing areas for large-sized generating
plants. Finally, there has been the recent surge in orders
for nuclear power plants by utilities, which has resulted in
a sharp upward revision in the projected trend of nuclear
generation. The introduction of a commercial breeder
reactor, for example, could result in another major tech-
nological shift.

Conclusions

The essence of our hypothesis is that major tech-
nological advance in the consuming sectors normally
involves the minimization of cost of the entire production
function. Because energy costs are usually low relative

to total costs, they normally are not controlling, and
technological change can shift energy sources within
markets regardless of the cost situation of the energy
sources themselves. Thus, technological change is believed
to explain most of the historical shifts that have occurred
in the energy resources that serve as inputs to the major
markets.

Examples of such shifts are the national network of
gas pipelines, the dieselization of the railroads, and the
extension of the utility electric grid. Major resource
shifts engendered by these changes were the displacement
of coal by natural gas, and to a lesser extent by petro-
leum, in the household and commercial sector; the dis-
placement of coal by petroleum in transportation; and
the encroachment of utility electricity on direct fuel con-
sumption. More recently, there is the growing chal-
lenge of nuclear power to the conventional generation
of electricity.

The forecast and conditional assumptions used for
1965-1980 do not take into account further revolutionary
technological shifts of the kind described. In addition,
the high degree of substitutability among most energy
resources makes it difficult to project demand for these
very far into the future. Over the long term, the ade-
quacy of particular resources will depend on the future
energy mix required to meet the economy’s evolving de-
mand pattern.

Until the end of the century, it is generally believed that
the energy needs of the United States will continue to be
met primarily from fossil fuels, with a gradually increas-
ing contribution from nuclear power. Natural gas and
crude oil production are expected to peak about the year
2000. This peaking will be occasioned as much by cost as
by possible reserve deficiencies.

Because of alternate sources, a potential scarcity of
liquid and gaseous fuels from crude petroleum and natural
gas is not believed to constitute a serious long-term supply
problem in energy. As reserves of conventional fuel
sources become less abundant and more costly to find
and produce, the relative economies of synthetic liquid
fuels or gas should improve. Examples of these are
substitute sources such as shale oil and synthetic liquid
fuels from gas or coal. Also, as the liquid and gaseous
fuels increase in cost, they tend to give way to other com-
petitive forms of energy use—notably electrification.
The electrification of railroads and highways, including
the electric car, is being studied, and such concepts as
the all-fuel or ali-electric economy are no longer con-
sidered as wild as they once were. New energy sources or
conversion methods now in the experimental stage in-
clude the fuel cell, magnetohydrodynamics (MHD),
fusion, thermoelectricity, thermionics, and solar energy.
Improved methods of power transmission include the
use of direct current in extra-high-voltage transmission
over long distances.

It is our contention that further revolutionary tech-
nological change is inevitable. Such change, along with
the lesser impacts of market growth, increasing efficiency
of resource utilization, and price variation, will certainly
affect the future pattern of energy consumption in the
United States and lead to further shifts among resources.

This article is an updated condensation of a paper, “Patterns of
Encrgy Consumiption in the United States, 1947 to 1965 and
1980 Projected,” presented at the Tokyo mecting of the World
Power Conference in October 1966.
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Human enhancement through
evolutionary technology

The coming widespread acailability of computational power

or ‘“‘distributed intelligence”
kind of ‘‘interfacing in depth”

could open the door to a new

between men and machines.

Engineers might begin designing evolutionary artifacts aimed
at an enhancement of man’s control skills and perceptions

Warren M. Brodey

Nilo Lindgren

The thrust of this article is this: There is a need now,
more than ever before, for men to stretch their capacities
in what we shall call evolutionary skills. Moreover, it is
at last becoming possible technologically to enhance these
skills in man by incorporating somewhat similar evolu-
tionary skills in the machines which we design and build.
However, if engincers are to develop machines with evolu-
tionary capabilitics, they will need to restructure their
own way of thinking, throw out traditional ways of think-
ing, and find their way, through playing with evolutionary
design techniques, into an ever-deepening understanding
of the significance of such techniques. They must bootstrap
themselves into a new kind of ‘‘think,’" into a new climate
of man—machine interaction, in which men evolve intelli-
gent machines and intelligent machines evolve men. This
new kind of think is what this article tries to unfold in an
effort to spur lively support for the evolutionary direction.

It should be clear from the
outset that a widespread technol-
ogy of artificial intelligence, upon
which the argument of this article
depends, does not yet exist.
Some readers will hold that it is
wrong or premature to extend
new promises and profter new uses
of intelligent machines when the
field is still littered with the dis-
appointments and the disparities
of past promises and present per-
formances. But if intelligent
machines and an evolutionary
technology are to come into
widespread use, there must also
arise a widespread realization of
how that technology might prof-
itably be used. To reinforce the
demand for the technology, we
need a spirited and practical
image of the ways in which it is
needed.

“Human enhancement,” as we argue in this article, is
one way. It is a way of involving the human in the evolv-
ing technology. It is a way of breaking the paradox:
“You don’t get the technology until you have the de-
mand; and you don’t get the demand until you have the
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technology.” Both the demand and the technology must
evolve hand in hand, through a real-life dialogue. One
way to get this dialogue going in an evolutionary direc-
tion is to do a bit of skating on thin ice. That we shall do.

The context

Times change, and the works that men do change.
Through invention, and the evolution of inventions, man
has continually modified and worked shifts in his environ-
ment. Each generation adds its creations to what came
before. Field becomes farm, logs become wheels, rocks
become buildings, the shortening and lengthening shadows
cast by the sun become time. Each of these transforma-
tions dawns in the mind of man in the form of concepts,
ideas clenched in the mind “‘like a fist in your hand.”!
Man envisions his world in the light of his own works .
“the pastures of heaven,” the great “wheel of the uni-

verse,” the ‘“‘house of the soul,”
the ‘‘desire for immortality.”
And as man’s invented artifacts

give way to new inventions, his
conceptions of the world give

- way to new concepts. Yester-
MM day's truths become today’s cli-
chés, the mental junk and obso-

lescent concepts that need to be
continually cleaned out to make
way for new truths and new con-
cepts. In the Western World, sci-
ence is born, and psychology
springs from Aristotelian anal-
yses. As Eilhard von Domarus
tells us in “The Logical Struc-
ture of Mind,”* it was Aristotle
“who made possible the distinc-
tion between the sciences of mind
and of matter”—-two branches of
science that have been sepa-
rated ever since. In our own
epoch, man conceptualizes evo-
lution, and begins to examine the
deep laws of life whereby the past has passed into the
present. The farms have become highways, the wheels
have become automobiles, the buildings have become lab-
oratories, and time has become relative. And only in our
day do the scientists of matter and of mind attempt to
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bring the two houses of science together again, to crown
these fantastic edifices of knowledge that have been two
thousand years in the making,.

But with what success? It begins to appear that the
logic that applies to the analysis of inanimate matter, a
two-valued logic of true-and-false, and the chains of
cause-and-effect, do not aptly model the operations of
living beings. The description of life requires more than a
logic that can be derived from ““truth tables.”

Unlearning

1t appears, too, that inadequate attention to the process
of cleaning out mental junk, of unlearning obsolescent
concepts, hinders the evolution of new concepts. Yet, we
don’t even know how to think our way into the problem
of how we “unlearn.” Qur newest computational tools,
however, invite us to reconsider basic premises about how
we learn to learn,

In tracing the evolution of man’s inventions in his book
for Everyman,® Norbert Wiener, the creator of our legacy
of cybernetics, notes that *‘the art of invention is condi-
tioned by the existing means.” Today, as we well know,
the *‘existing means™ have changed radically from the
means of just a generation ago. The dreams of our pre-
decessors, and their purposes, have become owr facts.
Many of the potentials that Norbert Wiener put forward
only speculatively are already here. Many of his con-
ceptions exist as our hardware, and these new tools are
getting better at a rare he more or less predicted. His
book, published in 1950, although it already reads like a
“period piece,” can now be profitably re-evaluated by the
community of engineers as a source book of ideas of how
to make practical use of our new computational and
technical skills. The title of his book, The Huwman Use of
Human Beings, still lingers as a call to action rather than
denoting an accomplished fact.

The new means

To do what? To create, through the emerging means,
through distributed “artificial intelligence,” an en-
vironment more consonant with the real needs of man.
There will soon be a computer available at the end of
each telephone circuit that could be used to help prevent
us from being carried beyond our human powers to
manage an environment increasingly dominated by un-
intelligent machines governed by essentially nonhuman
principles. We need an environment, which is more and
more made by us, to have more of our kind of intelligence
and our kind of behavior. But how can that be done, and
why should it be done?

In his inaugural address as President of M.LT. this past
October, Howard W. Johnson aflirmed that Institute’s
concern with the vigorous current of change that modern
technology is producing. We cannot produce students who
are, as in Kafka’s words, like ““‘couriers who hurry about
the world, shouting to each other messages that have
become meaningless.” It is ditlicult to see, he stressed,
how the evolving professional community can be without
an “understanding of [both] the physical and biological
world.”* Furthermore, he quoted President Kennedy in
stressing that “the real problem of our century is the
management of an industrial society.” Can engineers use
their technological skill to refine what has been seat-of-
the-pants intuition? How can they assist in and clarify the
tasks of managing an industrial society ?
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From another quarter of our social organization come
similar sentiments: **Developing our human capabilities
to the fullest is what ultimately matters most, Call it
humanism-—or whatever—but that is clearly what educa-
tion in the final analysis is all about.”s The speaker is
Secretary of Defense, Robert S. McNamara, Again, there
is the practical question: how?

Perhaps, as we have already suggested, our present
technology already contains within it the kernel of the
answer to all these questions. Some engineers and others
believe that technology cannot tind solutions to the social
displacements caused by technology. However, the re-
verse might actually be the case. The solution might come
only through the technology.

Accelerating ecological imbalance

Our argument 1s relatively straightforward. It revolves
around the historical fact that man has tampered with
natural evolution to a spectacular degree. Man has been
so successful in his efforts to control his physical environ-
ment that he has usurped nature’s role in maintaining a
kind of balance among all its parts. Humankind has
altered the natural ecology and has started to organize
things in its own way. Man, instead of being a subsidiary
animal in the grand design, has become, for all apparent
purposes, the driving element in the natural system. But
the trouble is that man has not yet become such an ac-
complished systems engineer that he can master and
maintain a more or less stable planetary ecology on his
own terms, There are insistent signs that man. through
his great engineering works and his technology, threatens
to throw the naturally balanced system into a violent
instability. The air and waters of the plianet are being
rapidly poisoned, many resources are being depleted,
the available space is rapidly being occupied by man
and his inventions, many unfortunate men are at wit's
end, and so on. Thus, there is a pressing need, not
just for conservation, but for a new level of stability
and control in this dangerous evolutionary trend.

The automation of industrial man

On the other side of this issue is the fact of man’s own
existence, and whether or not he has liberated himself
through his efforts at control over his environment. There
is the question of whether, in his increasing development
of automatic machines. man has not also automated
himself, and seriously reduced the potential variety and
richness in his own life endowed to him through his
biology, through the gifts of millennial evolution.

Evolutionary technology

It 1s our assumption that all of the suspicions put
forward in the foregoing paragraphs are manifestly true.
Our massively successful technology, which was sup-
posed to have provided our salvation, has brought us
into deep trouble. We postulate that this technology
must be modified in a dramatic faskion. that our ma-
chines must be provided with evolutionary powers, with
some intelligence more like our own.

We shall have some fairly specific strategies to put
forward that touch on many levels of the same problem.
Moreover, our ideas are aimed at engineers, for they are
as cognizant as anyone about how much machines now
control our environment. Furthermore, through their
excellent work in the past, and through the work they are

doing at present. engineers have brought within reach
the possibility of endowing machines with evolutionary
skills, which should not enly bring about an enhanced
technological effectiveness but human enhancement as
well,

However, despite their awareness of their machines and
the nature of physical control, there is a serious question
as to whether or not engineers have properly concep-
tualized the breadth of the effects that machines have had
on human life. Machines could be set up and designed so
as to teach their users how to use them more expertly.
so as to enhance both tke contrel and conceptualizing
skills of their users, so as to satisfy the user’s own personal
needs and his own personal style, rather than, as it is
now, so as to reduce individuals to a stupefied norm.
What we are after, in engineers, is a new respect for the
capacity of our new control technology to serve the indi-
vidual and his individual variations. A regard for indi-
vidual variations, in the designing of new machines, is
necessary for the evolutionary process.

The notion of evolutionary skill has many ramifications.
Both man’s control and conceptualizing skills are more
culturally determined than we ordinzrily realize, and are

Brodey, Lindgren—Human enhancement through evolutionary technology



90

not being used to their fullest potential. Furthermore,
these skills, controlling and conceiving, are less separable
from one another in an individual than the separate
terms suggest. One begins to gain control as he conceives
that the possibility of control exists. We are only now
becoming aware of the need for personalized environ-
mental management. This brings a new perspective: a
man is constantly changing, either growing or decaying,
just as his environment is constantly changing. Exactly
how a man grows and changes, how he evolves in his
powers of control and communication in relation to a
changing environment, must be analyzed and described
through some formal means. As yet, no such formal or
scientific description exists, but it now appears possible,
through the use of modern tools such as the computer,
to begin to develop such a formal description, and to
begin to explore man’s potential for the enrichment of
his control and conceptualizing skills.

But we won’t know exactly how to approach this new
description of man until we perceive how man has learned
over the generations to solve real survival questions, often
without awareness. Our methodology, our approach to
the restoration of natural-like ecological controls, must
grow out of data from evolutionary real-life situations.
Such data must emerge from a “dialogue,” a kind of
interfacing in depth, between man and his new machines.

Complexity and measure

With physical systems of the order of complexity of a
man, or with large systems made up of many men, with
systems as large as our human society, which are now
composed of complex aggregates of men and machines,
it appears no longer possible to analyze or simulate the
behavior and systematic requirements through traditional
modes. Their operations and functions, involving multi-
foliate nonlinear feedbacks and interactions, are far too
rich for the usual descriptions we apply to physical sys-
tems. Units of measure for functional controls relevant
to a particular purpose are fundamentally different from
the units of measure ordinarily used for describing the
actual construction of a system. With truly complex sys-
tems, one seeks out simplicities of behavior rather than
simplicities of construction, because such systems have
complex choice patterns with which to stabilize them-
selves in relation to dynamic environments. The problem
is to find those measures that allow one to simplify the
necessary control behaviors.

But up until now we have not sought a formal method-
ology for tinding such measures. Thus, to begin the con-
struction of evolutionary systems, it may be necessary
for us to try them out, to build the physical systems so
that they can ‘‘evolve™ through real time in real-life
situations. It is quite possible that through such evolu-
tionary designs, new types of systemic *“simplicities” will
be discovered that ordinary analysis would not make evi-
dent, or that are not apparent in the complicated aggre-
gates of smaller systems of the kind that engineers have
been studying up till now.

Planning for unexpected applications

The introduction of an evolutionary system into a real-
user situation is colored by a diflicult question that will
affect any organization’s deliberate decision to move
toward the incorporation of such systems into real-time
operations in which the usual daily activities continue.

The question is how to justify the cost of an apparatus or
procedure whose functions and virtues in terms of the
purposes of the organization cannot be wholly defined in
advance, but where it is a reasonable gamble that the
“unexpected” will be profitable. For instance, many
organizations have been using conventional computers,
but they have no way of knowing whether or not they
need or could use the more expensive on-line time-sharing
systems now being evolved, since they have had no ex-
perience with such systems. The problem then for the
person who believes in the real value of such a system is
to get the potential users involved in it, to get them to
grow with it as the machine-software combination is
evolved to their purposes and style. If the users become
involved in a prototype scheme of the system that is
capable of being evolved in its usages, then the procedures
of the humans change along with changes in the proce-
dures of the machine. But the allocation of many of the
costs in such an evolving system, in which the user and
software procedures are undergoing ‘‘tuning” to one
another, cannot be stipulated in advance. Despite the
difficulties of incorporating evolutionary systems in real-
life situations, it should be evident that this is the only
way their true worth can be discovered. A prototype
must have suflicient complexity to begin the evolutionary
process and suflicient flexibility so as not to preclude un-
expected possibilities or benefits. Much of the physical
system can be specified in advance, of course, as can be
the system software (the available programs), but the
users will not know beforehand, in depth, «// the things
that they will be able to do with it.

Also, with very complex machines, if the machine does
not help the user by evolving and enhancing his initial
capacity to control it, he may simply reject it as being
useless; and he may continue to use, at great cost,
obsolescent and perhaps even dangerous machinery with
which he is familiar.

Control of complexity requires machine intelligence

From an engineering point of view, it is rational to ask
at what point systems become so complex that traditional
methods of attack become inadequate. It is said that the
dividing line, where the capacity either to analyze or sim-
ulate a system breaks down, is somewhere between the
complexity of a supersonic transport and a huge computer
network. The flight dynamics of the SST can still be
simulated, but when you go to an information net-
work with many users, the simulation becomes mean-
ingless. Somewhere between these orders of complexity,
traditional methods will break down completely. Perhaps
with telephone systems, certainly with large time-sharing
computer systems, on out to large sociological units, you
have passed a break point after which you must go to a
new methodology, to an evolutionary method of attacking
the system problems.

However, our interest and emphasis in evolutionary
design,although it has something to do with the**practical
problems” of gigantic systems, is not focused on such
questions. Our interest in evolutionary machines is
based on a concern for what has been happening to the
human users of machines, what is now happening to
them, and what is likely to happen. We see evolutionary
machines of all kinds, large and small, as large as time-
shared computer systems or as small as chairs, as a pre-
requisite for what we shall call **human enhancement.”
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It is precisely this quality, built in advance into a system,
of man and machine being able to evolve each other, that
we consider vital to solving the problems of technical
pollution discussed earlier.

The need for new concepts

In effect, we are saying that our present tradition of
science and technology, the physical science built up so
manifoldly of sequential cause, then effect, relationships,
has brought us to a kind of dead end. Something radically
new is wanted. More refinements of cause-and-effect,
stimulus-response models, or more aggregates of such
models in complicated systems, are not likely to lead to
any real amelioration of the technological pollution.

For instance, highway engineers design and build big
new highways to alleviate existing patterns of traflic con-
gestion. They pinpoint the bottlenecks existing before the
new highway and attempt to bypass them. But the con-
struction of the new highways and bypasses, causing
displacements and disruption to humans and animals
through the leveling of trees, individual dwellings, farms

all this destruction and construction is barely complete
before the new highway itself becomes obsolete. Change
evolves change—even if we blithely deny the need to re-
search the process.

If, as Oliver Selfridge of the M.L.T. Lincoln Laboratory
suggests, these problems cannot be left in the hands of
traffic engineers alone, then who are the people with a
broader grasp? The governors of the states? They too are
hampered by legal codes and political structures that are
also obsolete with respect to their capacity to respond
appropriately to the massive social effects of technology.
The tendency in the highly developed countries, such as the
United States, is to look to the highest levels of the govern-
ment for solutions to the problems manifested at appar-
ently local levels. But even at the highest levels of govern-
ment, there exists an uncertainty. We do not know where
to allocate decision skills that can effectively increase our
responsiveness to the social ills caused by technology.
Something new is needed.

Irrelevant truth

To get moving toward this **something new,” we must
begin to shake ourselves out of the old. This is not easy.
It is not even possible to gauge how deeply our classical
concepts are rooted, until «frer we have adopted the
evolutionary viewpoint that regards infermation as con-
tinuously being evolved from the unknown, metabolized
into meaning, and finally recontexted into noise. Truths,
while still true, become irrelevant. Man survives as a crea-
ture who continually changes and evolves, a creature who
feeds on novelty, who reorganizes himself as he reor-
ganizes his physical world and maintains stability by this
process of change. It is not easy to adopt the evolutionary
viewpoint, or to bring it to bear relevantly in engineering
work. The old Greek way of simplifying the physical
world into timeless true false statements is what we have
cut our conceptual teeth on. New information or insights
we receive, any novelty we detect, we will automatically
try to structure and fit into our present conceptual
framework, so that we must suffer the frustrating effort of
trying to ‘‘see” something outside the framework as
though it existed within the framework. When we cannot
make the fit, the world seems out of control and absurd,
but it is our old Greek concepts that are absurd. We have

.

informal ways of getting around these absurdities; but
they are not codified for ready use or teaching.

Points of view

Man’s irrepressible need to explain away or to fit
new experiences into his existing conceptual framework
often enough leads him into making comic connections,
one of the most delightful of which is mentioned by Freud:
“On one occasion during a sitting of the French Chamber
a bomb thrown by an anarchist exploded in the Chamber
itself and Dupuy subdued the consequent panic with the
courageous words: ‘La séance continue.” The visitors in
the gallery were asked to give their impressions as
witnesses of the outrage. Among them were two men from
the provinces. One of these said that it was true that he
had heard a detonation at the close of one of the speeches
but had assumed that it was a parliamentary usage to fire
a shot each time a speaker sat down. The second one, who
had probably already heard seceral speeches, had come to

the same conclusion, except that he supposed that a shot
was only fired as a tribute to a particularly successful
speech.”®

Somewhat less amusing, but revealing nonetheless, are
the kinds of **in” jokes perpetrated by students of en-
gineering and science, who find it funny to talk about the
“real” world in terms of the equations and physical laws
they are learning in their academic courses. The humor
lies in the fact that “everyone knows” that these formulas
are absurdly far from explaining the real world as they
already know it from their experience. But give these
engineering students a few more years of exposure to
these technical formulations, and the constrained world
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technology, demands an ever-higher responsiveness on the
part of those who attempt to manage the change as well as
those who merely try to adapt to it as best they can. The
slowing of children’s learning to an adult teacher’s polite
pace is no longer advantageous. The manual workers,
who acquired a fairly narrow repertory of skills, were the
first ones to be threatened with obsolescence, but now
even the clerical and conceptual workers are being
overtaken by their technology. The refreshing creativeness
of children must be allowed to reap its fruit in enriched
variety of styles and interests and ways of knowing.
The old kind of standardization has lost its utility.

Man-machine dialogue

What has all that to do with dialogue? Imagine, if you
can or will, a machine that is as responsive to you as our
postulated tennis teacher—a machine that tracks your
behavior, that attempts to teach you a new control skill
or a new conceptual skill and gives you cues as to what
you are doing wrong. Furthermore, the machine gauges
how far off your actions are from the program you are
trying to learn, and “*knows” the state of your perception;
it is able to “drive” your perception gradually and

is trying to conceive of his infant son’s world). By contrast,
consider our actual machines, the ones we have been
building since great-grandfather’s time. What is the
character of our dialogue with such machines, and what
has this dialogue done? As ingenious as our machines
have become, our dialogue with them is essentially uni-
dimensional. We read meters, push buttons, throw
switches, or maneuver a control stick. In a car, we sit
relatively immobile while we turn a wheel either clock-
wise or counterclockwise. And so on. Some of the photo-
graphs on these pages suggest how narrow our contact
is with our present machines, and others suggest a new
depth of contact. The significance of our present machines
for us is that these machines also condition us to certain
limited behaviors. They do a lot of the dirty work for us,
but they make us pay a price in their management. Our
machines are *stupid”; we cannot engage in a rich
dialogue with them. Their management stupefies us, for
we must adjust ourselves and behave in a more automatic
fashion. We have learned to live by the tixed machine -time

‘three shifts a day of tending machines rather than
following our natural time. The machines follow fixed
laws and, in managing them, we follow fixed laws. Not

r
sensitively, pushing you into unknown territory, into
making you feel somewhat absurd and awkward just
as you do when you are learning those new tennis move-
ments. Suppose, in fact, this machine could sense factors
about you that even a human instructor would miss—
how your heart rate was changing its acceleration,
how your temperature was rising or falling, how the acid
production of your stomach was beginning to increase,
or how your eyes were actually tracking during certain
tasks. If the machine could use these “‘sensory” inputs
in an intelligent fashion, it could be even more responsive
to our needs and problems than the tennis instructor.
In other words, this supposed machine would functionally
be what we call a *gifted teacher.” This machine would
be behaving, in fact, like a deeply perceptive wise man who
can behave in such a manner as to drive us out of our
resistances to learning new patterns of behavior. He
would be “tracking” us in the complex of our physiologi-
cal and mental behavior. And he would not only be
tracking, but he would also be deftly pushing, rhyth-
mizing his interventions to our “natural” time scale
50 as not to push us over into radicat instability. This
wise friend would not be reading out to us archaic laws,
set in a language that is irrelevent to our needs and
purposes (that would be just a smart friend). He would
be sensitively following our natural responses, building
them by gentling their cadence just beyond the pace on
which they evolved a moment before, and through this
guidance, he would enhance what we could see and
feel and do. What was mere noise or disorder or distrac-
tion before becomes pattern and sense, information has
been metabolized out of noise, and obsolete patterns
have been discarded. The man who helps us sense our
wisdom we call wise.

Nondialogue interfacing
Granted, such a remarkable machine does not exist
(except as a twinkle in the imaginative eye of a father who

only that, but all men who manage machines must man-
age them in more or less the same way; all men are
constrained to be “‘average' men vis-a-vis the machines.

Moreover, as our machine systems grow more com-
plex, stretching their wires and tentacles throughout the
fabric of our human society, the danger of their carrying
us out of control becomes more magnified. Regional
power failures make us aware of our dependence on ma-
chines and, according to the news, of our joy at their em-
barrassment. The danger of machine-like decisions being
made by the aggregates of existing machines, made
through a modal logic which is not our logic, persists. For
instance, the Internal Revenue Service simplifies our
affairs to meet its programmer’s problems. We require
large systems with which we can engage in humanlike dia-
logue, of the rich kind that occurs between people. Our en-
tire machine environment needs to be given a self-organ-
izing capability that is similar to the self-organizing cap-
ability of men,? so that both kinds of systems can evolve
and survive over the long run. Coexistence is better than
the slavery to the stupid machines that is accepted now.

But can sensitive capabilities be given to machines?
Will it be possible to create a more intelligent and more
responsive environment? Or are these merely fanciful
and empty wishes ? No. Work is already beginning, and we
shall cite some examples in a subsequent article.

Dialogue specifications

We should summarize in a little more technical fashion
some of the characteristics of dialogue systems: (1)
A dialogue has the capacity to draw its participants
beyond the sum of their action or intent. It evolves
them. (2) The dialogue occurs when the two or more sys-
tems (e.g., persons) begin playing each other’s transitional
states simultaneously. They predict and hold a high level
of what will be novel, given these predictions. Imagine
yourself with a well-matched friend. You will also try to
keep fresh and unexpected information building if you are
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close. You will drive the dialogue almost to the point
where you are not sure that there is understanding until
you test. Both parties push their individual codes just to
the edge where there is just enough common coding to
comprehend one another if their “prediction” is right.
(3) Each participant uses less ambiguity when he perceives
that such a reduction is needed (either because the other
person is obviously not understanding or because there
are environmental distractions —the time delay before
such correcting is itself a code). (4) Error correction and
an evolving purpose are used to control the conversation
and allow the conversation to develop. (5) As the dialogue
drives its participants, the self-regenerating power or-
ganizes its components even as the whole system changes,
and some components waver on the limits of instability
where the lack of prediction and the delicacy of balance
allow what has been noise to become organized as a con-
troller. Noise acts on the system when it is eusily perturbed
and the resultant shift reflects this effect, and what hap-
pens becomes information (thus, for instance, when a
person is irritated or abnormally disturbed. he does things
that do not follow his “normal pattern,” and gives the
other person an insight into his underlying operating

Dialogue: formally obscure, operationally familiar
Thus, if men are to use machines for learning, they
must see that these machines incorporate the capa-
bilities of evolutionary dialogue in order to enhance the
possibilities of enriched information exchange. It is even
conceivable that in dialogue with machines, man may
discover prejudgments and preconceptions that are so
omnipresent with men as to render them utterly auto-
matic. If this is indeed the case, the way could be opened
to modeling and discovering the deepest laws of man’s
learning behavior, thus also opening the door to making
teaching a science rather than an art presently enjoyed
only by the gifted few. If education’s purpose is indeed
human enhancement, then such man—-machine educa-
tion would be human enhancement par excellence.
Such heightened teaching would also enhance the hu-
man’s capacity to teach other humans directly.

Why dialogue with machines?
Man has always yearned for height-
ened perceptions and insights, for &
the truth about himself and his
world, and for deeper commun-

codes). The system must be time-phased. It adapts to
environmental change in shorter and longer intervals, the
variance in inertia preventing fragmentation. (6) Auto-
matic error correction allows the system to remain within
required limits for smoothly evolving, giving dialogue
a purpose. The dialogue of seminar learning has a dif-
ferent purpose than, for example, lecture teaching. The
power of dialogue is commonly used to create data out of
noise, to create information out of what was so unknown
(and perhaps unsuspected) as to be beyond that which
was perceived. It is used to give fresh conceptual hooks
without which data would be so meaningless as to be be-
yond perception. During dialogue, a pattern emerges from
what was meaningless and random. This is what real
learning and unlearning (destructuring the obsolescent
concepts) is about.? Thus, (7) in dialogue, the changing in
entrainment of many levels of synchrony and isomor-
phism allows significance to grow out of the slightest vari-
ations that happen at a control point—a point where a
small change makes a large difference in the way the total
organization goes. In dialogue, there is continuous identi-
fication of those points where slight change will induce
significant new recognition of pattern. That is why the
amount of information that can be exchanged is of a
higher order than in nondialogue systems-—a consider-
ably higher order.

In sum. the most delicate matchings of stages so that
two systems (either man-and-man or man-and-machine)
communicate optimally for the purpose of unlearning
conceptual and control obsolescence will occur during
the dialogue.

As McCulloch and Brodey phrase it, “dialogue is not a
simple alternation of active speaking and passive listen-
ing turn by turn. Both partners are continuously observ-
ing and sending many cues. It is a closed loop of many
anastomotic branches through which there runs at a
split-second pace an ever-changing symphony and
pageant relating man to man ever more richly.”!

ion with his fellow men, /
The drive for man to
model or map in his
own mind the nature of
life and of the physical  \_
world is virtually automat-

ic, and seems related to man’s
survival. The drive for such
kiiowledge s at the heart of science.
In some periods, men have sought heightened percep-
tions through starving themselves, through living alone
in desert wastes, through self-tortures of all kinds, through
good foods, through love, through vigorous athletics.
There have always been, so far as we know, natural
drugs and alcoholic beverages, and today there are a great
variety of these, of which LSD is probably the most
spectacularly publicized. Each epoch has practiced its
own rituals and utilized its available media. Now, you
might say, we are proposing to employ machines for
similar purposes.

But the reader is misunderstanding us if he thinks this
is all we mean. We are not urging merely a new kind of
calisthenics, although it is not hard to imagine that
intelligent evolutionary devices would be used for such
purposes (especially when such devices become cheap
enough and easily available). What we are urging is that
engineers become aware of the new tools of artificial
intelligence that are now falling into their hands. Ma-
chine intelligence—logic boxes, if you will —could
give machines a capacity to interact with the human at a
level of detail that isn’t restricted to a simplistic game, We
are urging them to set themselves up to explore the evolu-
tionary capabilities of man and to investigate the various
aspects of the phenomenon of dialogue. We are saying
that the situation now vis--vis intelligent machines is
analogous to the situation of man at the beginning of the
industrial revolution. At that time, men must generally
have held the concept (rapidly becoming obsolete) that
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work was for the muscles of men and for animals. But
along came the engineers finding ways of distributing
muscle work among machines. At first. the machines
were expensive, and men had to be brought together in
work pools, in factories, near the machines and their
sources of power. Then engineers found ways of distribut-
ing energy more simply and economically, so that now
wherever you have electric plugs, you have muscle power
to run dishwashers, air conditioners, etc.

In this new epoch, which Wiener called the Second
Industrial Revolution, we are beginning to see the evolu-
tion of distributed intelligence, and men may begin to
discover ways in which certain tasks of intellect and con-
trol, which we have long considered innate to man and as
part of his privileged domain, may be delegated more
economically and more satisfactorily to his environment.
But to do this, the engineer must throw over old habits of
thought, which are certainly relevant to the purely
physical environment, and he must discover how to con-
ceptualize man. He must learn the laws for observing in
the situation where observer and observed are of the
same species and influenced by each other's acts even as
they occur. These laws of operation are manifestly differ-
ent from physical nature. The engineer, we believe,
must go about discovering the evolutionary character
of man through essentially evolutionary processes. He
cannot start out measuring and specifying man with set
physical parameters brought over by main force from the
world of physics, from mainly cause-and-ettect models. For
this purpose, man must be measured as an evolutionary
creature. The new tools of artificial intelligence make it
possible to synthesize and model evolutionary processes
in man, because these new tools can also be given evolu-
tionary powers and can enter into dialogue. Nor are we
talking here about some form of “‘average™ evolutionary
process. Plainly, some men are geniuses, with mighty ca-
pabilities of conceptualizing, and other men are dolts,
who nonetheless yearn for satisfactions they should not
be denied. And some men may seem like dolts, but may
well harbor perceptual powers and views that they have
been unable to express or formalize within the available
means and that society has not learned to appreciate or
tap for its benefit. Through new intelligent media and
tools, such men might well *‘come to life.” But we will
never know for sure until we have tested and tried
the limitations and the possibilities of the new media.

Evolving vs. the old conditioning

Thus, the new evolutionary tools, in their “nature,”
should be shaped with a *‘requisite flexibility and variety”
to satisfy individual users. Certainly, in the beginning
(now!), the efforts at bringing evolutionary powers to our
machines, and the enhancement of human capabilities,
must be modest, but the evolutionary process itself is
bound to proliferate into steadily deepening possibilities.

Not least of all, we must consider the incalculable bene-
fits that could be brought to the young, the next genera-
tion. In point of fact, we should remember that engineers
today are largely designing the environment for the next
generation. The new generation, the young kids, who are
open and alive and curious and experimental, who are
learning the new science, who are learning new concepts,
won’t, through the new evolutionary tools, be restricted
by the relatively simple formal means of our generation
(e.g., the workbooks with blanks that the child or man
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must service). The simple linear and Aristotelian concep-
tualization that has governed the learning process up to
the present has, on the whole, been more stultifying than
enlivening. It shut out, rather than permitted, the me-
tabolism of novelty on which the human spirit feeds. Nor
did this older formal means allow the control finesse neces-
sary to drive a student safely beyond his conditioned
fears, to disorganize his conventions of what is humanly
possible, to drive him just far enough into ambiguity, con-
fusion,and absurdity where he could reorganize his mental
patterns in accord with a deeper reality. Such evolutionary
tools could make better scientists of the young, or better
doctors, or better psychologists, or whatever. Young
children are the world’s “natural” scientists. Through
new media of modeling and conceptualizing, their whole
conceptual training could evolve faster and more richly,
their curiosities and capabilities could be enhanced rather
than quashed by the machinery of education. Education
would be made relevant to them and their personal lives;
it would be more than just something out of a book.
Again, we won’t know the possibilities in this direction
until we have tried.

The devices of entertainment that could grow out of
intelligent machines could be enormous. We won’t even
bother trying to specify what such devices might be like.
Suffice it to say that any device can be treated as a toy; we
are safe in assuming, we believe, that there will always
be entrepreneur types who will tind novel ways of exploit-
ing such devices. Not that we have anything against toys;
we ask only that they be lively enough to help us enjoy
our own aliveness.

Using the lead time

The reader who has come this far with us must sense
the open-ended, rather ““soft,” unfinished character of the
ideas we have put forward. Perhaps, he might say, it is far
too early to attempt to crystallize ideas that are still un-
folding. But—and this is a matter of judgment—we believe
that the accelerating effects of our technological pollution
give us very little “lead time” in bringing these effects
under human control. We do not think of evolutionary
technology as utopian, but necessary; and we think the
time for engineers to join in the necessary dialogue is
now. The decisions about the deployment of government
resources to answer the problems of technological pollu-
tion are being made now, and these decisions could have
positive effects on the life we enjoy in the future, or they
could lead to waste and irrelevancy in that life.

There will be those who will object that the computer
construction art, and the science of artificial intelligence,
is too little advanced to undertake the kinds of evolution-
ary tasks we have talked about. But we must be careful
not to misjudge the breathtaking swiftness with which
the computer art is exploding within our social organiza-
tion. The scientists of artificial intelligence—Minsky,
McCarthy, Simon, Newell, Samuel, Papert, and many
others—are busy evolving their machines; the cost of
on-line computational capacities is dropping at a remark-
able rate; and time-shared computer systems, regarded
as the necessary take-off stage for widespread on-line
intelligence, have been pushed hard in the past few years
by Licklider, Corbatd, Fano, Shaw, Selfridge, and many
others.

Our computers are still young, and despite all the
bluster about their powers, are still more like insects than

mammals—hard-shelled, quick, busy, rigidly constrained
in their maneuvers, persistent and exacting in their
repetitive tasks, and rapidly multiplying. If we manage
them in the way we have managed our earlier machines,
and give them anarchic powers within the human com-
munity, we too shall behave in a more insectlike way.

But our computers are growing in influence, as well as
intelligence, so there should be support for evolving their
“sensitivities” in using humanlike intelligence.

Properly managed, these new computational powers
could bring a new beauty and true functionalism to en-
gineering, could mediate between us and the harsh auto-
mating effects of our present technology, could bring
new satisfactions to the human users of technology, and
could perhaps stabilize the rapid change of our environ-
ment. Although the work has begun, it needs the mo-
mentum of the whole community of engineers. The lead
time is short.

A subscquent article will discuss practical examples of evo-
lutionary design that are now under way or being contemplated; it
will aim at concretizing the questions that have been treated here
in a philosophical vein.

A word about this coauthorship. The ideas and the philosophical
outlook are Brodey's. In order to elucidate the evolutionary idea,
we have engaged in the kind of dialogue described in the article.
Original photos are by courtesy of George DeVingent.
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Spectral dependence

of deep-space

communications capability

The relative effectiveness of laser and radio-frequency techniques

in deep-space communications links is considered. By the mid-1970s it is
suggested that maximum information transfer in this environment

may occur in the region of 10 GH:z

John Dimeff, William D. Gunter, Jr., Ronald J. Hruby

Ames Research Center, NASA

A simple model of communications capability pro-
jected for the mid-1970s is formulated. The spectral
dependence of the future state of the art is examined
in terms of antennas, noise, diffraction effects, etc.
The model suggests that the frequency spectrum in
the vicinity of 10'° Hz would allow maximum infor-
mation transfer and that radio-frequency techniques
may be superior to the laser.

Deep-space explorations would benefit from communi-
cations rates far in excess of those that characterize to-
day’s missions. Several recent studies!-® have examined
the possibility of using laser systems to improve deep-
space communications rates, or have re-examined the
growth potential of the older, but still rapidly developing,
radio-frequency technology. Although these studies
deal with particular aspects of the deep-space communica-
tions problem, there is still a need for a more general re-
view of some basic considerations that may determine the
relative growth potential of communications systems
operating at different frequencies.

This article will attempt to reach a meaningful estimate
of communication capabilities in the mid-1970s on the
basis of fundamental constraints on communication sys-
tems rather than on the basis of predictions of hardware
limitations. However, we must rely in part on the esti-
mated improvements in the state of the art for transmit-
ting and receiving antennas. Fortunately, estimates of
their development potential taken from several independ-
ent studies are in essential agreement, so these esti-
mates can be made on reasonably firm ground.

The effectiveness of any future communications system
will be influenced by many hardware-related factors other
than those introduced by antenna characteristics. For
example, highly eflicient, reliable, lightweight transmit-
ters, receivers, modulators, and detectors do not exist
in some portions of the spectrum. Further, the cost ef-
fectiveness of systems based on these devices is not con-
sidered. Although hardware availability, performance,
and cost will certainly have an important effect on any

practical system, these factors are ignored throughout the
analysis for two reasons: First, limitations in the state of
the art tend to be eliminated by unpredictable “jumps”
and, therefore, neither cost nor performance can be
properly accounted for; second, if they prove to be the
critical deterrent to effective communications in an
otherwise attractive portion of the spectrum, it is assumed
they will yield to research.

Analysis

To study the general form of the spectral dependence of
communication capabilities, we will develop an equation
describing the capability of a deep-space communication
link and evaluate the improvement potential for each
factor in the equation. For our purposes, the power
signal-to-noise ratio may be defined as

s P
N  PB M

where P, is the signal power received, B is the bandwidth,
and P, is taken to equal the additive noise power per
cycle plus the quantum energy contained in the number
of photons required to provide an average of one de-
tected photon per cycle of bandwidth. Although these
two components of Py have different functional relation-
ships to the bit error rate, this difference will not be im-
portant to the final results. For bit error rates of 10-3
or 1075 the SNRs required to maintain a constant error
rate for appropriate signaling codes do not vary by more
than a factor of 2 over the frequency range of interest.

From simple geometric considerations, the relation-
ship between P, and the transmitted power P, is

A,

Pr - Pl A,' (2)
where A, and A4; are, respectively, the effective area of the
receiver and the equivalent area (in the “plane” of the
receiver) illuminated by the transmitter. If 4, is limited
solely by diffraction, pointing error, thermal defocusing,
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or the need to cover a minimum area to be certain of
including the receiver, the equations for A, are

py = 09meD?

= magltl)t = wp e

( d ) ‘/_R’__

Ai = w(a,D)? A = mw(arD)? A wR.?

where

¢ = velocity of propagation

D = range

/= frequency of transmission

o, = half angle resulting from the Airy diffraction limit
for the transmitting antenna = 0.3\/R,

ay = half angle resulting from imperfect focusing
(owing to thermal expansions, etc.) of the trans-
mitter

a, = half angle due to the beam broadening required to
avoid loss of signal because of imperfect pointing
of the transmitter

R, = eflective radius of the transmitting antenna

R, = minimum radius of the illuminated circle required

to be certain of including the receiver
If the diffraction-limited area is factored from the
resulting equation that describes the combined etfects,
_0.09meD?
2R
where U is the ratio of the actual A: to the A. that re-

sults from diffraction limits alone. Substituting (2) and
(3) in (1), and the value 7R, for A,, yields

(3)

S [P RR 4
N~ 0.09¢:PBD:U S
Transposing and dividing both sides of (4) by D.2, the

square of the distance between the earth and the sun, we
obtain an expression for the communications capability

SB( >‘=_ VAR R.2 1

C = - 5
D.2 U ©)
Dimeff, Gunter, Hruby

NP 0.09¢? Py

where C is the signal-to-noise power ratio normalized
for range and for transmitter power required per cycle
of bundwidth.

The problem of predicting the relative effectiveness of
communication as a function of frequency now is divided
into a series of smaller problems that establish the spectral
dependence of the future state of the art on Py !, R,2,
R/ and U ', We will consider these problems in their
respective order and finally combine the results to esti-
mate the total capability.

The power required to detect a signal is related to four
separate factors: the quantum energy for the signal it-
self, the efliciency of the detector, the existence and
strength of noise sources, and the existence and strength
of uny energy absorbers in the communication path.
With a few exceptions, the pertinent information con-
cerning these factors is presented in Fig. 1. Minimum
signal energy requirements due to quantum energy are
presented (a series of short dashed lines) for detectors
with quantum efliciencies of 100, 10, and 1 percent.

Noise sources such as the earth’s atmosphere and the
galaxy tend to be characterized by a surface “brightness.™
For such a source, an antenna of increased area receives a
larger fraction of the energy radiated from the section
of the source viewed, but sees a correspondingly smaller
fraction of the source. In eltect, the noise power received
is not dependent on the size of the receiving antenna;
this conclusion assumes that the antenna is a single struc-
ture. Phased arrays can be arranged so that coherent
reception of the array is limited to sources originating
within an angle that is determined by the diftraction
limit based on the diameter of the array, rather than its
individual elements. Such an arrangement lowers the
noise power (relative to a single antenna of equal total
area) introduced by the earth’s atmosphere or by galactic
background by an amount to be determined for each
specific receiving antenna configuration. Because this
presentation does not include improvements derived from
such arrays, it tends, in part, to discriminate unduly
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against the lower-frequency regime, where galactic and
atmospheric noise limit the projected performance.

The curves for galactic noise (a pair of lines comprised
of long dashes separated by single dots) in Fig. 1 show
two levels. The higher level would be expected when the
receiving antenna is directed toward the center of our
galaxy; the lower level corresponds to pointing away
from its center. The effects of discrete noise sources
such as the sun, radio stars, and bright optical stars are
omitted but would have to be considered as possible
sources of interference during critical phases of some
missions. The sun, in particular, would be a significant
noise source for some missions and might introduce im-
portant multipath effects, Doppler shifts, and Faraday
rotations. Intensity and phase variations caused by these
effects would contribute to fading.'®

The characteristics of the earth’s atmosphere as a
source of noise or as an energy absorber are highly
dependent on weather conditions. Cloud cover, humidity,
rainfall, and electrical storms can degrade the per-
formance of a communications system 20 dB or more
below that obtainable at a remote, dry, clear site.

In treating the question of atmospheric effects, we can
take two extreme positions: (1) The communications
system must perform at normal capacity under the worst
weather conditions (for an antenna-zenith angle of 80°
during a rainfall of 1.25 cm per hour,® for example).
(2) Sufticient redundancy in receiver site location can
be provided to maintain at least one site at nearly ideal
conditions. In cases where limited data rates make the
integrity of the transmission critical to the success of the
mission, an assumption similar to the “worst condition”
criterion is the only reasonable basis for design. It is
clear, however, that not all the data in a wide-bandwidth
communication channel will need to be treated so con-
servatively. As a compromise between the two extreme
approaches, one can assume that the need for high-data-
rate communication with deep-space probes will justify
a limited redundancy of receiver sites, which will permit
the “worst condition™ criterion to be relaxed. On this
basis one need consider only the likelihood of simul-
taneous degradation at successive receiver sites, certainly
a constraint of lesser magnitude and one that occurs less
frequently than that listed in the NASA reports.* The
possible improvement suggested by the use of redundant
receiving sites has led us to use a model atmosphere that
involves a smaller performance penalty—the standard
summer atmosphere viewed through antenna-zenith
anglesof 0°and 60°.

Effects of the earth’s standard summer atmosphere are
also illustrated in Fig. 1. Atmospheric noise is shown
(solid black lines) for antenna-zenith angles of 0° and
60°; atmospheric absorption effects are indicated (black
dashed lines) for an antenna-zenith angle of 0°. This
absorption necessitates an increase in the intensity of
the radiation incident on top of the earth’s atmosphere
so that after absorption adequate power for reception
appears at the ground-based receiver site. The intensity
of the received beam is subject to inherent statistical
fluctuations owing to the nature of the absorption pro-
cess. Partly in compensation for the requirements imposed
by this process and partly in recognition of the state of the
art for quantum detectors, the absorption effect of the
earth’s atmosphere is shown as energy in excess of that
required for a receiver with 10 percent quantum eth-

ciency. The effective quantum efficiency could be adjusted
upward or downward if it were thought that the state of
the art would be less or more developed.

The effects of both atmospheric noise and atmospheric
absorption would be eliminated if the communications
from the deep-space probe were received by an earth-
orbiting satellite and relayed to the earth. Although this
mode of operation has obvious advantages, the opera-
tional complications involved are certainly to be avoided
unless the requirements of future missions cannot be met
by receivers on the earth.

A useful first-order model for the noise power at the
receiver is shown in Fig. 1 (large solid dots) and is de-
scribed by the expression

Po—-l = (100.7]'—2.5 + 1()-3‘.’,_2]')—-1 (6)

Deviations from that model (introduced by atmospheric
absorption, for example) will be added separately after
the overall spectral dependence of C is determined on the
basis of the first-order model.

The second frequency-dependent factor in the equation
for communication capability is the size of the receiving
antenna, R,2. The model for future receiving antennas is
shown in Fig. 2 (solid line), and is given by

Rr'l —_— 10ll.07]' -0.73 (7)

This model is an interpolation between a point represent-
ing the radio-frequency antennas achievable in the mid-
1970s as predicted by Patton and Glenn? and a point
representing the achievable optical receiving telescope
as predicted by Brinkman and Stokes' for the same period.
These two sources were selected because their results
seem to typify the projections of those who favor the
RF and optical technologies, respectively. To check the
validity of the model thus derived, the physical dimen-
sions of various RF and optical *“‘antennas™ (solid dots)
and the eftective apertures for many of the same antennas
(open dots) are plotted in Fig. 2. Note that a line drawn
through the dots representing the effective apertures of
existing antennas lies 1.2 orders of magnitude below and
parallel to the model derived for the future. Since the
present technology in both the RF and optical areas is
the result of years of development, and it does not appear
unreasonable to assume that similar efforts in the dif-
ferent frequency regimes would produce like advances,
the fact that the lines representing the current and the
possible future states of the art are parallel lends credi-
bility to the predictions. Whether or not 1.2 orders of
magnitude is a reasonable estimate for the operational
improvement attainable in ten years is open to some
debate.* It is clear, however, that as long as it is uniform
across the spectrum, the magnitude of the estimated
antenna improvements would not significantly alter the
factor of greatest concern—the relative spectral de-
pendence of future communications capability.

The model for future transmitting antennas is shown
in Fig. 2 (dotted line) and is described by the equation

R.2 = 1083% 0.48 (8)
For consistency, this model is again an interpolation be-
tween points supplied by Patton and Glenn a nd by Brink-
man and Stokes. The radio-frequency portion of this
model may seem optimistic in view of performance for

Mariner II (1962)° and Mariner 1V (1964).!' The an-
tennas used on these missions, however, were designed for

IEEE spectrum SEPTEMBER 1967



R2:101107f—’0,73
r -

2 _ 106.374~048
R =108 ‘

.
[ [ | Greenbank
r [ Gstudy)
S
’ ?2510) IParkes
2| 1
104} <1
102 e 2XDs_vg——"M~___ |
o~ = ~ Diameter of S—- VB 4
3 —~ e
g S 10° [ 3dBloss
S o o 5
s 107 2 | © Mariner IV (1964)
c = | By
$ ~ B Mariner Il (1962)
c 1074 ——— 1 aTNer B 1290 |
<< = @
107 § .
< [ &
1074 .1 Bl v
104 [ Model for projected
I receiver (state of the art)
| T 7" Model for projected 0
B 10-5 transmitter (state of the art) ’
10-6L L

108 10° 1010

FIGURE 2. Antenna capabilities.

use on a spacecraft with stringent size and weight limita-
tions. Boosters, such as Saturn, should allow consider-
able relaxation of these constraints. The limit in aperture
diameter that would be imposed if the transmitting an-
tenna were one piece with a diameter approximately
equal to that of Saturn IVB is shown in Fig. 2 as a short
solid line. The line is terminated at the high-frequency end
by a point that represents the combination of a structural
limit preventing better than a 0.075-cm surface tolerance,®
and a performance limit allowing no more than a 3-dB
performance loss. A similar line is drawn for the case of
an articulated or erectable structure of effective diameter
twice that of the Saturn IVB, where the structural
tolerance has been increased to 0.75 ¢m. These points
lie reasonably close to the transmitting antenna model.

Further support for the validity of the transmitting
antenna model is provided by the results of several studies.
The first of these? indicates that by the mid-1970s de-
velopment programs could provide Invar-mesh antennas
operating at 1.2 X 10'" Hz with an effective area of
30 m?and a total weight (including penalties for erection)
of 340 kg. A second group of studies®!? relates to the
optical end of the spectrum and indicates that the weight
of a one-meter-diameter spacecraft telescope and its
associated structure would again be of the order of 340
kg. In addition, weight penalties for the optical com-
munication package include those resulting from the use
of shrouds and pointing controls (necessary to avoid
damage resulting from direct viewing of the sun), ac-
quisition telescopes, fine pointing controls, either focus-
ing controls or insulation shields (required to prevent
excess thermal defocusing), and any equipment that might
be required to refinish the telescope mirror surface after
long exposure to the space environment. These penalties
are not assessed because they are not as fundamental as
those imposed by antenna size limitations and are more
likely to yield to research and development efforts.

The model for future transmitting antennas is sup-
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ported further by Brinkman and Stokes and by Patton
and Glenn, who also estimate the same weights for both
optical and RF antennas. The estimate of optical an-
tenna capability is further supported by the Woods Hole
Conference of the Space Science Board,'® which recom-
mended a NASA program that would lead to the avail-
ability of a prototype, earth-orbiting telescope 3.05 meters
in diameter by the mid-1970s; and by the fact that the
Orbiting Astronomical Observatory, currently in prepa-
ration, will orbit telescopes approximately 0.9 meter in
diameter. The former objective allows for a telescope
of considerably larger diameter than that projected by
Brinkman and Stokes, but one intended for near-earth
orbit and which would be available only as a prototype
at the time of interest. The prototype should provide a
telescope essentially identical to that projected by Brink-
man and Stokes, but one intended for near-earth orbit
on a vehicle totally devoted to the support of the tele-
scope. The telescope used for transmitting from the
spacecraft, by contrast, would be used on board a deep-
space probe devoted primarily to a separate scientific
objective. Considering these facts and the effects of
modified constraints, one develops a measure of confi-
dence in the estimated improvement in the optical state
of the art as stated by Brinkman and Stokes.

The last factor in the communications capability
equation that requires assessment is U~!. We will consider
first the interplay between the diffraction-limited beam
angle and the possible requirement that some minimum
area at the earth be illuminated to be certain of illumi-
nating the receiving antenna. A spacecraft communi-
cation system that relies on an earth-based receiver or a
relay satellite in near-earth orbit would necessarily be de-
signed either to cover areas sufliciently large to include
all sites potentially occupied by the receiver or, alterna-
tively, would have to sense and track the apparent site
of the receiver and correct the transmitter pointing appa-
ratus for motion of the receiving site during the interval
required for exchanging information between transmitter
and receiver. This latter problem may be avoided, at the
cost of increased system complexity, by using a pair of
“receiving” satellites—a “‘beacon” satellite transmitting
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a beam of energy to a “beam rider” deep-space probe,
and a receiver satellite adjusted by station keeping to be
in position to receive energy directed from the deep-space
probe toward the apparent position of the beacon.
Whatever the method of overcoming the problem, the
greater sophistication required in those cases where
“lead™ pointing is used will produce related penalties in
weight and reliability. The conditions under which this
problem is important are better understood by reference
to Fig. 3, which shows the diameters of the earth and
of the synchronous earth orbit (horizontal dashed lines).
The lowest diagonal line represents the area that would
be illuminated by the projected diffraction-limited an-
tennas (varying in diameter with frequency) for a mission

1010

10l 1012 10! 10 1015 1016

Frequency, Hz

0.001 AU from the earth. somewhat inside the lunar orbit.
Because the area of the earth is always greater than dif-
fraction-limited areas, artificial broadening of the an-
tenna pattern would be necessary at any frequency if the
lead-pointing problem is to be avoided. A similar line for
a mission 1 AU from the earth shows. for example, that
at this distance either artificial broadening to cover an
earth-based receiver or dynamic tracking of the receiving
site would become a problem only for communication
at frequencies above 9 X 10'" Hz. Weight and reliability
penalties inherent in system operation at this distance
and at such higher frequencies require separate study.
The other component contributing to the value of
U~ is the combined effect of pointing error and trans-
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mitting antenna defocusing, introduced, for example, by
uncorrected thermal expansions; these effects are shown
graphically in Fig. 4. Again, the projected state of the
art for the transmitting antennas of the mid-1970s is
shown by the long dashed line. In the presence of pointing
error it is assumed that the transmitter beam would be
artificially broadened beyond the achievable diffraction
limit to insure adequate coverage of the receiver site.
On this basis, pointing errors due to effects such as imper-
fect angle control, inaccurate beam rider control, or
lack of adequate compensation for the lexzd errors re-
lated to receiver motion introduce performance limits
equivalent to those introduced by diffraction-limited
antennas of sizes indicated by the series of solid lines
fabeled a,. the value of pointing error. Defocusing due to
thermal expansions, reliet’ of structural stresses, or lack
of adequate precision in any focusing control system
produces similar effects (shown by the same solid lines).
These lines are labeled ay, the effective fractional dis-
placement of the transmitter position relative to its ideal
position divided by the ratio of the focal length to the
diameter of the transmitting antenna,

To obtain an approximation of the overall limit in
transmitting antenna gain as a function of frequency,
one proceeds toward higher frequencies along the line
describing the state of the art for the transmitting antenna
until this line intercepts the first of the lines describing
tne limit of attainable pointing accuracy or defocusing
limits, then along that particular curve toward the optical
end of the spectrum,

In developing the first approximation for the spectral
dependence of the future communications capability,
the only factors that will be included are noise power
and the projected state of the antenna art. The projected
communications capability is obtained by combining
(5), (6), (7), and (8) to yield

lo 215

C = U(j 3.3 + 10—3'.’..?/'0.'.”

)

With the assumption that U = 1, (9) is shown graphi-

(® Full earth coverage. 10 AU mission
(6 Full earth coverage, 1 AU mission
@ Atmospheric noise and absorption

cally as curve 1 in Fig. 5. A series of modifications of the
simple model is also included in this figure. Curve 2
shows the improvement in performance expected if the
mission of concern is scheduled so that receiving an-
tennas can be pointed away from galactic center during
the critical phases of the deep-space mission. Curve 3
indicates the effect of penalties to be assessed if effective
receiving antenna temperatures in the future cannot
be improved significantly beyond 40°K. Curve 4 indicates
the additional performance penalty that results if over-
all pointing accuracy or “thermal” defocusing eflects
limited the effective beam width to one second of arc.
Curves 5 and 6 point out the penalty resulting if full
earth illumination were required and the maximum
ranges of communications were 10 and 1 AU respectively.
The dashed line identitied as curve 7 indicates the penalty
imposed when signals are received at earth-based installa-
tions after attenuation by the standard summer atmo-
sphere!'* and the addition of atmospheric noise for an
antenna-zenith angle of 60°.

An indication of the insensitivity of the conclusions to
small changes in the antenna models is obtained by
considering a communication link operating at a fre-
quency of 10'° Hz with the receiving antenna limited to
a 64-meter instead of the projected 152-meter diameter.
Although this reduces performance by a factor of 6, the
conclusions of the study are not significantly changed.

The effect of combining the various effects described
can be obtained graphically by adding the displacements
from the reference model due to the separate effects of
interest. A particular combination of these eflects has
been plotted in Fig. 6. The model shown by the solid line
is based on a 15°K earth-based receiver pointing toward
galactic center and receiving signals from Mars at con-
junction. Included for reference is a dashed line based on
an earth-orbiting receiver for the same conditions.

The mission “requirements™ for a Mars probe'? are
also shown in Fig. 6 (broad shaded line). These require-
ments are based on a signal-to-noise ratio of 10, a trans-
mitted power of 10 watts, and the ability to provide
effective communications to the earth over a bandwidth

Dimeft, Gunter, Hrubv—Spectral dependence of deep-space communications capabilits
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of 107 Hz when the spacecraft is near Mars and Mars is
near conjunction; effects of the sun are not included.

Discussion

The simple model of communications capabilities
projected for the mid-1970s includes the effects of mini-
mum power required to recognize a signal in the presence
of noise and the effect of the estimated state of the art in
antenna design. The model suggests that the frequency
regime that would allow maximum information transfer
is in the portion of the spectrum centered around 10'° Hz.
Even if one assumes reception by a satellite above the
earth’s atmosphere and no limitations in performance
imposed by any hardware other than antennas, com-
munication at frequencies near the optical end of the
spectrum seems to provide one order of magnitude
poorer performance.

Reception of optical transmissions by earth-based
receivers would degrade performance by an additional
order of magnitude. Further degradation in the per-
formance of deep-space optical communications links
of several orders of magnitude may be caused by prob-
lems of pointing, tracking, thermal defocusing, etc.

This analysis indicates that efforts to develop increased
deep-space communications capabilities should be
directed to the development of operational systems in the
band around 10'° Hz. Since the technology developed
by the Jet Propulsion Laboratory in support of the Deep-
Space Instrumentation Facility should be readily trans-
latable to provide the projected capabilities, it should
not be diflicult to provide adequate bandwidth for a
liberally interpreted Mars mission “‘requirement.”

The conclusions from this study do not apply rigidly
and generally to all deep-space communications problems.
It is clearly impossible to imagine all the special com-
munications problems that might be encountered that do
not satisfy the premises stated or implied in this discussion.
Questions of cost have not been considered and might
have significant influence on the selection of optimum
frequencies, even when competitive frequencies are lo-
cated within a relatively narrow spectral region. One

conclusion does emerge, however. The first enthusiastic
suggestions that laser technology potentially provides
many orders of magnitude more communication capa-
bility than RF technology, and that it might, therefore,
offer the only solution to the problem of general wide-
band communications with deep-space probes, need to
be more carefully assessed.
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Wanted:

a physically possible
theory of physics

A unified theory is needed to define the physical

realities and limitations of the computational process. The physical
scientist states that the tools of mathematics are physical ;
therefore mathematics is limited by nature

Rolf Landauer

The ability to predict the nature of physics in great
detail depends upon the ultimate capabilities of in-
formation processing syvstems. Computing must be
carried out in real systems, subject to physical laws.
Thus an intertwining between the ultimate versions of
the laws of physics and the computer is created. In
order to satisfy this “want ad™ for a unified theory,
two conditions must be met: The type of information
processing required in the study of physics must be
recognized; and the physical laws governing informa-
tion processing must be defined.

Science is expressed in mathematical terms; and to
apply the laws of science, we have to rely on the opera-
tions of mathematics. In the normal course of scientific
work it is assumed that we know what such operations as
difTerentiation, calculation of a sine, or the solution of a
partial difTerential equation involve, and that we can
freely invoke such operations in the correct formulation of
a scientific theory. Indeed it is generally assuimed that with
a good enough theory, and with enough paper, pencil, and
perhaps the use of enough graduate student helpers, we
can predict as much as we want about the events in the
universe around us.

Although the process of calculation is thus taken for
granted and is presumed to involve only economic bar-
riers, the physicist has, during this century, evolved a very
different attitude toward the measurement process. We
have learned from relativity theory and quantum mechan-
ics that the process of observation and the universe being
observed are not two really separate things. Quantum
mechanics in particular taught us that both the observing
apparatus and the particle being watched were a part of
the same world, governed by only one set of laws apparent
to the struggling observer. The experimentalist could not,
by diligence, perseverance, and the use of very small
hands, go arbitrarily far in the determination of all the
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variables that he knew to be useful in describing the be-
havior of a particle. Thus modern physics, in its very
formulation, acknowledges the limitations of the measure-
ment process.

On this note we want to point out that the calculative
process, just like the measurement process, is subject to
some limitations. A sensible theory of physics must re-
spect these limitations, and should not invoke calculative
routines that in fact cannot be carried out. This basic
philosophy is not really the author’s invention; it was
given earlier by P. W. Bridgman in a somewhat difTerent
form. Bridgman, in a number of careful discussions about
physically meaningful operations, realized that the physi-
cist’s totality of relevant operations involves not only the
manipulation of laboratory equipment but also “paper
and pencil operations.” ! 3 His “paper and pencil opera-
tions” are, of course, the calculative processes of
physics.

Why do we believe that calculative processes are sub-
ject to limitations? Basically because we do not have
available an inexhaustible supply of paper, pencils, and
assistants. And if, in fact, we do maintain a very huge
stock, it will have a physical effect on its own environ-
ment, through gravitational forces or through the heat
generated in the writing process. In that case, we cannot
ignore these effects upon the very accurate physical calcu-
lations that required the huge stock in the first place.

Today, of course, as a result of the evolution of data-
processing machinery, we are aware that information can
be handled in more subtle ways than by paper and pencil.
But it is the very existence of these subtler processes that
has caused us to think more carefully, and consequently to
realize more clearly that information processing is subject
to physical limitations. The machines for processing this
information take up a real portion of the energy and the
degrees of freedom available in this universe, and proceed
with their tasks at finite speed. Furthermore, these ma-
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chines have internal noise sources, which cannot be com-
pletely eliminated; therefore, though very accurate, they
can never be perfectly reliable.

To illustrate the fallibility of the calculational process,
consider the evaluation of m on paper, through the use of
pencil. The mathematician has given us an idealized uni-
verse in which 7, for example, is detined and cleariy dis-
tinguished from all other numbers because we have rules
for calculating = to an arbitrary number of places. Now
we come back with such questions as, “Do we really know
what = is, if the initial digits of = deteriorate away by
atomic diffusion processes, after a finite number of years,
and at a fairly well defined stage of the calculation?” or
“Can we really distinguish = from a very close numerical
neighbor if we compare the numbers, digit by digit, by
methods that are very reliable but can never be made com-
pletely foolproof 7

The new kind of theory

Just as quantum mechanics allowed for the realities of
the observational process, we are now suggesting that
there is a physical theory that allows for the physical
realities of the computational process. Quantum me-
chanics is not related to the shortcomings of actually avail-
able physical equipment; similarly, we do not expect an
esthetic physical theory to be a function of the power of
the human mind or of the capacity of currently available
computers. We instead expect the theory to be compatible
with the ultimate, and perfectly optimized computer.

Would such a new theory really be different from exist-
ing theories ? Clearly, if we are describing the behavior of
just a few particles, with only fair precision, over a stretch
of time in which limited activity takes place, then one
should be able to find a corner of the universe, and a time,
sufficiently decoupled from these particles, and quietly do
our computing there. At the other extreme, if we are doing
cosmology, and describing the universe by a few statistical
generalizations, again that should cause no great strain.
Thus, in the typical situation we have known in the past,
where there is relatively limited information handling,
these informational aspects are unimportant and unlikely
to influence the events under calculation. That, however,
is typical of all refinements of physical theory: The new
region of relevance always requires further excursions
from the typically familiar human scale of size, energy,
velocity, etc., up to the point of origin of the new theory.
In the present case, we are talking about going beyond the
readily available human scale in the derail of descriptions,
and calculating the simultaneous behavior of very many
particles, or the behavior of one particle, to an extreme
degree of accuracy.

Let us discuss the timing of the calculation in more de-
tail. If we are doing a very detailed calculation, consider
first the possibility that we are doing the calculation en-
tirely as an exercise in the hope of someday finding the
particular set of detailed initial conditions reflected in that
calculation. It seems unlikely that, in a really huge preci-
sion calculation, one would be taking such a chance on
what the future may turn up. As a second and more likely
case, consider that we may be doing a real-time calcula-
tion, attempting to race ahead from the given precise ini-
tial conditions, to predict (or even control) their outcome.
Thus we might, for example, get involved in the question:
“What is the earliest astronomic catastrophe that might
put an end to mankind ?” A third possible alternative in-

—— Original system
After measurement

Measurement variable

- — >
Other degrees of freedom

FIGURE 1. The original closed system is distorted due to a
reduction in entropy, by measuring, and thereby limiting,
the system. Since the system is closed, there must be a cor-
responding increase in entropy elsewhere, along remain-
ing degrees of freedom, in order to comply with the laws of
thermodynamics.

volves a calculation done too late in time to affect the
earlier history. Again this is a less likely case. Its only pur-
pose would be to check our understanding of the laws in-
volved, and one suspects this can be done without seeking
out such a terribly complicated situation. But the timing of
the calculation, in relation to the events, is likely to be part
of the structure of the ultimate laws.

The birth of a theory as requested must rest upon two
foundations. The first is a recognition of the sort of infor-
mation processing required in studying nature; all of us
have had the kind of mathematical training that gives us a
feel for that. The other foundation, which concerns the
physical laws governing information processing, is less
well known. Indeed, answers to that exist today only in
the most rudimentary fashion, and it is most likely that
this theory requires much further development before the
main plea of our present discussion can really be satisfied.
On the other hand, it can be argued that quantum theory
did not really emerge out of a detailed study of experi-
mental apparatus, nor did relativity theory come out of a
concern with the real practical difficulties of moving plat-
forms. In that same sense the unified theory described in
this “want ad’ could, perhaps, be synthesized more
easily. Actually we are, in first order, simply stating
that the tools of mathematics are physical, and therefore
that mathematics is limited by nature.

Physical description of computers

In connection with the desire for a description of the
ultimate possible computer, let us present a brief picture of
where we are in understanding the physics of information
processing. A good deal has been written in recent years,
as a result of the existence of lasers, about the signal-
carrying capacity of information channels that carry
quantized electromagnetic energy. This work is relevant to
our present question, but it is not central to it. These com-
munication channels are always linear, whereas all the
crucial steps in data processing are nonlinear. Data pro-
cessing involves streams of information flowing together
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FIGURE 2. In this bistable potential well X is a generalized
coordinate representing the quantity that is switched.

and thereby affecting each other —a dsstinctly nonlinear
process.

A real first start toward the physics of information pro-
cessing was made in 1929 by L., Szilard, * who realized that
information about a system ties down its possible ways of
behavior. Thus, when we have measured a system we have
reduced its entropy, since entropy 1s characteristic of the
extent to which a system is diversified in its behavior,
Therefore, in a closed system, which includes both the
item being measured and the measuring apparatus, there
must be an increase of entropy elsewhere that more than
compensates for the loss on the measured system; other-
wise the second law of thermodynamics is violated. Figure
1 is an idealized representation of this concept, showing
the system originally as being in the space denoted by a
solid line, indicating a spread in both the coordinate to be
measitred as well as in the many other degrees of freedom
of the system. If the measurement confines the vertical
spread of the total system, as indicated by the dotted
curve, then this must be made up through a spread of the
system in the many remaining degrees of freedom. Bril-
louin has discussed this problem in detail.®

The next step in the development of the theory is trivial,
if one understands the sign of information changes, during
the computing process. A first naive reaction might be
that information must ke increased during information
processing. After all, why else should one pay money for
data processing? But that’s incorrect. Information pro-
cessing inevitably has to lose information. It we don’t lose
information, we can always go back from the output and
deduce the input, a characteristic of “table lookup” pro-
cedures. In a table of logarithms we can go from a number
to its logarithm, or vice versa. But then we are not really
figuring out anything not already known to the original
compiler of the table. A little more precisely: If we do not
lose information, we are handling numbers, in a calcula-
tion which has been rigidly foreseen, step by step. In a
general-purpose computational process, we must be able
to do more than that; we must have the ability to make
decisions during the computation. This in turn consists of
the ability to take intermediate computational results and
from them, rather than frem all the intricate history lead-
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ing up to these signals, proceed further. If we do not
throw away information about the history, a given logical
signal will depend on the exact way it was reached; then,
after a suflicient number of steps, the accumulation of
these historical characteristics would lead to errors. As is
well known in computer technology, however, signals
must continually be brought to standard forms of *“0”” and
“1.” This standardization process represents the elimina-
tion of the earlier unnecessary history. It enables us to
proceed along almost arbitrarily long chains of digital pro-
cess steps—in contrast, for example, to an analog com-
puter. Thus we must be able to lose information, since we
do not want the mechanism clogged up with irrelevant
data. This argument can be given in more detail,® but it
would be misrepresenting the case to say it's been
“proved.”

Information destruction

How is this information destruction accomplished
physically ? Information in computing machines is carried
as binary data in systems that are put into either a **0” or a
“1" state. Such a system can be typically idealized as a
particle in a bistable potential trough, as shown in Fig. 2.
The particle can sit in one of the two equally favored well
positions, To destroy information, we can carry out an
operation such as ‘““Restore to one,” which leaves the
particle in the “one” state, regardless of its initial location.
Can we do this without spending energy ? If we are told
that the particle is in the “one” state, then it is casy to
leave it in that state, without spending energy. If on the
other hand we are told that the particle is in the *“‘zero”
state, we can apply a force to it that will push it over the
barrier. Then, when it has passed the maximum, we can
apply a retarding force, so that when the particle arrives at
“one” it will have no excess kinetic energy. We will not
have expended any energy in the whole process, since we
extracted energy from the particle in its downhill motion.
One example of such a force, as a function of time, is
shown in Fig. 3. Thus at first sight it seems possible to
“restore to one” without any expenditure of energy. Note,
however, that in order to avoid energy expenditure we
have used two different routines, depending on the initial
state of the device, whether 0™ or *“1.” This is not how a
computer operates. A computer must be able to push in-
formation around in a manner that is independent of the
exact numbers which are being handled.

Once, however, we admit some energy losses into the
system, it becomes easy to destroy information. Then we
simply apply a force that favors the right-hand well, as
shown in Fig. 4. If the system has a viscosity, or energy-
loss mechanism, then the particle is also subject to ther-
mal agitation, or “noise” disturbances. The correlation
between loss behavior and thermal noise, which we are
here invoking, is closely related to the Nyquist -Johnson
relationship giving the thermal noise in a circuit as a func-
tion of the resistances in it. It is also related to the Einstein
relationship, familiar in semiconductor and transistor
lore, that relates the random diffusive behavior of an elec-
tron to its mobility under an applied electric field. In the
presence of such thermal agitation the particle in Fig. 4
has a high probability of ending up in the favored well,
even if we do not tip the trough enough to pour the par-
ticle right out of the unfavored left-hand well. Further-
more, in view of the viscosity, the particle will end up in
the bottom of the favored well, without any excess kinetic
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FIGURE 3. The particle is moved siowly from the 0" to
the *1”" position. The move is accomplished by an external
force F(X) = aV/oX, which just balances the well force.

energy and therefore without any historical reminders of
which well it had initially occupied. In order to ensure
that the particle ends up in the right-hand well, the lower-
ing of the favored well must be appreciably larger than the
typical random thermal energy that the particle processes.
This means that the energy lowering, and therefore the en-
ergy dissipated, must be several times AT. Here T is the
absolute temperature in degrees Kelvin, and & is Boltz-
mann’s constant, 1.37 X 10 2% joule per degree K.

We have thus seen that with energy expenditure it is
possible to lose information in the fashion needed for
satisfactory computer operation. It might be argued at
this point that ““a few AT is not really a fixed quantity,
since the temperature of the computer is at least some-
what under our control. For instance, we could do our
computation at liquid-helium temperatures, instead of at
room temperature, But additional consideration shows
that in fact one gains nothing by using a refrigerator. It is
true that AT within the computer is reduced, but the extra
energy dissipated in the refrigerator more than makes up
for that. Perhaps instead of using a refrigerator one simply
parks the computer in a cold part of the world. The
counterargument to that: It is unlikely that there are
arbitrarily cold parts of the world. There is another prob-
jem with trying to run an extremely cold computer: The
relaxation processes, which let the system settle into the
designated well, typically tend to become very stuggish,
and we cannot count on very fast switching.

Although a minimal necessary energy loss has been dis-
cussed, it is clear that the larger losses in practical systems
can and do serve the same purpose. In fact, even in our
idealized model of Fig. 1, faster switching can be obtained
if desired by biasing the wells to a greater extent. It is
readily shown® that in this model the switching time 7
varies as 7o cosh (U/2kT), where U is the energy loss in the
process and 7, is the time in which an element, not inten-
tionally subject to switching, will lose its information. This
corresponds to the well-known practical computer lore
that increased switching speed, for a given device, comes
at the expense of increased power. If we require, as we do
in practice, that the probability of an undesired sponta-
neous information change be very minute, compared to a
desired one. then it becomes clear that 7 must be very
short compared to 74, and therefore U large compared to
kT.

We have emphasized energy losses, of the order of AT,
per switching event. For a single electron of charge e,
jumping between two wells, this energy corresponds to a
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FIGURE 4. A biasing force is applied that favors the right-
hand well, creating a high probability that the affected
particle will come to rest there.

potential difference between wells of about kT/e. Now it is
true that semiconductor junction devices have nonlinear-
ities that are excited by voltages of just that order,” and
therefore such minimum voltages are required in actual
transistor switching circuits. But we believe this is a coin-
cidence, and that a voltage limit of AT/e is not very basic,
compared to the energy limit k7. If a number of electronic
charges are tied together in their motion by some sort of
cooperative action, then an energy loss of AT can cor-
respond to a voltage smaller than A7/e. A detailed and
fundamental analysis of active circuit behavior® suggests,
in fact, that the circuit provides just this sort of coopera-
tive coupling between charges.

We have argued that information loss is necessary and
that it is, in turn, accompanied by energy loss. Not every
circuit or memory element in a computer must lose infor-
mation; but in practical computers we deal with a min-
imal diversity of elements. Therefore, as a practical result,
all computer elements must be capable of energy dissipa-
tion. One is tempted to ask whether it is possible to builda
computer out of a crystal in which every cell does use-
ful information processing, the processing mechanism
being provided by some natural physical interaction be-
tween adjacent cells. We cannot expect to have such an
efficient utilization of the possible degrees of freedom,
because there is not enough material left to act as heat
reservoir and absorb the dissipated energy. Not only will
the whole crystal quickly overheat, but the heat to be dis-
sipated by each element is too likely to turn up as a dis-
ruptive influence on the next element, propagated through
the intentional coupling that accomplishes the informa-
tion processing, instead of being passed on to the in-
nocuous other degrees of freedom constituting the heat
reservoir.

Preservation of results in the presence of noise

Up to this point we have concentrated on information
and energy losses. Although there is some information
that has to be lost, there is naturally also a good deal of in-
formation, both data and programming, that must be re-
tained in an unchanged form and protected against noise
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signals. It has already been pointed cut that the very
losses needed for processing are also a source of noise. We
have referred to the Nyquist-Johnson relationship and the
Einstein relationship to make this plausible. Just as small
particles are more obviously subject to thermal agitation,
resulting in Brownian motion, small information-bearing
devices are more likely to lose their information than are
large hefty ones. These Brownian-motion eflects in infor-
mation-bearing systems have been analyzed,®? and very
microscopic systems, far smaller than anything contem-
plated in modern microelectronics, are stable enough in
principle. Nevertheless, the more complex the calculation
becomes, the more severe the requirements on stability
become, and therefore larger minimum sizes become nec-
essary.

In principle, the position of a single particle, say an in-
terstitial impurity in a crystal lattice, carries information
and can hold information for long periods of time. But we
cannot use this information; we have no way of reaching
in to “read™ it or to modify it. Typically, information han-
dling has led to the use of systems in which a larger num-
ber of particles are tied together in their behavior, either
through cooperative phenomena, such as ferromagnetisn,
ferroelectricity, and superconductivity, or etse through the
very similar action of an active clectric circuit. Then, if the
energy per participating particle involved in moving the
particles from the “1” state to the “0" state is small com-
pared to chemical binding energies, we have something
that can be switched back and forth without disrupting
the physica! structure of the device. At the same time the
“heat reservoir” required for the switching dissipation dis-
cussed in the preceding section is provided. One informa-
tion-bearing degree of freedom is associtted with many
particles, and their irrelevant degrees of freedom act as the
heat reservoir,

Not only is the information itself subject to undesired
noise-induced deterioration, but during sutliciently long
and complex calculation we can expect even the physical
computer structure to deteriorate.

Another concept comes readily to mind: Isn’t it possible
to use a single particle to represent very much more than a
binary choice and can’t we permit the particle to take on
an infinity of positions along a line ? The moment, how-
ever, we allow for the random diffusive behavior of the
particle, and for the uncertainty principle, we emerge with
a particle whose allowed information-bearing positions
must be separated by adequate error zones. In a machine
of finite spatial extent (and all machines in which we can
guarantee to ascertain the position of a particle in a finite
time must have a finite size) only a limited number of
states are allowed. In fact, it has been showns that in the
simplest models the presence of a barrier between particle
states greatly increases the ratio of the time over which in-
formation can be preserved to the time needed for inten-
tional switching. This ratio is a good measure of the use-
fulness of a device.

Further physical limitations on computers, which have
so far defined a very fundamental analytical approach,
come from the fact that a computer is not just a periodic
array of devices, each of them interacting only with its
nearest neighbors. A computer is a complex network in
which devices some distance apart must sometimes inter-
act with each other. Energy must therefore go some dis-
tance, without too much of it getting lost. Enough energy
must arrive at the desired devices, and not too much at the

Landauer—Wanted : a physically possible theory of physics

wrong devices. In real computers with macroscopic elec-
tric transmission lines, this results in rather well-known
engineering problems. The impact of this requirement on
the ultimate possible scale of the computing process is not
at all understood, except that the need for interconnec-
tions is one more reason why we cannot expect to utilize
too many of the available degrees of freedom for informa-
tion-holding elements.

Conclusion

Enough has been said to indicate that information pro-
cessing proceeds in a real physical environment; and, for
satisfactory operation, this situation imposes require-
ments upon both the physical structures and the energy
consumption.

To return to our original epistemological concern: It
should not be assumed that only the problem of following
the time evolution of a substantial portion of the universe
will generate a need for a new theory. Following the mo-
tion of a single particle can also be done, analytically, with
only limited precision. We usually assume that solving
differential equations (or any mapping process taking an
event description and on the basis of it predicting the
probability of other events contingent on it) can be carried
out within any required accuracy. In reality, however, as
the allowed computational error becomes smaller, more
and more computational steps are required. Perhaps it is
possible to trade time for computer complexity, and thus
really avoid using substantial portions of the universe for
the computer, which has to follow one particle very ac-
curately; but it is far from clear that such trade-offs can be
pushed arbitrarily far. Certainly they cannot in the case of
real-time prediction. Moreover, longer calculations will
certainly impose greater stability requirements on the
computer and its information content,

Our plea contains some irony. The mathematicians’
limiting processes arose from attempts to describe the
physical universe: Newton’s “fluxions’ and the attempt to
describe the real number system as an obvious idealization
of a yardstick. Thermal agitation and the uncertainty
principle have made us aware that these mathematical
idealizations are not really crisp models of nature. We are
now proceeding further and asserting that the mathe-
matical processes themselves are not really capable of
being carried out, and that we should not (even in pure
mathematics) invoke processes that nature will not permit.
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Scanning the issues

Computer Teaching. In his introduc-
tion to a special issue on the subject,
Gustave J. Rath atltirms that everyone
seems to agree that computer teaching
is coming, but the question he raises is,
“Where is it going?” In his review of
computer-assisted instruction (CAI) over
the period 1958-1961, the same Rath
concludes that the question of whether
CAI will be an expensive toy or a cen-
tral contribution to education will be
seen in the coming years. However it
evolves, computer teaching is certain to
create ferment, change, and interest. As
practitioners of engineering, as builders
and users of computers, as parents of
students, it is to many of our concerns
that information about this field will
appeal.

Where and how will computer teach-
ing find its most appropriate place?
Rath says that it might become a tech-
nique to train special classes of students
where a high cost is balanced against a
higher social benefit. Or it might benefit
special classes of students—the dis-
advantaged, the handicapped, and the
very bright, as for example, medical
students, for whom a high educational
investment exists. Astronauts or high-
positioned oflicials of industry and gov-
ernment, whose jobs or opportunities are
special and where the cost of mistakes
is quite high, might also benefit from
the best available instruction (assuming
that computer teaching could be the
best).

Another purpose of computer-assisted
instruction might be to test materials,
techniques, and theories of education.
Computerized-assisted instruction al-
lows the investigator to vary, measure,
and control educational variables in an
effective fashion.

This special issue on computer teach-
ing covers some of the new technological
developments, novel trends, and current
contributions of CAI. Rath notes that
an eftort has been made to go beyond
CAI alone. The issue covers: (1) some
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early history of computer-assisted in-
struction; (2) a description of a major
programmed computer system that
teaches many students; (3) the concept of
training computer users on computers;
(4) the use of computers in complex
educational games; (5) new software
possibilities that would transform texts
into computer-teaching materials; (6)
the use of special-purpose devices for
teaching new software applications; and
(7) the teaching and training of com-
puter-assisted instructional personnel.
Rath says that it is significant that all
of the papers deal with experimental
systems that are not routinely available
for use in schools and colleges. The well-
known pLATO system, developed at the
University of Illinois over the past six
years, is the closest to a real-time opera-
tional training system.

At this point, the pLATO system is
unique, however, and much of the work
done with it is still experimental. Three
successive models of the system have
been evolved. Although initially con-
ceived as an automatic teaching system,
the pLaTO system has found applica-
tion in many areas of research and be-
havioral sciences. For instance, a real-
time, on-line experiment in surface
physics was studied using pLaTO for
control of data collection and analysis.
Also, heart-rate correlates of insight
were studied using the system for stim-
ulus presentation and response.

Rath says that several needs are
still apparent in the field of computer
teaching. One is the need for serious,
thoughtful, and scholarly studies of
methods and techniques of computer
instructional systems. This means: a
better analysis of the techniques of using
computers in educational environments
with appropriate cost-effectiveness anal-
ysis; a finer description and evaluation
of early production trials of computer-
assisted systems; specific evaluations of
the experiences of having teachers and
administrators carrying out, administer-

ing, and running computer instructional
systems; and further development of use-
ful performance measures. The inception
of large on-line time-sharing multipro-
cessed educational data-processing sys-
tems in universities, Rath argues, makes
the response to these needs urgent.
(IEEE Trans. on Human Factors in
Electronics, June 1967.) )

Radio-Frequency Measurements. Be-
cause of the demanding requirements
of military and space applications, many
important improvements have been
made recently in the science and art
of RF measurements, and because of
their currency, many of these improve-
ments are not yet covered by today’s
textbooks. Now, however, they are avail-
able for the first time in one volume,
the first special issue of the PROCEEDINGS
or THE IEEE to be devoted exclusively
to the extensive subject of radio-fre-
quency measurements. Although many
readers may not have an immediate
reason for becoming acquainted in depth
with the science and art of radio me-
trology, which this issue attempts am-
bitiously to cover definitively, they may
at least wish to read the introduction by
guest editors R. W. Beatty and B. O.
Weinschel, which “*places” the papers in
the issue, interprets the trends in RF
measurement, and tries to stir up in-
terest in the kinds of challenges facing
radio metrologists. Even if these papers
do not “kindle the interest of young en-
gineers and physicists in this basic, all-
important, wide-open field of scien-
tific investigation,” the collection of
techniques discussed will bring the in-
terested engineer and scientist up to date
and give him a convenient reference on
the state of the art of accurate RF mea-
surements.

In all, the issue has ten editorial and
general articles describing activities of
professional, semigovernmental, and
governmental bodies that further re-
search and establish standards, and 31
papers on specific technical subjects
grouped under four categories: fre-
quency and time; electromagnetic quan-
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tities; measurements from millimeter
through optical wavelengths; and appli-
cations of RF measurement techniques.
It is pointless to try to detail the suo-
jects of these papers here. Just a few of
the general observations of Beatty and
Weinschel should be much more useful.

For instance, an engineer ought 10
be familiar with the accuracies of RF
measurement presently available vis-a-
vis operations or facilities he may be
planning. Otherwise, he will not know
whether to plan for corresponding lead
times to upgrade his measurement capa-
bilities.

Also, a realistic knowledge of the
limitations of measurements permits
the systems engineer to specify and verify
with greater confidence the RF prop-
erties of the interface for a component
or subsystem so that devices produced
in separate, specialized facilities operate
satisfactorily and cooperate efticiently
when assembled. The engineer needs
higher confidence in the accuracy of RF
measurements to facilitate economical
mass production of systems utilizing the
specialized skills of many suppliers.
Excessive uncertainties result in uneco-
nomical overdesign and often in over-
weight.

So much for why the engineer-user
ought to know the state of the art.
The extension of the art itself permits
the exploration of new phenomena, and
new phenomena, in turn, create new
measurements. Examples of this inter-
play between measurements and research
in an ascending spiral appear in radar
technology, microwave spectroscopy,
masers, and lasers.

For those who might think of working
directly in the field, it is said that there
are challenging frontiers and undevel-
oped areas in RF metrology and its ap-
plication to mass production. For in-
stance, the pursuit of accuracy in RF
measurements requires the analysis
of errors and the evaluation of limits of
uncertainty. This is usually the most
challenging aspect of this type of
research since the measurement tech-
niques themselves often are relatively
straightforward. The solution of prob-
lems in radio metrology requires great
skill, ingenuity, analytical ability, and
perseverance on the part of the
metrologist. Solid-state and atomic
physics, circuit theory, electromagnetic
theory, and advanced mathematics are
used, and some problems require ex-
ceptional experimental ability. Radio-
frequency metrology, urge the guest
editors, needs both its artists and its
scientists to produce excellent measuring
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instruments and the means to calibrate
and evaluate them. Newcomers are
wanted. (Proceedings of the IEEE, June
1967.)

Charge-Storage Diode Vidicon. A
theoretical development that may have a
significant impact on the vidicon camera
tube art is reported in a current issue of
the IEEE TRANSACTIONS ON ELECTRON
Devices. The author of the work, Paul
H. Wendland, presents a theory for the
design of junction diodes that can simul-
taneously exhibit high photosensitivity
and a reverse-biased dark charge-stor-
age time greater than !z, second. His
calculations have been specifically car-
ried out for silicon and germanium
photojunctions. The significance of the
theory, which many readers of the
ProceeninGgs of THE IEEE should es-
pecially appreciate, is that the charge-
storage problem associated with the use
of narrower-band-gap materials as vidi-
con targets is overcome. That is, a
mosaic array of relatively small-band-
gap, low-resistivity semiconductors could
be used as the photosensitive target at
or near room temperature.

Vidicons, which are well-known and
widely used television camera tubes, use
the phenomenon of photoconductivity
to transduce light into electrical sig-
nals. It is particularly important that
the relaxation time of the photoconduc-
tor be substantially greater than the
1.,-second television raster scan time
if a different signal is to be generated
by the illuminated and nonilluminated
regime of the target when they are
scanned by the readout electron beam.
In addition, a fast time response at all
light levels is desired.

Wendland presents experimental data
for single-element photojunctions in
silicon, constructed according to the
theoretical specifications for obtain-
ing long-time dark-state charge stor-
age. Wendland says that although a
mosaic array of such junctions has not
been fabricated, he believes it to be
within the capabilities of state-of-the-
art microelectronic technology. (P. H.
Wendland, “A Charge-Storage Diode
Vidicon Camera Tube,” [EEE Trans.
on Electron Devices, June 1967.)

Evolutionary Techniques. This issue
of spECTRUM features an article on the
proposed development of evolutionary-
type machines to enhance the control
and perceptual skills of their human
users. By contrast, the current issue of
the IEEE TRANSACTIONS ON SYSTEMS
SCiENCE AND CYBERNETICS contains

an article describing a specific evolu-
tionary procedure, carried out by com-
puter, to solve a traditional engineering
problem.

The author calls attention to the re-
cent interest in applying the principles
of biological evolution to solve decision-
oriented problems. To apply this prin-
ciple, a competing colony of solutions,
along with a test for survival and a
means for reproduction, are necessary.
Initially, a colony of solutions can be
randomly created and, if necessary, ad-
justed to perform a certain function.
After this stage, the solutions are com-
pared according to some performance
index and unsatisfactory ones elim-
inated. Finally, new solutions must be
produced from mutations and from
selective combinations of the remaining
solutions.

The problem selected by the author
to test the feasibility of evolutionary
techniques has to do with process iden-
tification. Most present practical iden-
tification methods yield satisfactory ap-
proximations to most linear and to sev-
eral nonlinear plants, but do not in
general give good models for plants
containing highly nonlinear or nonana-
lytic blocks such as saturation and dead
zones.

The distinguishing characteristic of
an evolutionary procedure for process
identification is the dynamic competi-
tion among many models to optimize a
performance index that relates their con-
formance with the process. Those models
that do not satisfactorily duplicate the
process characteristics are exterminated
and those that perform satisfactorily are
allowed to remain and reproduce. Thus,
beginning with a randomly created
colony of models, a satistically steady-
state colony might be reached in which
most members closely approximate the
given process.

In this study, the author wrote com-
puter programs to synthesize six com-
peting models and programs to adjust,
combine, and eliminate these according
to their performance with respect to the
actual process. He found that although
the use of evolutionary techniques is
promising for identifying processing
having nonlinear and/or nonanalytic
properties, it is also, at the present time,
very costly with respect to computer
time. The author concludes with some
suggestions about future studies. (H.
Kaufman, “An Experimental Investiga-
tion of Process Identification by Com-
petitive Evolution,” [EEE Trans. on Sys-
tems Science and Cybernetics, June
1967.)
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An Introduction to Computer Graphic Termin-
als, M. M. Lewin—The reader is introduced
to some of the fundamental hardware and soft-
ware aspects of typical CRT display consoles.
Techniques for accomplishing display refresh
are explained. The evolution of the CRT con-
troller, from a device that simply includes a
pair of digital-to-analog converters to a sys-
tem that is a rather sophisticated, special-
purposc hybrid processor (including analog
function generators and digital control logic),
is developed. Means by which a user generates
display  processor interrupts,  particularly
those associated with graphic input devices,
are described. The use of clectronic *pens”
for uscr interaction with a display is then ex-
plained. Finally, the software structure for a
typical graphic processor is discussed from a
functional point of view. The linkage between
a high-level symbolic picture description and
the CRT “machine language™ display file, via a
sct of generation subroutines, is described. The
calling of picture modification programs by an
interrupt analysis routine is also explained.
Rceasons for the need of a linked-list data
structure are presented.

Surge Impedance, C. F. Wagner—In the con-
ventional treatment of traveling waves on
lossless lines, inductance and capacitince per
unit length of line are used. Such treatment
results in the usual concept of surge imped-
ance and only certain aspects propagate with
the velocity of light. The usual concepts of
inductance and capacitance are defined in
terms of their steady-state values. The treat-
ment presented  follows from  clectric ficld
concepts in which the propagational time de-
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lays are taken into consideration through the
use of retarded potentials. The current that
flows is determined when a unit EMF is sud-
denly inserted in serics in an infinitely long
isolated conductor of zero resistance. The cur-
rent cquals the treatment surge admittance
and its reciprocal is the transient surge im-
pedance. The surge impedance increases with
time in a determinable manner from a very
small value. When such a conductor forms only
the connecting leads to a pair of infinitely
long parallel conductors, the surge impedance
approaches the conventional value for the
parallel lines.

The Rotator—A New Network Component,
L. O. Chua—Discussed is a new lincar, re-
ciprocal, active two-port nctwork clement
called a *‘rotator,” of which there arc three
types: an R-rotator, an L-rotator, and a C-ro-
tator. They have the unique property that
whenever a nonlincar  resistor, inductor, or
capacitor is connected to one port of an R-,
L-, or C-rotator, respectively, the resulting
two-terminal network behaves as a new re-
sistor, inductor, or capacitor whose character-
istic curve is that of the original resistor, in-
ductor, or capacitor, rotated by a prescribed
angle about the origin. The rotator is realiz-
able by cither a w-network or a T-network of
lincar resistances, inductances, or capaci-
tances, Ht can also be realized by a balanced
lattice network of lincar elements. Opcrational
laboratory models arc reported, and experi-
mental data agree remarkably well with theo-
retical predictions, The sensitivity, power rat-
ing, and stability performances of rotators are
considered in detail, and practical stability
criteria arc given, They are shown to be indis-
pensable building blocks for realizing multi-
valued clements, and some potential applica-
tions arc described.

Digital Measurement of Narrow-Band Noise
Power, M. E. Tiuri, S. J. Halme——A digital
measurement method for narrow-band noise
power is described and analyzed in the case
of flat spectrum Gaussian noise. Noise power
is measured by counting the number of times
the noise voltage crosses upwards a fixed volt-
age level. The method should be useful in
noise-figure measurements, and by applying
it a digital radiometer can be constructed.
This digital radiometer has the same theoretical
sensitivity (about nine percent worse than the
best possible radiometer) as  conventional
radiometers now in use but offers several ad-
vantages in comparison with them. A switched
digital radiometer is somewhat more sensitive
to large gain variations than arc normal
switched radiometers.

High-Frequency Backscatter from Terrain with
Trees, J. G. Steele—The standing-wave method
was used to measure the radar cross scection
o of a flat picce of ground on which stood a
single tree. Mceasurements were made at 26
MHz at angles of clevation v up to 22.57,
by raising the transmitting antenna with a bal-
loon and moving the receiving probe along the
transmitter-target line by means of ropes. For
horizontal polarization, ¢ was a smoothly
increasing  function of . For ‘“vertical”
(polarization parallel to the planc of incidence
on the ground), ¢ increased rapidly up to 107,
then became fairly constant with a value of
6 m2 The sudden change in the slope of o(5)
is the knee effect suggested by previous ob-
servations. The Brewster angle was 147,
consistent with a theory that the knee should
occur a few degrees below the Brewster angle.
Below 15°, the cross section for vertical po-
larization was greater than that for horizontal
polarization by as much as 30 dB.

A Self-Scanned Solid-State Image Sensor, P. K.
Weimer, G. Sadasic, J. . Meyer, Jr., L. Meray-
Horcath, W. S. Pike—An cxperimental televi-
sion camera incorporating a completely in-
tegrated sclf-scanned solid-state image sensor
has been built. The integrated sensor includes a
photosensitive array having 32 400 picture cle-
ments, two 180-stage shift register scan genera-
tors, and associated video coupling transistors.
This large-scale integration of more than
100 000 components was carricd out in the la-
boratory entirely by evaporated thin-film tech-
niques. Each clement of the photosensitive ar-
ray comprises one er two photoconductors of
CdS or CdS-CdSe mixture, cach in series with
a diode. The 180-stage scan generators utilize
540 CdSc TFTs deposited upon a glass sub-
strate. Center-to-center spacing of clements in
the array and in the scan generators is 2 mils,
The array is scanned at conventional television
scan rates permitting the picture to be dis-
played upon a commercial television receiver.
The camera is connected to  the receiver
cither through a cable or through a UHF link
with camera and transmitter powered by a
self-contained battery, Camera circuits other
than the integrated sensor employ conven-
tional transistors and integrated components.
Progress toward the development of an im-
proved sensor having more picture clements is
outlined.

Wide-Band Pulse Compression Via Brillouin
Scattering in the Bragg Limit, D. /. Mc-
Mahon— The optical characteristics of a pulse
compression system using Brillouin  scatter-
ing in the Bragg limit have been studied. It is
found that the correct system geometry results
in a bandwidth that is as large as simple dif-
fraction theory predicts. The study shows that
the bandwidth of the system, for maximum
signal, is given by one half the total frequency
sweep of the incident chirped pulse and that the
expected dynamic range of signals that the sys-
tem can reproduce is of the order of 104 The
analysis also indicates how accurately the sys-
tem parameters must be controlled to achicve
the maximum compressed pulse signal.
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Proceedings Letters

Because letters are published in PROCEEDINGS
as soon as possible after receipt, necessitating
a late closing date, we are unable to include «
list here of the letters in the September issue of
PROCEEDINGS. The list will appear in the next
issue of SPECTRUM. Listed below are the letters
from vol. 55, no. 8, August 1967.

High-Power Semiconductor Devices

Determination of the Current Distribution in
Power Transistors by Use of Infrared Tech-
niques, R.J. Boncuk

Turn-On Action in Large-Area Controlled
Rectifiers, D. W', Borst

High-Voltage Thyristor Strings for Inverter
Applications, S. P.Jackson

Silicon Power Zener Transient Suppressors, O.
Sturm

Experimental  Study  of Avalanche Break-
down in Silicon Planar p-n Junctions, P. R.
Wilson

High-Power High-Speed Silicon Transistor,
P.J. Kannam, D. A. Walczak, T. L. Chu

Electromagnetics and Plasmas

The Fourier Transform of the Ficelds of Periodic
Structures Excited by Aperiodic Sources, R,
A. Sigelmann

Mecan Radar Cross Section of Finite Cylindri-
cal Wires: Dependence on Conductivity and
Frequency, A. Mayer

The Z-Transform and Unequally Spaced Ar-
rays, M. 1. Spellman, B. J. Strait

Wave Propagation in a Stratified Compressible
Magnetoplasma with a Static Pressure Gra-
dient, R. Burman

Comment on “‘Potential Equations for An-
isotropic Inhomogencous Media,” V. P.
Pyrati, B. R. Chawla, H, Unz

Circuit and System Theory

A Limitation of Power Consumption, F. M,
Reza

Gain Saturation in Crystal Mixers, P. Torrione

Linear Operators and Reciprocity, F. M. Reza

Lumped Equivalent Circuits of an Exponential
RC Line, M. N. 8. Swamy, V. Ramachan-
dran, B. B. Bhattacharyya

Electronic Circuits and Design

Nonlincar Effects of Negative-Resistance Am-
plifiers on Signals, R. O. Harger, D. J. Lew-
inski

Design of Resistance-Capacitance Null Net-
works, V. Ramachandran

Electronic Devices
Ficld-Effect Control of Conductance in ZnO
and Its Application to Image Storage, B.
Kazan,J. S. Winslow
Further Observations Above and Below Twice
the Gunn Threshold, P. L. Fleming
Charge Storage in Metal-Silicon Nitride-Sili-
con Capacitors, C. L. Hutchins, R. W'. Lade
Microwave Conductivity Anisotropy of Hot
Electrons in n-InSb at 77°K, H. W. Pétzl,
K. Richter
The Influence of a Transverse Electric Field on
Helicon Wave Propagation in InSb at 35
GHz, F.Seifert, H. W. Potzl
Comments on “Gate Leakage Currents in
MOS Ficld-Effect Transistors,” V. C. Negro,
E.J. Kennedy
"A Perturbation Method for Including Losses
in the Analysis of Varactor Harmonic Gen-
crators with Idler, J. I. Smith
Analysis of the Effect of Charge Storage on the
Frequency Response of SCRs, H.J. Kuno
Up-Conversion with Gunn-Effect Diode, S.
Sugimoto
Firing Sensitivity of Thyristors—Response
Time, E. Y. Rocher, R. E. Reynier
Ricke Diagrams for Avalanche Diodes Show
Performance as a Function of Load, E. M,
Datris
A New Optically Read Ferroelectric Memory,
S. E. Cummins
A New Bistable Ferroelectric Light Gate or
Display Element, S. E. Cummins

IEEE publications—A dvance abstracts

Optics and Quantum Electronics

InSb-GaAsP Infrared to Visible Light Conver-
ter, R.J. Phelan, Jr.

A Laser-Triggered 50-pps High-Voltage Switch
with Nanosecond Jitter, A. H. Guenther,
R. H. McKnight

Film Resolution and Holographic Record-
ings, D. J. Stigliani, Jr., R. G. Semonin, R.
Mittra

A Technique for Bandwidth Reduction in
Holographic Systems, K. A. Haines, D. B.
Brumm

Power Scintillations Due to the Wandering of
the Laser Beam, R, Esposito

The Probability Density of Light Energy from
Photoclectric Measurements, M. J. Pioroso,
L. P. Bolgiano, Jr.

Automatic Display of Large-Signal Instan-
tancous Impedance of Microwave Diodes,
J. M. Osterwalder

Correction to “*A Computer Algorithm for the
Synthesis of Spatial Frequency Filters,” J. J.
Burch

Communication Theory

Sequential Detection of Constant and Slowly
Fading Signals, N. D. Wallace

The Correspondence of Intermodulation and
Cross Modulation in Amplifiers and Mixers,
B. Ebstein, R. Huenemann, R. Sea, W. R.
Gretsch

Computers

A Word-Organized Continuous Film Memory,
K. Goser

Comments on **All Paths Through a Maze,”
A. Guzmdan, H. V. Mclntosh, D. Kroft

Communication Technology
More Comments on Phase-Locked Loop
Threshold, R. 1. Ridgway,J. E. Carter

Miscellaneous

Magnetoacoustic Delay Line Employing YIG-
YAG-YIG Configuration, J. H. Collins, D.
C. Webb

Higher-Order Terms in the Saddle Point Ap-
proximation, R. H. Schafer, R. G. Kouyo-
umjian

Stability Analysis of Neuristor Waveforms, R.
D. Parmentier

Detection of Transposition Errors in Decimal
Numbers, H. Freeman

Hamilton’s Principle for Lincar Piezoeclectric
Media, H. F. Tiersten

On Variational Techniques for Piezoelectric
Device Analysis, E. P. EerNisse, R. Holland

IEEE Transactions on
Antennas and Propagation

Vol. AP-15, no. 5, September 1967

Design of Dielectric-Covered Resonant Slots in a
Rectangular Waveguide, M. C. Bailey—A sum-
mary is given of the effects of a dielectric cover
upon the resonant frequency, the resonant con-
ductance of a longitudinal shunt slot, and the
power coupled out of a waveguide by a pair of
near circularly polarized crossed slots. Typ-
ical data curves are presented that illustrate
these changes due to variations in the diclectric
constant and thickness of the cover, A simple
modification of Stevenson’s free-space theory
for resonant slots radiating into a homoge-
neous diclectric half-space is used in conjunc-
tion with the plane-wave reftection coeflicient to
predict bounds on the conductance and power
vartations for dielectric thicknesses greater than
about one-quarter wavelength, The accuracy of
this simple theory in predicting measurements
on dielectric-covered slots is similar to the
accuracy of Stevenson's free-space theory
within about 9 percent for the shunt slots and
about 15 percent for the cross slots.

Radiation from an Infinite Aperiodic Array of
Parallel-Plate Waveguides, S. W. Lee—The
oroblem of radiation from an infinite array of
parallel-plate waveguides with an arbitrary
number of the guides being short-circuited is

considered. By Wiener—-Hopf techniques, the
reflected field in the waveguides and the radi-
atea far field in the empty half-space are ob-
tained, The results are then applied to evaluate
the “edge effect” of a finite array through nu-
merical examples,

An Experimental Study of the Antenna with
Nonreflecting Resistive Loading, L. C. Shen
The current amplitude, input admittance, and
radiation ficld pattern of a dipole antenna with
a step-function internal impedance were mea-
sured in the UHF range and compared with
theory. The zero-order theory gives accurate
descriptions of the current distribution, the
ficld pattern, the wide-bandwidth property, and
the existence of the traveling wave on the an-
tenna. The agreement in the input admittance is
not good, but it can be improved with the help
of the variational principle. The field pattern of
this resistive antenna when displayed as a 90
V-antenna was found to be directional and in-
sensitive to changes in frequency.

Antenna Arrays with Partially Tapered Ampli-
tudes, B. J. Strait—A new technique is pre-
sented for linear array design based on a form
of limited amplitude tapering. It is shown that
desirable  pattern  characteristics  can  be
achieved using an amplitude distribution that is
uniform over all but a few of the outermost
pairs of array clements, resulting in a partially
uniform array. This method applies equally
well to broadside and endfire arrays, and can be
used to place pattern nulls in one or more
specified directions or to eliminate virtually afl
radiation over one or more sectors of space.
When compared with Dolph—-Chebyshev arrays
corresponding to the same sidelobe levels,
partially uniform arrays provide a simpler exci-
tation scheme in general and, in some cases,
higher directive gain and a lower maximum-to-
minimum excitation ratio. Both theoretical and
experimental examples are given.

The Quasi-Near Fields of Dipole Antennas.
P. R. Bannister—The clectric- and magnetic-
ficld components produced by vertical and
horizontal dipole antennas (both clectric and
magnetic types) located over, on, or below the
surface of a semi-infinite conducting medium
are derived and presented for the quasi-near
range. (The measurement distance is much
greater than an carth skin depth, but much less
than a free-space wavelength.) Previously de-
rived results are brieflty summarized. The hori-
zontal separation p between the transmitting
and the receiving dipole antennas is comparable
to their heights. Thederivations are the result of
applying the quasi-near approximations to the
basic Sommerfeld integrals and, in some cases,
utilizing the reciprocity theorem. When p is
much greater than the antenna heights, the
formulas for the ficld-component expressions
reduce to previously derived results. It is ob-
served that some of the ficld-component ex-
pressions are characterized by unusual height
gain (or loss) functions. Some numerical values
for these functions are provided.

The Admittance of a Rectangular Waveguide
Radiating Into a Dielectric Slab, W'. F. Croswell,
R. C. Rudduck, D. M. Hatcher—The varia-
tional analysis of Compton is modified to we-
count for the surface-wave pole contribution to
the admittance of a waveguide-fed slot on a
ground plane covered with a low-loss dielectric
slab, The results of an extensive experimental
study to determine the ceffects of ground plane
and diclectric slab size upon waveguide admit-
tance are compared with calculations using the
dominant waveguide mode field as a trial solu-
tion. It is found that a waveguide terminated in
a flat flange is of sufficient size to approximate
the infinite ground plane assumed in the theory.
A disagreement of 20 percent was noted for
some thin-sheet cases, Based upon a thorough
theoretical and experimental investigation, it
was concluded that tolerances do not explain
the error; however, a measurement of the aper-
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ture ficld for cases where maxinum error oceurs
reveals significant distortions. Hence, it is con-
cluded that induced higher-order modes arc the
probable cause of disagreement.

Theory of Equiangular-Spiral Antennas. Part
I—Numerical Technique, Y. S. Yeh, K. K.
Mei— The integrat equation method is applied
to find the rigorous solutions of the current
distributions on conical, cquiangular-spiral
antennas of arbitrary spiral parameter and cone
angle. With a transcendental  interpolation
function, antennas up to 10X inarm length can
be caleulated. Comparisons of calculated and
cxperimental results are presented, indicating
excellent agreement. The computer program-
ming resulting from this investigation thus re-
places painstaking procedures of design, ©x-
perimentation, and optimization of cquiangu-
lar-spiral antennas by a few minutes of com-
puter calculations.

A Line Feed for a Spherical Reflector, G. C.
McCormick—-A line feed for a spherical re-
ficetor is considered on the basis of a planc-
wave spectrum of radiation angles. 1t is shown
that a feed excited by cireumferential slots re-
sults in a gain deterioration of at least 3 dB.
The correct excitation of the feed is indicated.
Expressions for ficld components in the focal
region are obtained.

Asymptotic Theory for Dipole Radiation in the
Presence of a Lossy Slab Lyingona Conducting
Half-Space, J. R. Wait The basic theory for
dipole radiation in the presence of a two-layer
half-space is outlined with special reference to
its use as a model for studying radio propagi-
tion through and over heavily vegetated terrain,
The source dipole may be located above or
below the top surface of the slab. The dipole
orientation is cither vertical or horizontal. The
asymptotic derivations for the ficld expressions
are carricd out without making the usual as-
sumption that the refractive index of the upper-
most layer is large compared with unity. The
final results exhibit the expected inverse squire
dependence of the fields on horizontal range.

Behavior of Non-Rayleigh Statistics of Micro-
wave Forward Scatter from a Random Water
Surface, C. I. Beard Mucasurements of the
phasc-quadrature components of the micro-
wave field forward-scattered from random
water waves have continued since the obscer-
vance in 1963 of non-Raylcigh probability dis-
wributions of the incoherent scattered  field.
Measurements of the variances of the phase-
quadrature components of the incoherent ficld
at various phase angles with respect to the co-
herent ficld have yielded new results not ex-
plained by planc-wave theory: (1) The equi-
probability ellipse of the phase-quadrature com-
ponents of the incoherent field rotates as a func-
tion of apparent surface roughness. (2) The ro-
ation of the equiprobability cllipse varics more
rapidly with roughness for “narrow"” surface il-
lumination and less rapidly for “broad” il-
lumination. (3) The greatest ratio of the two
variances appears to rise from unity with in-
creasing roughness to @ peak value (maximum
departure from Rayleigh), and presumably de-
creases at greater roughnesses. The data indi-
cate that nonplanar illuminating and receiving
wavefronts may be responsible for these di-
vergences from plance-wave theory.

Reduction of Scattering Cross Section of Dielec-
tric Cylinder by Metallic Core Loading, J. C.
Surean The criteria for minimization of the
total scattering cross section of a metal-core-
loaded diclectric circular cylinder for parallel
polarization are discussed. The rigorous ex-
pression for the scattered ficld in terms of ¢y-
lindrical harmonics is expressed in forms suit-
able for computer or hand calculation. The
phenomena by which a reduction in €ross sce-
tion is obtaincd are interpreted as resonances
for which exact conditions are given. It is
shown that when the diameter is less than half

114

the wavelength in the dicleetric, the condition
that minimizes the cross section is the cancella-
tion of the monopole term in the harmonic
series expansion. For larger diameters, the op-
timum condition corresponds to a compromise
between cancellation of the first term and
higher-order terms. Design curves are provided
over the pertinent range of parameters.

On Higher-Order Diffraction Concepts Applied
to a Conducting Strip, J. S. Yu, R. C. Rud-
duck—The derivation emphasizing cylindrical-
wave diffraction is given for a high-frequency
approximation to the difiraction of a plane
wave by a conducting strip. The resulting for-
mulation is basically the same as the formula-
tions of Kurp and Russck. The range of useful-
ness of this formulation has apparently been
unrecognized. The validity of the approxima-
tion presented here is checked by comparison
with the exact solution for strip difiraction; the
backscattered ficld for normal incidence is in
good agreement for strip widths larger than
0.55A and in fair agreement for widths as nar-
row as 0.125A. This approximation and
Keller's  geometrical  theory of diffraction,
which uses planc-wave diffraction coctlicients,
are compared with measurements made by
Ross. Difraction patterns and ccho widths for
various incidence angles are calculated for vari-
ous strip widths.

Geometrical Shadowing of a Random Rough
Surface, B. G. Smith—Iin the context of the
backscattering of waves from a random rough
surface, a theoretical model is used to investi-
gate the geometrical self-shadowing of a sur-
face described by Gaussian statistics. Expres-
sions are derived for various shadowing prob-
abilitics as functions of the parameter charac-
terizing surface roughness and of the angle of
incidence of the illuminating beam. The theo-
retical shadowing functions compare closcly
with those obtained experimentally from a re-
cent computer simulation of a Gaussian sur-
face.

Surface Waves on a Grounded Dielectric Slab
Covered by a Periodically Slotted Conducting
Plane, R. A. Sigelmann—The surface-wave
modes in a dicleetric slab covered by a period-
ically stotted conducting plane are investigated.
Two methods - sampling and variational—are
wsed to obtain the surface-wave modes. The
dispersion curves obtained by the two methods
agree very well. The experimental and the the-
oretical results arc in good agreement, except
close to the stopband.

Scattering from Inhomogeneous Plasma Spheres
in the Collisioniess Approximation, E. Buley
The scattering of clectromagnetic radiation
from overdense inhomogencous plasimas in the
collisionless approaimation is discussed, with a
radially varying plasma sphere used as illustra-
tion. 1 is shown that the clectric field is singular
at points where the local plasma frequency is
cqual to the incident frequency. In addition, it
is shown that absorption takes place even in
this limiting case, which cannot be ignored if
the approximation is to be valid.

Neasurements of Dipole Antenna Impedance in
an lIsotropic Laboratory Plasma, K. A. Graf—

The impedances of relatively long dipoles in an
isotropic laboratory plasma have been mcea-
sured at 9.2 GHz (X band). A helium plasma
was generated by discharging a capacitor be-
wween clectrodes in a eylindrical container ten
free-space wavelengths in diameter. Impedance
measurements were made in the decaying after-
glow plasma at electron densities both above
and below the critical clectron density (1012
em~3). The dipole antennas were fed from
miniature  solid-jacketed  coaxial cables  at-
tached to a waveguide on which the voltage re-
flection cocflicient was measured. The eflect of
plasma on the impedance of the dipole antenna
was derived theoretically by treating the di-
pole as a dissipative transmission line. The

theory described in a gualitative fashion the ob-
served impedance variation with clectron den-
sity for all the dipoles investigated. The mea-
surements indicated certain antenna impedance
propertics, duc to the plasma, which were not
accounted for by the simple theory.

Communications

A Simple Approximate Formula for Effcetive
Length of Lincar Receiving  Antennas, J.
Surutka, B. Popocic

On the Propertics of a Wave Reflected from a
Converter Array, W. M. Waters

A Note on Reflector Arrays, H. Kurss, W. K.
Kahn

Shunt-Feeding the Moderately Superdirective
Normal-Mode Helix, D. T. Stephenson, P.E.
Mayes

An Interative Solution of Fredholm Integral
Equations of the First Kind, C. D. Tarlor,
E. A. Aronson

Matrix Mcthods for Solving Antenna Prob-
lems, E. A. Aronson, C. D. Taylor

Discussion, R. I Harrington

A Parasitic End-Fire Array of Circular Loop
Elements, J. E. Lindsay, Jr.

Graphical Aids for Polarization Problems, P.
Beckmann

Radiation Influence Coetlicient, S. Sensiper

A Representation of Cylindrical Antennas for
Manpack Installation, 4. Rashid

On the Measurement of a Bifilar Complemen-
tary Helical Antenna, P.R. Wu

Radio Propagation Over a Gaussian Shaped
Ridge, L. A. Berry

On Coberent Detection of Scattered  Light,
T.S. Chu

An Asymptotic Ficld Calculation in the Pen-
umbra Region, B. Rulf

The Distortion of Electromagnetic  Pulses
Undergoing Total Internal Reflection in a
Stratified Troposphere, J. S. Nicolis

Phase of the Electromagnetic Ficld on the Sur-
face of an Inhomogencous Earth for Sky-
Wave Hllumination, J. R. Wait, K. P. Spies

Scattering by Edges: The Hemisphere, S. D.
Weiner

Antenna  Plasma Interaction in a Conical
Geometry, R. Kristal, P. Shizume

Plasma Antenna in a Nuclear Environment,
R. N. Ghose

Diclectric Spheroid in Anisotropic Medium
Under the Influence of Unitform Ficld, V. P,
Pyati

On Wave Propagation Along a Plasma Slab,
D. K. Sarkar, K. E. Lonngren

Further Commient on ‘*Microwave Propaga-
tion over Mountain-Diffraction Paths,” A. T.
Waterman, Jr., A. B. Carlson

IEEE Transactions on
Audio and Electroacoustics

Vol. AU-15, no. 3, September 1967

Speech-Processing Techniques and Applica-
tions, H. F. Olson, H. Belar, E. S. Rogers
The processing of speech involves the analysis,
coding, decoding, and synthesis of speech
sounds. The speech analyzer consists of nor-
malizers, syllable and syblet segmenters, sound
recognizers, SCquencers, adapters, and memo-
ries that convert the speech elements into a
code. The speech synthesizer converts the code
to speech by reproducing prerecorded speech
clements. There are many applications for the
speech analyzer and synthesizer, ranging from
limited vocabulary to complete communication
systems,

Experimental, Limited Vocabulary, Speech
Recognizer, C. F. Teacher, H. G. Kellett, L. R.
Focht——An experimental speech recognizer is
described that exhibits a high level of perform-
ance and is practical in terms of size, weight,
cost, and powcer consumption. High recognition
performance  is achieved by cmploying the
limited vocabulary approach and utilizing a
simple set of parameter extractors based upon
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the single equivalent formant theory conceived
and developed by one of the authors. Recogni-
tion logic for a vocabulary word consists of
circuitry for testing the levels and movements
of three parameter waveforms to determine
whether they conform to the conditions of ac-
ceptability for the particular word as found
from parameter data for a large number of
speakers, The recognizer presently responds to
the spoken digits “oh™ through *“nine” with a
recognition accuracy of 90 percent and an crror
rate of one percent on live utterances by
speakers who contributed the design samples,
and only slightly lower than this on other male
speakers of similar speech characteristics. The
recognizer occupies a volume of less than 0.8
cubic foot exclusive of microphone, indicator,
and power supplics, consumes less than 30
watts, and shows promise of a very low even-
tual cost per word.

Sastems for Compressing the Bandwidth of
Speech, B. Gold, C. M. Rader—Speech band-
width compression is based on what the authors
know about human speech production and per-
ception. This is the first in a series of papers
reviewing the articulatory, acoustic, and net-
work description of speech: it discusses the
bandpass compressor, which is a simple exam-
ple of a bandwidth-saving device.

The Squad Radio Exponential Horn and Driver,
D. S. Morris, D. I, Brinkerhoff—The eftective-
ness of the helmet-mounted Squad  Radio
AN'PRR-Y in a battleticld environment is
largely determined by the capability of the re-
ceiver to deliver adequate sound power to the
car of the user without impairing his ability 1o
hear sounds around him, During the develop-
ment of the Squad Radio receiver conducted by
the U.S. Army Electronic Research and Devel-
opment Laboratories in conjunction with the
Delco Radio Division of General Motors, ¢in-
phasis was placed an tinding a solution to this
problem. High audio power could not be used
to provide necessary sound power levels due to
the size, weight, and battery drain limitations
of the receiver. Thercfore, effort was placed in
optimizing the efticiency of conversion of ¢lec-
trical audio power to acoustical power. The
result of this effort is a low-cost, compact,
lightw cight exponential horn—driver unit that
will provide enough sound power to the user’s
car to overcome anticipated battlefield noise,
A computer program was used to analyze and
optimize the driver and horn parameters for
this application. Detailed requirements of the
horn—driver unit are discussed, as well as the
methods used in its development, and the per-
formance of the final units.

Correspondence

An Acoustical Application of the Logarithmic
Transformation to a Normally Distributed
Random Variable, D. C, Gause

IEEE Transactions on
Bio-Medical Engineering

Vol. BME-14, no. 4, October 1967

Parametric Sensitivity of Physiological Systems
—Prognostic Analysis, R. L. King-—Prognostic
analysis is a procedure for studying a broad
class of multivariable dynamic physiological
systems with respect to parametric changes.
The technique is basically an application of
sensitivity analysis and leads to a4 computer
method for extrapolating the observed behavior
of a system for a range of parametric deviations
about their nominal values due to operational
malfunctions. The essentials of the technique,
indirectly related to diagnosis, are presented,
and examples of its application are given,

Diclectric Properties of Osmium-Fixed Fryth-
rocytes, E. L. Carstensen, R. W. Smearing—
The deterioration of the membranes of
osmium-fixed erythrocytes after washing in

IEEE publications-—Advance abstracts

distilted water is demonstrated by a marked
drop in membrane resistance and an increase in
permeability of the cells to small solute mole-
cules. Yet when these cells are placed in dilute
salt solutions, their conductivity remains high,
The lower limit of the cell conductivity is
presumably determined by the counterions of
the fixed charges within the cell. Both the sta-
bility of the membrane and the fixed charge
concentration within the cell are found to de-
pend upon the pH of the fixing solution used
for preparation of the cells,

The Effect of Prior EEG “Coupling’’ Upon the
Visual Evoked Response, G. C. Galbraith--A
unique statistical technique is described that
appears to measure important interaction
processes within the central nervous system
(CNS). This statistic, termed *““weighted-average
coherence,” or C, is derived primarily from
parameters generated in cross-spectral  fre-
quency analysis. € has the useful property,

however, of summuarizing a larger amount of’

cross-spectral information into 4 more man-
ageable form. By applying € analysis to the
ongoing clectroencephalogram (EEG) it has
been possible to define unique patterns of inter-
action, or “coupling,” between different brain
arcas. The total pattern of EEG coupling is
tahen to define a given state of functional brain
organization, Morcover, since C is sensitive to
changes in the EEG, it also reflects something
of the dynamic properties of such brain organi-
zation, Multiple EEG signals were recorded
from a rhesus monkey with chronically im-
planted electrodes. Ongoing EEG activity re-
corded just prior to a sensory stimulus (light
flash) was submitted to an extensive computer
analysis in order to determine EEG coupling
relationships. Results showed that such preced-
ing brain coupling exerted a marked effect upon
the subsequently occurring visual evoked re-
sponse. These results support the meaningful-
ness of C as a measure of functional brain
organization and also provide a basis far
understanding how such organization is ef-
fected in the CNS.

The Design and Use of an FM/AM Radio-
telemetry System for Multichannel Recording
of Biological Data, J. R, Zweizig, R. T. Kado,
J. Hanley, W. R. Adeyr—A multichannel
telemetry system for EEG recording has been
constructed for study of animal or human
behavior correlates under natural, unrestrained
conditions. To be useful in rescarch of this kind,
the transmitted radio signal must be inde-
pendent of the environment, so that changes in
antenna loading and in signal level cause no
artifact. Standard IRIG proportional-band-
width FM subcarrier channels are used. These
subcarriers are generated by wwin-T oscillators,
modulated in turn by the amplified data sig-
nals. The FM subcarriers are then lincarly
summed and impressed upon a crystal-con-
trolled AM transmitter. The system is also
relatively insensitive to major shifts in supply
voltage. Wherever possible, fubrication was by
means of integrated circuits, thus reducing the
butk of the modules. When used in conjunction
with appropriate sensing electrodes, this system
yiclas accurate records, with subjects both at
rest and in motion, and for recording periods
as long as 24 hours, Electrical seizure data were
obtained in situations where an observer look-
ing for the typical tonic or clonic contractions
would have missed the pathological brain
activity, since there were no associated motor
signs, Recordings of longer duration than usual
are possible due to increased freedom of move-
ment by the subject,

Magnetic Susceptibility Meter for In Vivo Es-
timation of Hepatic Iron Stores, J. H. Bauman,
R. W. Hoffman—An instrument is described
for recording linear body scans of magnetic
susceptibility in living rats, The scnsor is a
transformer that employs a toroid core with a
large air gap. The magnetic propertics of sub-

stances within the gap afieet the reluctance of
the core-gap magnetic circuit, thereby aftecting
the transformer characteristics, To minimize
instability caused by temperaturce-induced
changes in core dimensions, the cores were
made of the low-expansion steel, Invar. The
secondary voltage of the measuring transformer
is compared with that of a similar reference
transformer with ditferences in this comparison
voltage pracessed by tuned amplification and
phase-sensitive detection, The sensitivity of the
instrument is limited by zero instability equiv-
alent to =0.06 X 10 % EMU/cm?® over 30
seconds with a precision of measurement of
+0.03 X 107 EMU/cm3 achieved by output
filtering. Studies using live rats demonstrate
that with this technique iron-loaded animals
can be distinguished from control animals be-
cause the high hepatic concentration of storage
iron in the liver of the experimental group ex-
hibits positive magnetic susceptibility. Con-
sideration of the transformer characteristics
suggests that similar, safe, and rapid measure-
ments of magnetic susceptibility can be made in
humans, although many other factors remain
as variables that must be evaluated before such
measurements can be used to quantitate iron
stores in patients,

A General Approach for Computation and
Interpretation of Dilution Curves, J. Melbin
A short appraisal is made of computerized
methods utilized in the evaluation of dilution
curves, Based on requirements of experimental
and clinical studies, a general on-line real-time
approach is proposed that increases informa-
tion retrieval from standard curves. A simple,
hybrid scheme tests for exponential or other
declines if desired. The point for curve extrap-
olation is determined by the test, which also
controls the character of the extrapolated
curve. Information obtained from the test
itself can define characteristics of the decline
and thereby vield insight into the character of
the system itself. As it tests for the desired
reference regardless of variations in indicator
curves, the technique offers both precision and
accuracy. Itis adaptive, in that individual needs
can be satisfied by adding tests, and/or moni-
toring checks, and/or adjusting coetlicients.
Approximations to required extrapolations can
be made at the discretion of the user. A par-
ticular configuration is presented that tests for
exponential decline. If decline is not exponen-
tial, as has been experienced in absence of re-
circulation, the procedure computes the actual
curve without substitution.

Conputer Fqualization of Low-Frequency Com-
ponents in Tape-Recorded Electrocardiographic
Signals, R. C. Arzhaecher, M. D. Woolsey,
D. A. Brodr—Low-frequency equalization of a
digitized electrocardiographic wavetorm has
been accomplished by adding to the waveform
several of its integrals, appropriately weighted.
The weighting factors required for correction of
distortion produced by a particular amplifier
are initially obtained from u least-squares cor-
rection of its step response, Neither analysis of
the amplifier circuit nor frequency-response
testing is necessary,

Cross-Correlation Techniques Applied to the
Electrocardiogram Interpretation Problem, G.
J. Balm—A study was made to see if a single,
casily recorded electrocardiogram lead can be
used-—employing a cross-correlation scheme

-to screen abnormal adult ECG waveforms
from normal waveforms, The study also sought
to classify the abnormal waveforms into their
respective disease categaries, Standard lead /
(the potential from left to right arm) was chosen
for the study. Only the QT interval, the part
of the heart cycle resulting from the clectrical
activity of the ventricles, was studicd. In addi-
tion to “normal”” ECG waveforms, four cardiac
diseases were studied: right and left bundie
branch block and right and left ventricular
hypertrophy. Studies were made to determine
the required sampling rate, the time and ampli-
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tude normalization procedures, the selection of
standard waveforms to represent various wave-
form categories, and the classification method.
Computer-run cross-correlations indicate that
abnormal waveforms (at lcast those represent-
ing the studied diagnoses) can be reliably
screened from normal waveforms, but more
than one clectrocardiogram lead waveform is
needed to distinguish a broad spectrum of
heart diseases and  classify them into their
respective discase categories.
Skort Communications
Biological Electrical Power Extraction from
Blood to Power Cardiac Pacemakers, M. E.
Talaat, J. Kraft, R. A. Cowley, H. Khazei
Filling of Micro-Pipctte Electrodes tor Intra-
cellular Recording, H. can den Ende

IEEE Transactions on
Broadcasting

Vol. BC-13, no. 4, October 1967

How Many Channels? Perspective on Some New
Challenges for Broadcast Engineers and Man-
agers, D. G. Fink

Single-Sideband Distortions of NTSC Color
Signals Due to Envelope Detection, N. W.
Bell—1It is pointed out that envelope detection
of single-sideband signals produces distortion
under some conditions. The color information
in the NTSC system is transmitted as a single
sideband. One effect of the distortion is to
change the saturation of colored areas. The
change in saturation is calculated for a standard
color-bar signal.

A Study of the Use of High-Power Medium-
Wave Broadcasting Transmitters in the Euro-
pean Area, A. S. W. Kershner-—An cngincer-
ing study has been made of the use of high-
power transmitters for providing medium-
wave broadceasting serviee in Europe and the
nearby arcas of North Africa and the Middle
East. The purpose of the study is to acquaint
U.S. broadcasting enginceers with the experience
and problems that have resulted from me-
dium-wave broadcasting allocations and oper-
ations in the European arca in recent years.
The Clear Channel stations operating in the
United States have, for some time, recom-
mended the use of transmitter powers con-
siderably higher than the present maximum
limit of 50 kW sct forth in the FCC Rules.
Only limited experimental operation with high
power has been permitted in the United States
and it is thus considered to be of interest to ex-
amine the results obtained with high-power
broadcasting in Europe.

Television Interlace Pairing: 1ts Effect on Detait
Response and Its Measurement, W. L. Hurford

The loss in detail response that results from
pairing in the camera and,or the monitor is
investigated. It is shown that there are two
componcents of degradation of the detail re-
sponse. One is due to the displacement of one
part of the image on one ficld relative to the
rest of the image in the other field. This rela-
tive displacement causes a loss in detail re-
sponse at all line numbers. The other com-
ponent is a truncation of the detail response
due to the ineflicient sampling, when the sam-
pling interval ts nonuniform. Mceasuring meth-
ods for the determination of percentage pair-
ing in both camcera and monitor are suggested.
These methods include both gqualitative eval-
uation and quantitative measurement,

IEEE Transactions on
Circuit Theory

Vol. CT-14, no. 3, Scptember 1967

Compensation of Parastic Capacitances in
Broadband Filters, J. Neirynck—Methods are
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presented to anticipate the effect of the coils’
parasitic capacitances in the implementation
of broadband filters. The case of uniform
parasitic capacitances Icads to a process that
is in some respect analogous to the classical
predistortion theory for losses: the compensa-
tion problem can be solved by operating
solely on the transmittance function. Limits of
realizability, independent of the filter struc-
ture, have been found for the cases of finite
terminations and short-circuited output. In
the case of nonuniform capacitances, methods
are described to generate equal shunt ca-
pacitances and to ecqualize the values of the
inductances. A numerical example has been
treated that allows a comparison of the various
methods described.

A Study of Recurrent Ladders Using the
Polynomials Defined by Morgan-Voyce,
M. N. S. Swamy, B. B. Bhattachary va-
The matrix parameters of a recurrent ladder
network with general series and shunt arms
arc derived in terms of a set of polynomials,
which were first defined by Morgan-Voyce in
his studies of the special case of a resistive
fadder. Since the polynomials are factorizable,
the matrix parameters can be conveniently
utilized to yield ncetwork response to any
given excitation. Also, the zeros and poles of
any nctwork function may be found in terms
of the zeros of these polynomials. For pur-
poses of illustration, response to a square-
witve input has been worked out in detail in
the case of an RC ladder. The chief merit of
the analysis lies in its simplicity and compact-
ness.

On the Realization of a Constant-Argument
Immittance or Fractional Operator, S. C.
Dutta Roy-— Mcthods for realization of an
immittance whose argument is nearly con-
stant at Ar/2, Al < I, over an extended fre-
quency range, are discussed. In terms of the
generalized  complex  frequency  variable s,
these immittanees are proportional to sA and,
as such, they are approximations of Riemann-
Louvitle fractional operators. First, a method
that is applicable for the special case A =
Y2 only is presented. This is based on the
continued fraction expansion (CFE) of the
irrational  driving-point function of a uni-
form distributed RC (URC) network; the
results are compared with those of carlier
workers using lattice networks and rational
function approximations. Next, two methods
applicable for any value of N between —1
and + 1 are discussed. Once is based on the
CFE of (1 + s™)°M; the two signs result in
two different circuits that approximate s N at
low and high frequencies respectively. The
other  method uses  clliptic functions  and
results in an equiripple approximation of the
constant-argument  characteristic. In - each
method, the extent of approximaition obtained
by wusing a certain number of clements is
determined by use of a digital computer and
the results are given in the form of curves of
we/w versus the number of clements, where w»
and  wy denote the upper and lower ends,
respectively, of the frequency band over which
the argument is constant to within a certain
tolerance.  From the lumped element net-
works, we derive some RC networks that can
approximate sM more  cffectively  than  the
lumped networks. The distributed structures
can be fubricated in microminiature form
by the use of thin-film techniques and should
be more attractive in terms of cost, size, and
reliability.

Parallel Interconnection of n-Port Networks,
A. Lempel, 1. Cederbauni—Parallel intercon-
nection of n-port networks without trans-
formers is considered, and a nccessary and
sufficient condition is given under which the
short-circuit admittance matrix (Y matrix)
of the resultant # port is equal to the sum of Y
matrices of the component 1 ports, The given

condition applics to nonsingular u-port net-
works containing a finite number of lincar,
lumped, and reciprocal R, L, and C clements.
A possible application of the results to the
RLC n-port synthesis problem is indicated.

The Existence of a Hamilton Circuit in a Tree
Graph, 7. Kamae-—The existence of a Hamil-
ton circuit in a tree graph was first proved by
R. L. Cummins. However, his proof is hard to
apply to the generation of all the trees in a
given graph. The new proof is straightforward
and concise, and also constructive and ap-
plicable to the tree generation. The outline of a
tree generation procedure is shown,

Number of Trees in a Cascade of Two-Port
Networks, B. R. Myers—Recurrence formulas
for the numbers of trees, port terminal-pair
two-trees, and  terminal  three-trees In a
cascade  of nonidentical two-port networks
arce presented. They are derived from counting
scries that provide a clear insight, not ap-
parent from the recurrence formulas them-
sclves, into the composition of the various
tree structures. These formulas and  series
reduce readily to the simpler forms that per-
tain when the networks in the cascade are
identical, confirming certain recurrence for-
mulas presented previously by Gruszezynski
tor this spcecial case.

Microwave Networks with Constant Delay,
J. 0. Scanlan, J. D. Rhodes— A genceral class
of transfer functions whose delay is constant
at all frequencies, and capable of realiza-
tion by commensurate TEM  microwave
nctworks, is presented. Examples of this class
where the transducer power gain has equi-
ripple behavior in the passband, the stop-
band, or both, are given, and forms suitable
for low-pass or bandpuss filters, or broadband
matching transformers are derived. The syn-
thesis of networks to realize all of these func-
tions is given in terms of closed formulas for
the necessary roots. In general, microwave
Brune, C and D scctions are required in the
realization,

Transmission-Line Filters Approximating a
Constant Delay in a Maximally Flat Sense,
I'. A, Abele—An cxact method is presented
to find transmission fuctors of transmission-
line filters that approximate a constant delay
in a maximally flut sense. The class of filters
considered is a doubly loaded arbitrary cascade
of transmission lines and open- or  short-
circuited stubs in sceries or in shunt, all cle-
ments being of equal length and nondispersive.
This includes a varicty of transmission-line
filters: N4 transformers, distributed low-pass
filters, stub filters of various configurations,
interdigital filters, cte. Explicit expressions,
valid for any order n of the filter, are derived
for the normalized transmission tactor and for
its squared magnitude and its phase on the
imaginary axis. In addition, a table and design
curves are provided tor the cases n = 2, 3, 4,
and 5 and an example is given to demonstrate
their use.

Network Topology and Stability of Time-
Varying RLC Networks, 7. Murata A
topological formulation of Liapunov stability
conditions for lincar and nonlincar time-vary-
ing RLC nctworks is presented. In other
words, Liapunov stability theorem for lincar
time-varying RLC networks obtained by Kuh
is formulated in terms of the tree or chord-set
products of the subnetworks derived from the
state-space  representation of  the networks
and the same approach is extended to the local
stability of nonlincar time-varying RLC net-
works. The new formulation provides sta-
bility information or stability criteria in terms
of network clements for lincar and nonlinear
time-varying RLC networks by inspection of
topology and network clements. The for-
mulation is illustrated in detail by the use of
examples.
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Steady -State  Analysis of Linear Networks
Containing a Single Sinusoidally Varying
Capacitor, J. V. Adams, B. J. Leon—A
method is presented for analyzing lincar time-
invariant networks containing a single  si-
nusoidally varying capacitor, The method is
based on difference equations, and yiclds an
cxplicit expression for the steady-state re-
sponse.  Error bounds are given whenever
approximations are made. A numcrical ex-
ample is included in order to compare the
method presented with the harmonic balance
method.

Exact Results for a Parametrically Phase-
Locked Oscillator, R. F. Keenan— An cxact
expression for dcetermining the form and
stability of solutions of the second-order
lincar differential equation governing a simple
tuned circuit with square-wave variable con-
ductance is  derived.  This  cxpression  is
numerically evaluated to provide mode and
stability  diagrams particularly relevant to
applications wherein it is desired to gencrate
oscillations that are phase-locked to an ¢x-
ternal  signal and  experimental  verification
of some of the data is given. Relative to non-
lincar-clement approaches to the synthesis of
phase-locked oscillators, the principal  ad-
vantage of the present method would appear
1o be that the locking-range accuracy and the
condition for oscillation do not rely upon o
particular nonlincarity but, instead, on the
extent to which a square wave cun be gener-
ated. Dcepending on  the application, one
disadvantage may be that, in contrast to the
results that have been obtained for previous
special-variation cases of Hill’s cquation, it
is difficult to lock the oscillator frequency to
an ceven integral multiple of one half the
pump frequency.

Characterization of Noise Performance of
Pumped Nonlinear Systems, V. K. Prabhu—
An attempt has been made to define exchange-
able amplitude and phase noise powers for
pumped nonlincar  systems.  The idea of
cascading of lincar lossless networks has been
introduced  for this purpose.  Meaningful
noise figures for the pumped nonlinear sys-
tems have been defined by comparing output
parameters  with  source  parameters.  This
definition of noise figures has the distinct
advantage that the figures that the author has
thus defined are invariant to any additional
fincar lossless transformations the user may
wish to employ.

Darlington Pulse-Forming Network, H. F.
Mathis. R. F. Mathis— A bricf discussion of the
Darlington pulse-forming network is followed
by a theorctical study of the cffects of a series
inductance at the input terminals and a shunt
capacitance at the output terminals on the
shape of the pulse produced. A group of
curves with normalized paramceters are pre-
sented in order to illustrate the various ways
in which the rise, the peak, and the decay of
a pulse for an idcalized magnetron  are
affected.
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Statistical Determination of Electromagnetic
Compatability, C. W' Stuckey, J. C. Toler—A
new approach to the prediction of clectromag-
netic compatibility between possible culprit and
victim cases is introduced. It is shown that this
approach, based on statistical descriptions of
case cmission and case susceptibility, leads
dircctly to the determination of the probability
of interference between randomly  oriented
equipments in operational situations, Results
of tests made using a technique to describe
statistically case emissions indicate that greater
measurement accuracy and repeatability can be
obtained with this technique than is inherent in
the case-cmission measurement methods cur-
rently in use. Mceasurements made on culprit
sources in a typical laboratory work arca using
the statistical technique were found routinely to
yicld results within & 1.5 dB of corresponding
atues measured in a “free space™ or ancchoic
chamber environment. When the techinique was
used with a hooded probe antenna, cqually
precise results were obtained in a shictded en-
closure. Used in conjunction with appropriate
statistical descriptions of case susceptibility,
case-emission data such as those accumulated
with the statistical technique discussed could be
used to predict the probability of clectromag-
netic compatibility in actual equipment lash-
ups.

Coupling Between Open and Shielded Wire
Lines Over a Ground Plane, R. J. Mohr- -Con-
venient expressions are derived, which permit
accurate determination of induced interference
in open (unshielded) wire and shiclded wire (or
coaxial) lines due to alternating and transient
currents. Curves and tables are presented for
obtaining key parameters in the calculation of
interference, The limitations of the derived ex-
pressions are set forth and an example inter-
ference problem is solved. Experimental veri-
fication of the analysis is presented.

Shielding Circuits from EMP, L, F. Babcock:

It is gencrally impractical to filter low-fre-
quency clectromagnetic pulse (EMP) signals
from victim circuits. Twisting sigral pair con-
ductors is helpful but often results in insufli-
cient isolation. The remainder must be provided
by shiclding. Highly permcable ferritic mate-
rials have generally been found to provide
maximum shielding from low-frequency mag-
netic ticlds. 1t is shown that this may not be the
case when the signal source is relatively distant
from the shicld. With large separation, there
appears to be a greatly increased mismatch be-
tween the wave impedance at the shield and
the intrinsic impedance of the metal. This re-
sults in much greater reflection of the imping-
ing wave than occurs for the same signal
strength with smatl source to shield separation.
The mismatch is greatest with a highly conduc-
tive shictd material. All common highty perme-

able materials have low relative conductivity.
High permeability does not improve the shield-
ing chicctiveness at low audio frequencies be-
cause no significant attenuation oceurs as the
wave passes through the shicld. 1t is concluded
that materials such as copper or aluminum are
logical choices for shiclding circuits from
distant, high-intensity, low-frequency clectro-
magnetic pulses.

Method of Assigning the Bandwidth to a Chan-
nel, S. A. Cohen—It is proposed that channcl
bandwidth assignment be determined using the
criterion that a prescribed fraction of the total
radiated power of a system be contained within
the channel. In order to apply this criterion to
any system, its spectral distribution must be
accurately known. Hiustrative examples are
given for this channel bandwidth computation
when  the output spectrum is (1) opticat
(Lorentzian) shape, (2) a Gaussian distribution,
and (3) an AM voice signal.

1larmonic Analysis of a 11alf-Wave Dipole and
Director Parallel to a Reflecting Plane, J. Gold-
hirsh, P. P. Lombardini-—When substantial
harmonic power exists at the input of a radiat-
ing antenna, a lobe structure will result that
may create a substantial interference problem.
In addition, the privacy of the radiating source
may be severely hampered. These harmonic
fields are gencrally dependent upon (1) the
order of the harmonic relative to the geometry
of the antenna, (2) the impedance the higher
harmonic **sces’™ at the antenna input, and (3)
the power available at the given harmonic. To
provide a measure of the scriousuess of this
problem, @ harmonic analysis of a particutar
type of antenna configuration is cxamined,
namely, that of a center-fed, thin half-wave
dipole with director parallel to a reflecting
plane. The active dipole is assumed Xo'4 away
from the reflecting plane and the director Ao/8
away from the active dipole. As a criterion to
determine the worst case situation, the antenna
is assumed matched at cach odd harmonic ex-
amined, and equal power is assumed fed at the
input. The resulting ficld patterns show: (1)
The presence of the director results in the intro-
duction of sidelobes at the fundamental fre-
quency in azimuthal plane. (2) The presence off
the director plays less of a role the higher the
harmonic. (3) In the meridian plane the side-
lobes become more intense, exceeding  the
forward-lobe intensity as the order of the
harmonics is increased. (4) In the azimuthal
plane, the sidelobe intensity is found to ap-
proach, but not exceed, the forward-lobe in-
tensity.

Charge Time of a Lincar Detector, /1. Akima
Assuming that the ac-source impedance has a
pure resistance only for the fundamental-fre-
quency component and zero impedance else-
where, the charging characteristics of a lincar
detector are analyzed, and the charge time is
determined as a function of the circuit con-
stants. Useful information on the design of a
lincar detector with specified charge and dis-
charge times is given. The U.S A, Standards
Institute method for measuring the charge time
of a lincar detector is also studied, and an im-
proved, simpler method is suggested.

Investigation of Choke Blinders for Feed [lorns
of Radar Antennas, F. L. Cuin, R. C. Johnson-

Previous studies with some reflector-type an-
tennas have shown that wide-angle radiation,
and consequently RFL, can be reduced by
using “*choke blinders™ on the E-plance edges
of feed horns, These choke blinders, which are
arrays of choke slots or grooves, were designed
such that the depth and the separation of the
slots were a quarter wavelength, Subsequent
efforts have been concerned with how various
design parameters affect the performance of
the choke blinders. Experimental studies were
conducted over a wide frequency band to ob-
serve the effects of varying the number, width,
spacing, and depth of the choke slots or grooves
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and of varying the angle, position, and length
of blinders on an X-band hoghorn. The data
presented in this paper enable one 1o make
a judicious choice of the appropriate design
paramweters.

Comparative Radio Noise Levels of Transmis-
sion Lines, Automotive Traffic, and RF-Sta-
bilized Arc Welders, E. N. Shomal— Radio
interference data that have been measured
throughout the frequency range of 30 Hz to
1 GHz on power transmission lines, automo-
tive traffic, and RF-stabilized arc welders by
many investigators have been assembled, con-
verted to a common system of units, and col-
lectively plotted. The resulting composite pre-
sentations permit an assessment of the relative
interferencee levels produeed by the three types
of radio noise sources. It is concluded that
below 25 MHz, lower-voltage transmission
lines and RE-stabilized arc welders are the
major incidental radio noise sources when the
observer is within 100 feet of the source. Above
40 MHz, automotive traflic and lower-voltage
transmission lines are the major radio noise
sources, with neither appearing to be con-
sistently the greater when an observer is within
S0 feet or less of the source.

FABRIC, An Analysis Concept for Making
Comnuinications Syvstems  Frequency  Assign-
ments, /. M. Sachs - A frequency-assignment
concept based upon the use of mutual inter-
ference charts is discussed. 1t can be used to
assign frequencies among networks of com-
munications equipments. The model is desig-
nated  FABRIC, since it develops  Frequency
Assignment By  Reference  to Interference
Charts. Designed to provide a logical develop-
ment of frequency assignments for any arbi-
trary deployment of such cquipments, the
model can take into account both single inter-
ference signal coupling relationships, such as
spurious responses, spurious emissions, etc.,
and multiple interference signal effects, such as
transmitter and receiver intermodulation and
cross-modulation.

A Computer Expression for Predicting Shield-
ing Effectiveness for the Low-Frequency Plane-
Shield Case, C. M. Ryan- A computer expres-
sion for predicting the shielding effectiveness of
an infinite plane shicld has been developed for
low frequencies (below 50 kHz). It is shown
that this expression, which arises as a special
case of the sotution of the general wave equa-
tion, is a sum of the attenuation term of
Schelkunoft’s transmission theory and a re-
mainder, which is in integral but calculable
form. The computed results are in excellent
agreement with values obtained experimentally
for aluminum, copper, and steel. Application
to cases involving highly ferromagnetic mate-
rials is hampered by difticulties in determining
permeability and its dependence on frequency
and ficld strength,

Parameter Sensitivity Analysis of an AM Voice
Communication Electromagnetic Compatibility
(EMC) System, M. N. Lustgarten— A gen-
eralized approach to EMC analysis and mea-
surement requirements is given, considering
relative parameter importance as well as the
inhierent uncertainties in input variables, output
criteria, and consequent operational decision
making. A sample problem is provided that
iltustrates the results obtained when three dif-
ferent criteria are employed.

IEEE Transactions on
Electron Devices

Vol. ED-14, no. 9, September 1967

(Special Issue on Semiconductor Bulk-Effect
and Transit-Time Devices)

Characterization of Bulk Negative-Resistance
Diode Behavior, J. 4. Copeland---Over certiin
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ranges of frequency bulk negative-resistance
diodes can act as amplifiers or as oscillators
depending on the doping, length between con-
tacts, and external circuit. This behavior can
be divided into four classes: Gunn oscillation,
stable amplification, 1SA oscillation, and bias-
circuit oscillation. These four classes of be-
havior are discussed generally,

Small-Signal Behavior of Gunn Diodes, R.
Holstrom——Calculations  of small-signal  im-
pedance have been made for Gunn diodes
over a broad range of length and bias current
density, taking into account the spatial in-
homogeneity of the de clectric field. The nature
of the impedance functions was found to vary
with these parameters, and was distinctly dif-
ferent for amplifying diodes, oscillatory diodes,
and diodes biased below the threshold for
active behavior. Nyquist stability analysis was
used to relate the impedance behavior to the
effects of circuit and bias level on oscillatory
and amplifving behavior. The results of this
analysis are found to be in good agreement with
experimental observations of other authors,

Microwave Circuit Characteristics of Bulk GaAs
Oscillators, D, C. Hanson, J. E. Rowe—The
microwave circuit characteristics of bulk GaAs
transit-time mode and LSA mode oscillators
have been evaluated experimentalty and theo-
retically, Experimental measurements were per-
formed with a waveguide-coaxial microwave
circuit having two experimental degrees of
freedom in which the circuit radiation im-
pedance at the device contacts was evaluated
by a dyadic Green’s function method. Ex-
periments conducted in three rectangular wave-
guide circuits at fixed bias voltage have es-
tablished that the LSA mode frequency tuning
range is determined by the magnitude and varia-
tion of the circuit series inductance Xy, rela-
tive to the device low-field resistance R, At
a bias voltage twice threshold, the tuning
range is given by 124 £ X;/R, £ 2.4. No
fixed, linear equivalent circuit characterizes the
LSA mode. Analysis and experimental re-
sults indicate that the device impedance of
small-signal  transit-time mode  oscillators
changes from a passive parallel RC impedance
well below threshold to an impedance just above
threshold that can be approximated by a series
RLC circuit, The series L and € decrease
lincarly with transit-time mode harmonic order
number.

Detailed Theory of the Negative Conductance
of Bulk Negative Mobility Amplifiers, in the
Limit of Zero lon Density, [{. Aroemer

The complex admittance behavior is calculated
for a bulk negative conductivity semiconductor,
such as n-type GaAs, in the limit of zero doping
and zero trapping, when all electrons are due
to space-charge-timited emissions from  the
cathode. Two different approximations are
used : in the first, in closed analytical form, elec-
tron diffusion is neglected: in the second, by
computer simulation of the internal space-
charge dynamics, it is included. Both approxi-
mations agree at low frequencies where they
predict a positive device conductance. Both
predict a negative conductance, of slightly
different magnitude, at frequencies around the
reciprocal electron transit time. At higher
frequencies, the diffusionless theory predicts
slowly damped conductance oscillations: dif-
fusion effects strongly increase the damping,

An Analytic Approach to the LSA Mode,
1. B. Bou, C. Hilstun—The conditions neces-
sary for operation in the LSA mode, and the
efliciencies that can be obtained, have been
calculated for a range of low-field mobilitics
in GaAs, The expression chosen to describe
the velocity field characteristics allows direct
solution of the integrals that occur in the theory
and the extension of the results to include GaAs
with differing values of low-field  mobility.
It has theretfore been possible 1o present equa-
tions for the various parameters of interest,

which are a function of low-field mobility.
The results of the calculations indicate that
efficiency increases with low-field mobility,
but that the range of values of clectron con-
centration frequency, becomes more restricted
as the mobility is increased.

Doping Uniformity and Geometry of LSA
Oscillator Diodes, J. A. Copelund—For maxi-
mum dc to RF power conversion efliciency,
the de and RF clectric field amplitudes must be
properly related throughout the volume of an
LSA diode. Space charge due to a few percent
fluctuation in the relative doping can distort
the electric field enough to reduce the maximum
attainable  efficiency.  Standing-wave  effects
with the diode limit the width in the direction
of wave propagation to about 0.04 free-space
wavelength.

1.SA Operation of Large-Volume Bulk GaAs
Samples, W. K. Kennedy, L. F. Eastman, R. J.
Gilbert— Peak pulse powers of 350 watts with
3 percent efficiency at X-band frequencies
were obtained from large-volume GaAs de-
vices operating in the LSA mode. Experimen-
tal dependence of the LSA mode on circuit
loading, applied voltage, and the ratio of car-
rier concentration to frequency are reported.
The results are shown to be in excellent agree-
ment with Copeland’s theoretical calculations.
The high-current state frequently observed in
GaAs samples is shown to result from impact
jonization in the high-ficld portion of dipole
domains. A simple expression is derived re-
lating the sample length and carrier concentra-
tion to the voltage at which switching to the
high-current  state  occurs. The  prevention
of high-field domains to permit LSA operation
of long samples at high voltages is briefly dis-
cussed.

Measurements of the Current-Field Strength
Characteristic of n-Type Gallium Arsenide
Using Various lligh-Power Microwave Tech-
niques, G. A. Acket, J. de Groot--Determination
of the current density/field strength character-
istic of n-GaAs in the range of negative dif-
ferential mobility is made difficult by field dis-
tortions and instabilities. These problems are
climinated by using microwave heating of the
clectrons. Various microwave technigues and
the results obtained by them are described.
Data on materials of various conductivities
are presented. The influence of energy-relaxa-
tion and material properties are discussed.

Localized Temporary Increase in Material
Conductivity Following Impact lonization in a
Gunn-Effect Domain, J. S. Hecks, A. D. Woode

1t has been found that raising the applied
bias on a long sample containing a high-field
domain can result in a temporary increase in
material conductivity over the region of the
sample traversed by the domain while the higher
bias was applied. The effect can be explained
in terms of intrinsic impact ionization within
the domain in the presence of a deep impurity
level. The measured decay time of the “mem-
ory™ is consistent with a capture cross section
of about 107 ¢m?, for clectrons at the deep
level, indicating that the empty center s
neutral. Conversely, the filled center will have
a high-capture cross section tor holes. Follow-
ing intrinsic impact ionization in the domain
the mechanism is believed to involve the rapid
capture of holes at the filled centers and a sub-
sequent relatively slow return of the extra elee-
trons to the empty centers. The deep impurity
level is thus responsible for fixing the memory
in position in the material and also for in-
hibiting the emission of recombination radia-
tion during impact ionization,

Lincar Negative Conductance Amplification
with Gunn Oscillators, H. W. Thim—Lincar
microwave amplifiers with continuous power
outputs of 100 mW have been constructed
utilizing the frequency-independent negative
conductance observed externally in Gunn os-
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cillators. This negative conductance is exhibited
only in samples containing propagating dipole
layers, in other words, no-L must be larger
than 1012 ¢cm 2 for n-GaAs. The output power
obtainable from this amplifier is substantially
larger than that from a subscritically doped
GaAs amplitier (no-L < 10!2 cm?) ™ because
1o+ L can be increased. Power output and effi-
ciency are discussed in terms of n, and L.
The upper frequency limit for amplification is
determined by the time the domain takes to
readjust itself after a change of external voltage,
which lcads to an upper limit for the f-L
product (about 108 cm/s). The essential fea-
ture of the amplifier circuit is to provide both a
short circuit at the Gunn oscillation frequency
and a broadband circuit at the signal frequency.
An average gain of 3 dB was exhibited from
5.5 GHz to 6.5 GHz. Gain compression of 1
dB occurred at 60-mW output power with 9
dB gain, and the noise figure was about 19
dB.

The Performance of X-Band Gunn Oscillators
Over the Temperature Range 30°C to 120°C,
1. B. Bott, H. R. Holliday—The output power
of a cavity-controtled Gunn oscillator has been
measured at a frequency of 10 GHz, as a func-
tion of bias voltage over the temperature range
30°C to 120°C. The measurements were made
using 500-ns pulses to avoid significant changes
in device temperature during a pulse, and at a
duty cycle of 20:1 to maintain a low mean in-
put power. The device was operated in a coaxial
cavity made of Invar, and temperature control
effected by operating the cavity in an oven. It
has been found that there exist ranges of bias
voltages over which power output and cffi-
ciency is extremely sensitive to temperature
changes, and that, depending on the partic-
ular conditions, power output can either in-
crease or decrease, The ceffect of increasing tem-
perature has also been found to reduce the bias
voltage required to obtain maximum powet
output and cfliciency.

Some Properties of Gunn-Effect Oscillations in a
Biconical Cavity, . S. Hobson-—Experiments
have been performed to measure the parameters
of epitaxial GaAs cavity-controlled Gunn
oscillators with nl ~ 1012 cm ™2 over the fre-
quency range of 7 to 20 GHz. It is found that
individual devices exhibit a large variation of
transit frequency with bias voltage and this Jis
related to their performance in a cavity. The
real and imaginary parts of the device reactance
under cavity-controlled operating conditions
and the RF voltage swing across the device
have been measured, These are discussed :n
the tight of presently available analytical
theories,

The Selection of GaAs Epitaxial Layers for
CW X-Band Gunn Diodes, C. Hilsum, J. R.
Morgan—Results are reported on 1000 diodes
made from about 50 GaAs epitaxial layers.
The layers are classified for quality according
to the power output of the average device, and
the correlation between quality and epitaxial
layer thickness [ and resistivity p examined.
It is shown that the quality cannot be linked
to the thickness or resistivity alone, but is
closcly connected with the ratio of thickness to
resistivity. Ninety-five percent of all slices with
4.5 < l/p < 10 yicld good results, It is shown that
this is in good agreement with theory.

Gunn Effect in CdTe, G. W. Lidwig—The re-
sponse of n-type CdTe to pulsed clectric ficlds
has been examined. In the best units prepared
to have a uniform cross section, the current
remains ohmic to good approximation—
almost to threshold. Above the threshold field
of (13 %= 2) kV/cm, well-defined Gunn oscilla-
tions are observed with a spike amplitude 35
to 50 percent of the total current. A domain
drift velocity ¢4 = 7 X 10¢ ecm/s, a ficld out-
side the domain E1 = 7 kV/em, and a domain
ficld E2 2 37 kV/cm is estimated. After a few
nanoscconds of operation, however, current
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runaway occurs in units showing the spiking

mode of oscillation, presumably because of

carrier ionization induced by the moving high-
field domains.

Contribution to the Experimental Study of the
Gunn Effect in Long GaAs Samples, P, Guétin—
Some experimentally observed features of the
Gunn cffect in long samples (0.1 to 0.4 cm)
of GaAs with a resistivity of 1 to 4 -cm at
room temperature are described. The normal
behavior of current oscillations and the effect
of inhomogencities may be qualitatively well
understood if the characteristic of the excess
voltage in the high-field domain versus the
clectric ficld outside it are taken into account.
Thus it is shown that when a domain moves
through a sample with doping inhomogencities,
its velocity remains almost constant at cvery
point inside the specimen whereas the current
fluctuation is rather large from oneregion to an-
other. Fields in excess of 130 kV/em were found
to exist in domains that always present a tri-
angular shape. Changing the starting point of a
domain has been casily achieved by putting a
grounded coil along the side of a long sample.
The following new pheneomena are reported:
(1) Transient changes take place in material
conductivity in normal conditions of operation
and also when a sample containing a high-field
domain is subjected to an additional negative
voltage spike. (2) Recombination radiation
occurs in specimens with a resistivity of 1 to
4 Q-cm operated in the trigger mode. This emis-
sion is associated with a switching of the current
and correspondingly the domain takes a new
configuration in which the maximum ficld is
only 25 kV,em or less. (3) Migration of tin
occurs due to the effect of the high-field do-
main. At cach domain transit, the length of
migration is about 4 A,

Generalized Small-Signal  Analysis of Ava-
lanche Transit-Time Diodes, B. Hoeffiinger

The one-dimensionat small-signal analysis of

avalanche transit-time diodes with distributed
multiplication is reduced to the concept of two
lasers in cascade, each having a constant ion-
ization rate. The interface is located in the dis-
tinguished neutral plane of equal dc clectron
and hole currents, In this configuration, the
small-signal problem is characterized by two
parameters; namely, the location of the neutral
planc in the depletion layer and a quantity
combining the ionization-rate ficld dependence
and the total direct-current density. Normal-
ized admittance diagrams and small-signal
growth rates are given that show the relative
importance of the low-transit-angle mode
where the frequency is smaller than the ava-
lanche resonance frequency and the = mode ex-
tending almost to 2= for large current densities.
Through a transformation, the results are
applicable to Read-type, abrupt, and uniform
junctions of Si, Ge, and GaAs avalanche
diodes.

A Small-Signal Theory of Avalanche Noise in
IMPATT Diodes, H. K. Gummel, J. L. Blue-

A general small-signal theory of the avalanche
noise in IMPATT diodes is presented. The theory
is applicable to structures of arbitrary doping
profile and uses realistic (a # B in Si) ioniza-
tion coeflicients, The theory accounts in a self-
consistent manner for space-charge feedback
effects in the avalanche and drift regions. Two
single diffused n-p diodes of identical doping
profile, onc of germanium and the other of
silicon, are analyzed in detail, For description
of the noise of the diodes as small-signal ampli-
fiers the noise measure M is used. Values for
M of 20 dB arc¢ obtained in germanium from
effects in the depletion region only, i.e., when
parasitic end region resistance is neglected.
Inclusion of an assumed parasitic end resist-
ance of one ohm for a diode of area 1074
cm? produces the following noise measure at an
input power of 5 X 104 W/cm¢, and at optimum
frequency: germanium, 25 dB: silicon, 31 dB.
For comparison, a noisc figure of 30 dB has

been reported for a germanium structure of the
same doping profile as used in the calculations,
Measurements of silicon diodes of the same
doping profile are not available, but silicon
diodes typically give 6 to 8 dB higher noise
figures than germanium diodes of comparable
doping profile,

Microwave Si Avalanche Diode with Nearly-
Abrupt-Type Junction, 7. Misawa—Micro-
wave Si avalanche diodes with a nearly-abrupt-
type junction have been made. The maximum
output power so far obtained in CW operation
is 1.1 watts at 12 GHz with an efficiency of
7.7 percent. The maximum efficiency observed
is 8.0 percent. The improved performance over
the previously reported pun structure, for
which the best result was 250 mW at 12 GHz
with an cfficiency of 2.8 percent, results from a
reduction in length of the avalanche region in
the abrupt junction, In the previously reported
puvn diode the efficiency is still sharply increas-
ing at the burnout point, whereas in the pres-
ent diode the efficiency is nearly saturated at
the burnout point. The advantages and dis-
advantages of using different polarity of the
diode (p on n or n on p) and ditferent material
(Ge) are given, Small-signal theory was used
to analyze device operation,

Composite Avalanche Diode Structures for In-
creased Power Capability, C. B. Swan, T.
Misawa, L. P. Marinaccio—The possibility of
operating several avalanche oscillator wafers
in parallel to obtain higher power and/or
higher ecfficiency CW operation is explored
analytically and experimentally, Experiments
show that over a wide range the efficiency is
roughly proportional to the power density in
the semiconductor, The power densitics re-
quired for good efficiency are very high and
cannot be achieved in large-arca junctions
without an excessive temperature rise caused
by the thermal spreading resistance of the heat-
sink material. The scheme delineated considers
small-urca  wafers  spaced  sufficiently  close
clectrically that they operate as a single ava-
lanche oscillator whereas their physical sep-
aration permits essentially independent heat
sinking, It has been found that, as expected,
the cfliciency for CW operation improves ap-
proximately inversely with the diode diameter
whereas the power capability for a given size
of wafer increases directly with the number of
such wafers employed. The relative merits of
mounting diodes on copper and on diamond are
discussed. Experimental work indicates that the
present approach is capable of producing 10 to
15 watts CW at 14 GHz in a single oscillator
with available silicon diodes.

Two Types of Microwave Emission from InSb,
H. Morisaki, Y. Inuishi—Two types of micro-
wave emission from InSb plasma subjected in
the crossed clectric and magnetic ficlds were
investigated experimentally, From the simul-
tancous measurements of Hall effect and micro-
wave emission, the threshold condition of the
one type of emission was obtained as (w,rc)®: -
AnZ 3 X 10 em ™% where w., 7. and An are
clectron cyclotron frequency, relaxation time,
and clectron-hole pair density, respectively,
It was also found that the Hall mobility showed
anomalous decrease above the threshold, The
emission power of the other type of emission
shows maximum value at several values of the
applied magnetic field lower than the threshold
of the noise-type emission, These characteristic
magnetic ficlds were not influenced by current
density except for a slight change in the fow-
current-density region,

Microwave Instability in n-Type Indium Anti-
monide, G. Bekefi, A. Bers, S. R. J. Brueck—
Indium antimonide emits microwave noise
when it is subjected simultancously to paratlel
dc clectric and magnetic ficlds whose values
exceed certain thresholds, Comparison of the
emission characteristics at 77°K with those at
4.2°K shows two major differences: (1) The
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threshold magnetic field at 4.2°K is approxi-
mately half that at 77°K. (2) With increasing
magnetic field the emission at 4.2°K is com-
prised of a background continuum upon which
are superposed equally spaced resonant spikes,
At 77°K, the background continuum only is
observed. A theoretical model for the threshold
characteristics is presented based on the as-
sumption that the observed instability arises
from phonon excitation by the drifting clec-
trons,

Cyclotron Waves in InSb, J. M. V. Nieuwland,
M. T. Viaardingerbroek—The propagation of
cyclotron waves through InSb is studied. The
frequency used was 140 GHz (N = 2,14 mm)
and the de magnpetic field strength was be-
tween 0 and 10 kG. Theory and experiments
are in reasonable agreement.

Current Oscillations in CdS Caused by Acousto-
electric Domain Motion, A, Ishida, Y. Inuishi—
Current oscillations caused by acoustoelectric
domain motion were investigated in semicon-
ducting and photoconducting CdS at room
temperature, Oscillatory behaviors of the cur-
rent are closely connected with the domain
motion. Four diftferent behaviors of the domain
were observed in several samples. In the homo-
gencous semiconducting CdS, the domain is
built up through local amplification of thermal
phonons due to spatial fluctuations of phonon
density distribution,  Its  “‘formation site”
depends upon the applied clectric field. In the
inhomogencous ones, the domain is usually
formed at the region of clectric-ficld concen-
tration. In the homogeneous photoconducting
CdS, damped oscillations of the current were
observed. The domain formation may be at-
tributed to amplification of acoustic shock wave
generated at the cathode. In the inhomo-
geneous ones with a high-resistivity region
near the anode, the domain is formed at the
high-resistivity region and it scems 1o be
dragged by some acoustic stimulations such as
shock-excited acoustic waves. Formation time
of the domain was also investigated in the
homogencous semiconducting CdS. Conduc-
tivity dependence of it seems to support the
quantum theory but exclude the White’s formu-
lation,

Field-Effect Transistor (FET) Bibliography,
H. F. Storm—This list of references contains
over 200 entries, but no claims are made as to
its completeness, The references for the era
1939 through 1963 refer to field-effect transis-
tors, in general, and were obtained mostly
from J. T. Wallmark’s article “The Ficld-Ef-
feet Transistor—an Old Device with New Prom-
ise” (IEEE sprcirum, pp. 182-191, Mar. 1964).
The subsequent references (1964 1o mid-1967)
relate predominantly to insulated-gate field-
effect transistors, designated in the literature as
1G-FETs. Often, more specitic terms are used :
for a structure consisting of a metal gate,
insulating tayer, and semiconductor substrate,
the term MIS-FET appeared in the literature,
If the insulating layer is an oxide, the terms
MOS-FET or MOST are widely used. If the
1G-FETs are fabricated by the so-calied **thin-
film” process, then they are called thin-film
transistors, and are designated in the literature
by TFTs; however, notall TFTs are FETs.
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Gunn Oscillator with One Electrode Split,
A. Nordbotien

Injection Priming of Pulsed Gunn Oscillator,
B. G. Bosch, 1. Pollmann

Generation of Subnanosecond  Pulses  with
Bulk GaAs, R. I, Fisher

High Pcak Power Epitaxial GaAs Oscillators,
B. k. Berson, Y. Narayan

Electrical  Performances of GaAs  Epitaxial
Gunn-Eftect Oscillators, 1. Murikami, K.
Sekido, K. Ayaki

Two-Port Microwave Amplification in Long
Samples of GaAs, 2. N. Robson, G. S. Kino,
B. Fay
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Design of Gunn Devices for CW Operation,
R. Becker, B. G. Bosch

The Gunn Effect in #-CdTe, M. R. Oliter,
A. G. Foyt

Failure Modes in Silicon Avalanche Transit-
Time Microwave Devices, J. F. Schueck,
T. A. Midford

Effects of Uniaxial Stress on Siticon Avalanche
Transit-Time Oscillators, T. A. Midford,
H. C. Bowers

IEEE Transactions on
Engineering Management

Vol. EM-14, no. 3, September 1967

Dynamics of R&D Activity. J. R. Schnittger—
A conceptual analysis is presented which is a
method of reducing the fundamental tech-
nology of any company. Venn diagrams and
matrix formulation are used to apply the tech-
nology of the company in diversitied arcas.
The simplest entropy concept of information
theory is employed to describe the manage-
ment of a development program; selection of
the portfolio is included. A unique queuing
model is employed that yiclds the influence of
the “load” and the R& D organization on the
number of projects satisfactorily completed
during a budget period.

Experience as a Factor in the Selection and Per-
formance of Project Managers, /. M. Rubin,
W. Seelig—The study reported focuses first
on the relationship between a project manager's
background characteristics and certain char-
acteristics of the projects he is asked to manage.
The impact of this decision process is then ex-
amined by relating project manager experience
and project characteristics to measures of
project performance. The findings indicate
that organizations select their oldest and most
experienced project managers to direct large,
high-priority projects. Performance is then
supcrior without relation to the project man-
ager’s total experience, but in relation to the
high priority given larger projects. With the
exception of a measure of “*growth in responsi-
bility,” nonc of the measures of the project
manager's experience were found to bear any
direct relationship to project performance.

The Relationship Between Interstate Variations
in the Growth of R&I) and Economic Activity,
1. Horowitz— The relationship between regional
R&D growth and subsequent regional eco-
nomic growth is analyzed empirically. The
rates of growth from 1920 to 1964 are cal-
culated for various cconomic variables and
R&D in the 48 contiguous states, The correla-
tion cocflicients of the growth equations mca-
sure consistency in growth. These cocflicients
are then analyzed via a correlation procedure.
The results suggest that regions enjoying the
most consistent rates of growth in R&D uc-
tivity will subsequently enjoy, if not the most
rapid economic growth, the smoothest and
most consistent pattern of future cconomic
growth,

The Present Value Criterion in Military In-
vestments, V. L. Broussalian—Since the bene-
fits of a military investment are not market-
able, the investment itself is also not market-
able. 1t follows that there is no way in which the
cost profile of such an investment can even
conceptually be varied, except by government
borrowing or by adoption of an alternative
investment. Henee, in the absence of borrowing,
a cost stream represents a unique profile of
resource withdrawal from the private scector
of the cconomy. Yet the computing of a pres-
ent value of such a cost stream would imply
that it is exchangeable, at least in principle,
with all streams that have the same present
value of two specific cost streams (of two mili-
tary investments) and cannot be a proxy for
the comparison between the two proliles of
resource withdrawal which the cost streams

represent. It is pointed out that government
can resort to public borrowing to change the
profile of taxes necessary to pay for the invest-
ment, and thus, to some extent, change the
profile of real resource withdrawal from the
private sector. If the borrowing and taxing
operations could result in predictable real re-
source withdrawals, then @ present value cri-
terion, using the borrowing rate as the discount
rate, could be formulated: Of two cost
streams, the one with the lesser present value
would permit resource withdrawals that dom-
inate those that the other would permit. Un-
fortunately, the state of the art has not ad-
vanced to the stage where such predictions
could be made with any degree of confidencee.

Management Engineering and Forecasting, P. 4.
Clarier-—An important feature of dealing with
overall management problems is the fact that
the cconomic behavior of a company is aver-
aged over a fixed quantum of time, i.c., one
year. Because economic variables arce ycarly
averages, the cconomic world is endowed with
a periodic substrate. The economic world is a
sort of crystal, and economic variables behave
much in the manner of physical entitics in
crystals.

The Need for an Organized Approach to EMI
(Electromagnetic Interference) Control, R. D.
Goldblum—Electromagnetic interference con-
tro! refers to the ever-increasing problem of
controlling the adverse effects of EMI on clec-
tronic equipment. Atmospheric noise due to
the phenomena of solar radiation and the
ionosphere is one form of ambient interference,
but man-made noise adds to the ambient solar
interference and increases the ambient inten-
sity by many orders of magnitude. Descrip-
tions are given of several undesirable effects
of man-made interference. The interference
problem is discussed, as well as many reasons
for concern, An approach to EMI control is
suggested, including the outline of a proved
EMI control program.

IEEE Transactions on
Human Factors in Electronics

Vol, HFE-8, no. 3, September 1967

Spelled Speech as an Output for Computers and
Reading Machines for the Blind, K. R. Ingham

The development of a speech display system
for the blind built around the TX-0 and PDP-1
computers at the Massachusetts Institute of
Technology is described. The system, dubbed
SopaNG,” was designed to permit the applica-
tion of a variety of sound-compression tech-
nigues to be used. Spelied-speech alphabets and
displays were developed. An investigation of
the letter sounds was carried out for the pur-
pose of revealing the positions where cuts
could be made so as to achieve high reading
rales yet retain smooth coalescence. ldentifica-
tion of the positions of these cuts could be made
with gross features of the acoustic waveform,
Cuts of more than 30-ms duration could be
made in the region of the articulatory transi-
tions for the consonants, and very acceptable
representations of the letter sounds could be
obtained by preserving this region for the
vowels, Finally, the overlapping of letter utter-
ances as a compression technique was accom-
plished with subjects experiencing very little
difticulty for overlaps corresponding to reading
rates of 90 and 120 words per minute,

Internal Modcls and the ltuman Instrument
Monitor, R, D. Smallwood -A general struc-
ture for the quantitative modeling of human
operator behavior is discussed. The primary
features of this structure are (1) the mathe-
matical description of the updating of operator
information state by an internal model of the
environment and (2) the assumption of optimal
behavior on the basis of current state of infor-
mation. An application to simple instrument
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monitoring is presented. A first- and second-
order internal model are studied and the sec-
ond-order internal model is shown to predict
human sampling behavior that is more con-
sistent with the experimental data,

An Experimental Study of Hhmuan Operator
Models and Closed-Loop Analysis Methods for
High-Speed Automobile Driving, W. W, Wier-
wille, G, A, Gagné, J. R, Knight--The investiga-
tion described was aimed at obtaining informa-
tion about the way in which the human being
controls an automobile at high speed on a
winding road. A dynamic systems approach
was taken, and three dificrent classes of models
were postulated, The optimal models in these
classes were then obtained for data taken from
three subjects in a driving simulation that pro-
jected o large moving roadway image. The
three subjects were chosen in such a way as to
make possible (1) a comparison of driving be-
havior and compensatory tracking behavior of
subjects with similar backgrounds, and (2) a
comparison of driving behavior of a4 male sub-
ject with technical training and driving behav-
ior of a female subject without technical train-
ing. This behavior was quantitatively defined
by synthesizing optimal modcls from the ex-
perimental data, using the digital computer.
The models were then used to perform closed-
loop man-machine system servo analyses of the
automobile driving tasks and the correspond-
ing tracking tasks. It is clearly demonstrated
that, under idealized conditions, standard con-
trol system techniques may be extended to
make possible the quantitative study of the
control of an automohile at high speed by a
human operator.

Two-Dimensional Manual Control  Systems
with Separated Displays, W'. /. Levison, J. I.
Elkind—The results of a current study of muiti-
variable manual control systems are presented.
The objectives of this study are to investigate
the human controller’s behavior in multivari-
able control situations and to develop models
of the controller that take into account both
the monitoring and the control functions that
he typically performs in such systems. A serics
of two-variable manual tracking experiments
was performed in which subjects were required
to view two scparated displays and operate two
control devices to control the system. Perform-
ance was measured as a function of the display
separation, the foreing function bandwidth, the
task difficulty, and the controlled-clement dy-
namics, Human controller describing functions,
eye movement distributions, and normalized
mean-squared tracking crror were obtained.
Mecasurements of human controller deseribing
functions when a single display is viewed pe-
ripherally for control of a single-variable system
were also obtained. A model for the human
controller in the two-axjs control situation was
developed. 1t was tested against the data and
was found to be a good predictor of perform-
ance. Extensions of this model to higher-dimen-
sion systems are discusscd.

IHuman Performance in a Cross-Coupled Track-
ing System, E. P. Todosiect—Human tracking
performance in a two-axis system with cross-
coupling was evaluated by modeling the human
opcerator with an asymmetric lattice network, A
speetral analysis technique was developed pre-
cisely to identify each clement of the network,
Approximate identification is possible by using
a less complex model-matching technique, Four
compensatory tracking system configurations
with various degrees of symmetrical and asym-
metrical cross-coupling were investigated. De-
coupling cquations were analytically derived
that permit prediction of the cross-coupling
clements in the lattice model in terms of the
uncoupled eclements and the plant dynamics,
Analysis of a tracking experiment indicated
that a trained human operator could essentially
uncouple a coupled two-axis system with sec-
ond-order plant dynamics, provided the cou-
pling was such that the operator was not re-
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quired to introduce a 180-degree phase shift in
generating the decoupling signal.

The Adaptive Respouse of the Human Con-
trolier to Sudden Changes in Controlled Process
Dynamics, D. C. Miller, J. I. Elkind— A model
is presented for the process by which a trained
human controller detects, identifics, and adapts
to changes in the gain and polarity of 4 com-
pensatory velocity control system. The results
of some experiments designed to test the model
against actual human behavior are described,
The features of the model that are explicitly
tested are: (1) a detection process in which
contemporary signal detection theory is applied
to a variable that represents the difference be-
tween observed and expected system response
to control movements: and (2) an identification
process in which the human controller chooses
that member of an ensemble of mental models
of the controlled process that best accounts for
the observed system behavior, Other features
of the model that were not explicitly tested but
that appear rcasonable are: a modification
process in which the human controller very
rapidly adjusts his tracking behavior to suit the
new modet that he has chosen, and an optimiza-
tion or “*fine-tuning™ process in which he ad-
justs his behavior to minimize his tracking
error.

Muscle Action Potential and Iland-Switch Dis-
junctive Reaction Times to Visual, Auditory,
and Combined Visual=Auditory Displays, M. J.
Wargo, C. R. Kelley, D. J. Prosin, M, B.
Mitchell—Muscle action potential and hand-
switch disjunctive reaction times of three male
subjects to visual, auditory, and combined
visual-auditory display were observed. Muscle
action potential responses were found to be
considerably faster than hand-switch responses.
Within cach response mode, reaction times
with the combined display were faster than
visual display reaction times.

Rotary Dial and Thumbwheel Devices for
Manually Entering Sequential Data, R, L. Dein-
inger—A rotary telephone dial and a device
consisting of ten thumbwheel switches in a
single array were compared in terms of user
speed, accuracy, and preference. Where a com-
pletely different telephone number was used
during cach trial, the thumbwheel device took
20 to 60 percent longer than the rotary dial and
was disliked by nine out of ten subjects. In
contrast, where the successive trials involved
telephone numbers with the same prefix, the
thumbwheel device took 40 to 60 percent less
time than the rotary dial and was preferred by
eight out of ten subjects. Error rates were low
and the same on both devices,

A Review of Quasi-Linear Pilot Models, D. 7.
McRuer, H. R. Jex—During the past several
years, an analytical theory of manual control of
vehicles has been in development and has
emerged as a useful engineering tool for the ex-
planation of past test results and prediction of
new phenomena. An essential feature of this
theory is the use of quasi-lincar analytical
modecls for the human pilot whercein the models’
form and parameters are adapted to the task
variables involved in the particular pilot-ve-
hicle situation. The current state of these
models is summarized, including background
on the nature of the models: experimental data
and cquations of deseribing function models
for compensatory, pursuit, periodic, and multi-
loop control situations; the effects of task vari-
ables on some of the model parametcrs: some
data on “‘remnant”; and the relationship of
handling qualitics ratings to the model para-
meters.
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A Laboratory Display System Suitable for
Man—-Machine Rescarch, W. W. Wierwille,
G. A. Gugné, J. R. Knight

Motor Unit Myoclectric Control, A. Stein,
D. H. Lewis
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Furopean Developments in Resistance Welding,
W. E. Masing—The United States has played
and still plays the leading role in the develop-
ment of the resistance welding technique. Spot
welding of both structural steel in heavy con-
struction and light alloys are mentioned in the
carly thirtics. The first mercury-rectifier con-
trolled resistance welding machine was shown
in Europe about the same time. Control tech-
niques have developed along the same lines as
in the United States. Some unusual technigues
of nondestructive testing, presently being de-
veloped in Europe, are outlined. Details of a
flash-butt welding machine are given, The co-
operation of welding societies and rescarch
bodics within Europe and the European con-
tribution to the International Institute of Weld-
ing are explained.

Dynantic Evolution of Events Accompanying the
Low-Voltage Discharges Employed in EDM,
T. O. Hockenberry, E. M. Williums--Expcri-
mental studies of the evolution of events ac-
companying a transicnt, low-voltage sparkover-
initiated discharge between closely spaced clec-
trodes in a liquid diclectric are deseribed, The
discharge parameters and the electrode con-
figuration are similar to thosc found in clec-
trical discharge machining (EDM) applications.
High-speed photomicrographic records of the
dynamic evolution of the discharge column and
the gas bubble created by the discharge arc
presented. Additional photographic evidence of
the details of clectrode metal erosion dynamics
is given. The photomicrographs suggest that
metal crosion tukes place at the beginning of
the discharge current pulse and after the termi-
nation of the discharge current pulse.

Secondary Feedback in On—Off Electric Ileat-
ing Processes, W. K. Roots, F. Walker—Scc-
ondary feedback is used in the on-off control
of clectric heating to reduce the cycling time,
but usually the secondary feedback loop is in-
correetly designed and the droop error results.
New concepts and techniques are introduced
for analyzing the dynamies of a secondary feed-
back loop, and new design criteria are derived
whereby the benefits of secondary feedback
can be obtained without incurring the droop
penalty.

A Temperature Control and Electric FHeating
Bibliography, W. K. Roots, F. Walker—This
bibliography of more than 200 references has
been selected to provide a background for re-
scarch and development activities in tempera-
ture control and electric heating. In the first
section of this bibliography the references are
listed in the numerical order in which they
relate to the paper “*Sccondary Feedback in
Ou-OfY Electric Heating.” In the second part
they are indexed under the salient subject head-
ings.

The Need for Group B Equipment, R. Loewe,
R. Scott—It is pointed out that the increased
usage of hydrogen in the nuelear and acrospace
industries has multiplied the need for suitable
electric equipment for Group B applications,
both for Division I and 2 of Class I. Although
there is almost a complete line of items on the
approved lists for Group D, almost nothing is
found in comparison for Group B. By approved
lists is meant that of Undcrwriters Labora-
torics, Inc., Canadian Standards Association,
and Factory Mutual. Users such as Argonne,
not being subject to the stringent rules of local
inspection authorities, can use what are often
called “approvable” items——items that, on the
basis of manufacturer’s tests, are believed to be
approvable if submitted to Underwriters, cte.
The National Electrical Code (NEC) provides
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egal definitions for Class, Division, and Group.
The Recommended Practice RPSO0A of the
Awmcrican Petroleum Institute provides help for
refinery and similar classification  problems.
The three means available for use in hazardous
arca work are explosion-proofing, intrinsic
safety, and purging and pressurization. The
existing lists of approved items show such
things as fittings, receptacles, lights, starters,
switches, flexible connectors, telephones, and
loudspeakers. The so-called approvable items
include panclboards, ground detectors, valves,
pressure switches, and a limited number of
other items. Some of the pioneering work has
been done in European laboratories, especially
in the ficld of intrinsic safety. Among items
developed in Europe, but not in the United
States, are motors for hydrogen service. Among
the items that could be developed in the United
States are drains, breathers, portable lights and
flashlights, motors, large starters and contac-
tors, and many items of control and instrumen-
tation.

Industrial Torque Measurements Using Mag-
netostrictive Torquemeters, 7. H. Barton, L.
Solar- -A magnetostrictive torque transducer
comprises a length, of the order of six inches,
of solid or hollow shaft of ferromagnetic mate-
rial cquipped with magnetization and signal
pickup windings. A variety of stationary and
rotating coil systems can be employed, but all
are characterized by a mutually perpendicular
arrangement of the magnetization and pickup
coils so that no voltage is induced in the latter
by the alternating magnetizing current at no
load. Torque diverts some of the flux to the
pickup coils, the EMF thereby produced being
a measure of the torque. A correctly designed
transducer has a lincar transter characteristic
and is capable of directly operating a robust
meter. It is insensitive to fluctuations in supply
voltage and, because it normally operates at
low stress levels, the shaf't portion is of great
stiffness and has high overload capacity. If a
small speed dependence can be tolerated, both
exciting and pickup coils can be stationary.
For the highest accuracy, of the order of £0.2
percent, the exciting coil must rotate with the
shaft.

Mode-Dependent Time Constants in Electric
Space Heating Processes, W. K. Roots, J. T.
Woods, F. M. Wells, R. M. Tull- Adequate
comfort conditions in any space-heating pro-
cess can be assured only ifa good understanding
of the dynamic temperature variations is pos-
sessed. The vast majority of published literature
considering the system dynamics assumes that
the temperature variations have an exponential
increase or decrease with time, and hence that
the thermal system can be modeled by lincar
RC cquivalent circuits. These lincar models
have a severe restriction in that the time con-
stant of the exponential variations remains
constant under all counditions. A few published
articles giving experimental data have indicated
that in discontinuously controlled clectric heat-
ing processes the system time constant during
heating (active time constant) is not necessarily
the same as the system time constant during the
interval in which no heat is supplied (passive
time constant). Experimental data, taken under
rigidly controlied conditions, are presented that
conclusively show that the active and passive
time constants of a typical residential structure
using eleetrie heating are not necessarily equal.
An analytical model which accounts for the
difterence in these time constants is introduced,
and the time constants are presented in terms
of the model paramcters. Finally, the method
for measuring the system time constants is out-
lined, and a simplified graphical method of ex-
tracting all system parameters necessary for an
analysis of the system dynamics under control
is derived. These tests showed that in a single-
disturbance environment chamber, of the type
commonly used to test space heating systems,
the time constant increases from 15 to 20 per-
cent, measured at typical occupant locations, as
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the process changes from its active to its passive
mode. Previously published analytic techniques
should be modified to cater for the mode vari-
ance of the process time constant.

Interferometers for Use as Integral Parts of
Machine Tools, R. Schede—A simple, compact
laser interferometer has been developed for use
as a length-measuring transducer on various
types of machine tools. The size, which is less
than a two-inch cube, and rugged construction,
with all optical components glued or otherwise
rigidly secured, make mounting on machine
tools an incxpensive operation; and the units
do not interfere with normal machine opera-
tion. The design requirements ol interferom-
cters for these applications are discussed with
the specific critical design features of this unit.
This includes clectronic as well as optical de-
sign. These interferometers have been used on
both manually operated machines and auto-
matic numerically controlled units where the
interferometers act as the feedback elements,
luspection machines with their higher accuracy
requirements have received most of the instal-
lations, but fabrication machine installations
have also been made. The operating experience,
which extends over a year on some installations,
is discussed in relation to present-day limita-
tions and drawbacks. Photographs of instal-
lations with the interferometer and the actual
interferometer package are shown.

Electrified Railroad Supply from Utility Trans-
mission Systems, W. S. Einwechter, B. A. Ross

-Problems are examined that are associated
with utility supply to single-phase, 60-Hz rail-
way loads from the three-phase utility trans-
mission system. Supply techniques and limita-
tions are recommended that will insure satis-
factory operating conditions from both utility
and railroad standpoints. Service aspects con-
sidered include: reliability and supply station
facilities, phase and voltage unbalance effects,
anticipated power factor, harmonics, radio,
and inductive interference. There appeir 1o be
no insurmountable problems associated with
supplying foresceable railway loads from utility
high-voltage transmission systems and no re-
quirement for railroad transmission fucilitics or
special balancing equipment exists.

Design Data for a Multiple-Output DC Regula-
tor System, R. E. Weber, E. S. McVey—— The
analysis of a new multiple-output de regulating
system is presented. Regulation is achieved by
switching between two ac levels in the primary
of the power transformer. One output is pre-
cisely regulated because it is used for control
purposes. The other outputs are essentially in-
dependent of line voltage, but do have regula-
tion associated with the voltage drops in their
filter inductors and rectifiers. Equations needed
for design are plotted in a normalized manner.
Load current must not become less than the
critical current required by the filter inductor if
regulation is to be maintained. A design exam-
ple illustrates the use of the informition pre-
sented earlier in the paper. Basic circuit con-
cepts are included.

Specialized Apparatus for Testing Subway
Cars, F. W. Roberts—Methods of making tests
of a varied nature on subway cars are described
and details of picces of apparatus are given,
Instrumentation for recording braking tests is
discussed and followed by discussion of rapid
distance recording. A novel form of speed-
ometer is detailed and its special drive mech-
anism is described. A brief comment on accel-
crometers is followed by opinions on the cri-
teria for desirable current-voltage recorders.
The need for time synchronization of paper
charts and a method of providing cvery re-
corder simultancously with an accurate com-
mon time scale trace is described. Comments
on common temperature measurements and a
description of a little-known method of high-
temperature recording follow. A simple duty-
cycle meter and a device for detecting partial

breaks in cables are discussed, followed by a
synopsis of a few other devices used in Toronto.

IEEE Transactions on
Instrumentation and
Measurement
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A Two-Space Fluid Mapper, W. L. Rogers,
G. A. Plaff— A fluid mapper has been con-
structed whose boundaries act as though they
were infinite in extent. This eftect is achieved
by using two interconnected flow spaces. An
application of the device is illustrated, and the
accuracy is evaluated by means of a proposcd
quality factor.

An Unusually Accurate Universal Potentiometer
for the Range from One Nanovolt to Ten Volts,
L. Julie-Recent interest in accurate de mea-
surements  down  to  nanovolt levels  has
prompted the development of a wide-voltage-
range potentiometer of & new type with seven-
dial resolution and extremely high accuracy.
The design is almost perfecdy “neutral.”™ All
switch conticts and resistors of the main
potentiometer operate at high-voltage levels,
and contribute thermal EMFs that are at-
tenuated by a factor of 10000 times (to less
than 0.1-nV levels) on the nanovolt range. The
device serves as an “autocertified”  voltage
potentiometer standard. It is certified traceable
to NBS units using previously published *‘ratio-
metric” techniques, and is capable of direct
reading accuracy without correction from 2
ppm on the 10-volt range to 10 ppm of setting
+1 nV on the 0.001-volt range. The Thévénin
equivalent source resistance of the instrument
is approximately 2.5 ohms on the 0.001-volt
range, reducing Johnson noise levels to less
than 1 nV with practical null detector smooth-
ing times. The instrument is designed so that
it can be used both as a potentiometer and as a
seven-dial Kelvin—Varley divider. The control
portion of the instrument is scparately pack-
aged and can convert dividers now in use to
this new type of universal potentiometer stan-
dard. A complete theoretical study of the design
characteristics of this state-of-the-art potenti-
ometer is included, as well as an analysis of all
sources of error in the completed instrument,
Experimental data, obtained by a step-ratio
process, are presented in confirmation of the
theorcetical predictions of accuracy, and cali-
bration data obtained from this method are
shown extended down to the nanovolt level,

Thermistor Bead Matching for Temperature-
Compensated RF Power Thermistor Mounts,
E. Aslan—The temperaturc-compensated
thermistor power meter of the dual-bridge
design for many years has been the most widely
used instrument for microwave power mea-
surement. During these years little has been
written on the manner or ¢riteria for matching
the thermistor beads. An attempt is made to fill
that void. The procedure for matching therm-
istor beads for less than 2 gW/°C drift is to be
accomplished by pairing the dR/dr chuaracteris-
tic of cach bead and adjusting the dPdR char-
acteristic for a match. dR/dt of the beads may
be determined from resistance data at 90°C
and 110°C, and the expression

dR/dt = 9.4497[In R, — [.11648 In Ry +
0.61749}

which is derived for 200-ohm operating re-
sistance thermistors. The thermistor beads are
then paired by sclecting such that dRi/dt and
dRy/dt are within one percent of cach other,
The conditions necessary for matched dP/dR
of the thermistor beads are developed and pro-
cedures indicated. The paired beads are in-
stalled in the thermistor mount and the con-
stant dP/dR of cach bead adjusted for cquality
by moving the heat sink of one of the therm-
istors until a balance is obtained.
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WHEN WE SAY RELIABILITY

IS A GOOD IDEA
IS A GOOD IDEA
IS A GOOD IDEA
IS A GOOD IDEA

WE'RE TALKING CAREERS.
NOT TRIPLE REDUNDANCY.

1. We're talking about the kind of far-reaching opportunity
that lets you contribute ideas at every phase of project
development, from pre-proposal to development to
production — the opportunity to probe more deeply and
influence projects more significantly than you ever
thought possible.

2. We're also talking about the chance to contribute good
ideas in diverse and often highly esoteric areas. Like
the subscriber terminals for the AUTODIN globa! com-
munications network, on which we're prime. Or the
F-111 test equipment, for which we have the contract
for all versions now envisioned. Or you might have
worked on the workhorse GRC-106 transceiver, or the
jeep-mounted MRC-107 communications central, or
micro TACAN or an advanced marker-launcher system
for USW. The list goes on and on.

3. Then, too, we're talking about the good ideas that work
for you here at General Dynamics, like our “people

GENERAL

development” plan that requires supervisors to develop
their own replacements and provides paid-for higher
education to help you on your way.

And one more idea you'll like a lot is our location,
Rochester, New York —a city combining the best of
what's urban, suburban and vacation-oriented. .. plus all
the cultural and educational facilities you'd expect in a
city with more professionals per capita than any other
its size.

If you're a Reliability Engineer with a BS and two or more
years experience, or if you're a graduate engineer with
experience in electronic circuitry design, overall equip-
ment design analysis and review, aspects of component
engineering, prototype development and test evaluation
...orin developing and implementing total reliability pro-
grams for proposal activity, including predictions, reli-
ability demonstrations, tests and design reviews — you'lt
find it a good idea to get in touch with us. Address your
resume in confidence to Mr. J. P. O'Reilly, Dept. 126.

DYNAMICS

Electronics Division

1400 N. Goodman St., Rochester, New York 14601
An equal opportunity employer (M&F)
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The Measurement of Effective Resolution of
Non-Wire-Wound Potentiometers, 4. S. Wil-
liams-—The measurement of the cffective reso-
lution of non-wire-wound potentiometers has
been simpliticd by the development of test
cquipment that makes use of the “resolution
window” concept. This concept is bricfly de-
scribed, and two methods of mechanization are
considered. Analytical and practical experience
has shown that the sampling method is the
most promising to date, and the development
of equipment using this approach is thercfore
discussed in detail. The coneept of the “detec-
tion aperture™ is introduced, and its use in pre-
dicting the cffective  sampling  coverage is
shown. As a result of these developments, a
definite number can now be ascribed to a given
non-wire-wound potentiometer to describe its
resolution capability, It is anticipated that the
introduction of these ideas for resolution
measurcment will contribute materially to the
establishment of resolution standards for non-
wire-wound potentiometers,

A Thin-Film Bolometer Unit, K. Sahurai, T.
Nemoto- The bolometer unit widely used for
measuring  microwave and  millimeter-wave
power becomes more diflicult to construct and
obtain good performance, as the wavelength
gets shorter. To overcome these diflicultics, a
new unit has been developed that has a very
simple structure by virtue of a new matching
procedure. The bolometer clement is made of a
thin metal film evaporated on a thin mica sub-
strate, and its mount consists only of a short
circuit. Experimental units have been designed
at 35 GHz and 10 GHz, and these have demon-
strated excellent characteristics, such as high
efficiency, low VSWR, wide bandwidth, and
high power-handing capacity. The thermistor
units applying the same matching theory are
also investigated at 35 GHz and 50 GHz.

A Laser Microcalorimeter, K. Sahurai, Y.
Mirsuhashi, T. Honda-— A new type of micro-
calorimeter as a laser power standard in Japan
has been developed at the Electrotechnical
Laboratory. This is a double calorimeter in
which the laser power is measured by a dc
substitution method using a thermopile unit,
and simultancous measurement is also made
using the Peltier cooling-type calorimeter by
dc¢ substitution. The CW power of the gas laser
(He-Ne)is controlled with high stability (20.05
percent) by the automatic powcer control system
using the Faraday-rotation component. By
this method and equipment, the “effective
efficiency”” of the standard thermopile unit is
determined precisely. The errors in this micro-
calorimetric technique are investigated with the
aid of a heat flow analysis and auxiliary experi-
ments. As a result the absolute accuracy of the
CW powcer measurement of  laser  beams
(6328 A, 1.15 um) is evaluated with high accur-
acy better than 0.5 percent. The experiments
have been successful at 6328 A and 1.15 um,
and this method is considered to be available
at the region of infrared and far-infrared wave-
lengths.,

An Accurate, Semiautomatic Technique of
Measuring High Resistances, S. H. Tsao-—— An
accurate, semiautomatic method of calibrating
high-resistance standards is described. Mea-
surements of resistances between 109 and 101
ohms at a minimum of 1 volt or 10712 ampere
can be made with an accuracy better than 0.1
percent, cach determination requiring typically
from 0.5 to 50 scconds, The value of resistance
is determined in terms of a fixed three-terminal
capacitance, a resistance ratio, and a standard
frequency, all being stable and accurately de-
terminable quantitics. The sources of errors
and their minimization are discussed; the con-
struction and operation of such a device are
described.

Analysis of Rotationally Misaligned Stators in
the Rotary-Vane Attenuator, W, Larson—Two
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types of error are caused by misaligned stators
in the rotary-vane attenuator. For each type
the actual attenuation will difter from the indi-
cated attenuation values throughout most of
the usable range of the attenvator. This analysis
illustrates that these two types of crror are
related to the technigue of alignment used in
establishing the zero reference of the rotating
vane to the stator vanes. Equations pertaining
to these errors are discussed, and are solved
with the aid of tables of attenuation error as a
function of vane angle error for rotary-vane
attenuators, Graphs of both types of error are
presented determining the parameters needed
to establish limits of machining tolerances for
cach waveguide size.

Calibration of Thermal Transfer Standards of
RF Voltage, R. F. Clark, A. Jurkus—A system
of RF voltage calibration in the VHF and
UHF ranges is described.  The  primary
standard is a calorimetric power meter whose
impedance is determined accurately, The work-
ing standards are thermal transfer instruments
(thermal converters and micropotentiometers).
The methods used to calibrate the working
standards against the primary standard are
described in detail. Then the calibration of
transfer standards submitted by other labora-
tories is outlined, and procedures and practices
that have been found to be successful in the
past are recommended for use by standardizing
laboratorics.

Study of an Analog Computer System for Re-
construction of Three-Dimensional Figures from
Planar Projections, E. Hirsch—An clectronic
analog computer remapper (reconstructing,
mapping, and projecting analog computer) is
studied, capable of reconstructing figurcs,
graphs, shapes, etc., in three- or higher-dimen-
sional spaces from their two-dimensional pro-
jections given in the form of drawings, slides,
or photographs. The pattern of the recon-
structed figure can then be distorted, remapped
according to certain transformations, repro-
jected on desired planes to form new, differ-
ently parallaxed pictures of the reconstructed
figure, or simply stored in & digital computer
memory as a list of coordinates or vector com-
ponents of points in space, together with their
corresponding brightness values.

Conductivity Measurcinents in  Dissipative
Media with Electrically Short Probes, C. K. H.
Tsao, J. T. deBettencourt—In a dissipative
medium, the RF input conductance of a lincar
dipole, whether a bare wire or an insulated wire
with its terminals short-circuited to the me-
dium, is simply related to the conductivity of
that medium, provided the electrical length of
the dipole is short. Model measurements were
made on dipoles in saline water of known con-
ductivity to test the theory. The feasibility of
deducing conductivity of the solution by using
both antenna types as probes was demon-
strated. The technique has been utilized to
cvaluate the electrical conductivity of rock
media from measurements on probes inserted
into vertical drill holes. Examples are given of
measurements variously to depths of 4000 feet.
1n one of the cases the rock type was (fractured)
granite and, in another, anorthosite. In a geo-
physical crustal sense, data are typical of some
near-surface or sedimentary rock conditions.
Since such rock media are rarely uniform in
their electrical characteristics, the deduced con-
ductivity will be a gross average conductivity of
that volume of the rock approximately within
the antenna region of the probe,

Microsecond Clock Comparison by Means of
TV Synchronizing Pulses, J. Tolman, V. Pricek,
A. Soulek, R. Stecher—A new method for
precise clock comparisons is described, making
use of the short rise time of the synchronizing
pulses of a current televiston picture signal. Tt is
shown that by measuring simultancously the
time interval between one and the same selected
television frame synchro pulse and the pulses

derived from the respective clocks, these clocks
may be compared with microsecond accuracy
even if widely separated, provided appropriate
correction for the travel time of the synchro
pulse is applied. An cxperiment concerning
international clock comparison between Prague
and Potsdam is described and the numerical re-
sults presented.  Synchronization of clocks
(separated by about 300 km) to about 2 us was
accomplished, and it appears that 0.1 ps is
feasible. Further possible applications of this
method are discussed,

On a Method of Estimating Power Spectra,
T. C. Hsia, D. Landgrebe-—A method of csti-
mating power spectral density tfunctions of
discrete stationary random processes is given.
The spectral density functions, formulated in
sampled-data form, are represented by a ratio
of two real polynomials in z. The main objec-
tive is to estimate a set of unknown parameters
in the spectral density function from a finite
measurement of the random process. It is
assumed that no knowledge about the proba-
bility distribution of the random process is re-
quired. An cestimation scheme is developed
based on the theory of stationary time series.
Both numerical and analytical methods are
used for the solution. The parameters in the
denominator and numerator are estimated in
two separate steps. The advantage of this re-
sult is twofold: The dimensionality is reduced
in cach stage of estimation, and the interaction
between the parameters of the numerator and
that of the denominator is avoided. An example
is given to demonstrate the estimation proce-
dures,

A Technique of Measurement of Impedance
Through a Lossless Transition, T. J. Russell-—A
method is presented for the measurement of
impedance through a transition from the
slotted section transmission line to the load
transmission line. The technique uses a lossless
tuner as part of the transition and a precision
transmission-line section. An example of 4
practical application of the method is given.

The Accuracy of Series and Paratiel Connec-
tions of Four-Terminal Resistors, J. C. Riley
The range and accuracy of resistance calibra-
tion can be increased by the use of series and
parallel connections of four-terminal resistors.
Low-value resistors can be permanently con-
nected in series and reconnected in parallel by
using Hamon’s technique to change resistance
level without materially atlecting resistance
accuracy. The resistors are connected in paral-
lel with short-circuiting bars to one terminal
at cach end, and matched resistors are con-
nected in series with the other terminals. High
accuracy can be attained even though lead and
connection resistances are relatively high, A
theoretical base and an crror analysis are pro-
vided 10 justify the use of the series to parallel
transfer technique at low-resistance levels, The
analysis uses a four-terminal equivalent circuit
suggested by Searle. The accuracy of series and
parallel connections of groups of like resistors
is investigated in terms of the equivalent cir-
cuit. Procedures are developed for determining
the connection accuracy of a set of resistors in
parallel or series.

IEEE Transactions on
Microwave Theory
and Techniques
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Tunnel-Diode Low-Level Detection, W. F.
Gabriel--An analysis of tunnel-diode low-level
detection is presented for the purpose of ¢x-
plaining some of the unusual detection charac-
teristics that occur under certain bias condi-
tions. For example, in the vicinity of its inflec-
tion bias point, a tunnel diode exhibits a dis-
criminator-like rectification behavior with two
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sensitivity peaks, When biased at one of these
peaks, the diode is capable of unusually high
sensitivities, at least an order of magnitude
better than the sensitivity of any other known
diode. It is shown that these high sensitivities
are proportional to (I — TI'?), where I'? is the
RF power gain of the detector viewed as a
reflection-type amplitier. The resultant gain-
bandwidth (or sensitivity-bandwidth) limita-
tions of the detector are discussed. Unusually
high sensitivities are also possible at the lower
microwave frequencies when the tunnel diode
is biased at its peak current point. A knowledge
of the diode static characteristics, the reflection
coeflicient, and the video circuit permits an
accurate analytical evaluation of the sensitivity
performance of any tunnel diode, and calcula-
tions are carried out for an example diode and
compared against measurcd data. A specific
comparison of the relative sensitivity perform-
ance of the example tunnel diode versus a hot
carrier diode is included.

A Design Technique for Realizing a Microwave
Tumnel-Diode Anplifier in Stripline, B. A.
Miller, T, P. Miles, D. C. Cox—A significant
probiem in realizing a practical tunncl-diode
amplifier is that of stabilizing the amplifier
both within and outside its passband while
maintaining a specitied center-frequency gain
and bandwidth, A new technique for realizing
a moderate-bandwidth tunnel-diode amplifier
that utilizes a directional filter as a bandpass
structure i1s described. This technique was in-
vestigated analytically and  an experimental
S-bund amplifier was built and tested. This ex-
perimental amplifier had wypically the following
characteristics: bandwidth, 400 MHz; center
frequency, 2.9 GHz; and center-frequency gain,
12,5 dB. The technique described yields an
amplifier that is reproducible and that has an
analytically predictable and  well-defined re-
sponse. None of the experimental models have
sﬁm\'n any tendencies toward oscillations,

The Overdriven Varactor Upper-Sideband Up-
comverter, A. I. Grayzel—The equations for the
overdriven upper-sideband  upconverter are
derived and computer solutions are given for
the abrupt junction, graded junction, and
punch-through varactor. The necessary design
parameters are presented for the design of an
upconverter. The performance of the abrupt,
graded, and punch-through varactors are com-
pared.

An Adjustable Narrow-Band Microwave Delay
Equalizer, T. A. Abele, H. C. Wang—A simple
fow-loss microwave delay equalizer for the
delay cqualization of narrow-band microwuse
bandpass filters has been explored. This equal-
izer is quite small and does not require the use
of additional components such as circulators or
hybrids. It exhibits a reflection coefticient of
less than 1 percent and possesses two very
valuable and convenient features: a continuous
adjustment of the delay shape and of the center
frequency. The structure is analyzed theo-
retically, an equivalent circuit is derived, anc
expressions for both delay and loss are given
Also presented are design data and experimen-
tal results concerning the actual delay equaliza-
tion of a bandpass filter and the temperature
behavior of the cqualizer and the filter-
equalizer combination.

The Accuracy of Finite-Difference Solutions of
LaPlace’s Equation, W', J. Duncan-—-The cross
sections of most TEM mode transmission lines
have re-entrant corners or edges where the
potential gradient is singular. The accuracy of
the finite-difference solution for the clectric
ficld normal to the conductor boundary at a
right angle corner and at the edge of a thin
plate is examined, The accuracy of the finite-
ditterence solution is related to the mesh length
&, the magnitude of the lattice point residuals,
and the finite-difference operator, which is used
in place of the Laplacian difterential operator.
The computing time required to solve the mesh
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equations by the method of successive over-
relaxation is specified. The surface charge
density in the neighborhood of the boundary
singularity is cxpressed as a truncated series of
circular harmonics. As a result, the integral of
the surface charge can be calculated with very
good accuracy. The harmonic series treatment
is used to determine the capacitance per unit
length of a square coaxial transmission line.
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The Negative Capacitor, An  Impedance
Matching  Element for Dielectric-Filled
Transmission Line, 4. J. Kelly

High-Power S-Band Power Divider, R. M, True
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Collection Time of Electron-tHole Pairs in a
Coaxial Ge(l.i) Radiation Detector, D. N.
Poenaru— Current and  electric charge pulse
shapes obtained for the collection of only one
electron-hole pair released by an ionizing event
in the sensitive volume of a coaxial Ge(Li) de-
tector cooled at liquid nitrogen temperature,
were caleulated. By considering the pairs gen-
crated in the close vicinity of the detector elec-
trodes as well as those created in an intermedi-
ate region, maximum and minimum durations
of the current pulses have been found. Low
clectric field intensity is assumed (charge car-
rier velocity directly proportional to the elec-
tric field intensity).

A Portable Neutron Dose Equivalent Meter,
E.J. Rogers—A portable, battery-operated fast
neutron monitor has been developed for use at
reactors and accelerators, The instrument em-
ploys a polyethylene-loaded proportional
counter and reads directly in biologically equiv-
alent units for neutrons from 0.1 MeV to over
15 McV on eight scales ranging from 2 mrem
per hour to 6000 mrem per hour. On the lower
ranges, the input pulses are integrated for clec-
tronically determined time intervals, and on the
higher ranges, a rate-meter mode of operation
is employed. All of the clectronics, including
the 1400-volt power supply for the proton-re-
coil-type detector, require only 25 milliwatts of
power, permitting about 500 hours of continu-
ous operation from a small 7-volt mercury bat-
tery, Electronic voltage regulation and the use
of field-efleet transistors in the integrating and
timing circuits provide a stability of calibration
far beyond that normally associated with por-
table survey instruments.

Permanent Radiation Damage Effects in Nar-
row-Base PNPN Devices, D. K. Wilson, H. S.
Lee—The efiect of fast-neutron radiation dam-
age in narrow-base PNPN devices were mea-
sured and compared with a simple, one-dimen-
sional theory for PNPN devices, based on the
work of Kuz'min. The limitations of a PNPN
device in a radiation environment are primarily
determined by the increase forward “on” volt-
age. A reasonably good fit of observed and cal-
culated *on’* voltages for a variety of PNPNs
was obtained using a silicon lifetime damage
constant of =108 sec-N/cm?2 Design considera-
tions for radiation-resistant PNPNs are dis-
cussed, and devices capable of operating after
exposure to more than 10 neutrons/cm?® are
described. PNPNs are shown to be superior to
bipolar transistors as power switches in a radia-
tion environment.

An Inductive Energy Storage System Using Ig-
nition Switching, £. Simon, G. Bronner—Previ-

ous work in the field of inductive energy stor-
age and control is described. The need for a
fast, reliable switch for the control of such sys-
tems is pointed out. A new inductive energy
storage switching system that fulfills this need is
described. The new system utilizes an ignitron
bridge circuit and a capacitor to invert from the
unidirectional current of an inductive source to
an alternating voltage of triangular waveform,
The alternating voltage is used to charge and
periodically recharge a small capacitor. This
capacitor in its turn supplics energy to the load.
Thus, by the use of two capacitors, whose max-
imum stored energy is very small compared
with the total energy to be transferred, the
stored energy may be transterred to the load in
discrete parcels. The disassociation of storage
and load circuit allows the transfer of all stored
energy to the load, with the exception of the
usual resistive energy loss imparted by circuit
elements, a quantity that can be kept small.
Therefore, the energy cfficiency is higher than
heretofore attained by inductive energy storage
systems. The switching system does not depend
upon moving contacts or mechanical devices. It
results in significant reductions in initial cost
per joule of energy stored as compared with the
cost of capacitive encrgy storage systems, The
inherent low energy efliciency of carlier induc-
tive energy storage systems is discussed and it is
pointed out that the theoretical cenergy cefli-
cieney of the bridge schemwe is much higher.
Current relations in the circuit during charge
and during transfer are described. A small-
scale prototype has been constructed and was
found to operate satisfactorily, Oscillograms
of currents and voltages present in this circuit
are shown. Techniques for the optimization of
the various circuit paramcters are also dis-
cussed bricfly.
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Recovery Strength Measurements in Ares from
Atmospheric Pressure to Vacuum, G. A, Farrall,
J. D. Cobine-—Mucasurements for the recovery
of electric strength following interruption of an
arc drawn in nitrogen at pressures ranging from
atmospheric to 0.02 torr are reported. These
data are compared with similar results ob-
tained for vacuum arcs. Recovery strength
measurements followed a single half-cycle of
sinusoidal arc current with a peak of 400
amperes. For conditions of gap length and
pressure described by the Paschen curve mini-
mum, full recovery is reached in a time less than
a few microseconds. The voltage corresponding
to full recovery is essentially determined by
contacts, their separation, and ambient gas
pressure,

Switching Surge Flashover Characteristics of
Extremely Long Air Gaps, Y. Watanabe An
estimate is made of the limit of the possible
transmission-line voltage and the mechanism of
discharge in the air is clarified. Tests were per-
formed on the switching surge flushover of long
air gaps under dry conditions. The flashover
voltages of the switching surge with the dura-
tion of wavefront 180 us were obtained up to 13
meters for rod-plane gaps for positive polarity.
The tests were performed at the Shiobara Out-
door Laboratory.

Influence of Air Density on Line-to-Ground
Switching Surge Strength, L. Paris A scries of
tests, which were carried out by applying im-
pulse waves simulating switching surges to air
gaps with clectrodes of different shapes, is
described. From the test results it has been pos-
sible to draw some important conclusions
about the influence of the electrode shape and
also to single out simple rules for predeter-
mination of the behavior of air insulation,
These rules can be particularly useful for de-
sighing purposcs.
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Influence of Air Density on Electrical Strength
of Transmission-Line Insulation, T. A. Phillips,
L. M. Robertson, A. F. Rohlfs, R. L. Thompson
—Flashover tests were conducted at the Lead-
ville EHV Test Facility of the Public Service
Company of Colorado and Project EHV at
Pittsticld, Mass., to obtain comparative data to
evaluate the influence of air density on the
switching-surge and impulse flashover strength
of transmission line insulation. The tests
showed that negative polarity switching-surge

flashover voltages are greater than those of

positive polarity. Therefore, positive polarity
will be the critical requirement for transmis-
sion-line design for switching-surge duty, Air
density corrections ranging from (RAD)$ (o
(RAD)0 were found for positive polarity
switching-surge voltages as a function of in-
sulation length and configuration. For impulsc
voltages, a tull air density correction is required
for both polaritics under all conditions, with
the exception of negative polarity where with a
massive proximity cfiect no air density correc-
tion is required,

Determination of Characteristic Voltages in Im-
pulse and Switching Surge Testing, J. A. Bakken
~—The characteristic impulse and  switching
surge voltages of high-voltage equipment that
only temporarily loses its diclectric strength
when flashover occurs are dealt with, A test
procedure suitable for determining the highest
withstand voltage and the lowest flashover
voltage of a test object is described, and a theo-
retical investigation is carried out in order to
show the quality of the test procedure, and also
the influence from difterent tactors on the test
result. The relation between the specified with-
stand voltage of a test object, as defined by 1EC,
and the highest withstand voltage is given some
consideration, A simple method for determina-
tion of the 50 percent flashover voliage is de-
scribed.

The Confidence Limit of High-Voltage Diclectric
Test Results, E. Brasca, M. Tellarini, L. Zaf-
fanella—The knowledge of uncertainty of high-
voltage diclectric test results is emphasized.
The uncertainty can be expressed by a suitable
confidence limit. The best figure suggested is
the standard deviation ¢ of all the possible re-

sults of a test. A method tor the caleulation of

o is reported. Four types of confidence limits
are considered and the valtues reported on the
basis of available data from CESI and many
other laboratorics. The spread of the results is
found higher than previously expected. A sur-
vey of apparent causes of the uncertainty is
presented but a series of unknown factors must
be supposed to justify the tigures found. Exam-

ples of application indicate the uscfulness of

the knowiedge of the confidence limits ol the
test results,

Analysis of Spark Breakdown Characteristics
for Sphere Gaps, 4. Pedersen, J. Lebeda, S.
Vibhalm—The application of a semiempirical
spark breakdown criterion is illustrated, and it
is shown that it can give a very detaited analysis
of known spark breakdown characteristics for
the sphere gap, Mceasurements are reported on
scattering in impulse voltage for a sphere gap
having a length of 25 cm. The results give new
evidence for the existence of the Toepler dis-
continuity.

Economic Optimization of Transmission Tower
Grounding and Insulation, G. E. Grasser, Jr.,
A, R. Hileman— A reduction in transmission-
line cost was thought possible through a unified
approach to line insulation system design. A
mathematical model refating line performance
to insulation system expenditure is analyzed
and using incremental cost techniques a method
for optimizing the seleetion of insulation sys-
tem components to achieve a desired perform-
ance or reliability fevel is developed. The de-
velopment provides an insight into the inter-
action of tower grounding and tower insulation
in establishing the reliability of a line,
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Line Insulation Design for APS 500-kV System,
A. R. Hileman, W. C. Guyker, H. M. Smith,
G. E. Grosser, Jr.,— An attempt has been made
to obtain an optimum insulation system that
fulfills all APS requirements, The three primary
arcas that dictate insulation design limits are
normal frequency voltages and contamination,
switching surges, and lightning. Contamination
limits were established by an exirapolation of
operating experience at other voltage levels,
The switching surge limits were established by
miniature system studies coupled with experi-
ence gained in faboratory and field tests. The
lightning performance was caleulated using
accepted micthods and optimum improvement
was obtained by using an incremental cost
method to evaluate the cost of improved
grounding, increased numbers of insulators,
and better shiclding angles. The respective de-
sign limits were then coordinated into a final
design,

EHV Application of Amtotransformers, G. W
Alexander, W. J. McNutt- The  universal
mcthod of voltage transformation from EHV
levels to lower voltage systems is through the
use of the autotransformer, The characteristic
of the autotransformer is profoundly influ-
enced by the tertiary winding or the lack of it.
The influence of the tertiary winding and its
placement, fault magnitude and short-circuit
duty, autotransformer loading, overcxcitation,
protection of unloaded tertiaries, loading of
paralleled autotransformers, and the use of
single-phase units while presenting a circuit tfor
studying unequal impedances in paralleled
banks are discussed.

Comparison of 60-11z Field Measurements with
Digital Analysis of 500-kV Transmission Linc,
F. W. Smith, L. McKenzie, D. Caleman, R. B3.
Shipley—Power systemi studies involving eco-
nomics, stability, short circuits, load flows, ete.,
require a knowledge of transmission-line char-
acteristics, Traditionally, these characteristics
have been determined cither by ficld tests or by
mathematical computations. The construction
of a 118mile bundled EHV line between
Johnsonville and Memphis, Tenn., afforded a
much needed opportunity to compare tested
line characteristic values against digitally com-
puted vabues, The comparison is of industry
interest because of the increasing use of digital
computers for such calculations,

Effect of Station Radio Noise Sources on Trans-
mission-Line Noise Levels—Experimental Re-
sults, J. Davey, 1. L. Deloney, J. J. Lal-orest
Known sources (gaps) of radio noise (RI) gen-
cration were applied to a transmission line close
to a station and the resultant transmission line
RI levels were monitored. Measurements were
in good agreement with calculated  values.
Mucasurements  of station  impedance  were
also made. The RI gaps were found to be stable
and operated as constant-current generators
over i considerably wide range of load imped-
ance values,

Probabilistic Aspects of Transmission System
Switching Surge Reliability, 4. J. McElray,
J. H. Charkaw- Probabilistic principles arc
applied to predicting the transmission system
flashover rate caused by switching operations
by combining results of laboratory tests on
component insulation structures with system
overvoltage probability distributions. A picce-
wise normal method is developed, applicable
when statistical dependence of insulation struc-
ture flashover and system overvoltage gencera-
tion cannot be described by standard normal
distributions over the entire specified range of
voltages. Results are obtained for large num-
bers of insulation structures in parallel and, by
appropriately synthesizing the deseribed sub-
systems, entire transmission systems can be
analyzed. The etliect of voltage-limiting devices,
such as arresters, has been studied and their
effect on system performance can be included
in the analysis,
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Design Stresses and Current Ratings of Im-
pregnated Paper-Insulated Cables for HV DC,
S. C. Chu—An investigation into the designs
and current ratings of oil-impregnated paper-
insulated cables for various direct-voltage rat-
ings and impulse withstand levels is described.
Published information on the temiperature and
stress  coctlicients of resistivity s reviewed.
Methods of calculation of the stress distribu-
tion are outlined. With the aid of a digital com-
puter, data, including the maximum screen
stress at various maximum conductor tempera-
tures, have been obtained for a range of con-
ductor sizes.

Glass-Reinforced Epoxy-Resin Pipe for Pipe-
Type Cable, R. B. Blodeett, J. Sasso—-Cable
engineers have recognized for many years that
losses that oceur in the steel pipe of pipe cable
systems appreciably increase ac resistance and
greatly reduce possible ampacity of such sys-
tems. Nonmagnetic pipes did not offer a prac-
tical solution to the problem, since available
materials contributed essentially the same de-
gree of loss to the system as steel pipes. Henge,
from time to time, engineers have focused their
attention on nonmetallic pipes as a means of
reducing losses., The work discussed shows that
one of three plastic pipes examined effectively
stopped the entrance of moisture and caused no
deterioration of the cable or pipe oil. There-
fore, from a technical standpoint, it provided
an eftective enclosure for pipe cable. However,
the cost of such pipes is still too high to make
them economically feasible.

Underground Distribution Thermal Tests in
Phoenix Area, N. R. Schultz, J. F. Thomas—The
results are summarized of an 18-month thermal
test program, conducted jointly by the Arizona
Public Service Company and the General Elec-
tric Company, to investigate thermal character-
isties of soil and performance of underground
cquipment in the Phoenix arca. The results pre-
sented include carth ambicnt temperatures at
various depths over an annual cycle, carth
thermal resistivity micasurements by steady-
state and transient methods, performance of
direct burial and vault installation of capaci-
tors, performance of a directly buried, 25-kVA,
pole-type distribution transformer, and tem-
perature rise of simulated cables,

Lightning Protection of Underground Residen-
tial Distribution Circuits, R. W, Powell- -Gen-
crad studics have been made on the analog com-
puter to determine the maximum permissible
cable lengths with which equipment can be pro-
tected by lightning arresters at only the line-
cable junction. Arrester application tables, de-
rived from computer results, for underground
residential distribution systems, are presented.

The Effect of Test and Abnormal System Volt-
ages on Transformer Insulation, F. S. Young,
T. W. Dakin, H. R. Moare -In scrvice, a trans-
former will be subjected throughout its life to
three different types of voltages. These are:
power frequency, switching surge, and impulse
voltages, Recent computer studics and ticld in-
vestigations of EHV systems have provided
data on the magnitudes and durations of these
voltages, Laboratory tests and factory tests of
transformer insulator structures have provided
new data on performance. Impulse test levels
have been defined for many years, Modern
lightning arresters can be seleeted to provide
adequate protection against switching surges,
The arca, presently ill defined, relates to long-
time power-frequency overvoltages, Factory
test levels that are currently based on BIL and
not system voltage can be replaced by a more
meaningtul test. The voltage Ievel of this test
should be sclected to provide adequate margin
above any overvoltage encountered in service.
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Determination of Thermal Life Expectancy of
Overhead Distribution Transformers, D. O.
Craghead, W. A. Erskine-—The calculated ther-
mal life expectancy of distribution transformers
is used by the Southern California Edison
Company as part of an evaluation program to
develop a comparative basis for the cconomic
purchase of annual transformer requirements
The test procedure utilized in acceelerating the
thermal aging of the transformers, the pretest
measurements, the test measurements, and the
mathematical derivation of the transformer ag-
ing rate as demonstrated by its performance on
the accelerated test is described. In addition to
the test procedure, a simulated residential load-
ing schedule has been developed and is used to
calculate the expected lite of cach test trans-
former. A tabulation is used to demonstrate
how the calculations are made and to provide a
comparison of the life expectancy of two
typical transformers,

Relation of AC Losses to [lysteresis Losses in
Electric Sheel Steels, F. R. Richardson, E. C.
Falhowski —The application of dimensional
analysis to measurements made on cold rolled
clectrical steels yields empirical equations re-
lating ac core losses to hysteresis losses and
other factors. As frequency increases from low
values, three different patterns of loss variation
oceur because of increasing skin effect. Loss
measurements indicate that samples with lower
hysteresis [osses and thinner gauges have rela-
tively larger magnetic domains, The hysteresis
losses of” well-anncaled samples are found to
depend primarily on the sizes of the grains
and their orientations. The steels that were
investigated have only incidental amounts of
grain orientation,

A Numerical Analysis of Hysteresis and Eddy
Current Losses in Solid Cylindrical Rods of N
1010 Steel, M. D, Abrams, D. I Gillotr —A
procedure is outlined that utilizes the digital
computer to solve eddy current loss and hys-
teresis loss problems. The relationship between
tlux density and magnetic intensity is taken
from the actual magnetization curve and major
hysteresis loop, thus climinating the approxi-
mations employed in most previous investiga-
tions, The nonlinear partial difterential equa-
tions are replaced by finite difference equations
and solved by numerical methods on an 1BM
7090 digital computer. The loss caleulations
presented are made for a round rod employing
a sinusoidally varsing (60-Hz) magnetic lield
intensity as the driving function. To verify the
results, total losses caleulited are compared
with test results and with results obuained by a
numerical procedure whick neglects hysteresis
effects.

500-kV Line Design: I=~Insulation Characteris-
tics of Tower, Y. Saruyamu, M. Yusui, G. Ikeda,
S. Nagasahi, N. Mori—The results of tests
using a full-scale transmission line for the :nsu-
lation design of the first S00-kV transmission
line in Japan (the Boso Line of Tokyo Electric
Power Company) are described. Having clari-
fied the switching surge and impulse flashover
characteristes of V-string insulator and strair
insulator assembilies, installed on a simulated
tower with a long gap of 3 meters or more, in-
sulation was designed that withstands a switch-
ing surge of 2.5 per unit and is capable of un-
balanced insulation  between  vertically  ar-
ranged double circuits. The flashover path,
predischarge, cte., of the switching surge was
also investigated.

500-kV Line Design: II—Corona and RIV
Characteristics of Insulator-Hlardware Assem-
blies, Y. Saruvama, M. Yasui, S. Nagasaki-

The corona noise characteristics of insulator-
hardware assemblies on the Boso Power Trans-
mission Line of Tokyo Electric Power Com-
pany, which is the first 500-kV transmission
line in Japan, isdescribed. The results of corona
noise measurement made on a V-string insu-
lator assembly are reported. Data on  the
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corona noise level of insulator hardware ob-
tained from a test line were converted into
noise level values for an actual transmission
line for comparison with the conductor corona
noise levels. The design of the insulator hard-
ware was selected accordingly,

Arc Resistance of FRP and Application of FRP
to Arms in Overhead Power-Line Tower, H,
Okamoto, Y. Ikeda--Concerning the applica-
tion of insulation arms to overhead transmis-
sion structure some tests on the arc-resistance
nature of insulating materials have been per-
formed, mainly by means of a plasma jet gen-
erator, Several materials were exposed to the
plasma flame and the state of the surface degen-
cration was examined. From the resulis, the
relation between arc resistivity and the chem-
ical structure of materials has been claritied to
some extent. This fundamental information
yields some  exeellent  fiber-g ass-reinforeed
plastics (FRP) under actual are discharge. The
insulation arms made of improved FRP have
been used successtully on actual overhead line
towers as a tension crossarm member to com-
pensate for the lack of clearance,

Pyrolysis of Stator Coil Insulation in Air and
Iiydrogen, M. M. Fromm-—The study of chang-
ing properties of generator stator coil insula-
tion on long-time exposure at clevated tempera-
ture is an accepted part of insulation develop-
ment. This aging, however, has usually been
done in air, whereas the windings of modern
turbine generators operate in hydrogen atmo-
sphere. Samples of synthetic-resin-bonded insu-
lation were pyrolyzed in air and hydrogen at
200°C and one atmosphere. The gascous,
liquid, and residual products were analyzed by
chromatography and infrared spectroscopy.
Heated in air, the gases contained Cs, Cy, and
Cs straight chain hydrocarbons, but the prod-
ucts in hydrogen contained, in addition, cy-
clohexane. The liquid and residual products
indicate that the sample pyrolyzed in air de-
grades by depolymerization and  oxidation,
whereas the sample in hydrogen depolymer-
izes, followed by somie degree of hydrogena-
tion.

New Power Cable Insulations Based on Covul-
canized Blends of Ethylene Propylene Rubber
and Polyvethylene, M. L. Singer, S. L. DilVita

New power cable insulations based on covul-
canized blends of cthylene propylene rubber
and polyethylene have been developed. These
heat-, water-, ozone-, and highly corona-re-
sistant insulations combine many of the desir-
able properties of both ethylene propylene rub-

ber and polyethylene. Specific constructions of

low-voltage heat- and moisture-resistant power
cables, aerial spacer cables, and portable power
cables are reviewed and compared with existing
constructions. It is felt that, compared with
rubber-insulated cables, the use of these new in-
sulations can result in smaller-diameter cables,
which exhibit many improved properties over
thermoplastic  or  cross-linked  polycthylene
cables.

Thermal Characteristics of Two Types of Con-
crete Conduit Installations, D. D. Nagley, R. J.
Nease— A field installation of two ditferent
types of underground duct banks was made.
They diftfered only in the spacing between the
ducts and in the amount of concrete used in
their thermal circuits. Identical loading was
applied to cach duct bank and studies were
made of thermal gradients around them as
determined by thermocouples, Ditferences in
their thermal capabilitics were shown to be due
to different degrees of drying in soil or concrete
in close proximity to the loaded ducts. Possible
corrective measures to obtain better thermal
conditions and a method of calculating thermal
capabilitics are presented, using previously
published equations.

New Techniques in the Termination of High-
Voltage Power Cable, E. H, Yonkers - The ad-
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vent and expanding use of synthetic-polymer-
insulated high-voltage power cable has created
a need for improved means for terminating this
type of cable. The characteristics of synthetic
polymer insulation permit the use of new tech-
niques and materials that make it possible to
design cable accessories with significant im-
provements in installation convenience as well
as in functional characteristics. Specific devices
for terminating polymer-insulated cable em-
ploying such new materials and techniques are
described in detail.

A New Termination for Underground Distribu-
tion, L. G. Virsberg, P. H. Ware—A new prin-
ciple for stress control on cable terminations
has been devised. A tape having a nonlinear
voltage-current characteristic is wrapped on
the exposed cable end. The resistance of this
tape varies with stress in such a manner that the
stress along it tends to equalize, A mathemat-
ical study of the voltage distribution along the
termination is reported, and the conclusions are
borne out by the results of calculations made
on an analog computer. Service experience in
Europe has proved satistactory, and a labora-
tory evaluation in the United States has shown
this new type of termination to be technically
equal to or superior to standard methods of
terminating underground residential distribu-
tion cables, even under wet and contaminated
conditions, The physical requirements for a
terminating tape are discussed, along with
comments on suitable dimensions, methods of
tape application, and noise from clectrical
sources associated with the tape. The caleula-
tion of voltage distribution is explained in the
appendix.

IEEE Transactions on
Reliability
Vol. R-16, no. 2, September 1967

A Monte Carlo Technique for Obtaining System
Reliability Confidence Limits from Component
Test Data, L. L. Levy, A. H. Moore—A digital
computer technique is developed, using a
Monte Carlo simulation based on common
probability models, with which component
test data may be translated into approximate
system reliability limits at any confidence level.
The probability distributions from which the
component failures are assumed to come are
the exponential, Weibull (shape parameter A
known), gamma (shape parameter o« known),
normal, and log-normal. The components can
be arranged in any system configuration,
series, parallel, or both, Since reliability predic-
tion is meaningful only when expressed with an
associated confidence level, this method pro-
vides a valuable and c¢conomical tool for the
reliability analyst.

Performance Simulation Involving Correlated
Part Characteristics, 4. C. Nelson, Jr., J. R.
Batts-—In the analysis of an electronic circuit
containing component parts on which two or
more measurements are made there is the need
for treating correlated part characteristics, In
a performance simulation analysis using a
digital computer, one must generate the cor-
related variables with the appropriate correla-
tions, A method for generating a set of hor-
mally distributed variables with a given car-
relation matrix is presented. The method is
based on an algorithm used in the square root
method for solving a system of linear equations.
The procedure is applied to a linear amplifier,
for which the & parameters of the equivalent de
circuit analysis of the transistor are a good ex-
ample of correlated part characteristics. The
method has been written in Fortran and the
computations could be performed on almost
any digital computer.

The Uncertainty of System Failure-Rate Pre-
dictions, D. M. Brender-—The relative uncer-
tainty involved in the prediction of the failure
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rate of a system is often considerably less than
the uncertainty associated with the failure rate
of the average component. For example, if we
are 60 percent uncertain of the failure rate of
cach of nine component types, then, at best,
we are only 20 percent uncertain of the system
failure rate. This result is a consequence of the
variety of component types, not the number of
cach type present in the system. The relative
uncertainty associated with the prediction of
the number of future system failures is always
greater than the relative uncertainty associated
with the system failure rate. As an example, let
the uncertainty in the system failure rate be 20
pereent, If, using the estimated failure rate as
the true failure rate, the Poisson process yiclds
2 40 percent uncertainty in the number of fail-
ures for an interval £, then the actual uncer-
tainty is 45 percent; if, for a larger interval fo,
the Poisson process yields 10 pereent, the
actual uncertainty is 22 percent. The fault is not
with the Poisson process, but rather with the
assumption that the estimated failure rate can
be treated as the true failure rate.

Optimization of Systems Reliability, L. 7. Fan,
C. S. Wang, F. A. Tillman, C. L. Hwung—The
purpose stated is to obtain an optimum re-
dundancy of the parallel system by a varia-
tional technique. The objective function is to
maximize the system profit. A simple computa-
tional procedure is obtained for the optimum
design of the multistage parallel systems by this
method. Two numerical examples are given in
detail.

Bayesian Confidence Limits for the Reliability
of Cascade Exponential Subsystems, M. D.
Springer, W. E. Thompson—The problem
treated is that of deriving exact Bayesian con-
fidence intervals for the reliability of a cascade
system consisting of N independent subsystems
cach having an exponential distribution of lite
with a failure rate that is estimated from life
test data. The posterior probability density
function of the system reliability is derived in
closed form, using the method of the Mellin
integral transform. The posterior distribution
function is obtained, which yiclds Bayesian
confidence limits on the total system reliability.
These results, which are believed to be new for
N > 3, have an immediate application to prob-
lems of reliability evaluation and test planning.

IEEE Transactions on
Sonics and Ultrasonics

Vol. SU-14, no. 4, October 1967

The Design and Application of a Reliable Ul-
trasonic Atomizer, R. R. Perron—The de-
sign and performance of a 56-k Hz ultrasonic
atomizer are presented. The approach taken to
achieve high efficiency, reliability, and long
transducer life is given; and the effect of fre-
quency and tip amplitude on the performance
of atomization is discussed. Application of the
atomizer to a reliable low-rate oil burner and a
unique drop formation experiment is described.

Variational Method for Electroelastic Vibration
Analysis, E. P. EerNisse—The calculus of vari-
ations is applied to the analysis of the short-
circuit resonant properties of piczocelectric vi-
brators. A stationary expression is derived
from the equations of motion for such vibra-
tions. This stationary expression is used to
develop a variational approximation technique
for determining the short-circuit resonant fre-
quencies and the corresponding mechanical
displacements and electric potentials. The tech-
nique is used to analyze the short-circuit reso-
nant properties of fully electroded piezoclectric
ceramic disks with comparable diameter and
thickness dimensions. Agreement of the barium
titanate resonant frequency caleulations with
Shaw's published experimental frequency spec-
trum is better than three percent for the lowest
cight resonances. Also, exact solutions have

been obtained for the equivoluminal modes sup-
ported in isotropic clastic disks of certain di-
ameter-to-thickness ratios. The application of
the clastic portion of the present electrocelastic
approximation to such disks produced fre-
quency values for these modes that agree with
the exact values to better than 0.3 percent,

Backward-Wave Parametric Interaction Be-
tween Longitudinal and Transverse Elastic
Waves, A. E. Lords, Jr.—— The parametric inter-
action between a continuous, forward-traveling
longitudinal elastic wave pump and contin-
uous, forward- and backward-traveling trans-
verse elastic waves is considered. The coupling
between the waves is provided by third-order
terms in the elastic energy density. Using
“typical’” values for loss and nonlinearity, and
omitting all reflected waves in the analysis, the
threshold value of longitudinal wave pump at
3 GHz needed to gencerate the two transverse
waves from the thermal background is calcu-
lated. Also, amplification cocflicients for cither
forward- or backward-traveling  transverse
signal waves are caleulated for a 3-GHz pump
and for various pump amplitudes and interac-
tion distances. It appears that amplification is
only practical for a continuous-wave, pump
strain amplitude of at least 1076 which, with
current experimental practice, is probably too
high to realize. If, however, continuous-wave
strain amplitudes this large could be realized,
and if a reflectionless-experimental situation
could be achieved, the analysis shows that a
high-gain, parametric transverse clastic wave
amplifier could be constructed. The high-gain
region could be achieved by operating the de-
vice very near to the conditions where it be-
comes a “‘backward-wave oscillator.”

Elastic and Piezoelectric Characteristics of Bis-
muth Germanium Oxide Bii:Geon, M. Onoe,
A. W. Warner, A. A. Ballman— Room tempera-
ture values of the elastic, piczoeleetric, and
diclectric constants of bismuth germanium
oxide have been determined. All of the clastic
and picezoceleetric constants were determined
from dynamic measurements of piczocelec-
trically driven thin plates of various orienta-
tions. Specific combinations of electrode con-
figurations and plate orientations yielding pure
thickness-shear and thickness-extensional vi-
brations are considered. The usefulness of this
material for ultrasonic device applications is
discussed.

Transmission Parameters of Thickness-Driven
Piczoclectric Transducers Arranged in Multi-
layer Configurations, E. K. Sittig- The in-
dividual transducers of an ultrasonic delay
line may consist of a multiplicity of piczo-
clectrically active layers clectrically connected
in series, parallel, or grouped in  series-
parallel combinations interspersed with clec-
trically conductive or nonconductive layers
of different characteristic  acoustic  imped-
ances. The stack of transducer layers may
be loaded by an absorptive or reactive
backing and coupled to the delay medium
through bonding and matching layers. The
transmission parameters for such configura-
tions are written in a form well suited to digital
computation. Inspection of numerical results
reveals effects that may be qualitatively under-
stood by visualizing separately the effects due
to the mechanical resonances of the layer as-
sembly and those due to the arrangement of
piczoelectric material with respect to the stress
distribution within the stack. The examples
given indicate that transducers consisting of
alternately poled stacked /2 layers of a low
coupling factor material such as CdS give an
insertion loss improvement at the cost of band-
width reduction little ditferent from that ob-
tained with narrow-band tuned terminations.
For high coupling factor layers, no significant
improvement is obtainable.

Acoustic Drying of Coal, H. V. Fairbanks, R.
E. Cline—-Itis estimated that millions of tons of
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coal fines are discarded cach year due to the
ditticulty of drying them cconomically with
conventional mechanical dewatering and ther-
mal drying equipment. This is duc to the fact
that coal of small particle size presents a large
surface arca with palar groups that increase
the amount of adsorbed water to be removed.
Since thermal dryers are more effective in the
removal of absorbed water than adsorbed
witer, the effectiveness of thermal dryers is re-
duced when drying coals of finer mesh sizes.
There is also more danger of explosion when
thermat drying fine coal due to the large
amount of reactive surface available. Since
acoustic energy has the property of producing
cavitation at a liguid-solid interface, it was con-
jectured that the application of acoustic energy
during the drying process might prove to be of
value. This cavitation process produces water
vapor at room temperature that could be
carried away from the solid surface by a flow
of relatively cool air. Alma coal, having a par-
ticle size range of — 100 4+ 200 mesh and — 200
mesh, was used in this investigation. The coal
was mixed with water to produce moisture
contents ranging from 6 to 30 percent water on
a dry basis. This moist coal was then subjected
to aicousnic drying al frequencies of 20 kHz and
12 kHz. The duration in the sound ficlds
varied from one to twelve minutes. Room tem-
perature was used in all experiments except in a
factorial design experiment in which tempera-
tures of 25°C and 75°C were used.

1EEE Journal of
Quantum Electronics

Vol. QE-3, no. 9, September 1967

Long-Term Operation of a Sealed CO: Laser,
R. J. Carbone-—The life expectancy of a scaled
CO: laser tube depends, to a great extent, on the
interaction of the molecules existing in the dis-
charge at the cathode. The data reported in-
dicate that after operation of a scaled laser,
only CO and Oa are formed in concentrations
comparable ta the initial fill gases of COs, N.,
and He, The CO, COs, and O,, in particular,
were found to be completely adsorbed at the

Ni cathode within several hundred hours of

tube operation. A loss of 10,6-um power out-
put accompanied this adsorption. As expected,
the process was reversible to a degree since
the laser resumed operation at the initial
power level after the cathode region had been
heated to 300°C. This process of adsorption—
desorption was repeated several times up to an
accumulated operating time of 705 hours,
During this time, the power output remained
at a substantially constant value, However,
the loss of CO. by carbon deposits ultimately
means an end to tube life,

Proposal for Generation of Intensive Single-
Frequency Beam by Second-Harmonic Gen-
eration of an FM Laser Beam, /. P. Weber,
E. Mathieu— An arrangement that allows the
generation of a single-frequency beam at tone
second harmonic is proposed. Essentialiy, fre-
quency addition is performed of two signals
that are frequency modulated with equal and
opposite frequency excursion, For maximum
cfticiency, the modulator and the nonlincar
crystal are arranged inside optical resonators
for fundamental and harmonic frequencies.

Correspondence

Vibrational Excitation of COz by Transfer from
Thermally  Excited Nitrogen, G. AMakhor,
1. Wieder

Argon Laser Action in a Thermionic Hollow
Cathode Discharge, D. A. Huchital, J. D,
Rigden .

A Theoretical Description of the 5106 A
Pulsed Copper Vapor Laser, D. A, Leonard

Thermal Convection and Spherical Aberra-
tion Distortion of Lascer Beams in Low-Loss
Liquids, J. R. Whinnery, D. T. Miller, F.
Dabby
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If you are a naval architect, a marine, mechanical, structural, electrical,
electronics, architectural, general, or civil engineer, we urge you to
consider the unusual opportunities that exist for you at the San Francisco
Bay Naval Shipyard.

Here you can work in design, development, testing, installation, check-out
and evaluation on all systems for naval ships including submarines,
desiroyers, frigates, cruisers, aircraft carriers, and special projects such
as the deep submergence program and the design of bathyscaphs and
sea labs.

Programs include developments on weapons systems, radar and
communications, nuclear power systems, hydraulics, ventilation and
air-conditioning systems, high-strength steel! structures, preliminary
design, new material development.

San Francisco Bay Naval Shipyard has two work sites located 40 miles
apart: San Francisco and Vallejo, California. Each location has ready
access to the full cultural advantages of San Francisco and the mild
year-round climate of the Bay Area. All types of recreation from ocean
surfing to skiing on the slopes of the Sierras are within easy driving
distance.

Openings exist at Grades GS-5, GS-7, GS-9 and GS-11.
Sclaries range from $6,400 to $10,500. These are

career Civil Service positions with regular salary increases,
generous benefits. Financial support for continued
education available.

Send resume or Standard Form 57, Application for Federal Employment, to:

Coordinator, Professional and Technical Recruitment (Code 174A36)
Employment Division

San Francisco Bay Naval Shipyard

Vallejo, California 94592

An Equal Opportunity Employer Must be o U. S. Citizen
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Peculiarities of Wave Propagation in Arcas of
Permanently Frozen Mountain Rock, V.
E. Kashprocskiv, B. 1. Korennov

A Mecthod of Increasing the Noise Immunity
of Digital Information Transmission in a
Channel with Noise, S. N. Ternet'rer, S.
E. Fal'kovich

Estimate of the Amplitude of a Signal with
Random Initial Phase, V. 1. Viadimirov.

Approximation of the Energy Spectrum of
Television and Photo-Telegraphy Signals,
N. K. Milenin

One-Dimensional Probability Density of the
Sum of Impulsive and Fluctuation Noise,
B. P. Kalinichey

Interaction of Two Sinusoidal Oscillations
in Nonlincar Narrowband Devices, V. M.
Sidorov

Reliability of Communication Channels Using
Parallel Channels, N. F. Genkina

Spectrum of a Signal with Simultancous Phase
and Amplitude Keying, V. P. Zhigach

The Conductivity of Perpetually Frozen Soil,
N. N. Maksimenko et al.

Effect of a Strong Interfering Signal on the
Transfer Function of a Transistor Fre-
quency Converter, M. E. Mocshovich

Part 11—Radio Engineering
Vol. 22, no. 5, May 1967

Fundamentals of  Information-Recovery
Theory, M. S. Neyman

RF Quantum Amplifiers and Their Applica-
tions, M. Ye. Zhabotinskiy et al.

Theory of Broadband Communications Sys-
tems, A. M. Zayezdnyy et al.

Sectionalized Beam-Swinging Antenna, Grin-
eva, V. L. Gostyukhin

Synthesis of Doppler-Tracking AFC Systems,
V. N. Kuleshov

Criterion for the Input-Noise Level of Radio
Receivers, I. M. Aynbinder

Gain Control by Varying Transistor Operat-
ing Conditions, V. F. Bystrik, 1. N. Migulin

Design of Tunncl-Diode Oscillators From the
Average Characteristics, V. S. Andreyev
et al.

Amplitude Modulation by Varying the Cou-
pling Betweerr Load and Oscillator, B. P,
Tereat’vev, V. P. Nuyanzin

First Electronic Television Systems in the
U.S.S.R., /. I'. Belvanskiv, V. A. Urralot

Output-Circuit Parameters of a Double-In-
teraction Klystron Amplifier, A. Z. Kharkov

Transients in a Ternary Parametron, S. A.
Akhmanoc et al.

Economics of Electron Tube Reliability, S.
A. Obolenskiy

The Training of Radio Engincers, G. A.
Lecin

Oscillator Standby, V. V. Klimoo

Calculation Data of the Lower Cutoff Fre-
quencies of Some Stepped Waveguides, A.
Ya. Yashkin

Symmetry of Directional Eight-Pole Networks,
L. G. Maloratskiy, L. R, Yacich

Invariant Mode of Operation of an Optimum
Receiver in a  Binary Signal Reception
System, Yu. P. Kuznetsov

Radio Engineering and
Electronic Physics
Vol. 12, no. 5, May 1967

Porous Model of Venus lonosphere, G. M.
Strelkov

Optimum Signal Detection in Non-Gaussian
Noise— Detection of a Signal with an Un-
known Amplitude and Unknown Phase,
0. E. Antonor

Variance of the Number of Overshoots in a
Segment of Stationary Gaussian Noise,
V. A. Geranin

Average Duration of Positive Overshoots of
the Sum of Signal and Gaussian Noise,
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N. G. Gatkin, V. A. Geranin, M. . Karnor-
skiv, L. G. Krasniy, V. G, Lozotik

Optimum Reception of Random Pulse Signals
in Noise, Yu. G. Sosulin

Some Statistical Characteristics of a Partially
Polarized Wave Phasor Argument, E. F.
Babushkin, A. P. Rodimov

Statistical Properties of Partially Polarized
Signals in the Presence of Nonpolarized
Noise, V. A. Potekhin, S. G. Zubkotich, A.
P. Rodimov

The Resolving Power of Tracking Measuring
Systems, B. M. Gerasimor

Properties of Inductance in Solids, A. G.
Paclinotc, V. A. Sablikov

Anomalous Behavior of the Transistor Trans-
mission Factor at Low Currents, V. A.
Kuzmin, V. S. Pershenkov

Carrier Injection into the Highly Doped Re-
gion of a Carborundum Diode, /. V. Ryz-
hikov, V. I. Paclichenko, T. G. Kmita, A. Yu.
Leiderman, P. M. Karageorgiv-Alkalaer

Carrier Injection into the Highly Doped Re-
gions of p*-n-n*-Diode, /. V. Ryzhikot,
V. I. Paclichenko, T. G. Kmita

The Emission Properties of Lanthanum Hexa-
boride, G. A. Kudintseva, G. M. Kuznetsora,
V. V. Nikulov

Critical  Emission Current of  Saturated
Aluminate Cathode, A. V. Druzhinin, A. I.
Melnikor, V. 1. Nekrasor

Emission Propertics of Strontium and Calcium
Oxides in Barium Oxide Streams, K. S.
Beinar, B. P. Nikonov

Thermionic Emission and Work Function
of an Oxide Cathode, 4. G. Kiseler, B. P.
Nikonov

The Thermionic Emission and the Nature of
Barium Films Deposited on Nickel, 7. L.
Tarash

Scecondary Electron Emission of Tungsten
Alloys with Molybdenum and Tantalum,
L. A. Ermolaerv, B. Ch. Dyubua

Stationary  Distributions  of  Potential in
Electron-lon Streams Emitted by a Cylinder
or a Sphere, V. M. Smirnov

Switching of a Symmetrical p-n-p-n Structure,
Taking into Account the Dependence of
Gain on Current, A. A. Lebeder, A. I.
Urarov

Brief Conununications

Optimum Signal Detection in the Presence of
Amplitude-Frequency  Modulated  Oscilla-
tion, O. E. Antonov

Difterential Signal Distribution for an Ar-
bitrary Phase Distribution, V. I. Vladimiror

Detection of Radio Pulses by a Phase Auto-
correlation Device, G. A. Utkina

Signal-to-Noise Ratio of a Goniometer in
the Presence of an External Noise, Yu. S.
Yurchenko

Simulation in Optimal Nonlinear Filtering,
Yu. F. Ignator

Phase Variance of Harmonic Oscillation Under
the Action of Rayleigh Noise, A. N. Mor-
gunov

Noise Matrix for a Passive Multiterminal
Network, M. E. Gertzenstein, L. G. Solovay

Phase-Frequency Characteristics of Regenera-
tive Circuits, A. P. Bekasor

Application of Gaussian Brackets to  the
Analysis of Open Cavitics and Beam Wave-
guides, M. Miller

Synthesis of Nonuniform Lines Consisting
of Uniform Sections with Losses, F. Kamin-
skiy

Effect of Internal Reflections on the Opera-
tion of the Phasing Section, Yu. V. Shu-
barin

Arbitrary  Excitation of a Helically-Con-
ducting Plane, G. G. Goshin, A. G. Goro-
shchenya

Design of Phase Shifters for Rectangular
Waveguides with Toroidal Ferrites, A. K.
Stolyaroc, I. A. Naumov

Analysis of a System of Interconnected,
Nonuniform Thin-Film Microcircuits, Yu.
A. Sher

Cyclic Changes of Breakdown Voltage in Si

p-n Junction, V. G. Melik, L. I. Kuzockina,
G. A. Yagunora

Investigation of the 1/ Low-Frequency Noise
of Back-Biased Germanium p-n Junctions,
1. D. Gudkov

Calculation of the Noise Level of Forward-
Biased p-n Junctions, 4. S. Taratuta

Reviews

Telecommunications and
Radio Engineering

Part 1—Telecommunications
Vol. 20, no. 7, July 1966

Picture Distortion in Television Standards
Conversion, N. K. Ignat’ver, E. Z. Soroka—
This article analyzes the vertical resolution
obtainable in the conversion of television
pictures from one scanning standard to
another. Originally, converters were optical,
producing an actual picture in the first stan-
dard, which was then scanned in the second
standard by conventional cameras. Subse-
quently, clectronig converters have been de-
veloped for use where the field frequencies are
the same for the two standards.

The paper employs Fourier transforms to
analyze the vertical resolution obtainable, and
concludes that when conversion is performed
on a ficld-to-field basis, as is the case with
present  electronic  converters, the  overall
vertical definition is reduced by one-half.
Restoration of the full vertical definition would
require frame-by-frame conversion, but at
present this can be accomplished only on an
optical and not an electronic basis. — Howard
T. Head

Vol. 20, no. 8, August 1966

Methods of Automnatic Prograin Changing for
a Program-Controlled Automatic Office, N.
S. Bagrintseva, V. E. Valyuzhenich-—The paper
describes a number of alternatives for adding
to or modifying programs stored in a ferrite
core memory which control an electronic
central office, The use of a changeable program
store facilitates writing program changes into
another portion of the memory which may be
dedicated to this function, or overwriting
existing programs. The authors conclude that a
separate memory is best for this purpose.

Practices such as described have been em-
ployed in the correction of errors in programs
of other clectronic switching systems.— A, E,
Joel, Jr.

Part 11—Radio Engineering
Vol. 21, no. 8, August 1966

Noise Immunity of a Diversity Reception
Methods, L. M. Fink, 4. S. Andronor—Opti-
mum  diversity receivers for Rayleigh and
Rice (nonzcro-mean) fading channels use
weighted combinations of the squared outputs
of matched-filter, envelope detectors. However,
equal-weight combining is often used because
it does not require explicit knowledge of the
system parameters. In this paper, the loss
incurred by this suboptimum procedure is
estimated for different operating conditions.
In most situations of practical interest the loss
is less than 1 dB. The methods of analysis are
fairly standard. Similar results obtained earlier
by Picrce, Stein, and Turin in the United
States and Kloosky in the U.S.S.R. are ref-
crenced, but not the more recent work of Bello
and Nelin and W. C. Lindsey (published in the
IEEE TRANSACTIONS ON INFORMATION THFORY
and COMMUNICATION TECHNOLOGY). A new
result in this paper is a closed-form expression
for lincar envelope combining of Rayleigh-
faded signals. — Thomas Kailath
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analyzing the massive amounts of data,
on-line computers were applied, using
the counter-hodoscope technique. This
technique allows 102 electronic counter
combinations to gather several million
events (interactions) per hour,

Australian group issues
a new electrical standard

The Standards Association of Aus-
tralia, through its Committee on Indus-
trial Switchgear and Controlgear, has
published an Australian standard speci-
fication for direct-on-line ac motor
starters for industrial use.

Issued as Australian Standard C364,
the new standard has been largely based
on corresponding recommendations of
the International Electrotechnical Com-
mission aimed at facilitating interna-
tional trade in electrical materials and
equipment. It applies to starters for cir-
cuits up to 11 kV and which are intended
to start and accelerate a motor to normal
speed and to provide means for the pro-
tection of the motor and its associated
circuits against overloads.

Copies of AS C364 are now available
from the various oflices of the Standards
Association of Australia (in Sydney,
Melbourne, Adelaide, Hobart, Brisbane,
Perth, and Newcastle). The price is
$1.20 per copy.

Laser safety will be
subject of January meeting

In an effort to evaluate laser safety
programs, a Conference on Laser Safety
has been planned for January 29 -31,
1968, in Cincinnati, Ohio. The program
will include not only seminars, but also
actual laboratory exercises.

The Medical Laser Laboratory of The
Children’s Hospital Research Founda-
tion of the Medical Center of the Uni-
versity of Cincinnati, together with the
United States Public Health Service,
Bureau of Disease Prevention and En-
vironmental Control, National Center
for Urban and Industrial Health, Oc-
cupational Health Program, and the
Department of Environmental Health of
the University of Cincinnati College of
Medicine, will act as sponsors for the
conference,.

Furiher information is available from
Mrs. Meredith S. Runck, Oftice Man-
ager, Laser Laboratory, The Children’s
Hospital Research Foundation, Elland
Avenue and Bethesda, Cincinnati, Ohio
45229,

Focal points

Better Multipoint Satellite

Communications
By COMSAT

Write for “Professional Opportunities at COMSAT”

Comsat needs transmission engineers who can help extend the
benefits of multipoint satellite communications to more nations of
the world. Such men are engineering graduates with at least ten
years of experience, in a senior capacity, in:

® Modern long-distance telecommunications practice (carrier

pair, coaxial cable, micrcwave radio, repeatered submarine
cable, satellite systems].
Switching and signaling, as applied to long-distance circuits.
Characteristics of audio, telegraph, data and video inputs to
long-distance facilities.

Knowledge of the following is required: use of microwave radio
spectrum; CCIR and CCITT recommendations rela:irg to long-dis-
tance telecommunication; the theory and practice of frequency-
modulation and time-division techriques.

Contact Mr. F. John D. Taylor, Transmission Systems Division.

Comsat also needs engineers who are familiar with low-noise,
high-power devices, techniques and microwave equipment required
to implement satellite transmission systems, and those who want to
take an active part in the creation and construction of new earth
stations.

Contact Mr. ]J. Kadet, Earth Station Implementation Division.
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COMMUNICATIONS SATELLITE CORPORATION

1909 L Street, N.W., Washington, D.C. 20036
AN EQUAL OPPORTUNITY EMPLOYER



SOME OF OUR
BEST FRIENDS
ARE. ..

. EE’s. Energetic, creative, high
voltage pro’s. The kind who pick up
a ball and run with it. There’s room
at the top, right now for degreed engi-
neers. In

e airborne radar systems

* electro-optics

* command/control systems
¢ anti-submarine warfare

e circuit design

* radio astronomy

Some of our best friends have found
top level homes through GUILFORD.
How about you? Interested in making
new friends? Send your resume or call
D. N. Silver, member, IEEE.

Personnel Service
415 Equitable Bldg., Baltimore, Md. 21202

Telephone (301): MU. 5-4340
e ——————————— ————

ELECTRONIC ENGINEERS
and
PHYSICISTS
to work in
NUCLEAR WEAPONS EFFECTS
on
ELECTRONICS

Background required in solid state
physics, EM theory, RF techniques or
circuit/systems design and analysis.

Salary: $7,729 to $16,905 p.a.
depending on background and ex-
perience.  Career Civil Service.
U.S. Citizenship required.

Werite or Call:

Mr. Harry Zagorites
Code 150G

Naval Radiological
Defense Laboratory

Son Froncisco, Colifornio 94135

Telephone 648-6900 X280

An Equol Opportunity Employer
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Transportation by Triodyne?

I read with great interest the article
“FElectric cars—hope springs eternal”
by Nilo Lindgren (see SPECTRUM, pp.
49 -60, Apr. 1967). About 20 years ago |
was working on such a vehicle. At that
time. I had developed a versatile electric
control system and one of the attempts
to use it was as part of a hybrid electric
automobile. Unfortunately for me, the
interest in dc control systems began to
wane because of the advent of static ac
systems.

Although I tried other applications,
I did not contact anyone concerning the
automotive drive. The new interest in
electric cars makes me think that there
might be a place for my system at the
present time.

Following is a short description of my
device, which I call “Triodyne,” and of
the principle of the proposed car system.

The Triodyne principle

The Triodyne is a dc machine with
three salient poles arranged 120 apart.
Two independent electrical powers are
connected to three brushes, also 120°
apart.

The Triodyne works as a control de-

vice that coordinates a mechanical
Combustion Triodyne Battery
engine control
" =

) e
Engine _ Battery
Mechanical +M— D ” «—Discharging +B
output A Charging —-B

—

Drive motor

Driving —D
Braking +D

Basic equation: M4+ B+ D =10

Motor Battery Drive
M>D Running(+) Charging(—) Driving(—) B=M—-—D
M<D Running(+) Discharging(+) Driving(—) D=M+B
M=0 Not Running Discharging(+) Driving(—) D=8B
Braking Running(+) Charging(—) Generating(+) B=M+4D

(Efficiencies are disregarded)

power with two electrical powers so that
the algebraic sum of the three always is
zero.

The principle is best illustrated by a
few examples:

1. The Triodyne accepts a mechani-
cal power input and delivers two electri-
cal outputs.

2. The Triodyne accepts a mechani-
cal and an electrical input and delivers
an electrical output.

3. The Triodyne accepts an electrical
input and delivers a mechanical and an
electrical output.

4. The Triodyne accepts two electri-
cal inputs and delivers a mechanical out-
put.

Outside controls determine size and
direction of two powers and the third
power automatically adjusts itself to
satisfy the basic equation

M+E1+E;=O

where M is the mechanical power and E,
and E. are the electrical powers.

The Triodyne is self-contained and al-
ways stable. It does not require outside
stabilization auxiliaries as Pestarini’s
Metadyne does.

I had the opportunity to test the Trio-
dyne principle in two applications:

1. One application was in a welding
system with a constant dc input that the
Triodyne converted into a welding
power supply. Simultaneously, the Trio-
dyne delivered mechanical power to its
substantial cooling fan. The welding
power output varied rapidly from open
circuit to short circuit. The Triodyne fol-
lowed these variations with fast response
without changing its speed.

2. Asa two-stage amplifier, the Trio-
dyne was driven as a generator. The elec-
trical input was used to excite the first
electrical power, which then was used as
excitation for the second electrical power
that became the amplified output.
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The proposed Triodyne car

The Triodyne car is a hybrid electric
vehicle with an auxiliary combustion en-
gine. A battery supplies electric power to
the drive motor (or motors). The com-
bustion engine may be used on prolonged
trips or for increased speed.

The Triodyne controls the power dis-
tribution between engine. battery, and
drive motor as shown in the illustration.
The driver controls only the drive motor.
The demand of this motor establishes
the flow of power. The I'riodyne
achieves this control merely with proper
field coils on its three salient poles. No
auxitiary devices and no black boxes ure
required. The combustion engine is not
controlled und runs with constant speed
and constant load tuned for optimum
conditions,

Josepl M. Tyrner
Morristown, N.J.

Dissent welcomed

The June 1967 issue of IEEE spec-
tRUM  contained  two items of great
interest  the letter (IEEE forum, page
H) by Mr. Ackerman concerning the
question of editorial policy, and “Spec-
tral lines” by C. C. Cutler,entitled** Duty
to Dissent™ (page 47). We observed with
pleasure that the only reference made
by Mr. Cutler to controversial material
published by the IEEF was 1o an article
that appeared in the pages of our
TrRANSACTIONS.

The TEET TRANSACTIONS ON AERO-
SPACE AND  ELECTRONIC SYsiivms  has
always had an open invitation to all
authors or prospective authors to sub-
mit sound material that presents an
unpopular viewpoint. Just because we
do not personally agree with viewpoints
expressed in any material does not
mean  that we will not defend the
individual’s right to have his views
made public. Our biggest problem in
obtaining dissenting material has been
in finding engincers and scientists who
are willing o “‘record a dissenting
opinion where the public interest is at
stake.”™ We will not, obviously, publish
material of a “crank™ nature, but will
give fair “AES™ time to those who
make serious ellorts to record their
facts und opinions, and submit them to
us,

When may we expect to receive the
nextarticles of this type ?

Dacid B. Dobson
Executive Fditor
IEEE Transactions on AES

Technical correspondence

THE

EXCEP-
TTONAL

MAN

Cﬁhf é& Z? BZ}ZSZIJWKI' ASSOCIATES

EXECUTIVE SEARCH

725 JACKSON TOWERS ¢« BALTIMORE 1, MD. » PLAZA 2-5013

Wanted—for a challenging position in
an American industrial or research or-
ganization . . . The Exceptional Man,

He is ready for a career opportunity
with a nationally known organization
offering immediate rewards and nnlin-
ited potential for personal growth,

He has a backgronnd in electronics or
mechanical engineering, physics. math-
ematics. operations research. chemistry,
materials science or industrial envineer-
ing. Opportunities exist for Bachelors,
Masters and PhD candidates.

He is wanted by one or more of our
prominent clients for a futnre in in-
custry . miversity-affiliated  research or
uon-profit - research.  These  orwzaniza-
tions. located throuchout the United
States. pay all onr charges.

They want us to locate The Excep-
tional Man. May we hear from von?

SPECIALISTS

FLORIDA:

NUCLEAR PROJECT aud other

expansion in one of the nation’s

fustest-growing electiie utilizies open
animmedinte opportunity with un-
limited horizon  for an engincer weth
o bachelor's  degree  in clectrienl
engineering  and  experience  in in-
dustricd or power  plans electrienl
ecquipment engineeringe,

IF vou like power plant operations,
nuintenance, and engineerin LS.

IF . company committed to innov:-
tion appeuls to von —one  with
advanced  electronic and  com-
puterized equipment, and sophis-

POWER PLANT ELECTRICAL ENGINEER

.,-VL.... Move into this challenging growth career NOW

ticited pgeneration and transmis-
sion designs on the hoards . . .

IF vou prefer o company with ex-
cellent advancement  opportun-
ities, where most top brass are
alsvengineers | . .

IF you sense that in fast growing
Florida, a0 32-county service aren
embracing  the  Disney World
project, the industrial 14 Belt
and cultarally-adyvinced  Pinellas
County has an exciting future . . .

IF you like u bright climate, hoating,
fishing . .. year-round outdoor fun
for vour fumily | .,

THEN mail resume in strict confi-

dence to H. L. Harker, Manager— [
Employment, P. O. Box 14042 . .. or

phone collect (A/C 813) 898-2141.

FLORIDA POWER CORPORATION
ST.PETERSBURG, FLORIDA 33733




Ilandbook of Military Infrared Tech-
nology, William L. Wolfe, ed.—Office
of Nacal Research, Dept. of the Nacy,
Washington, D.C., 1965; 881 pages,
illus., $3.75. The word *“military” might
well have been omitted from the title
of this handbook. It appears that the
material covered is equally appropriate
for use by any designer or systems en-
gineer interested in infrared systems,
regardless of the intended use. This
book encompasses all that might be
expected of such an effort, and more.

There are 22 chapters written by
various experts in their fields. An ex-
treme elfort seems to have been ex-
pended in all but one chapter (on system
design) to provide the latest data, tech-
niques, and information. There is
something of interest not only to the
infrared specialist but also to the gen-
erally curious. For example, the six
chapters dealing with optics (from com-
ponent to spatial frequency filtering)
will provide the reader with a surprising
amount of information on other than
infrared systems and components. The
chapters on targets, backgrounds, and
atmospheric  phenomena  gather to-
gether a tremendous amount of data,
previously available but quite scattered
throughout the literature, and place
it at the fingertips of the reader. The
chapters on spacecraft thermal design
and aerodynamic influences on infrared
system design provide information con-
cerning some of the less familiar en-
vironments in which infrared systems
must operate. The chapter on system
design must, in the reviewer’s opinion,
be considered the weakest, although
it could and should have been one of the
strongest. The authors use expressions
that are not verified to establish the
operating constraints on various systems.
Also, as opposed to the remainder of
the handbook, there are no references
in this chapter to other work.

There are a few other minor criti-
cisms. On page 348 the symbol for
complex index of refraction 7 is intro-
duced without discussion. On page 380,
Fig. 9-9 does not adequately represent
or define the quantities discussed in
the corresponding paragraph. On page
630, equation (15-88), the coeflicient
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of the second term on the right-hand
side of the expression is Wy, not Wa.
On page 636, the seventh and eighth
lines of paragraph 15.4.1 are garbled.
This handbook is recommended to

not only the infrared systems designer
but also to all others interested in the
general field. )

W. A. Miller

Radiometrics

Long Islund City, N.Y.

Integrated Circuit Engineering—Basic
Technology, G. R. Madland, er al.—
Boston Technical Publishers, Inc., Box
111, Cambridge, Mass., 1966; 391 pages,
illus., $22.50. This reviewer tinds him-
self attempting to summarize a book
which is itself a summary. Although
undeniably a comprehensive, useful
first reference book for the practicing
engineer, the depth of coverage of inte-
grated circuit technology in this book
varies widely from section to section.
The chapters are incomplete in them-
selves, and do not provide further ref-
erences. The text has evolved from
courses given by the Integrated Circuit
Engineering Corp. staft, and the book is
properly considered a handbook of
integrated circuit technology. In this
context, it fulfills a very necessary and
important function.

The chapters treat the economic im-
pact of integrated circuits, silicon inte-
grated circuit materials and processes,
integrated circuit design and testing
(both linear and digital), and reliability
and failure analysis. A great variety of
data pertinent to these subject areas
are given in the text and figures, although
the obvious is often blended with the not
so obvious. The data give the reader
familiarity with a very broad spectrum
of the subject, but do not provide the
reader with competence to proceed
much further.

For example, concerning integrated
circuit resistor frequency response, it is
duly noted that *“the primary eltect of
parasitic capacitance on resistors is to
limit their frequency response.” This
perfectly obvious notion is followed
by an undocumented (and undemon-
strated) equation for the resistor’s cutoff
frequency, which requires a background

in distributed RC networks. This is
followed by a table of typical resistor
parasitics. Nothing is said of inductive
parasitics, which might be significant
in low-value thin-film resistors.

In retrospect, this (fourth edition of
the) text, must be considered a hand-
book that requires extensive further
reading for competence in the subject
matter.

R. W. Wyndrum, Jr.
Bell Telephone Laboratories, Inc.
Murray Hill, N.J.

Introduction to Digital Electronics,
Arthur W. Lo—Addison-Wesley Pub-
lishing Co., Inc., Reading, Mass., 1967,
223 pages, illus., $10.75. Professor Lo
has drawn on over 15 years’ experience
at RCA Laboratories and at Princeton
University to present in this little volume
those facts and perspectives that are
fundamental to an effective understand-
ing of modern digital circuits. In a
35-page first chapter titled ‘‘Basic
Concepts,” the author introduces the
fundamental ideas of quantization,
physical representation of digital data,
fan-in and fan-out, directivity and iso-
lation (of circuits), basic logic circuit
configurations, speed of operation, tol-
erances, design approximations, worst-
case analysis, statistical analysis, and
transients. The treatment of each topic
is necessarily brief, but is in most cases
excellently conceived and well carried
out, as far as it goes.

Subsequent chapters are on transistor
logic circuits (61 pages), cryoelectric
and optoelectric circuits (20 pages).
magnetic logic circuits (47 pages), logic
circuits using negative-resistance switch-
ing elements, including parametrons
and tunnel diodes (30 pages), and ran-
dom access memories (28 pages). In
each case the topics appear to be well
chosen and succinctly introduced. The
long chapter on transistor logic circuits
includes sections on field-effect tran-
sistor logic circuits and integrated cir-
cuits, as well as good discussions of
conventional bipolar transistor logic
configurations and a fine introductory
treatment of the bipolar transistor as
a switching element.

Each chapter containsa bibliography,
listed without comment. Unfortunately,
no exercises or problems are given,
thus reducing the appeal of the volume
as a textbook. This lack, along with the
conciseness of much of the writing,
suggests that the audience for which
the book is best adapted is perhaps
those engineers or students who have
ample maturity and expertise in their
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Research in both the analytical and
experimental computer sciences has
enabled CAL to participate in achieve-
ments ranging from the earliest work in the com-
mand and control networks for air defense, to
today’s need for automatic processing of raw
radar data for functions essential to ballistic
missile defense. Activities include mathematical
analyses, management of the Laberatory’s central
computer complex, and advanced investigations of
special-purpose computer design, general-purpose
computer applications, filtering and parameter

Ulus ration symbahizes the research of our Computer Sciences Divisoon. Others
i he seres reflect the techmical essence of our four cther Divisions: Aero-
scrances, Full Scate. Physic and Systems
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estimation, artificial intelligence, radar
video processing, computer graphics,
adaptive control systems, real-time
simulation, and development of systems-oriented
math models. [ What might you be able to do with
the freedom to pursue research in fields like these,
working with expert associates and with the finest
experimental facilities available? If the question
stirs your imagination, write Mr. C. L. Rentschler,
Professional Placement, Cornell Aeronautical
Laboratory, Inc., Box 235, Buffalo, N.Y. 14221.
(CAL offers equal employment opportunity to all.)

<_J, CORNELL AERONAUTICAL LABORATORY, INC.

of Cornell University
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own specialty (which may be in the
subject area of the book), and want, in
concise form, an authoritative, up-to-
date, and balanced presentation of the
full sweep of modern digital electronics.
The beginning student who in his in-
security needs every step explained
twice will not find the book to his taste,
unless he is in the hands of a good in-
structor who will help with the details
and provide examples and exercises.
For the mature reader, however, this
work should provide an enriched per-
spective on a most important part of
modern electrical engineering.

Howard E. Tompkins

Unicersity of Maryland

College Park, Md.

Electronic Theory of Heavily Doped
Semiconductors, V. L. Bonch-Bruyevich
— American Elsecier Publishing Co.,
Inc., 52 Vanderbilt Ave., New York,
N.Y., 1966; 124 pages, illus., $7.50.
This book, a translation from the Rus-
sian, summarizes the status of the theory
of degenerate semiconductors at the
time of writing (1965). Comprehension
of the material requires a knowledge
of second quantization, the many-
body problem, and the Green’s function
method of solving equations. Among the
topics treated, all briefly, are the Fermi
level, static electrical conductivity and
optical absorption in degenerate semi-
conductors, degenerate semiconductors
with an incomplete homopolar lattice,
and p-n junctions between degenerate
semiconductors. The book contains an
excellent bibliography covering both the-
oretical and experimental work in this
area through 1965.

The volume is a good point of de-
parture for a serious student of the
important problem posed by heavily
doped semiconductors, which are used
in tunnel diodes, semiconductor lasers,
thermoelectric devices, and thin-film
devices. However, the reader needs to
have a high degree of sophistication
in solid-state physics to appreciate the
presentation.

J. J. Loferski
Brown University
Providence, R.1.

Noise and Its Effect on Communication,
Nelson M. Blachman—McGraw-Hill
Book Co., Inc., 330 W. 42 Si., New
York, N.Y., 1966; 205 pages, illus.,
$13.50. The serious student wishing a
good introduction to many of the as-
pects of statistical communication the-
ory will find this little book of scarcely
200 pages well suited to his needs. A

mathematical background consisting of
basic concepts in probability and Fourier
integrals, plus knowledge of some
special functions mentioned in the
text, would be required for independent
study.

The author begins by introducing the
multivariate normal distribution, and
continues with a general chapter on
random processes. A discussion of
power spectra and their measurement,
plus an interesting and enlightening
discussion of some aspects of the spectra
of angle-modulated waves, are high-
lights of the remainder of Part I,
along with a discussion of the first two
moments of the distribution of zero
crossings for a Gaussian random pro-
cess. As a by-product of this first
division of the book, the author pro-
vides the reader with a good heuristic
understanding of the meaning of ergo-
dicity. Unfortunately, there does not
seem to be any real attempt made to
indicate why this is an important con-
cept. Had Dr. Blachman done as ex-
cellent a job on this latter aspect as he
did on the former, then this reviewer,
at least, would be somewhat wiser on
the subject.

Part 11 begins with a general method
of describing the output of instanta-
neous nonlinear devices when the input
is a (very) narrow-band signal. This is
followed by a discussion of analog FM
demodulation from the output signal-
to-noise ratio viewpoint and the re-
sulting interpretation in  terms of
“clicks.” The final chapter of the sec-
tion provides an introduction to opti-
mum signal detection theory, and it is
here that the author chooses to intro-
duce sampling theory as well.

The book concludes with two chap-
ters on information theory, including
the concepts of channel capacity and
the coding theorem.

The main fault of the book is stated
by the author in the preface. A mathe-
matically heuristic approach can lack
conviction when unfamiliar concepts
are being discussed. The principal
virtue is a fresh, direct-to-the-point
treatment of topics chosen as much for
their practical as for their theoretical
importance. In addition, the book con-
tains many original and informative
problems for the student.

J. E. Mazo
Bell Telephone Laboratories, Inc.
Halmdel, N.J.

Designing Transistor LF. Amplifiers,
W. Th. H. Hetterscheid—Springer-
Verlug New York, Inc., 175 Fifth Ave.,
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New York, N.Y., [966; 330 pages,
illus., S12.00. This book presents a
systematic method for the design of
transistor 1F amplifiers for radio, tele-
vision, and radar receivers. It is a useful
reference book for electronic engineers
and graduate students interested in
circuit design.

Due to the internal feedback of tran-
sistors, the design of IF amplifiers is
laborious. The author introduced a set
of parameters, regeneration coetlicient
T and phase angle 8, to describe the
overall feedback of the 1F amplifier.
With these parameters and a series of
design charts, the performance of the
amplitier may be found. A step-by-step
design procedure as well as several
complete examples are given.

The admittance parameters of tran-
sistors are used in all discussions. In
chapter 4, a comprehensive discussion is
given on the dependence of admittance
parameters on bias, frequency, and
temperature. Chapter 12 discusses the
effects of spreads in these parameters.
Three chapters are devoted to the survey
of design theory, including discussions
of stability, alignment, amplification,
amplitude and delay response curves,
neutralization, and AGC. However,
this survey is a handbook-like summary.
All details are omitted and referred to
the author’s other book, Transistor
Bandpass  Amplifier (referred to  as
Book 1). Therefore, for complete un-
derstanding, these two books should
be read simultaneously.

About one third of this volume is
devoted to practical design examples,
and another one third to normalized
design charts. The examples are well
chosen and design steps are easily
understood, provided the reader will
accept the results given in the theoretical
survey. The lack of a more complete
theoretical discussion and explanation
of reasons for the approach as well as
for the design charts may leave an in-
quisitive reader frustrated, even though
reference is made to the author’s other
book.

This book is clearly written and con-
cise. It is comprehensive in collecting
the necessary information for the spe-
citic goal. As a whole, it is a useful
reference book. and is recommended for
electronic circuit designers as well as for
graduate students.

w. . Ko
Case Institute of Technology
Cleveland, Ohio

Dictionary of [Klectrotechnology: Ger-
man-English, Eduard Hohn—Chapman

Book reviews

Promises,
Promises.

If yvou’re sharp, you’re probably skeptical about a
lot of job offers. You know many companies start
you off high, level you off early. Yet you're boxed
in on vour present job. You're interested in more
space lo grow in, an opportunity to work inte top
salary brackets. You’re interested in Northeast
Utilities,

We serve a really hot growth spot—Connecticut and Western
Massachusetts. This avea is doubling its eclectric power nceds
every 10 years—and we're building one of the nation’s highest
concentrations of nuclear power to meet this demand. We need
engineers to help us build. Specifically:

ELECTRICAL ENGINEERS

Substation Design: Project Engincers for engincering and
design of substations and associated equipment. Fxpericnce in
application of communication, telemetering. and supervisory
systems desirable.

Protection Engincers: Experienced in design of protective
relay systems. Ability to determine and specify system relay
settings desirable.

System Planning Engineers: Experienced in developing and
evaluating system studies for generation and transmission cxpan-
sion. Expericnce with computer utilization desirable.
Distribution Engineers: Experienced in the design, construc-
tion, and operation of distribution systems, overhead and under-
ground, Openings in operating divisions.

MECIHANICAL ENGINEERS

Power Plant Operation: Experienced in operation of power
plants, both nuclear and fossil fuel. Openings in power plants
and at staff levels.

INDUSTRIAL SALES ENGINEERS

Sales oriented engincers to act as company-consultants to in-
dustrial customers relative to the utilization of energy for
industrial processcs.

GAS ENGINEERS

‘Experienced in gas distribution and utilization with emphasis on
field enginecering.

Interested? Write a letter and send a resume (if you have one)
to Mr. William Naughton, Employment and Training Manager,
Dept. 117, P.O. Box 270, Hartford, Connecticut 06101.

NORTHEAST UTILITIES

Box 270, Hantford, Conn.

WESTERN MASS, ELECTRIC CO.
THE HARTFORD ELECTRIC LIGHT CO.
THE CONNECTICUT LIGHT ond POWER CO.
NORTHEAST UTILITIES SERVICE €O,

Ao bqual Opportunity Employer
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and Hall, Grear Britain: distributed ex-
clusicely in the U.S. by Barnes & Noble,
Inc., 105 Fifth Ace., New York, N.Y.,
1967, 705 pages, $22.50. This rather
large dictionary of German terms in
electrical technology should be of value
to anyone seriously interested in trans-
lating German engineering literature,
The dictionary is definitely a wpecial-
purpose work, and includes almost no
terms from the general language. Thus,
it supplements, rather than replaces, a
more general work, such as that of De
Vries (German—English  Science Dic-
tionary, McGraw-Hill. 1946). In addi-
tion, “‘electrical™ technology is to be
interpreted in the strict sense of elec-
trical engineering, as contrasted with
electronics, modern control theory, the
computer sciences, etc. No attempt
is made to include terms from these other
areus,

Within the limits of power engi-
neering, industrial processes, and the
other classical areas of electrical engi-
neering, the dictionary is admirably
broad and complete, and stands as
something of a monument to the Ger-
man compound noun. (We are in-
formed, for example, that a “Mehr-
phasenreihenschlussmotor™ is a poly-
phase series commutator motor. This
is symptomatic of a style of German
technical writing that seems to be
persisting in the areas covered by the
dictionary.) The meanings of many of
these compounds ditfer somewhat from
the sums of their parts, and this diction-
ary 1s of real service in providing an
exceptionally large number of entries,
and what are obviously authoritative
translations. The size of the work is
comparable to the larger De Vries,
ie., DeVries and Herrmann, German—
English Technical and Engineering Dic-
tivnary, 2nd ed., McGraw-Hill, 1966,
but the coverage, being narrower, is a
good bit more thorough. The breadth
of coverage mentioned refers to the fact
that many peripheral terms from law,
economics, labor relations, production
management, etc., are included.

The dictionary is generally well ar-
ranged and easy to use. Umlauted vowels
are alphabetized, as, for example, “ae,”
which this reviewer found hard to get
used to, and no genders are indicated
anywhere, but no serious faults are evi-
dent. In short, this is a well-assembled
dictionary that merits the serious con-
sideration of anyone translating in the
area of industrial electrical processes.

R. N. McDonough
Bell Telephone Laboratories, Inc.
Whippany, N .J.

Book reviews
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fossil fuel power plants. ments to:
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P. O. BOX 3965, SAN FRANCISCO, CALIF. 94119
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INFORMATION SYSTEMS
SCIENTISTS AND ENGINEERS

Bendix Research Laboratories has excellent career opportunities for B.S., M.S., and
Ph.D. graduates with 2 to 15 years experience in one or more of the following key areas:

@ ARTIFICIAL INTELLIGENCE, pattern recog-
nition, trainable systems, adaptive logic.

@ COHERENT OPTICAL PROCESSING, holo-
graphy, spatial filtering, optical correlation,
electro-optical systems,

@ DIGITAL AND ANALOG COMPUTERS, sys-
tems analysis, logic and circuit design, real-time
computer control.

@ AUTOMATIC CONTROLS, information theory,
control theory, circuit and servo analysis,
correlation techniques.

@ COMPUTER PROGRAMMING, mathematical
analysis, scientific computing.

Assignments involve research and development in automatic extraction of information
from photographic records, image processing and analysis, adaptive and trainable
control systems, digital and hybrid computing techniques, and advanced real-time
computer control applications.

Located in progressive suburban
Detroit. Call collect or send resume
to Research Laboratories, The
Bendix Corporation, Southfield,
Michigan (313) 353-3500.

Bendix Research
Laboratories

An equal opportunity employer
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New Library Books

The books described below were re-
| cently acquired by the Engineering
Societies Library. Members of the
| IEEE in Canada and the continental
| United States may borrow books from

the library by mail. The books may be
\ kept up to two weeks; a charge of fifty

'KEY UNLOCKS THE DOOR TO
- CAREER SUCCESS...

A NATIONAL SEARCH ORGANIZATION

EXCLUSIVELY FOR ENGINEERS & SCIENTISTS
ETHICAL AND

ENTHUSIASTIC
COAST TO COAST CLIENTS

cents for a week or a fraction thereof
is made for eaclh volume, exclusive of
transit time. Requests for books and
for information on literature searches,
translation services, and photocopying
and microfilming of library materials
should be addressed to the Engineering
Societies Library, 345 East 47 Street,
New York, N.Y. 10017.

Advances in Materials Research; vol. 1:
Experimental Methods of Materials Re-
search, Herbert Herman, ed.—/nter-
science Publishers, 605 Third Ace., New
York,N.Y., 1967 316 pages, $14.95. This
is the first volume in a series intended to
| serve as a “‘forum™ for up-to-date ac-
counts of progress, both theoretical and
experimental, in the form of comprehen-
| sive and critical review articles. These

NO FEES

ONLY
ONE
RESUME
NECESSARY
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Pre-Specification Selling

in ‘“Proceedings of the IEEE’’ serves
the advertiser better and more
effectively than in other
publications

Because ‘“Proceedings of the IEEE” publishes basic
research and engineering application articles, it is
closely studied by those design engineers who must
*keep ahead of the market.” Often, the research pub-
lished leads the industry production by from two to six
years! The alert engineer, who needs this amount of
time for his own design applications and for tooling up
and changing the production in his own factory, stud-
ies the *‘Proceedings of the IEEE” carefully. Its
articles keep him abreast with the changes that will
inevitably come and make it possible for him to be
ready for them. This is the time for you to sell the
unknown engineer designing the never-dreamed-of-
product “‘before it happens!” It is an insurance that
you will be ahead of the market instead of behind it!

The Institute of Electrical and Electronics Engineers

Advertising Department

72 West 45th Street New York, N.Y. 10036

MUrray Hill 2-6606

| critical evaluations of significant experi-

mental techniques will be provided, in so
far as possible, by men who contributed
prominently to the development of these
techniques. Four papers directly con-
cerned with metals research are preceded
by thorough treatments of X-ray and
neutron ditfraction, electron and field-
emission microscopy, and electron-probe
microanalysis.

An Introduction to Astrodynamics (2nd
ed.), Robert M. L. Baker, Jr., and Maud
W. Makemson—Academic Press Inc.,
111 Fifth Ave., New York, N.Y., 1967;
439 pages, 94s. This is an undergraduate
text that relates the theory and tech-
niques of celestial mechanics to contem-
porary space-vehicle problems. Chapters
1 to 4 provide discussion of general laws,
the minor planets and the moon, comets
and meteorites, space geometry, and the
principal coordinate systems. The nature
and use of astrodynamic constants are
next considered, followed by an extended
treatment of observation theory, includ-
ing electronic observations such as
pulsed radar, phase shift, laser, and radio
interferometer. Detailed applications to
more advanced topics such as orbit
determination and computation are to
be covered in a4 companion volume.

Electronic Automatic Control Devices,

A. A. Bulgakov—Pergamon Press, Inc.,
44-01 21 St., Long Island City, N.Y.,

IEEE spectrum SEPTEMBER 1967



1966 ; 549 pages. $18.50. This translation
of a Russian book published in 1958
deals with electronic devices for auto-
matic control and regulation of indus-
trial plants and technological processes.
A considerable section of the book deals
with the theory, design, and practical
application of the thyratron rectifier and
inverter. Typical examples of the appli-
cation of electronic devices to control
units as used in various branches of in-
dustry are dealt with in the remaining
chapters. Although mainly concerned
with vacuum-tube equipment, the author
has provided an introduction in this edi-
tion that deals with solid-state devices
and relates them to the relevant chapters.

Engineering at Cambridge University;
1783-1965, T. J. N. Hilken-—-Cambridge
University Press, 32 East 57 St., New
York.N.Y., 1967 ; 277 pages, $8.50. This
book recounts the history of a major uni-
versity engineering school and the story
of the acceptance of engineering as a
valid university discipline. Starting at
the end of the 18th century as a profes-
sor's hobby. engineering gradually came
to be accepted, first as a part of a liberal
education for men reading for the Ordi-
nary Degree, and later as a fully fledged
subject for university teaching and re-
search. As of 1965 about 10 percent of
all undergraduates were reading the sub-
ject, and a strong graduate school has
also been established with over 150
research students. The history is inter-
woven with the biographies of the several
eminent men who had mwch to do with
its continuing development,

Engincering Electronics with Industrial
Applications and Control (2nd ed.),
John D. Ryder— McGraw-Hill Book
Co., Inc., 330 West 42 S1., New York,
N.Y., 1967; 690 pages, $12.50. This
text attempts to cover much of the basic
device and circuit knowledge needed by
those expecting to work in the control,
computation, and instrumentation fields
of electronic application. Broad princi-
ples are emphasized and iHustrated,
rather than details of specialized appli-
cations, The first two chapters provide a
survey of electronic principles and
vacuum and solid-state devices for those
without previous training. Solid-state
elements and principles are emphasized,
leaving to the tube only those applica-
tions where it still retains some im-
portance.

Gallium Arsenide (Conference Series No.
3), The Institute of Physics and Physical
Society, 47 Belgrave Sq., London S.W.1,

Book reviews

England, 1966, 247 pages, 312.00. This
symposium, held at Reading University
in September 1966, was organized in
response to the rapidly increasing impor-
tance of gallium arsenide in a wide range
of semiconductor applications, and was
devoted to the technologies of material
preparation and device fabrication. The
35 papers included in this volume fall
within the following categories: mate-
rials preparation, including epitaxial
techniques and growth from the melt;
optical effects, with discussions of high-
power lasers, radiation efliciency, and
photoluminescence and degradation;
microwave devices, such as mixer and
varactor diodes and Gunn effect devices;
and junction devices—transistors and
diodes. Much of the interest derives
from the fact that the wide band gap
and high electron mobility extend the
range of operation of gallium arsenide
devices to high temperatures and high
frequencies.

Gas Lasers, Charles G. B. Garrett—
McGraw-Hill Book Co., Inc., 330 West
42 5t., New York, N.Y.. 1967 ; 144 pages,
8310.95. Beginning with a brief historical
introduction, the book continues with a
discussion of gaseous amplifying media
and optical cavities and the way in which
they interact. Mechanisms of specific
laser systems are then discussed: helium-
neon, argon ion, carbon dioxide, and
far infrared. An account is then given of
the techniques involved in constructing
a gas laser, with a description of the
properties of the emerging laser beam
as to power output, directional distribu-
tion, and phase and amplitude fluctua-
tions. Other topics covered are the effects
of intracavity modulation, frequency and
amplitude stabilization, Q switching,
and the application of magnetic fields.

Laplace Transforms for Electronic En-
gineers, James G. Holbrook-—Pergamon
Press, Inc., 44-01 21 St., Long Island
City, N.Y.. 1966; 347 pages, $10.00. This
self-teacher for practicing electronics en-
gineers requires a knowledge of differ-
ential and integral calculus and graduate
circuit analysis, It is designed to give a
thorough, practical treatment of the
Laplace transform theory, enabling com-
plete analysis of electronic network prob-
lems. Avoiding the abstract terminology
of pure mathematics, the author devotes
his first chapter to a review of complex
variable theory as applicable to the
Laplace transform, necessary to the
derivation of the Laplace integral. The
remainder of the book develops the
theory and demonstrates applications to

Are you
looking
for mental

whetstones
()

It is well known that one mind may
sharpen itself against another. The
results are abundantly evident at
Battetlle Columbus and Battelle
Northwest: Young, untried men work
with scientists of established stat-
ure. Beth gain. Researchers in one
discipline wrestle with problems
alongside colleagues in another —
or many others. Horizons are sure to
widen and perceptivity increases for
all concerned.

Both Battelle laboratories offer
associates an attractive program of
“fringe benefits”. But none of the
formal, contractual benefits are so
valuable as that of the associations
inherent in the job. Battelle, as one
of the world’s foremost independent
research organizations, attracts both
top talent and clients, and runs the
gamut of interesting, demanding
projects in the physical, as well as
life and social sciences.

If you are one of the truly superior
ones in engineering or a science,
write and send your resume to
either Mr. L. G. Hill, Battelle Colum-
bus, 505 King Avenue, Columbus,
Ohio 43201; or Mr. E, P, Galbraith,
Battelle Northwest, 3000 Stevens
Drive, Richland, Washington 99352.
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amplifiers, oscillators, passive and active
wave filters, and other circuit elements.
The revised edition contains much new
material and a special chapter on the
synthesis of transfer functions by models.

Modern Nonlinear Equations, Thomas
L. Satty—McGraw-Hill Book Co., Inc.,
330 W. 42 St., New York, N.Y., 1967;
473 pages, $15.50. An unusual coverage
of material on seven types of equations
is presented here. Operator equations,
functional equations, difference equa-
tions, delay-differential equations, inte-
gral equations, integro-difterential equa-
tions, and stochastic differential equa-
tions are all discussed. From the theo-
retical standpoint, this book provides
a perspective of the field, discusses new
techniques from the literature, and out-
lines recent developments. From the
applied standpoint, it will help in
developing new models for formulating
problems and will provide a variety of
existing types of equations, as well as
some methods for their solution.

Probability in Communication Engineer-
ing, Petr Beckmann—Harcourt, Brace &
World, Incs, 757 Third Ave., New York,
N.Y., 1967; 511 pages, 313.75. This book
has been written for students with little
or no background in probability who
want to study information theory, noise
theory, reliability theory, or other
branches of communication engineering
in which probabilistic methods are
applied. The elements of probability
theory are first treated very thoroughly,
as a common background to the other
four parts of the book. These are on ran-
dom phasor sums, random processes and
noise, information theory, and reliability
theory, and they may be studied in any
desired sequence. A further practical
aspect is provided by the wealth of ap-
plications to many problems- -from
signal detection and channeb coding to
preventive maintenance.

Residue Arithmetic and Its Applications
to Computer Technology, Nicholas S.
Szabod and Richard 1. Tanaka— McGraw-
Hill Book Co., Inc., 330 West 42 Si.,
New York, N.Y., 1967, 236 pages,
$12.50. The major objectives of this book
are to provide a tutorial description of
the basic principles and the shortcom-
ings of residue (modular) arithmetic, to
summarize comprehensiyely all  pub-
lished work in the field, and to describe
several of its applications to computer
technology. Chapters are devoted to dis-
cussion of number systems in general,
the algebra and fundamental theorems

152

of the residue number system, residue
arithmetic operations, scaling and gen-
eral division, overflow detection, and
methods for representing and processing
residue digits—including specific hard-
ware techniques. Other topics covered
include the problem of processing groups
of digits, residue computing systems,
conversion between digital residue num-
bers and analog variables, error check-
ing, and checking binary systems and
residue operations. A seven-page bibli-
ography is included.

Scientists in Organizations, Donald C.
Pelz and Frank M. Andrews—Jo/n
Wiley & Sons, Inc., 605 Third Ace., New
York, N.Y., 1966; 318 pages, $10.00.
Of interest to both scientists and engi-
neers, as well as to administrators of re-
search and development, this study ex-
amines the relationship between a sci-
entist’s performance and the organiza-
tion of his laboratory. Questionnaires
were submitted to scientists, professors,
and engineers in a large midwestern uni-
versity, five industrial laboratories, and
five government laboratories. The book
describes the method of the survey, and
then proceeds to describe the analyzed
results under the following subjects:
freedom, communication, diversity, ded-
ication, motivations, satisfaction, simi-
larity, creativity, age, age and **climate,”
coordination, and group performance.

Switching Circuits for Engineers (2nd
ed.), Mitchell P. Marcus—Prentice-Hall,
Inc., Englewood Cliffs, N.J., 1967; 338
pages. This is a standard text covering
the design and simplification of combi-
national and sequential switching cir-
cuits, with heavy emphasis on the prac-
tical rather than the abstract. Almost 50
percent of the book is on sequential cir-
cuits, and an original method is given
for obtaining flip-flop excitation expres-
sions 1n the synthesis of pulse input
sequential circuits, Other topics dis-
cussed are logical circuits, electronic
logic blocks, contact networks, tabular
and map method of simplification, re-
iterative networks, and codes and error
detection and correction. In the new edi-
tion the tabular method has been ex-
tended to multioutput networks.

The Engineer and His Profession, John
Dustin  Kemper—/{olt, Rinehart and
Winston, Inc., 383 Madison Ave., New
York, N.Y., 1967; 248 pages, 34.95
pprbk. Primarily intended for students
preparing to become engineers and for
those who have recently entered the pro-
fession, this book attempts to capture

some of the feel and vitality of what it is
like to be in engineering. The aspects of
engineering that are treated in the most
detail are those of research, design, and
development, as carried out in an indus-
trial environment, together with related
management activities. Also included
are such subjects as salaries, patents,
ethics, societies, registration, unions, and
continuing education.

Recent Books

Advanced Studies in Electrical Power
System Design, R. A. Hore— Barnes and
Noble, Inc., 105 Fifth Ave., New York,
N.Y.,$12.50

Algebre de Boole ¢t Machines Logiques,
J. Kuntzmann and P. Naslin— Dunod,
Editeur, 92, Rue Bonaparte, Paris 6°,
France, 78 F (approx. $15.76)

A Manager’s Guide to Computer Pro-
cessing, Roger L. Sisson and Richard G.
Canning—Jolmn Wiley & Sons, Inc.,
605 Third Ave., New York,N.Y., $6.95

An Introduction to the Electron Theory of
Solids, John Stringer—Review Depu.,
Pergamon Press, Inc., 44-01 21 Si1., Long
Island City, N. Y., $6.00; $4.50 flexicover

An Introduction to Tensor Calculus and
Relativity, Derek F. Lawden——Barnes
and Noble, Inc., 105 Fifth Ave., New
York,N.Y.,$4.50; $2.85 pprbk.

Applied Mathematics for Electronics,
Lovincy J. Adams and Russell Journi-
gan——IHolt, Rinehart and Winsron, Inc.,
383 Maudison Ave., New York, N.Y.,
$10.95

Electronics—A Bibliographical Guide-
2, C. K. Moore and K. J. Spencer—
Plenum Publishing Corporation, 227 W.
17 8t., New York,N. Y., $18.00

Fortran with Engincering Applications,
D. D. McCracken—Jolhn Wiley &
Sons, Inc., 605 Third Ave., New York,
N.Y., $6.95

Integrated Electronics, K. J. Dean—
Barnes and Noble, Inc., 105 Fifth Ace.,
New York,N.Y., $5.25

An Introduction to Fourier Analysis, R.
D. Stuart—Barnes and Noble, Inc., 105
Fifth Ace., New York, N.Y., $3.25;
$1.75 pprbk.

Introduction to the Laplace Transforma-
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