Procecedings

e o R s

JULY 1942
VOLUME 30 NUMBER 7

PART 1

The Engineer in Modern Society

A Technological High Command
Wartime Engineering

Navy to Commission Radio Engineers

A\ New F-M Broadcasting
Transmitter
¢ Sclt-Impedance ot a Symmctriva]
‘ Antenna

Institute of Radio Engineers



Pioneering in development of
the frequencies of the future

Even as Amperex engineers distinguished themselves by exclusive developments
in the design and structure of ultra-high frequency transmitting tubes . . . so are they
now intent upon exploring the infinitely higher frequencies.

While these improvements originating in our research and engineering departments
are entirely restricted to military operations, they will be released, in due time, for
broadcast, industrial and electro-medical application,

AMPEREX ELECTRONIC PRODUCTS

79 WASHINGTON STREET

BROOKLYN, NEW YORK




BOARD OF DIRECTORS

Arthur F. Van Dyck, President
Walter A. Rush, Vice President
Haraden Pratt, Treasurer
Harold P. Westman, Secretary
Alfred N. Goldsmith, Editor
Austin Bailey
Adolph B. Chamberlain
Carl C. Chambers
Ivan S. Coggeshall
William L. Evenitt
Harold T. Friis
0. B. Hanson
Lawrence C. F. Horle
C. M. Jansky, Jr.

J. Kelly Johnson
Frederick B. Llewellyn
Frederick E. Terman
Browder J. Thompson
Hubert M. Turner
Harold A. Wheeler
Lynde P. Wheeler

Harold R. Zeamans,
General Counsel

BOARD OF EDITORS

Alfred N. Goldsmith, Editor
Ralph R. Batcher
Lloyd V. Berkner

Philip S. Carter
Lewis M. Clement
Elmer W. Engstrom
William L. Eventt
Peter C. Goldmark
Frederick W. Grover
C. M. Jansky, Jr.
John D. Kraus
Frederick B. Llewellyn
Samuel S. Mackeown
Edward L. Nelson
Harry F. Olson
Greenleaf W. Pickard
Haraden Pratt
Conan A. Priest
Leon J. Sivian
Lynne C. Smeby
Browder J. Thompson
Harold A. Wheeler
Lynde P. Wheeler
Laurens E. Whittemore
Gerald W. Willard
William Wilson
Charles J. Young

Helen M. Stote, Assistant Edstor
William C. Copp,
Advertising Manager

Proceedings
of the 1-R-K

Published Monthly by

The Institute of Radio Engineers, Inc.

VoLuME 30 NuUMBER 7

July, 1942

The Engineer in Modern Society . .. Arthur Van Dyck 305
A Technological High Command .. Fortune Magazine 309
Wartime Engineering............ .Alfred N. Goldsmith 319
Navy to Commission Radio Engineers. . ...Jay L. Kerley 329
A New Frequency-Modulation Broadcasting Trans-
mitter. . ..A. A. Skene and N. C. Olmstead 330
The Self-Impedance of a Symmetrical Antenna.......................
..... Ronold King and F. G. Blake, Jr. 33§
Institute News and Radio Notes. . . 349
New York Meeting, May 6, 1942.. 349
Board of Directors. . . .. 351
Executive Committee. . . 351
Scrap Salvage. . 351
War Production Conference . . . .. 351
Section Meetings. . .......... 351
M e M berShiPu: s« s tm ™ i s o sha e St mpsiie < & e b boe o gissmsglnrs 352
BOOLSY « » o rie-ssan s ile DL S Bt s S bt s B D iiem sud s s i < SRS SN 353
“Tables of Functions,” by Jahnke and Emde......H. A. Wheeler
“How to Supervise People,” by Alfred M. Cooper. . ..H. A. Affel
CONLTIDULOLS Cur s o v 5o Do 10w e S imer e S L MR S St e oo gich 3 S8 ar b ot L SRS 353

The contents of papers published in the PROCEEDINGS are the responsibilities of theauthors
and are not binding on the Institute or its members.

Entered as second-class matter October 26, 1927, at the post office at Menasha Wisconsin, under the Act of Feb-
ruary 28, 1925, embodied in Paragraph 4, Section 538 of the Postal Laws and Regulations. Publication office, 450
Ahnaip Street, Menasha, Wisconsin. Edltorial and advertising offices, 330 West 42nd St., New York, N. Y. Subscrip-
tion, $10.00 per year; foreign, $11.00,

Copyright, 1942, by The Institute of Radio Engineers, Inc.




THE INSTITUTE OF RADIO ENGINEERS
INCORPORATED

New York Meeting—September 2, 1942

SECTIONS

ATLANTA—Chairman, J. M. Comer; Secretary, G. V. Waldo, 3166 Peachtree Dr., N. E., Atlanta, Ga.

BALTIMORE—Chairman, V. D. Hauck; Secretary, G. J. Gross, Pa. Water & Power Co., 1611 Lexington Bldg.,
Baltimore, Md.

BOSTON—Chairman, J. M. Henry; Secretary, R. O. Oberg, Northeastern Univ., Boston, Mass.

BUENOS AIRES—Chairman, J. P. Arnaud; Secretary, Alexander Nadosy, Florida St. 1065, Dept. C-6, Buenos Aires,
Argentina. '

BUFFALO-NIAGARA—Chairman, E. H. Roy; Secretary, Leroy Fiedler, 53 Rosedale Ave., Hamburg, New York.
CHICAGO—Chairman, R. A. Kay; Secretary, Walter Kenworth, 5505 Potomac Ave., Chicago, Ill.
CINCINNATI—Chairman, W. L. Schwesinger; Secretary, Howard Leppele, 4432 Raceview Ave., Cincinnati, Ohio.
CLEVELAND—Chairman, P. L, Hoover; Secretary, A. S. Nace, 3209 Archwood Ave., Cleveland, Ohio.
CONNECTICUT VALLEY—Chairman, F. G. Webber; Secretary, C. I. Bradford, 187 Glenarden Dr., Fairfield, Conn.

DALLAS-FORT WORTH~—Chairman, Truett Kimzey; Secretary, P. C. Barnes, Radio Station WFAA-WBAP, Grape-
vine, Texas.

DETROIT—Chairman, M. Cottrell; Secretary, Paul Frincke, 26686 Kenwood Ave., Royal Oak, Michigan.
EMPORIUM —Chairman, R. K. Gessford; Secretary, H. D. Johnson, Hygrade Sylvania Corp., Emporium, Pa.
INDIANAPOLIS—Chairman, S. E. Benson; Secretary, B. H. Rinehart, 920 Park Ave., Indianapolis, Ind.

KANSAS CITY—Chairman, H. K. Morgan; Secretary G. L. Taylor, Midland Radio School Power and Light Building,
Kansas City, Mo. :

LOS ANGELES—Chairman, C. F. Wolcott; Secretary, E. S. Sievers, Room 567, 417 S. Hill St., Los Angeles, Calif.

MONTREAL—Chairman, J. A. Ouimet; Secretary, J. R. Bain, Dept. 912, Northern Electric Co., 1231 Shearer St.,
Monteal, Que., Canada.

PHILADELPHIA —Chairman, C. C. Chambers; Secretary, R. L. Snyder, 103 Franklin Rd., Glassboro, N. J.

PITTSBURGH—Chairman, D. A. Myer; Secretary, A. P. Sunnergren, West Penn Power Co., 1304 West Penn Bldg.,
14 Wood St., Pittsburgh, Pa.

PORTLAND—Chairman, R. W. Deardorff; Secretary, B. R. Paul, 5960 S. W. 41st. Ave., Portland, Ore.

ROCHESTER—Chairman, O. L. Angevine, Jr.; Secretary, G. R. Town, Stromberg-Carlson Tel. Mfg. Co., Rochester,
N. Y.

ST. LOUIS—Temporary Secretary, H. D. Seielstad, 1017 S. Berry Rd., St. Louis, Mo.

SAN FRANCISCO—Chairman, H. E. Held; Secretary, W. G. Wagener, Heintz and Kaufman, South San Francisco, Calif.
SEATTLE—Chairman, K. H. Ellerbeck; Secretary, J. F. Johnson, 4316 Whitman Ave., Seattle, Wash.
TORONTO—Chairman, T. S. Farley; Secretary, L. C. Simmonds, 301 King St., E., Toronto, Ont., Canada.

TWIN CITIES—Chairman, R. E. Allison; Secretary, A. G. Peck, Twin-Cities Studios, Columbia Broadcasting System,
625 Second Ave., S., Minneapolis, Minn.

WASHINGTON—Chairman, E. M. Webster; Secretary, J. D. Wallace, Radio Division U. S. Naval Research
Laboratory, Bellevue, Anacostia, D. C.




:

This issue of the PROCEEDINGS includes an im-
portant group of papers dealing with engineering
policy, organization, and procedure and their rela-
tion to the national welfare. Current conditions
unmistakably show the importance of technology
both in war and peace.

The papers here included are stimulating to
thought and action having as their aim the better
utilization of available technological resources. It

should be emphasized that these papers represent
the views of their respective authors and that pub-
lication of these papers does not imply approval
by the Institute of Radio Engineers of the specific
proposals contained in them.

Readers of the PROCEEDINGS are invited to sub-
mit discussions of these papers or expressions of
their viewpoints on such matters to the Institute.

The Editor

The Engineer in Modern Society”

ARTHUR VAN DYCKf{, FELLOW, L.R.E.

UCH has been said and written about engi-
M neering, about technology generally, and

about their effects upon modern life. Lec-
turers, statesmen, politicians, businessmen, one and
all, have expounded upon and given tribute to the
great effects upon life and civilization brought about
by the rapid advances in technology during the last
half century or so. But it has been oratory and
flowery compliments and an acceptance of the fruits
without full and correct understanding of them, or
appreciation of how they came about, and what they
implied for the future.

Under these conditions, technology has come to
blossom. But the blossoms are evil—they are poisonous
and they destroy. Instead of a more abundant economy
and a greater security of life, depression resulted. In-
stead of a more harmonious, happier world, drawn to-
gether by more rapid transportation and communica-
tion, we have world war, with waste, destruction and
cost which will be felt for half a century to come. How
has this happened ? Why has technology brought about
bigger depressions instead of smaller ones, and why
more terrible wars instead of none at all?

A very large part of the answer is that engineers and
scientists, busy with all the things they accomplished,
failed to do just one thing more. And that oversight
was not to have an interest in, and not to keep some
control over, the utilization of the things they created.
The place of the engineer in society heretofore has been
that of a servant creating things for society to use. Hav-
ing created them, he turned them over to others to use,
believing, in his own innocence and habits of truth-
secking and right thinking, that others would appreci-
ate their possibilities for further advance, and would

* Decimal classification: 620. Original manuscript received by
the Institute, é::ne 1, 1942, Presentedg, Cincinnati Section, May 19,
1942: Boston Section, May 22, 1942.

{ President, Institute of Radio Engineers, New York, N.Y.
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carry them on to right utilization. That was the mis-
take. Having created complex and more powerful
agencies—with power for good and for evil—the engi-
neer did not see to it that they were thoroughly under-
stood by other men, that utilization toward good was
encouraged, and application to evil purposes sup-
pressed.

The evidence is all around us. Technology provided
a profusion of new articles of commerce and new serv-
ices of many kinds. But commercial greed was allowed
to undermine sound production principles, honest
value, and service reliability, and we got the seven-
dollar radio receiver and the two-year-life automobile.
High-power advertising and high-profit stock manipu-
lation substituted for solid facts and solid business
building, and we got the depression. Selfish and short-
sighted viewing of the world picture, and failure to
knock down on first sight every young bully appearing
in the world's back yard and stealing our new ideas
became common, and we got grown-up gangsters and
world war.

The point is that, as stated recently and well by
Fortune magazine, “The technological factor has taken
on such breadth and precedence, that it is now a de-
cisive element in the rise and fall of civilizations. The
world is bursting with technological developments.
Technology is no secret weapon. It is simply the ap-
plication of the sum of man's knowledge of the physical
world to the task of getting a job done with maximum
results and a minimum of error. It is science in action.”

Unfortunately the first people to appreciate this
situation, and to apply it, were the wrong kind of
men, for the good of the world. Again as Fortune says,
“The new historical fact is that modern technology has
been welded solidly to the iron hand of a demoniac
politics to form an integrated weapon of destructive
power such as the world has never before seen.” If
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306

free civilization is to continue, it can do so only by
destroying that demoniac politics. That can be done
only by a more efficient use of technology than the
demons employ. So far they have been ahead of us in
unified, more complete, yes—more intelligent utiliza-
tion of the technical knowledge and forces available,
although for evil purposes.

What has happened is that scientists and engineers
have brought forth tools and agencies of tremendous
power—and have left them lying around to be picked
up by anyone, to use for any purpose. It is as though
we made up nice, attractive packages of gunpowder
and matches, and scattered them around a kinder-
garten, and walked away. By not instructing, super-
vising and protecting the use of its products, science
and engineering have failed in one essential part of
their job.

Heretofore, the world of science has had little to say
about the use to which scientific advances are put.
Had it been otherwise, and had scientific methods
played their proper parts in home and international
affairs, war might have been avoided. A few days ago
Viscount Halifax, England’s Ambassador to the United
States, declared “The present war, different from all
others, is one in which the whole apparatus of western
civilization is called into play to save or to destroy the
essence of that civilization itself. Science, they say,
has made all this, and science is now destroying it.
Where and how are we ever to break that vicious
circle?”

Scientists and engineers must answer the despairing
cry of Viscount Halifax. First, free men of free science
must destroy those forces which have enslaved science
to perverted ends. Then—to prevent that vicious
circle ever forming again—free men of science must
see to it that their own intellectual integrity, and their
own knowledge that honest following of natural laws
toward enlightened objectives is the only course which
gives true progress and real accomplishment, are made
clear and desirable to the rest of mankind. Scientists
and engineers know that they cannot get sound results
from experiments conducted under false conditions or
in violation of natural laws. After years of such train-
ing and working, they come to think and act honestly,
not deviously; in accord with truth, not cvasively.
Where they do not know the truth, they seek it out,
because they know that until the truth is applied, the
result cannot be successful. The bridge continues to
stand, the engine meets emergency loads, and the radio
maintains its service, only if honesty and truth have
gone into their designs. Dr. P. W. Bridgman of Har-
vard University recently wrote, “A lifetime in the
laboratory, struggling to make things work, has shown
to the scientist the inexorable nced of intellectual
integrity. If scientists will make others see their own
wider vision, their ultimate influence will far transcend
that of any possible technological contribution.”
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All of this sounds like a desperate situation—and it
is that. It is the first time in history that such a des-
perate condition has existed although there have been
wars before this one, and there has been perversion of
technology to purposes of war and destruction before
this. But now there is a new factor.

Once upon a time, revolutionary inventions came in-
frequently, and each in itself was not overwhelmingly
powerful. It was a long time between the invention of
gunpowder and that of the machine gun. It was a long
time between the steel ship and the successful sub-
marine. Now, new powerful weapons appear at inter-
vals of a few years, at most, and we know that at
any moment we, or an enemy, may find one of con-
quering force. Both the rate and the power of tech-
nological development have increased vastly in just a
few years. Aircraft with their range, speed, and offen-
sive power ; tanks, with their dominance over infantry;
radio with its communication to the ends of the earth
and into every home instantly, and the public thought
control which that provides; submarines with globe-
girdling range; chemical-warfare weapons with their
horrors; detection devices, with ability to detect an
enemy bevond human vision range; all these and
more have come into effective being within one genera-
tion.

These modern inventions are becoming more com-
plex, as well as more numerous. One result is that it is
more difficult for nontechnical people to understand
them and to evaluate their potentialities in advance of
wide use. Technical men are trained to look for new
things, and having found ‘them to accept and use
them wherever they provide improvement. That is
possible because they understand the new things
thoroughly, in relation to the old. But it is not human
nature to accept readily new things not thoroughly
understood. It is human nature to resist change from
the old, tried, and familiar way. So it comes about that
we find men, even in high places, because they have
not the technical understanding and judgment, failing
to appreciate the significance of air power, under-
estimating the power of radio broadcasting devoted to
corruption of a people, failing even to use facilities
provided for their protection.

How serious this condition can be was demonstrated
at Pearl Harbor. That attack was successful because
it was a surprise. The defenses included devices capable
of preventing surprise attacks. Then why was surprise
attack possible? Merely because the officers in com-
mand did not understand the technical devices pro-
vided for them, did not appreciate what they could
do, and were not awake to the modern technological
tempo. The devices were new—and to old thought
that means they cannot be important. How different
it would have been if the command had had just a
fraction of the technical understanding which in-
vented, manufactured, and installed the devices!



1942

The Pearl Harbor incident is no isolated instance.
It was ever thus. In World War I, wireless was new,
and ships were lost needlessly because captains would
not believe that dependable truthful messages could
be obtained through the air beyond an empty horizon.
Nor could they be convinced in those days that a big
coil of wire in a shack which cluttered up the super-
structure of the skip had any real value in finding the
bearing of an enemy ship or even a friendly shore
beacon.

Statement of these conditions is not criticism—it is
merely the remarking of the natural human character-
istic which we all have, of placing dependence upon the
old way, and of being reluctant to depend upon the
new and unfamiliar. )

But that human characteristic now results in a
dangerous condition. Assuming that we cannot change
human nature, we must do something else, now that
new things, of great power, are appearing so quickly
and so often. That which we must do is to become
familiar with the unfamiliar more quickly. Men in
places of high decision and command, must be better
informed, and more quickly. They must have the
open-mindedness of the scientist. They must apply
intellectualnitiative and imagination and avoid wish-
ful thinking. Above all, they must develop ears more
willing to listen to technical advice, in those early
stages of new developments when only the technical
expert can evaluate correctly the worth and the possi-
bilities of the new thing.

All of this applies not merely to matters of war. It
is equally true in the operations of industry at peace,
and in the development of society and civilization
itself. The technological contribution to industry and
to society is made under the same conditions, and
with the same human-nature characteristics, as are
met in war. The tempo may be faster in war, but the
conditions, the laws, and the results, are the same in
war and peace.

Up to now, the scientists and engineers have been
content to produce their technological contributions,
turn them loose in the world, and then to dive back
into their laboratories to produce more. So society has
had to struggle with the new things, learn about them
the hard way, and in many cases hurt them and itself
in the process.

There is increasing evidence now that not only sci-
entists and engineers but wise observers in many fields,
are awakening to the need for use of the scientific
method in all of society’s operations. The scientific
method is merely that of finding the facts—all of
them, not just some of them, putting them together,
evaluating them, testing their effects, calculating the
result with honesty and without guesswork. It scems
that the scientific method has been little used hereto-
fore, except by scientists and engineers. They have
been trained in it, and we can reasonably expect that
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more and more men of other fields will be trained in it
as time goes on, and as science and its methods be-
come more universal. Until that time has arrived, it
will be the duty of scientists and engineers to step out
into society more, and to assist in orderly introduction
and utilization of their contributions. Heretofore they
have been loath to do it—the laboratory was a much
more pleasant, reasonable, and effective place to work.
It has taken a world depression, a world war, and a
near world collapse to show him that he is needed out-
side. And he will be needed outside until businessmen
and statesmen adopt his training and his methods, of
searching out the truth and then applying it. The place
of the engineer in modern society is—in it. Until now,
he has been of it, but not iz it.

The difficulties which will be encountered by scien-
tists and engineers when they attempt to take a more
influential part in society, are well described in a recent
English! book in words which apply to this couutry
equally well:

“The ‘tragic events which have led to the dangerous
pass in which we now stand have run their course, not
so much for lack of will or action, as for lack of thought
and foresight, and particularly for lack of scientific
thought and foresight. Science, it cannot be urged
strongly enough, is something which does not stand
outside the ordinary ways of acting and thinking. It
is simply the most orderly expression of those ways.
There is therefore a greater need for science in the
present situation than there ever has been in the quiet
days of the past.

“An organized scicntific approach to the problems
of national existence is foreign to the tradition of both
the economic and political management of the country.
Furthermore, a great number of scientists themselves
brought up in this tradition, have neither the desire
nor the capacity to see that effective usc is being made
of their science. These obstacles lie very deep in our
social system. In commerce special knowledge is some-
thing from which profit may be derived. The idea of a
general survey of the needs of the population and of the
planning of methods of satisfying them, irrespective of
particular interests, mects opposition at every point.
The whole tradition tends to prevent things being
done. An even more serious objection is that high ad-
ministrative officers have a classical training and are
almost completely ignorant of technical matters. Hav-
ing little conception of what scientific research is, they
fail to sce how it can be practically used. The attitude
of both business men and civil servants towards scien-
tists is that they must be treated as consultants. They
can only be asked particular questions, and their
answers must be collated with each other and judged
in the light of established custom before they can be
used as a basis for the decisions taken by adminis-
trators.

1 Science in War, Penguin Books, New York, N. Y.
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“On the whole, scientists are excluded from discus-
sions on policy, and even more so from decisions. As a
result, even the most authoritative scientific commit-
tees often flounder in the dark, and their work, how-
ever excellent and to the point, may lie unused for vital
months. When it is used, it is not infrequently distorted
by the technical ignorance of those who put their
recommendations into practice. Part of the blame for
all this rests with the scientists themselves. Many
scientists have grown to accept the position, and find
it difficult to conceive of any other. They are per-
fectly willing to answer questions if asked, and feel
their responsibility begins and ends there. They
are not called upon to survey the situation, to
make decisions, or to see that they are carried
out.

“The scientific societies, which might have inte-
grated the scientific effort of the country, have almost
gone into hibernation, and preserve a precarious
existence carrying on their pre-war functions and as-
sisting, somewhat ineffectively, in the operation of the
National Register. It might be thought that the central
position occupied by the advisory scientists would
overcome these difficulties. Unfortunately, this is nbt
s0. They seem to have been much more concerned with
agreeing with Government decisions than with chal-
lenging them in the name of science. This attitude can
be summed up in the naive Press report of the forma-
tion of one such committee ‘The Ministry of Poland
has appointed a committee of eminent authorities to
prove scientifically the validity of the policy that it
has adopted.’ In the long run the ‘ves men’ of science
are likely to be at least as dangerous as the ‘yes men’ of
politics.

“These difficulties, though serious, are not insuper-
able, and as conditions worsen they are more and more
appreciated by people inside and outside the scientific
world. There is great power of individual and co-opera-
tive activity in the scientific world, and if it is helped
by the pressure of intelligent public opinion, we may
obtain, perhaps even in time, the effective utilization
of science to save the situation. But the need is very
urgent indeed. There is a shortage in applied intelli-
gence in this country, perhaps greater than the short-
age of anything else. This shortage will not be met
until we make use of the large quantity of available,
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but at present unemployed, scientific intelligence we
have at the moment.”

It can be summed up in the recent words of Walter
Lippmann, that astute observer of fundamentals. He
said: “What we have not had is a finding of facts and
recommendations by men who were at once disinter-
ested and expertly qualified. There is a vacuum here
and in this vacuum there are generated the controver-
sies which delay action and confuse the public mind.
There is generated also the nervous affliction which was
described by one witty and highly competent official
in Washington as ‘galloping frustration.” The vacuum
exists because we have not learned sufficiently to call
in, before decisions are taken, and at the point where
they can be of the greatest use, scholarly and scientific
men. Yet in any total effort, scientifically trained men
have a part to fill which no one else—no soldier, no
statesman, no business man—can fill."”

There are things which engineers and scientists
must learn before they can serve usefully in these new
wayvs. But these things are easy to learn—far easier
than the complex things they have mastered already.
And they must free themselves of the inferiority com-
plex which they have developed during these past
vears. In the recent past, economic organization has
depended chiefly upon businessmen and lawyers, the
former to develop clever methods of operation, and the
latter to prevent or to repair the consequences,

We now have a civilization which is not only highly
technical, but subject to rapid change from frequent
new technical developments. It is therefore essential
that sound and thorough technical knowledge be
utilized in the guidance and control of that civiliza-
tion. Until all men have the scientific viewpoint, the
technical men must be depended upon, and the tech-
nical men must take on the heretofore avoided task of
dealing with human nature and human relations, in
addition to the study of Nature herself._

Engineers and scientists have made many contribu-
tions to society, of materialistic sort, and will make
more. But in the future, if we are to survive happily,
those contributions must be accompanied by explana-
tion and guidance, by interpretation of moral intent,
and if necessary, by forceful policing against subversive
use. There is the difficult job and the sacred duty of
science in the society of the future.



A Technological High Command’

How Fast is the U. S. Moving Toward It? Too Slowly, for the Movement is Measured by
the Rate at Which Technical Men Move up into Decisive Positions
in the Military and War Administration

tory. The technological factor has taken on such

breadth and precedence, as compared to World
War I, that it is now a decisive element in the rise and
fall of civilizations. It is the dynamo for producing
trained manpower. It is the master key to the arsenals
of industry. It is the high-precision factor in setting
the quality and superiority of the new machines of
war. The U. S., therefore, can hardly win total victory
unless it bends and coordinates its highest technology
to the task everywhere. This is the most difficult and
secretive side of the war. It is easier to talk about al-
most anything else. It is easier to talk economics, or
politics, or business, or global strategy, or interna-
tional hegemony; and the press and radio and com-
mentators do, twenty-four hours a day. But to ex-
amine the complex organization of U. S. technology
for war is to cut immediately to the bone of not only
the problems of total war, but most of the problems of
the world.

The world is bursting with technological develop-
ments. In fact, the technical explosion can hardly be
distinguished from the physical war. Above and below
the din of events rages the unmasked struggle for the
survival of the technological fittest. Germany, Japan,
and, it now strongly appears, Soviet Russia were well
prepared with close-knit technological high commands
—commands in which technical men were brought to
the fore and given their heads over all economic and
industrial considerations to create total-war machines
of striking power. These are the only commands that
thus far have won any success in this war.

THIS IS the most technical of all wars in his-

DiISASTER TO DISASTER

The U. S.ismoving further and faster toward a tech-
nological high command than the nation realizes. But
for both the U. S. and Britain the movement can still
be described only as a forced evolution by progression
from disaster to disaster. That is, technically obsolete
commanders on both the battle and administrative
fronts hang themselves right and left in this war, and
the real technicians begin to move up and take com-
mand from below. In the end the technologist moves
into command because he is the only one who can by-
pass to any extent the inevitable bottlenecks and
shortages; and he alone can devise and fight the new
machines of war. This is the long way round and by
now exceedingly dangerous, wasteful, and bloody. It

* Decimal classification: 620X R560. Reprinted from Fortune
magazine, vol. 25, pp. 62-67, 191-194, 196; April 1942. Copyright,
1942, Time, Inc. (Fortune, April, 1942).
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must be cut short. And the necessity is terribly under-
lined by a new historical fact set loose in the world.
The new historical fact is that modern technology
has been welded solidly to the iron hand of a demoniac
politics to form an integrated weapon of destructive
power such as the world has never before scen. Before
the Nazi and Japanese engine of total war falters, it
may well lay waste more of the past and future‘than
the human race can afford to lose. Nothing less than
the fitting of this total instrument to the hand of de-
mocracy can beat the evil to earth in time. The
small craven fear that democracy can be lost by
making it an effective instrument at home and against
its enemies abroad is the very paralysis of defeat.

SCIENCE IN ACTION

Technology is no secret weapon. It is not a mystic
or infallible talisman. It is simply the application of
the sum of man's knowledge of the physical world to
the task of getting a job done with maximum results
and a minimum of error. It is science in action. The
periphery of that action, expanding at incredible speed
over the last decades now encompasses a leviathan
body of knowledge. It may include today a statistician
weighing the relationships of scattered economic data,
a bull-necked commander of a tank corps with precise
knowledge of his ugly monsters of war, as well as a
chemist building a new molecular world. Its devices
may be a great internal-combustion engine, a new
vitamin, an electronic microscope, a new welding tech-
nique, or simply a new mathematical formula. If these
seem unconnected, put it down as a major failure of
education and the press to interpret and link up the
vital, working relationships of the technical world in
which we live. Before it is even possible to measure
U.S. technology as a democratic weapon of total war,
it is necessary to understand the order and structure
of the technological world.

At the top of the order is pure science—the creative
mind exploring for new knowledge to add to man's
store. Below this, and the most vital link of all, is de-
velopment engineering, which takes the germ im-
planted by the pure scientist and attempts to build it
into a functioning, new process, engine, or product.
Below this is applied science, working with accepted
knowledge for practical, profit-making ends, and its
outward visible form is modern industry. Below these
are the ranks of skilled technicians, laboratory men,
tool- and die-makers, and the like.

The orthodox notion is that these are widely sepa-
rated interests, working in separate compartments,
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with only the remotest connections between them—a
notion fostered by the press’s spotty reporting of scien-
tific affairs and its disproportionate emphasis on the
financial grandeur of industry. In reality the above
structure is an organic whole, of which the top two
members are the brains, industry the body, and tech-
nical labor the skilled hands. It doesn’t function prop-
erly any longer except as a whole. In the fiery test
of modern war, failure to see it whole and in perspec-
tive is fatal.

For here is the U. S. technical brain, the equal, if not
the best, of any in the world. And here is the U. S.
technical plant, the best and most mass-productive of
any. The problem again and again is simply the prob-
lem of getting brains and plant to work as a coordi-
nated whole. Production is a problem within the larger
technological problem. The linkages are everything.
A prototype of the wartime technological high com-
mand toward which the U. S. is struggling already
exists—though merely as a germ—in a few of our high-
est technological industries, where for the past decade
pure science, development engineering, and managerial
talent have been merging into a coordinated whole
at the top. If you follow step by step the growth of
U. S. technelogy into a war technology, the lesson for
now and the future is unmistakable.

THE PRESENT STRUCTURE

To start with, you have all the infinite divisions and
scattered power of U. S. technology and research. Pure
science dwells largely in the universities. Develop-
ment engineering sprawls all the way from the univer-
sities, through research foundations, to solitary in-
ventors and into industry. Applied science and product
research honeycomb the whole structure of modern
industry. Add to this an almost unrealized amount of
technological research tucked away in all corners of
the government. This includes metallurgy in the Bu-
reau of Mines, plastics and chemurgy in the Depart-
ment of Agriculture, physics, chemistry, and materials
in the Bureau of Standards, and a cluster of projects
around TVA and the other big power developments.
Finally, cutting across the present, there are the tech-
nical subdivisions of the army and navy—aviation,
ordnance, engineering, medicine, etc.—topped by pro-
curement and the Joint Army and Navy Munitions
Board.

The weakness of all government technology at the
source, aside from its obvious lack of a coordinated
program, is that it has never had the cash or salary
standards to develop a really strong technical civil
service. The same congressional mind that is now kill-
ing every proposed bill for technical planning of the
future peace was equally industrious in sceing to it that
we were unprepared for the present war.

At the outbreak of World War 11, integration of this
great sprawling body of technological power began
like a long, slow, sluggish recoil from an unpleasant
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fact. The army’s technical branches had been starved
out for years. The navy was in a better way because it
lived in a technological medium that could not be kept
afloat without continuous attention to engineering.
Flush or broke, however, professional military tech-
nology rarely rises above the ultraconservative in
applied science: that is, application of proved knowl-
edge to the instruments of war. It has little time and
less talent for experimental research and development
engineering. That sphere has grown beyond all bounds
for the military to keep up with, and, indeed, responsi-
bility in the development field can no longer be consid-
ered strictly military. The bulk of the new instruments
of war for more than a century have been civilian in-
ventions. To function at all any longer the military
must not only tie in closely with civilian industry in a
vast and complex organization that is today the War
Production Board, but it must also cut deep channels
through to the main current of U. S. technology to keep
from technical stagnation.

IT BEGAN WITH A. LINCOLN

When war broke there was only one integrated
technical body then functioning—the National Ad-
visory Committee for Aeronautics (Fortune, March,
1941), an ace governmental body created in 1915 to
supervise and pursue basic research with government
funds in the vital but enormously expensive field of
aeronautics. Concerned with the dual military and
commercial aspect of aviation, top army and navy
staff men sit on the committee with top civilans in the
field of aeronautics. Out of its thoroughgoing experi-
mental work at Langley Field grew the outstanding
safety and performance of U. S. commercial aviation
—and the closely related superiority of present U. S.
heavy bombers. There was neither the money nor the
incentive before the war for keeping abreast of the rest
of the world in the actual development of other types
of military aircraft.

Also in existence, but unattached anywhere, was the
eminent National Academy of Sciences, whose charter
had been signed in the Civil War by Lincoln, who was
having his technological troubles, too. The academy
was conceived as something of a far-sighted supreme
court of top U. S. scientists, academic and industrial,
serving without compensation and ready to investigate
and report on scientific problems whenever any gov-
ernment body called upon it to do so. The great prob-
lem that had begun to appear in the Civil War was the
necessity of getting unbiased technical advice from a
source as far removed from all economicor political
pressures as possible. Under the academy, Wilson
added a National Research Council to meet the fur-
ther technical demands of World War I. Between wars,
the academy has served as the nation’s top honorary
scientific body, somewhat comparable to the Royal
Society of Britain.

One of the first big jobs the academy was called upon
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Chemist Irving Langmuir of G. E. research laboratories is a great
basic researcher and developer of many devices from the gas-
filled tungsten lamp to submarine detectors. The scientists
shown here represent only a fraction of U.S. technological brain
power for war. Their work must remain secret.

to do in this war was to investigate and recommend
standards of selection and training for airplane pilots,
and in this line it is sponsoring a great program of
experimental projects in U. S. universities. Other

Wide World

Chemist George O. Curme
(Union Carbide): petro-
leum-gas chemistry.

Aerodynamicist Theodor von
Karman (Northrop): fuse-
lage design.
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academy committees rapidly grew up around other
technical problems of the army and navy and govern-
ment. Then OPM, just beginning to run into strategic-
metal problems, was assailed by a clamoring flood of
new technical processes and proposals to develop low-
grade manganese ores in the West and thought of the
academy as arbitrator. At OPM's request the academy
set up an advisory committee on manganese. The
same problem swiftly spread to tin and other metals
and materials. And another set of problems began to
arise in metal conservation and substitution. Commit-
teces multiplied until they finally coalesced into two
broad advisory committees to WPB’s Materials Divi-
sion. One is a fifty-cight-man Metals and Minerals
Committee, split into four groups, made up of some of
the outstanding experts in the field, about three-
fourths from industry and industrial-research organi-
zations and one-fourth from government and the uni-
versities. The other is a roving committee on miscel-
laneous materials (chemicals, synthetic rubber, etc.)
that changes its make-up according to the problems
presented to it.

Meanwhile, technical lines were crossing in all direc-
tions. The U. S. Bureau of Mines and Geological Sur-
vey, for instance, received sizable appropriations to
explore and develop new processes for domestic low-
grade-ore deposits. Forest Products Laboratory, under
the Department of Agriculture, stepped up a big re-
search project in plastics. A National Inventors Coun-
cil was created to sift all public proposals for new
gadgets of war, attached to the Department of Com-
merce under G. M.'s Charles Franklin Kettering.
These endless extensions form the immemorial U. S.
processes of meeting problems one by one, only as they
appear.

The technological tide pressed in from all sides in
such volume, however, that by the spring of 1940 a
group of leading scientists (not the military, be it
noted) proposed to the President that he set up a body
with funds and power to correlate and initiate research
on instruments of war. The National Academy’s limi-
tation in this swiftly moving war was that it couldn’t
do anything until asked. Under the Council of National

Wide World Pix

Mathematician George David Physicist Harold Cla

) “layton

Birkhoff (Harvard): a Urey (Columbia): author-
world leader in mathe- ity on heavy-molecule
matics. chemistry.
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Defense a new National Defense Research Committee
was created in 1940. A year later Roosevelt placed
over it, by executive order, the Office of Scientific Re-
search and Development, and another foliation of
committees and subdivisions began.

The OSRD is potential kingpin of U. S. war tech-
nology. It will spend some $20 million this fiscal year.
Its headman and ruler is kinetic Dr. Vannevar Bush,
President of Carnegie Institution of Washington. By
grant of power OSRD has scope to mobilize and coor-
dinate the whole scientific personnel and resources of
the country, all the research of all government agen-
cies, and to coordinate and initiate research on all the
“instrumentalities, methods, and materials” of war. In
practice OSRD is something less than all this. It does
have a top, coordinating Advisory Council (Dr. Bush,
National Defense Research Committee Chairman
James B. Conant, Committee on Medical Research
Chairman A. N. Richards, NACA Chairman J. C.
Hunsaker, and two representatives from the army and
navy) that meets regularly. But OSRD’s main ac-
tivity has been self-limited to two main areas: medical
research and research on direct instrumentalities of
warfare, excluding raw materials (spread between
many agencies) and excluding aeronautics (which
remains NACA's territory).

Within this defined area OSRD, through NDRC,
has a network of divisions and sections (Ordnance and
Armor, Communications and Transportation, Detec-
tion Controls and Instruments, etc.) intricately tied in
by fifty to sixty liaison lines with the army and navy.
Within it OSRD has mobilized about 3,500 U. S.
scientists and technicians, including nearly every
available top-ranking physicist in the country, to work
on some 600 no-profit-no-loss research contracts
farmed out to university and industrial laboratories.
This unique contract system halted what might have
been a fatal attempt to centralize laboratories in
jammed Washington.

Of all Washington agencies, OSRD, with a small*
administrative staff tucked into one makeshift corner
of Carnegie Institution, is the most supersecretive. Ina
general way it is known that it is working on many

b 1

Metallurgist Horace W. Gil-
lett (Battelle Institute)
directs wide metallurgical
research,

Wide World

Photochemist C. E. Kenneth

Mees (Eastman Kodak):

great man of color photog-
raphy.
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Physicist Ernest Orlando Lawrence (University of California) is a
big explorer of atomic structures. He developed the cyclotron
atom smasher.
electronic detection and firing devices, magnetic de-
vices, new armor plates, and armor-plate welding, and
has a section working on the problem of securing
enough of the uranium isotope, U-235, to make atomic
power a fantastic reality. But no one knows what new
instruments of war may yet come out of OSRD.

This is the mushroom structure thus far of U. S.
technology for war. An attempt to diagram its intri-
cate dynamics will be found in the chart on page 310.
No organization of the enormously complex field of
modern technology can be precisely simple. The vari-
ous sections of this structure are doing intense and
even brilliant work in amassing and integrating the
best knowledge to be brought to bear on modern war-
fare. It is miles ahead of World War I.

THE MiIssSING LINKS

But even while U. S. technical brains—some of the
best to be had in the country—were thus mobilized for
defense and war, the U. S. military and administrative
high command was committing a scemingly endless
series of technological blunders.

The list is by now monotonous, and many people
are tired of it for various reasons. But blunders form
the corpus delicti in warfare, and cannot be examined
too often until war is won. There was, first of all, a
baffling muddle in aeronautics: a belated heavy, long-
range-bomber program; exasperatingly sluggish prog-
ress in getting adequate fire power and high-altitude
performance into fighter planes; and a continuing
failure to provide for any emergency types of long-
range fighter planes. On other fronts there was the
failure, except for manganese, to put up sufficient
stockpiles of strategic raw materials. And the failure
to get any considerable or progressive conversion and
pooling of the automobile industry and other indus-
tries to war production. And the sudden discovery
that the U. S. had almost no magnesium production.
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Physicist Vladimir Kesma Zworykin top (R.C.A.) has a long list
of electronic-tube developments (television), topped by the
electronic miscroscope.
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Radio engineer Edwin H. Armstrong is inventor of the super-
heterodyne and new FM radio system, now sweeping military
communications,
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And the long, dragging resistance to expansion of
aluminum production. And the failure, once the stock-
pile failure was recognized, to make all-out provision
for other raw material sources—low-grade domestic-
ore production in strategic metals and synthetic-rubber
plants in rubber. None of these are blunders just dis-
covered by hindsight. Nor is the list exhaustive. In
every case ample forewarnings are to be found in
technical reports, recommendations, and proposals,
and even in lay journals, including Fortune, back as
far as one, two, and even five ycars ago.

The key to most of these blunders runs in a word
through the whole structure of the U. S. war technol-
ogy. The word is “advisory”—which means that the
technical bodies cannot act until a problem is pre-
sented to them, have no responsibility except to make
a report, and end by spreading all responsibility so
thin that it almost disappears. Not even OSRD, which
has the power to initiate research, can do more than
present it to the military. The technical brains are
almost completely advisory to something else. Between
the technical data and the correct technical action
something else intervenes. The ultimate decision for
action or nonaction in these essentially technological
matters rested in the hands of men who were without
the capacity or spirit to make the correct technical
decisions.

The decisions rested with army and navy general
staffs and procurement divisions that have been con-
sistently behind the world's advanced technical think-
ing in terms of air power. Or the decisions rested with
conservative OPM businessmen, who worked harder
keeping intact the rigid corporate and competitive
compartments of the status quo than building an all-
out, flexible production instrument for total war. Or
the decisions wound up finally in the Defense Plant
Corporation office of Banker Jesse Jones, who, before
he could put up the money for the first aluminum-
expansion program, had to have explained to him that
aluminum is made from bauxite. Except that Mr.
Jones is more powerful and therefore more dangerous
in his ignorance, he isn't much worse than Senator Mon
Wallgren of the Truman Investigating Committee,
who asked a witness whether aluminum can be made
out of magnesium. The U. S. is now paying a crushing
price for the belated technical education of its bankers
and public servants.

This is not to imply that the technical men would
have been infallible in action, or that the technological
structure for war as we have examined it is either com-
plete or as yet well integrated. The NACA is pretty
thoroughly dominated by the front office of the U. S.
aviation industry—which, be it said, is one of the
most alert and technologically advanced of all U. S.
industries. The advisory committees on such vital
fronts as minerals and metals, too, are overwe ighted on
the side of the biggest U. S. metals producers. But even
in the broad areas where business-industrial interests
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might reasonably be involved, these committees have
consistently made recommendations that on the whole
were on a higher and swifter level than the action that
eventually flowed from their reports.

The reason is that, faced with a definite problem to
be solved, the scientific spirit always tends to override
the economic status quo to get something done. The
repetitious blunders are all blunders of not doing some-
thing—not converting plants, not building synthetic-
rubber plants, not providing for long-range fighter
planes. It was the endless battle of corporate research
versus corporate finance, of engineer versus the mili-
tary—and in these large national issues the cautious
mind always won. The men and agencies and industries
involved have long and even plausible rationalizations
as to why things were not done. They were uneconom-
ic, it is explained, or policies weren't clear, or the
nation wasn't yet awake. But when a civilization be-
gins to accumulate more reasons for not doing things
than for doing them it is in a fair way to stagnation—
even on a national income of $94.5 billion a year. Tech-
nology as a whole—science, development engineering,
industry, and technical labor—is the driving force
against the two great inertias that lose wars.

The first is the inertia of the military mind. Charged
with the safety of its country in war and the leading of
men in battle—responsibilities from which flow its
unassailable right to choose its own weapons—the
military mind rests heavily on the tried and traditional,
and is the least open to innovation of any segment of
society. Its technical branches, therefore, are mainly
specification and testing adjuncts to the top procure-
ment divisions, which, over the years, have built up
close connections with big industrial suppliers and de-
pend heavily on those suppliers’ engineering depart-
ments.

The second great inertia, closely linked with the
first in modern war, is the inertia of industry’s heavy
investment in plant and equipment. It tends to hold
on to old methods, machines, and products and resist
any sudden changes or innovations, such as wars
demand. This inertia becomes so great in an advanced
industrial society, even in peacetime, that some of the
most advanced technological corporations, like Gen-
eral Electric and General Motors, spend many millions
of dollars a year combating it. They set up develop-
ment engineering groups—distinct and separate from
the corporation’s bread-and-butter engineers working
on products in production. These development groups
have no other purpose in life than to prove that every-
thing the company makes is no good and can be made
better. On the broader scale of the country and the
war, development engineering is the great missing link
in the structure of U. S. technology for war.

NEEDED: ENGINEERING

Nowhere in the whole structure can you find devel-
opment engineering performing its definite function in

the whole. OSR D works mainly on long-range scientific
problems and parts of problems for effecting improve-
ments in the immediate instruments of war. NACA
works on basic problems affecting flight—engine
performance and placement, propellers, materials,
aerodynamics—but develops no engines or planes on
its own. In the life and death matter of aircraft devel-
opment, the present system works like this: army and
navy engineers hand the problem over to the aviation
industry in its entirety. There is nothing in itself wrong
with this: it is the way to get out production.

Wide World
Engineer Arthur Nutt (Wright): Engineer A. V. D. Willgoos
a top in aircraft-engine de- (Pratt & Whitney): an-
sign. other in aircraft,

Engineer Stanley Sparrow (Studebaker), one of many crack u. S.
automotive engineers, developed a light car by adroit weight
reduction,

But nowhere is there a body conforming to the car-
dinal principles of a top development engineering
group on a national scale—that is, an entirely separate
group of tough, independent, imaginative theoreticians
and development engineers, on adequate salary, with
no ties to industry, who can call their souls their own
and fight radical developments through from idea into
metal. Much of their sweat and blood might prove in
vain: but there is no other way of prodding inertia.
The lack of such a body or bodies between the orbits
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of the military and industry helps create one of the
main bottlenecks of the war: the problem of developing
ships and planes and tanks must be turned over ix foto
to big corporations, because only the biggest can
afford the needed engineering departments. This leaves
the independent engineer or smaller industrial unit,
with a new idea or experimental development, baffled
and with no place to go. The military ties in closely
with the big producers. The military says industry is
doing fine; industry says the military is doing fine. It
is much too cozy for a war.

The war program is in a stage of violent transition.
The ascension of War Production Chief Donald Nelson
brought a tightening of war management, sharp action
in the conversion of industry, and the moving up
around him of young, technical-minded advisers who
had been blanketed under the conservatism of the old
OPM. Industry is at last beginning to perform some
miracles of production. The army has been sweepingly
reorganized, and special technical field units are
finally being developed to fight this technological war.
Even before this appears there may be further drastic
shake-ups in personnel, for it is the season when heads
are falling. But there is no indication yet that things
have changed drastically enough. There is still teeh-
nical obsolescence high in the army and navy, and
deadwood still in WPB and RFC. It is still too much
of a financial war.and not enough of an engineer’s war.
Inertia can never be wholly dispelled, and the attack
upon it can never cease. A quick look at three broad
technological areas will show that all is not yet well.

THREE TECHNICAL AREAS

The points at which technical decisions are made
today are the most critical spots in the world. For
nothing moves—neither money, nor plants, nor pro-
duction, nor armies—until the technical decision has
been made as to what is to be produced. Technology
is the initiating force. If the wrong decision is made, or
it is flubbed, or delayed, it may upset a whole series
of technological imponderables that can only be meas-
ured approximately in terms of time, money, and lives
wasted.

Take the case of the Napier Sabre liquid-cooled
engine. More than a year ago a British group brought
a Napier Sabre to Washington, fresh from successful
tests in England, to offer it to the army and OPMI.
It claimed 2,000 horsepower. It was looked at by OPM
production and looked over by OPM's aircraft section.
Then from March to August, 1941, the engine rested
on blocks at Wright Field, the army testing grounds,
waiting to be tested. Army engineers were too busy on
the military equivalent of bread-and-butter engineer-
ing, or work in production, to get around to it. It
never did get around to NACA—for NACA, though it
is top body in U. S. aeronautical research, is only ad-
visory and in many cases must wait until a problem
or an engine is presented to it. If the army sits on the
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problem or the engine, nothing happens. So still with-
out a test, the Napier Sabre was turned down by a
joint munitions committee of the U. S. and Britain at
Washington. Brass-hats pooh-poohed its claims to
2,000 horscpower and doubted whether that power
could be supported in a frame—though the Napier
Sabre was then flying over England. Not much later,
further development of the Sabre in England shot its
performance well beyond 2,000 horsepower to a revo-
lutionary new peak in engine output.

This whole lagging episode has various significances.
A U.S. development group that had been working
months on an experimental engine, shooting at 1,700
horsepower, was finally told to start all over again,
aiming at something more astronomical. And mean-
while the U. S. high-altitude P-47 pursuit plane, an-
nounced with a great flourish in the newspapers this
January as a revolutionary pursuit developing 2,000
horsepower, was hardly revolutionary—though it is a
top-rate performer. Nothing is happening on the
Napier Sabre in the U. S. The U. S. aviation industry,
busy to the hilt on its own developments, and with big
plant and equipment investments in them, could
hardly be expected, then or now, to be exactly enthusi-
astic about anything like the Napier. And no one would
have the industry miss a stride in its production. But
for lack of an independent U. S. engineering group in
aviation to catch such developments as the Napier
early enough and fight for them, the U. S. continues to
miss the bus.

The second great technological area is in shortages
and allocations of raw materials. This area is so vast
and complicated that no more than a side glance can
be given it here. By an intricate series of relationships,
the great shortages in metals and materials that de-
velop as the U. S. goes to total war move back upon
one another until finally there are shortages in every-
thing except wood, clay, and glass. Unless the highest
technological skills in each industry are brought into
full play for maximum expansion of production, con-
servation of materials, substitution of other materials,
and allocation of what materials there may be, this
can be the most destructive phase of total war for the
whole U. S. economy. For at the top of the war econ-
omy shortages pinch the big war industries even as
they struggle to expand; and in the middle and at the
bottom they cripple and wipe out whole areas of
smaller industries wholesale. The total result is a
further, unhealt'hy concentration of the economy that
may never be reversed. Destruction cannot be escaped
in war. Only by making the highest technology of’an
industry the guiding line—which means free exchange
of technical advice and know-how, pooling of patents,
and free creation of new competitive plants and proc-
esses—can the destruction be limited’and shortages
attacked at their source.

Except for a few bright spots, mostly in the alloca-
tion of hard-pressed strategic metals, this is the darkest
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side of the war administration's record. The OPM
businessmen resisted any big expansion to begin with,
and then administered the resulting shortages and
necessary allocations generally on the principle that
existing corporate hierarchies must be maintained so
that all might come out of the war in nearly the same
order and positions as they entered it. Nothing is more
vain than the belief that life can be picked up at some
future date where it left off in 1939, and events are
already crumbling the illusion. One of the first fronts
upon which it began to crumble was aluminum, where
war shattered the notion that production could be
expanded without creating permanent competition for
the Aluminum Co. of America. But the belief hangs on
and still produces delay. )

The big and basic shortage implicit in the problem
of synthetic rubber is perhaps a classic cxample. A
full-scale U. S. synthetic-rubber plant is an extremely
upsetting economic idea, likely in the end to overturn
the whole economic structure of a world commodity.
The financial mind approaches it with a caution bor-
dering upon reluctance. And rumblings of this mind at
work on the U. S. synthetic-rubber program aren’t
reassuring. A fortnight after Pearl Harbor all basic
patents on Buna-type synthetic rubbers were pooled.
But an Academy of Sciences technical advisory com-
mittee, brought together to review the situation, dis-
banded shortly after Pearl Harbor with the report that
industry was so well ahead on synthetic-rubber re-
search that there was nothing for it to do. And power
of action reposed ultimately again in Jesse Jones, who
in two months managed to sign contracts for only 30
per cent of the $400 million program. The longer Mr.
Jones’s mind dwelled on it the more time he wanted,
first a year and a half, then two, finally three. With
the disposition of an extremely technical program,
involving many types of complex raw materials and
end products, in such cautious financial hands, it
may indeed be years before the American motorist
rolls on synthetic rubber.

The third large area of technological action is con-
version of industry to war, meaningless without a clear
technical plan. Production may roar on at a terrific
pace and still produce matériel inferior to or merely
equal to the enemy's weapons. For the technology of
conversion is again conversion to what. The army, for
lack of any independent development engineering, has
never had any clear plans for such relatively new
weapons as tanks, beyond over-all and general combat
specifications. Not until late this February did the
tank corps establish its first laboratory to get the basic
physical and psychological data for picking tank men
and adapting machines to them.

Instead of designing a tank engine—a six months’
job for any crack engineering group, and a job that the
British did in three months—the U. S. rushed its M-3
tanks into production by pulling a Wright radial air-
plane engine off the shelf and making it do. It is now
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generally admitted that the radial engine is unsatis-
factory for tanks, and M-3's are being partly discon-
tinued.

In its rush to conversion after Pearl Harbor, and its
aversion to pooling its plants as an industry-wide unit,
the automobile industry is brewing something of the
same, but on a grander scale, for the heavier M-4 tank.
It is rushing to develop and get into production on
three different versions, or models, of the M-4. One
company is planning to make a tank with Diesel
power, another is adapting an in-line aviation engine
to the job, and a third is improvising a tank with five
smaller automobile engines to a unit. There will be a
Ford M-4 tank, a G. M. tank, a Chrysler tank (in
addition to other M-4 makers), with assorted power
units and transmissions. Detroit is going about making
tanks as it made automobiles, with all the rigid corpo-
rate lines still up, instead of settling for one bang-up
standardized model in which each company unit would
concentrate all of its engineering skill on developing a
part. Instead of working as a cooperative whole, en-
gineering staffs are to all practical intents split into
three corporate compartments, each working on a
whole tank, and each duplicating part of the work of
the others. This might be the best way to go about
development, if the army followed up by picking the
best tank or best units out of all three tanks and stand-
ardizing on them. But the need for tanks is now so
pressing that, once the tanks are along toward produc-
tion, no army supply division will have the opportunity
to pick and choose. So the army will use all of them.
This will mean a servicing and supply problem in the
field of major proportions: spare parts for three differ-
ent engines and transmissions, in addition to two
different kinds of fuel for the gasoline and Diesel power
units. Such makeshifts may be the burning order of
the day. But they don't represent the highest tech-
nology of the world’s leader in standardized mass pro-
duction, and two years have been frittered away for
lack of any real technical plan or forethought. It is
never too late to make a start.

THE WORLD-TO-BE

The easiest and most fatal solution to the dilemmas
that crowd up in fashioning this technological instru-
ment of total war is to appoint another committee—
this time a committee of technical dictators. And the
suggestion is often coyly made by various interested
parties. But the torn world will hardly be put together
by any one group or class or nation of men, but only
by a cooperative effort for which we have barely begun
to acquire the discipline. The Nazis forced coordina-
tion by merely clamping a technical elite, clothed in
soulful terms and backed by cannon, over the people
and industry alike. America is fighting, if its aims are at
all clear, to prove that the rule of such an imposed elite
is an unworkable society. But America is now faced
with coordinating the workings of its society through




318

the free rising of technical managerial talent to the
top and the cooperation and understanding of its
people from below.

Democratically this means an unhindered movement
of technical skill up and down the line in the military,
industry, and war administration. Upward, it means
the rise of younger technical men to places of decisive
power in the high command. Downward, it means the
delegation of responsibility (rather than the continued
extension of mere advisory lines) to technical groups
representative of the full U. S. technological structure.
In such single, major problems as synthetic rubber, for
instance, a compact technical committee might be
charged with administering the program from begin-
ning to end, with full responsibility for its success or
failure. Needless to say, such a technological high
command could not be crowded into a single photo-
graph. If there is any key type that might symbolize
it, it is the engineer—the doer, the great link between
thought and action, the exploratory mind disciplined
by the recalcitrant material of the world. Engineering
must run as a thread or wire from top to bottom of the
U. S. technological structure for war, as the guiding
and restraining line upon which everything moves
flexibly forward or backward. It must be a wire str(')ng
enough to cut any finger that would pull it out of line.

The major fault with the U. S. war effort thus far
is that it has not followed even the pattern of its high-
est technological industries—the chemical and elec-
trical industries. In such great corporate chemical
structures as du Pont and Union Carbide & Carbon,
which Fortune examined in June, July, and September,
1941, it is difficult to see any longer where pure science
and development engineering end and practical results
begin. This synthesis leads to a flexible structure that
accepts as a condition of its existence continual change,
continual shifting of processes and equipment into
obsolescence over short periods of time. These highly
complex industries have come to be conducted by
technical committees. Their administrative functions
are carried forward by teams made up of various
talents, as the capabilities of the men and the character
of the problem demand. And at the managerial top a
wedding has been achieved between the engineer and
man of business. On a vaster scale and to much differ-
ent ends, this is the general direction in which the
country’s high command must move if the war is to
be wholly won.

The pattern of a du Pont or a Union Carbide cannot
be transferred by rote to government, for the ends of
government, while they embrace the economic func-
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tioning of a du Pont, also go beyond them. In this
common task of molding a technological high com-
mand the best technical brains of private industry are
needed, and their name is legion. Also needed on the
highest committees are the best of the independent
development engineers, the experimental researchers,
and the pure scientists, wherever they may be found:
alone, in consulting groups, or in the universities—
men like Urey of Columbia, Compton of Chicago,
Lawrence of the University of California, the funda-
mentalists in physics, chemistry, and engineering.
Only by the linking of many brains, many men, and
many groups do the technological controls reach a
workable, democratic equation.

In this war, moreover, the nation is forced to do
many “uneconomic” things, such as build synthetic-
rubber plants, vastly expand its aluminum plant, and
convert industry on a scale never before seen. The
practical technical man of industry, long trained to
economic ends, inevitably moves in this emergency
within a hesitating circle of inhibitions. Without losing
the great benefit of his practicality, there is needed as
counterfoil the independent scientist and engineer who
doesn’t pay much attention to economics in his main
drive to get something—oprinciple, process, or engine
—that works. The compartmentalizing of pure science,
and the superstition that it has nothing to do with the
practical world until the practical world chooses to
notice it, does not build an instrument of total war or
a whole society.

This will mean changes, and permanent changes in
some of the backward and some of the highest areas of
the U. S. economy. Technology, in fact, is bursting the
seams of the old politico-economic clothes of the last
half century. And the world will cut its political econ-
omy to fit the new technology, or a few bitter and bril-
liant commanders may yet return from this war to
tinker with torpedo boats and aircraft in preparation
for the next, and, like Lawrence of Arabia, write:

“It felt like morning, and the freshness of the world-
to-be intoxicated us. We were wrought up with ideas
inexpressible and vaporous, but to be fought for. We
lived many lives in those whirling campaigns, never
sparing ourselves any good or evil: yet when we
achieved and the new world dawned, the old men came
out again and took from us our victory, and remade it
in the likeness of the former world they knew. Youth
could win but had not learned to keep, and was pitiably
weak against age. We stammered that we had worked
for a new heaven and a new earth, and they thanked
us kindly and made their peace.”



Wartime Engineering*
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. INTRODUCTION

HE rapid expansion of wartime radio manufac-

ture has created a corresponding need for greatly

enlarged engineering staffs. Thus, many engi-
neers working in new fields have been faced with diffi-
cult, novel, and urgent problems. Hence, it was
thought desirable to assemble in compressed form the
guiding principles of engineering ethics, a list of the
primary beneficial engineering traits, a study of engi-
neering methods of attacking research and development
problems, and a descriptive analysis of design proce-
dure for manufacturing.

The resulting material has been presented before
groups composed principally of junior engineers of the
RCA Manufacturing Company at its plants at Cam-
den, New Jersey; Indianapolis and Bloomington,
Indiana; and Harrison, New Jersey. While the lectures
were prepared with the radio-engineering aspects
principally in mind, it is believed that the included
information is transferable to, and helpful in, other
fields of engineering. It is accordingly hoped that it
will constitute a conveniently available guide and sum-
mary of the art and practice of engineering.

WAR AND THE ENGINEER

While every skilled engineer, to a considerable ex-
tent, develops certain methods of his own and success-
fully applies them, yet there are some general rules
which long experience in the engineering field has
shown to be safe guides. It is with this thought that I
am laying before you in these talks a number of sug-
gestions which, I hope, will prove helpful and con-
structive. You may not wish to adopt some of them
for your own work but, in any case, the suggestions
will be before you.

In these trying days, the very essence of success is
to work at highest efficiency and to accomplish a maxi-
mum of results in the shortest possible time. This is
a test period for every engineer, just as it is for our
country. I need hardly point out how important it is
for us to plunge wholeheartedly into the wartime
eYorts of the United States. Loyalty to our country,
to the organization for which we work, to our fellow
engineers, and to ourselves must alike prompt us to
make the best possible use of every minute of time and
to produce the maximum possible output of high qual-
ity.

In normal times a moderate degree of indulgence in
certain personal limitations or weaknesses might oc-
casionally be tolerated. I do not mean that such indul-
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gence is ever desirable, but in calm days it can some-
times be pardoned. But in these days of terrific emer-
gency and extreme stress, grim necessity urgently
compels the stern repression by each man within him-
self of carelessness, of laziness, of thoughtlessness, and
of unco-operativeness.

I hope I shall avoid seeming to “preach” in these
talks. I assure you it is not my desire to do anything
more than to offer, as one engineer to another, some
suggestions that may help each of us and our country.
I shall try to give practical advice, frankly expressed,
and based on the needs of the present emergency. If
occasionally my candor seems somewhat harsh, I
know you will understand that these are no times for
“pussyfooting” and that my only object is an attempt
at genuinely friendly helpfulness.

I shall start with the more general considerations
and pass into details as we go along. But in these par-
ticular talks I shall not go into intimate technical de-
tails of your daily jobs. They are too diverse for ade-
quate discussion in any reasonably available time even
were any one man qualified to discuss each of them
completely and intelligently. But I am sure you can
get help on the questions that arise in your daily work
from other sources or from smaller conferences in
which you may participate. So I shall here restrict
myself to those questions and methods which are of
broader use to you and which may help you in tackling
the jobs which you face.

ENGINEERING ETHICS

As an engineer, each of us is a member of a profession
and not a trade. That is, we are members of an intel-
lectual fellowship rather than a competitive commer-
cial group. It is important always to remember this in
determining our attitude toward our work, our fellows,
our company, and our country. As professional men,
we have been highly trained over a long period of
years. The knowledge of the past has been placed
before us in clean-cut form. Carefully written text-
books, painstakingly prepared lectures, the facilities
of a university, and all the experience of a great or-
ganization have been put at our disposal. Thus you
and [ owe a great deal to our engineering predecessors,
to our families, and to ourselves. And we have the
heavy obligation of achieving thorough effectiveness in
our work and maintaining unusually high personal
standards of conduct and performance. While it would
be well if all men were to live up to such standards,
yet in our case particularly is it essential that we shall
maintain high professional and personal standing.

Under the conditions which we now face, we will
find that we have specifically the following loyalties:

First, we owe a great debt to the United States, our
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own country, which is now engaged in a life-and-death
struggle with destructive and ruinous forces stemming
backward from stark savagery and barbarism. These
forces represent a viewpoint which is the antithesis of
frcedom of thought, integrity and dignity of the indi-
vidual, and the granting of opportunity to cach of us
for self-advancement and personal growth. They
would represent the stultification and destruction of
all that we have been taught to accept as the basis of
an ordered, calm, and ambitious life.

The emergency we face is indeed a serious one.
Through a combination of incredulity on our part
that such violent and unscrupulous aims could exist
in our modern world, and through a lack of foresight,
“it is much later than we think.” Thus time must now
be compressed, and extraordinarily much must be
accomplished in a brief space. \What has been done by
our opponents during a decade must be equalled and
surpassed by us within a few years. But we have no
alternative to accomplishing something which will be
almost a miracle. For we shall “hang together or hang
separately.”

But this does not in the least mean that we must
hasten hysterically, fall into a panic, or rush into disor-
ganization. Quite the contrary. It means only that we
must face our jobs and the future with steadfast
bravery, a cool acceptance of conditions, and a stub-
born determination which will overcome all obstacles,
Given these qualities, our success and the victory of
our country is assured.

While we engineers are conscious that we are mem-
bers of a profession rather than a trade, we sometimes
fail to remember the corresponding distinctions and
obligations. A brief consideration of definitions is
worthwhile. A trade may be regarded as a business, a
special form of handicraft, or a pursuit or activity of a
fairly skilled but usual or customary type. There are
generally many people capable of following a given
trade. Success in a trade does not customarily require
outstanding or unusual talents. A profession is an
occupation, calling, or activity which necessarily does
require exceptional mental attainments and other
qualities and involves special discipline, both during
the training period and during later professional life.
Relatively few persons are provided by nature with the
mental and moral equipment to succeed in a profession.

When we examine the differences between a profes-
sion and a trade still more closely, we are impressed
by the gap between the two—perhaps a wider gap
than most of us have realized. The length of time re-
quired for training and the scope and demands of the
training are both greater for a profession than for a
trade. The training of the professional man is indeed
long, arduous, and costly. For many years he must
acquire knowledge of numerous facts, of methods and
procedure, and in many instances must achieve manual
dexterity. He must develop habits of thought charac-
terized by exactitude, careful reasoning, and willing-
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ness to face the facts, no matter how discouraging or
unflattering to himself personally this process may be.
A combination of knowledge and wisdom is necessary.
And these are very different assets, for knowledge, by
itself, may be far removed from that skill in its selec-
tion, and that judgment as to its timeliness and suita-
bility of application, which are a part of wisdom.

Accordingly the professional man must pass through
many ycars of severe training and must develop a
broad viewpoint as to his work and a willingness to
serve humanity in the practice of his profession which
are less requisite in other paths of life.

The mental qualifications of the competent profes-
sional -man are numecrous and severe. He must be
thoughtful, analytic, thorough, honest in his ap-
praisals, and considerably above the average in his
mental capabilities.

The character requirements of the true professional
man are also numerous. Pre-eminently, he must have
high ethical concepts, for it has been found that men
who think obliquely and evasively are poor profes-
sional material. The professional man is also distin-
guished by a sense of his commitments to socicty, to
his professional colleagues, and to his own standing.
He usually has a fecling of solidarity with his fellows
—and this is more on mental, moral, and social bases
than from a purely material standpoint. The profes-
sional man is self-disciplined. He has a sense of re-
straint which prevents him from acting precipitately
or thoughtlessly or from rushing to hasty conclusions.
He has the strength of character to view himself as
nearly impersonally as possible and to appraise alike
his weaknesses and his elements of strength. At his
best, the professional man has a loftiness of attitude
which ensures the progress of his field and of himself.
He should be more controlled than most men by such
ethical concepts as fairness, justice, co-operativeness,
and honesty of purpose in his actions.

It may scem to some of us that these jdeals are al-
most unrealizable and perhaps largely theoretical.
Yet such is not the case. The viewpoints just expressed
have been developed during the long experience of the
professions through the centuries and have been found
necessary in practice if those professions are to endure
and their practitioners are to prosper in high repute.

Professional men are set somewhat aside from the
remainder of humanity by their specialized skills, and
are accordingly not too well understood. They are also
attractive targets for criticism from demogogic politi-
cians, muddled reasoners, and other parasitic or con-
troversy-secking elements in the community. Against
attacks from such groups the professional man has
only his own standing and the repute in which he is
held in the community as a shield against injury or
destruction. It is, therefore, particularly incumbent
upon him to practice so far as he can the qualities
which have just been outlined. These needs are not
mere idle imaginings. These characteristics of the true
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professional man are rather the results of experience
through the ages. They may even be regarded as
proven empirically necessary. They have certainly
been shown by pragmatic tests to be part of the out-
look and code of successful professional men. The prag-
matic test is merely finding the answer to the question:
“Does it work?” We may be assured that the highest
professional standards do work—and indeed, their ab-
sence is a fatal defect in the case of the would-be en-
gineer. I have not dwelt on the inner satisfaction that
the better type of man achieves in living a finer sort of
life along the lines of his chosen profession. Yet as the
years pass, each one of us finds an inner satisfaction
and strength in having pursued, sometimes in the face
of discouraging difficulties, a pathway which followed
the code of his profession.

I would not have you believe that I am depreciating
trades or those who work in them. To the extent that
men in commerce or trades elevate their standards,
they too can share in the fine standing, worthy ac-
complishments, and inner pleasure that comes to the
true professional man. But those standards, which are
perhaps only permissive (though preferable) in the
present stage of our civilization when applied to men in
general, must be regarded as mandatory for us in the
engineering field. To that extent we may be harbingers
of a future mankind in a happier world. And we may
be proud if we keep the torch of honesty of purpose and
pride in constructive accomplishment lit during the
occasional darker ages through which humanity may
pass.

Toward our own profession, every one of us owes the
duty of carrying on a high tradition. Remember that
we have inherited the knowledge and experience of the
past, accumulated by painful toil, courage in the face
of obstacles, and hard and straight thinking over the
centuries. It is stimulating to recall that men have
endured disbelief, scorn, poverty, intolerance, and even
death so that your heritage and mine of knowledge and
the capability of mastery over the forces of nature
might exist. The least we can now do is to show our
appreciation of that priceless heritage. We must for-
ever realize that we are members of a fraternity of in-
tellectual workers.

Toward our own company we owe much the same
loyalty as each man on a college team owes to his fel-
lows. Enlightened executives—and there are many of
them—have a deep interest in the engineer and abiding
faith in his capabilities. These industrial leaders plan
the help that can be given to our country through
engineering skill. They then promise the Government
definite accomplishments based on their faith in what
we can do. We owe it to the country and to these men
to make good.

As I have said, we are members of a fraternity of
professional men. Toward our colleagues we owe frank-
ness, true co-operation, clarity of expression, and un-
selfish teamwork. The major diffcrence between an
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army and a mob is in its spirit and direction. Given
capable direction and the spirit of unity, an army may
confidently look toward victory. Each of you is no less
in the front line of defense and offense than the soldier
or sailor. We all know well that it takes considerable
strength of character and broadness of viewpoint to
suppress our little personal weaknesses and petty reac-
tions. Yet it must be done, and this is the very time to
resolve that it shall be done. The great engineer is he
who does this job of real co-operation the best.

Tue ENGINEERING VIRTUES

Every engineer from time to time should try to
assess himself frankly and honestly. Self-analysis and
self-judgment are stepping stones to greater strength
and wider achievement. In wartime or peacetime, the
esteem of our fellows and our success in a worldly sense
will largely depend on the extent to which we possess
and practice certain qualities and methods. There is
no use in refusing to analyze ourselves. Our fellow
workers and directors will do so in any case, and there
is no purpose in trying the ostrich trick of hiding one’s
head in the sand. Better to determine one’s limitations,
vigorously try to remove them, and then to walk with
our heads high.

The following are some of the major engineering
virtues:

Initiative

Life can almost be defined as self-willed motion.
When motion stops, life dwindles. Unless a man is
ready to “start something” he will get nowhere. Leth-
argy, uncertainty, indifference, delay, and fear are
paralyzing. Enterprise and keen thinking and fast ac-
tion are the keys to success. Don’t be too conservative
in trying things out. Remember that a conservative
has been humorously defined, with an undertone of
indictment, as “man who doesn’t believe anything
should be tried the first time.” The great rewards of

history, as well as inner satisfaction, often spring from
trying it the first time,

Application

Steady work is an amazing instrument for achieving
results. Sweat is the best possible lubricant to keep the
wheels rotating. Mere ideas in the abstract lead hardly
anywhere. To get results, it is necessary to keep going,
and planning, and working even when one is very
weary and there is a great temptation to sit back and
“take it easy.” This last is a fatal fault in an engineer.
It is inconsistent with our dignity, our loyalties, and
our future success.

There is no good reason for worrying too much about
toil. Relatively few people have been ruined by hard
work but many have failed through laziness. Lack of
application is a costly national or personal luxury.
Maybe we have had too much of it in the past; but
certainly now is not the time for it.
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Originality

Doing the same thing over and over is well enough
in its way, but it is not enough during times of stress
when unusual results are necessary. Then originality
becomes particularly important. Practice imaginative
thinking. If you have an idea, carefully cultivate it in
detail. Then try to find flaws in it, viewing it with real
detachment and in a critical mood. Try to think up
numerous alternative ways of accomplishing the same
thing. Then compare the various ideas which occur to
you as to their respective and comparative merits and
faults. Such comparisons lead to a wise and practical
decision. Learn to think creatively and in a prolific
way. Any man can expand his capabilities in these
directions by trying, just as he can develop stronger
muscles by exercise. Never be afraid to discard ideas
which seem inappropriate or faulty, or accept new
ideas, even though radical, if they seem necessary and
practical.

Frankness

One of the worst faults that an engineer can have is
vagueness, the concealment of facts, or the lack of
courage to face facts. Avoid silence where the com-
munication of information is required. And avoid leose
or incomplete information where definite statements
are needed. We should try to tell the whole story.
Science and engineering-need the “truth, the whole
truth, and nothing but the truth,” Substitute candor
for 'double talk, which latter is alike the bane of en-
gineering, politics, and many another field. Engineer-
ing does not need “verbal glamour boys”; it demands
really creative workers with a genuine output.

Personal Relations

As we all know only too well, it is easy to develop
the fault of seeing no good in the ideas or work of the
other man. We engineers should keep an open mind.
Let us listen very calmly, coolly, and judicially to the
other man’s ideas. Think how you yourself would
react to a scornful, unfriendly, or closed-minded reac-
tion to your own ideas. Try to find something valuable
in the other man'’s proposals, for your own sake as well
as his. If you must disagree, after careful consideration,
do so courtously and clearly. Explain exactly why you
disagree and how far you disagree, and give the other
man a full opportunity to convince you with his argu-
ments and reasoning. There is relatively little danger
in being open-minded but much hazard in keeping our
minds shut.

To get on in life, we must always remember that we
are part of a community made up of many diverse
elements. Think as well as possible of the other man
and of his ideas. And, above all, avoid backbiting. It
may be easy to injure the reputation and standing of
the other fellow and (with regret and shame be it
admitted) there is occasionally a human temptation
to play tricks of this kind. But remember that it is
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probably equally easy for him to hurt your standing.
It may be stressed that men generally do not admire
the engineer who sselfishly depreciates his fellow
workers and their accomplishments. This is the easy
way to lose friends, standing, and self-respect. Such
attacks hurt'his fellows, himself, and the general stand-
ing of his profession. Our careers depend in part on
convincing the executives and others with whom we
deal that engineers are broad-minded, capable men
who can do things, who are willing to do things, who
think well of each other, and who can work together
efficiently.

RELATIONS WITH YOUR CHIEF

You may safely take it for granted that those who
are directing or supervising your work have been
selected because they have had wide experience, have
shown an unusual grasp and mastery of their subjects,
and have proved that they know how to deal with
emergencies and to appreciate good work. Give them
your respect and loyal co-operation just as you will
wish to receive such help and will need it in the future
when you are in charge. Remember that, in the aggre-
gate, they will be sternly judged by what you have
accomplished; your company itself will be appraised
by the sum total of the efforts of its members; and our
country will rise or fall on the integrated efforts and
co-operation of all individuals and organizations in the
United States.

ENGINEERING METHODS IN GENERAL

In order to reach a certain desired result, as engineers
you may apply inductive methods, deductive methods,
or both. Let us consider each of these and their most
useful applications or scope.

Inductive Method

This is the method where we reason from particular
facts or observations to general rules or guiding prin-
ciples. To carry out such a method it is first necessary
to try various experiments. Thus, a number of specific
or detailed things are done or methods tried or devices
built. Then the results of the experiments or the per-
formance of the devices are carefully studied (prefer-
ably with sufficiently exact measurement and test) to
see if any underlying rule, law, or more general rela-
tionship can be detected.

There are many sorts of relationships from the sim-
plest to the most complex. There are algebraic relation-
ships, exponential or logarithmic relationships, trig-
onometric relationships, or even unclassified graphic
relationships. Sometimes we will find that we must
work by the “cut-and-try” method, determining by
trial and error whether we have found a simple rela-
tionship between two or more quantities or elements in
an experiment. It takes a good deal of skill and some ex-
perience to separate the essential from the .unessential
in such work and to discover whether some unforeseen
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or undesired factor is affecting the results and obscur-
ing an otherwise simple or definite relationship. This
is a case where we will find that there is no substitute
for patience, thoughtfulness, and experience.

If it is thought finally that such a law or relationship
has been found by the inductive method, it is checked
again and again (though not necessarily immediately)
by trying out experiments which develop from those
which we have already completed, endeavoring to
predict in advance the anticipated results by applica-
tion of the supposed law; and then noting whether the
facts and the theory still agree. If they do not agree,
either the theory is wrong, or it is inapplicable to the
particular case for some reason that must generally
be determined speedily if further progress is to be
made; or else the theory is incomplete. In the last-
mentioned case, some important and contributing or
controlling factor or factors have been omitted from
consideration. These must be discovered if the law is
to be expanded into a reliable guide. There is at least
one other group of possibilities, namely that the ex-
periment has been incorrectly performed or its results
wrongly set down or its meaning misinterpreted.

In other words, if the relation which we have derived
does not work out, we must not be content to say that
theory and practice seem to disagree—we must try to
find out why they disagree. A correct and complete
theory cannot disagree with practice, although an in-
correct or incomplete law will not be a useful guide.
Often in finding out why theory and practice do not
agree, you and I will learn valuable and helpful facts.

The inductive method is principally used by scien-
tists and engineers in major or minor research projects
where the experimenter is working at or near the
boundaries of available knowledge and is trying to dis-
cover really new physical or chemical facts, methods,
or laws.

Deductive Method

In applying this method we reason from the general
law to the particular instance. Thus we start with a
supposed law, which has been found to be correctly
applicable in the past and sufficiently complete and
wide in scope to cover the assumed special instance
under consideration. We then apply this law and pre-
dict a result or effect.

After the experiment is tried, we see whether the
desired and predicted results are actually obtained. If
8o, we have another apparent strengthening of the
law, and we have added confidence in its usefulness.
If, however, the desired and predicted results are not
obtained, we must make every attempt to find out
why the law has seemingly failed. Merely abandoning
the quest is generally insufficient. Perhaps the law
was incorrectly applied. Maybe some other factors
vitally affecting the results were omitted from consid-
eration. Possibly the equipment under test was not
correctly built or did not operate in the manner as-
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sumed by the designer. Or, finally, there may be a flaw
or exception or limitation to the supposedly controlling
law.

We should try to find out which is the case, as this
will enable us to try the experiment the next time with
a better chance of success or to determine how the law
had best be modified or replaced in order to make it a
safe and reliable guide.

Deductive methods, as might be anticipated, apply
more usually in development work. Sometimes, when
laws are well established as to their validity, scope, and
completeness deductive work runs smoothly and to
the satisfaction of the experimenter. However, this is
usually the case only in long-established and well-
covered fields. In general, even clever deductive rea-
soning requires caution and keen analysis at each stage

Sometimes both inductive and deductive methods
are used or mixed in handling the same problem. It
generally takes an experienced worker with a wide
knowledge of his subject, much experience, keen
facilities of observation, and something of what we call
(for want of a better term) “intuition” to handle such
a problem by the use of the mixed methods. But it can
be done and it frequently saves a great deal of time and
effort. Intuition seems to be a sort of inner guidance
or inspiration, dependent upon accumulated knowledge
of a subject, and stimulated by the need for accom-
plishment and the urgent requirements of a situation.

It is a good idea in determining our methods to study
carefully our own capabilities and preferences. As a
general rule, the man who is most at home in research
work and does it most naturally and best, is not so
capable a development man as he likes to think he is.
Similarly, the skilled development or design man who
by instinct and experience develops equipment and
methods readily may be a less effective pure research
worker than he believes himself to be. For these rea-
sons, every experimenter or designer should study his
own capabilities carefully and impartially, if that is
possible, and find out what type of work he does best.
He should then endeavor to be assigned to that sort
of work.

Further, if a man finds that he does his best work in
a given sphere of activity, after he has carried any
job to the point where it is about to pass out of that
sphere into the next region, he should willingly turn
it over to the next man for further work or completion.
To speak in a blunt but friendly way, don’t try to hog
the development road—you may merely block traffic.
Many a good research man has stuck to a job long after
a development man should have taken it over and
turned it into a commercially useful article. Often
enough a development man has gone further into de-
tailed design or manufacturing problems than is desir-
able or, on the other hand, has slipped back into re-
search work where it would have been better to refer
the unsolved problem again to a research specialist.

The advice I have just given does not mean that we
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should be without interest in any type of work other
than our own. Quite the contrary, for it is an excellent
idea to know something of the type of job which is
done by the men who handle a problem before and
after it reach us. In that way we can best understand
what is meant by the data or model or plan which
reach us and we can somewhat shape our own work
to give our results or models to the next men in a form
which will mean the most to them and will help them
to carry on speedily. But avoid contracting that preva-
lent and contagious diseasc: “designer’s itch.” This
grave ailment will make us satisfied with nothing that
reaches us and will force us to try to change or re-
design almost anything that passes before us. A little
healthy appreciation of the other man’s work and a
broad attitude, applied daily to the mind, will be an
effective remedy for this disease.

ENGINEERING METHODS OF ATTACKING PROBLEMS

Let us suppose that a problem has been submitted
to us or a job assigned to us. What should be done
next? While there are no general rules in the nature of
a universal panacea that cures all ills, here are a few
hints. In a long experience in such matters, they have
proved to be sometimes useful. ‘

In general, it is very helpful to start out by finding
out what is known. That is, search for and thoroughly
study the cxisting information on the subject. Don’t
depend too much on your memory for facts, figures, or
methods. Even the most experienced engincers can
easily enough forget very pertinent facts. I cannot too
strongly stress the thought that it is no disgrace to
have to seek information. Quite the contrary; for the
search for information betokens the open and inquiring
mind and the resolution to accomplish the desired
results. As a matter of fact, it is sheer folly to insulate
ourselves from sources of valuable data. Converscly,
when anyone approaches us for information, let us
try to help him patiently, remembering that we shall
probably be in the same boat, and for the same good
reason, before much time has passed.

There are a number of ways of finding out what is
known which may prove useful to us. The simplest
and most obvious one is first to go to the best available
textbooks. We may get some general or specific data
that way. The more nearly routine the problem, the
more likely we are to find help in available texts. It is
advisable to make notes at each stage of our study so
that, when we have completed our investigation, our
notes can be digested, summarized, and used as a
guide. Great care and some patience is necessary in
making notes. It does little harm to make notes too
complete or elaborate, but it does a great deal of dam-
age to have them so incomplete or brief that we have
difficulty in interpreting them at a later date.

Let us see if the engineering handbooks have any
available information on the devices or methods in
which we are interested. If so, we shall make notes of
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them, entering a specific reference with each note so
that we can relocate the full information in the hand-
book or textbook if we so desire. In fact, it is a good
idea to give definite information as to where we located
any data, in the form of a specific reference in our notes.

To get more reference material than is obtainable by
the above methods, we should resort to the published
papers in the major engincering journals. It is some-
times difficult to locate the desired references in an en-
gincering journal. However, the annual or other indexes
of these journals will be of some help. The card-index
system of an engincering library may also assist us.
If we know the names of the engineers who have
worked in a given ficld, we should look them up in the
index or file so as to locate their papers which may bear
on the subject at hand.

It is usually possible to accumulate a fairly full list
of references on a given subject by a process of aggre-
gation. One good reference article may give us a num-
ber of other references dealing with the same subject,
which latter articles, in turn, will provide additional
references. Thus we may soon accumulate a good
bibliography of the subject and, in the process, a de-
tailed knowledge of the particular field. The reports
of our own organization’s engincering staff are often
helpful, and should be liberally consulted. They will
usually contain more detailed and practical informa-
tion than can be found in the average publication.
Standards reports of the manufacturing associations
(for example, the Radio Manufacturers Association
or the National Electrical Manufacturers Association)
or of engineering bodies (for example, the Institute of
Radio Engincers, the American Institute of Electrical
Engincers, and the American Standards Association)
may prove helpful. Now and then issued patents or
accessible patent applications will also be instructive.
But we should keep in mind that patents and patent
applications are not necessarily completely scientific
Presentations in some cases nor will they always fur-
nish the most useful forms of technical data. They
should, therefore, be taken as interesting and sugges-
tive but not necessarily final in every instance.

Speaking of reports, the technical reports prepared
by you should be carefully written and in such detail
as will enable others to understand fully what you have
found and described. Technical-report writing is a
real art, and it is well to read and assimilate good books
on the subject for your guidance.

It has been found that home study in the evenings,
or even during’part of the day, is sometimes not a bad
idea at this stage of a new project. Frequently the
change in surroundings or the quict of the home may
prove helpful in accomplishing a good deal in the
assembly of data and in getting new ideas. It is usually
a helpful plan to have loose-leaf notebooks for the
data we shall accumulate or even to use a card index
for particular subjects or fields in which we steadily
work. These are useful tools for the engineer.
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Continuing our process of finding out what is known,
we must not hesitate to call on our fellow engineers
(but try to avoid interrupting them at a particularly
busy moment). There is no odium or loss of standing
involved in asking questions. Nobody knows every-
thing about a subject. Then too, we may be able to
help the other fellow a little later on and he should be
willing to give us what assistance he can at each stage.

In trying to get a definitely new idea, “hunch,” or
inspiration, don't force the issue too hard. Overstrain-
ing in an attempt to get a new idea may have the
opposite effect. One can become stale or overtired in
that way. There are no rules governing the arrival of
an inspiration. Some men get their best ideas in the
early morning working hours, others in the late after-
noon, and still others say they tend to get their new
ideas during their normal hours of sleep, perhaps wak-
ing up with the answer to the problem which has been
bothering them. It is not a bad idea to study your own
reactions and to see into which of these classes you
may fall. You can then try to arrange some of your
work so that you can sit back and think intensely and
take notes of your ideas at those times when experience
shows you are mostly likely to “find the answer.” It is
thoroughly iri order to make a great number of sketches
and to jot down a considerable group of alternative
ideas on any subject without analyzing each of these
too thoroughly. Thus you will have a number of alter-
native plans in your notes, secured when you were in
an “original mood.” You can always analyze each of
these later for its advantages and defects thus choosing
at last the one that seems most hopeful and likely to
work out in practice.

Occasionally it is a good plan (if conditions permit)
to lay aside work on a particular problem for awhile,
and instead work for a spell on some other job. A
return to the original problem in due course will some-
times show that considerable progress toward its solu-
tion has somehow been made in the intervening period.

And now, suppose that we have found what looks
like a plausible or probable solution, method, or de-
sign. We shall then be ready to start putting our ideas
into cquipment, such as an experimental, functional, or
“breadboard” model, or even what we hope will be
the final manufacturing form. If we wish to make
only a functional and experimental model we need
consider only the requirement that it shall produce the
desired result regardless of its adaptability to manu-
facture. But, if we are tackling the even more difficult
job of making a manufacturing design—and this, it
must be stressed, is an entirely different matter—we
shall have to consider many additional problems of
design as well as factory methods and limitations and
economic controls. But in either case, this is the time
to plan the model, of whatever type, very carefully.
Consider in detail just what the model must accom-
plish. How can it be made most simply, and from the
least possible number of parts? What parts are already

available? Be sure to utilize these as a matter of econ-
omy of time and money. Even in building a purely
experimental model, let us try to imagine as far as we
can what the final and manufactured form will be like
ultimately and then make our model as much like
that as possible (unless we are in so early a stage of a
development that it is not practical to visualize the
final commercial form of the device). Keep our setup
as simple, complete, and reliable as possible; but let
us not waste time on unimportant details. Cultivated
good judgment along these lines is an important asset
to the development and design engineers.

In making tests and observations on our setup, we
must watch not only for the desired results but also
for any odd, or unexpected, or undesirable effects or
performances. Very close observation is important at
this stage. A great many new things can be learned in
that way and many future “headaches,” or “bugs” in
the apparatus, can be avoided. Your general slogan
should be “watch closely and think hard.” Avoid dis-
tractions and try not to hear or see what is going on
around you unless it directly concerns your work.
Develop, if you can, “carlids”—they are as useful in
shutting out undesired sounds as are eyelids in keeping
out intrusive scenes. Stop, look, and think!

There is another thought which may be particularly
important to us in wartime development and design.
It may sometimes seem to the engineer that the re-
quirements of the Army, Navy, or Air Force are
unnecessarily stringent or detailed. But it is well to re-
member that, while the customer may not be invari-
ably right, it is an excellent idea to give him every
benefit of the doubt. This is particularly the case in
connection with military divisions of the government
in wartime. They are closest to the actual use of the
equipment under the stringent and grueling field condi-
tions. They have had experience in the difficulties
which arise in its use; they must live with it; and they
generally will have a more complete and clear concep-
tion of service conditions which must be met than
designers who have not been active in the field for a
long time. Accordingly it is wise to keep an open mind
on specifications even if they look too stiff. However,
it is in order to ask questions as to the reasons for
them. And if we have unusual difficulty in meeting
them, perhaps the specifying group may be able to
suggest a solution or even to provide for us a model
of something fairly similar to what we are supposed to
produce and thus help us to “make the grade.” Don’t
hesitate to ask for help in such directions, particularly
under the present emergency conditions. It is readily
possible to be too “dignified” in such matters. You will
often find that the customer can be a helpful friend.

ENGINEERING FACTORS GUIDING DESIGN

All products logically start with a clear concept of
their purpose, general construction, and mode of use.
It is a difficult task then to translate them from the
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mental field into the world of physical things. This
process involves the clement of skilled design,

Design itself may be regarded as a means to a cer-
tain end. Its procedure is controlled by the function
or use to which the product is to be put, the availa-
bility and suitability of the materials which go into
the product, and the methods of construction and test
which are at hand.

The use to which a product is to be put necessarily
determines its functional design. That is, unless the
design from the very beginning is such that the device
will produce the desired practical result, no progress is
possible.

Nevertheless, a merely functional design, however
interesting and encouraging, is usually not in itself
of major practical importance. It must be possible to
manufacture the desired article readily, at a reasonable
cost, and within acceptable limits of time. The avail-
ability of suitable materials, and of methods of han-
dling such materials, determine whether the proposed
design is manufacturable and cconomic. There may be
many methods of translating a functional design into
a manufacturing design, but some of these will be too
complicated, too costly, or too slow to meet the re-
quirements. '

There is no substitute for good judgment and careful
analysis. Accordingly designers should avoid plunging
hastily in a direction which, for the moment, seems
attractive. Rather, they should carefully analyze a
number of possible methods of passing from a func-
tional design to a manufacturing design. They should
then select that particular method which best fits the
current conditions.

One of the worst mistakes an engineer can make is
to start design work without carefully considering the
numerous guiding factors governing the nature and
use of the desired product and then translating these
factors, perhaps in tabular fashion, into corresponding
physical embodiments. This should be followed by a
thoughtful comparison of the various possibilities and
the selection of that one which, on the whole, offers
the maximum advantages and the minimum disad-
vantages. Rarely, if ever, will any decision be free from
disadvantages—but good judgment and the relative
appraisal of advantages and disadvantages will go far
toward contributing to the success of the engineer. [t is
natural enough to be impatient with delay and to
desire to get started on a job immediately. But yielding
to these natural desires is frequently costly in time and
money, for the later rectification of early mistakes is a
sorry and trying job. “A thought in time saves nine.”

There are a great number of factors which markedly
control or influence the design of a given piece of equip-
ment. Some of the most important factors are the fol-
lowing.

Nature of Specifications
Specifications are a sort of bible to the designing
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and planning engineer. Many an engineer has invited
—and encountered—serious trouble by not reading the
spccifications sufficiently closcly and then checking on
reliable methods of mecting each and every feature of
the “spcees.” Take the specifications very seriously. If
you don’t expect to be able to meet them, it is better
to say so in advance and try to have them modified
or clse sccure such help as will enable you to meet
them.

It is important to be sure that every element in the
spees can be met before the job is started. Once the
design is well advanced, it often becomes an appalling
task to change ¢ven one celement without scrambling
many: of the others. Dclays and changes in the later
stages of the work are extremely costly and time-con-
suming. And it must be remembered that now, more
than in any other period in our history, time is of the
essence. Peacctime standards may not be adequate
for wartime nceds. To repeat, let us take the specifica-
tions seriously, plan mecting them in advance, be sure
that each clement can be met before we start, if that
is at all possible, and make every effort to avoid
changes in the latter part of the development or design

Conditions of Use

Obviously it makes a great difference under what
conditions equipment is to be used since these condi-
tions will vitally affect its design and required per-
formance. Such questions as the following arise. Will
the device be subjected to marked temperate changes?
And with what effects on the materials and operation
of the device? Or to wide changes in barometric pres-
sure (with possible consequent high-voltage insulation
problems)? Or to high humidity? Or to heavy jars and
violent vibrations? Or to sudden accelerations? Will it
be used continuously or only intermittently? Must it
stand up under frequent and even prolonged overload?
Must it be handled in the dark, and how? How noisy
are the likely locations of its use? Must the operating
personnel wear heavy gloves? Is it fixed, portable, or
transportable equipment? Is it required to work in
any position? Will many assemblies of the device be
made, or only a limited number? Must it fit into a
given space, or pass through openings of a limited size?
From which side or sides must it be operated? How
shall it be installed or removed? How is it associated
with adjacent or near-by equipment? Is it a well-
standardized type or is it likely to be changed shortly?
Are weight considerations of prime importance? How
skilled are the personnel who are likely to use the
equipment? What service problems must be met in
advance?

We should try to accumulate as complete a list as
we can of such working conditions, and then to give
them major consideration in design and construction,
as well as subsequent test. These requirements are of
interest even in experimental models but afe of course
vital in the manufacturing model and design.
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Servicing

Every piece of equipment may develop some trouble
sooner or later, and often enough at an entirely inop-
portune or dangerous time. Hence it is generally neces-
sary that scrvicing problems shall be reduced to a
minimum. Breakdown might occur at a tragically
wrong time and place. Accordingly parts should be as
far as possible conveniently accessible, casily removed,
and readily replaceable (if there is any likelihood of
their failure). Appearance is generally less important
in wartime cquipment than great convenience of use
and reliability. The training and methods of the per-
sonnel who will probably do this servicing must be
considered in cach instance. Let us not hesitate to ask
questions in these regards if we do not have the facts.
A question is less embarrassing than an apparatus
breakdown.

Cost

It is obviously necessary that the designer of equip-
ment which is to be manufactured from his plans must
be thoroughly acquainted not only with the design
processes but their capabilities, limitations, and costs.
It takes years of experience to become a master in this
field but everyone should make a good start. As ap-
parently simple a factor as the permissible tolerance
set by the designer for a given dimension, or the refer-
ence point or plane of such a tolerance, may make a
device either practical or impractical from the view-
point of the factory expert. Further, it may make the
product economic, or, on the other hand, unsalable.
The same comment holds for specification of ma-
terials, finishes, and fittings. Thus there must be very
close co-operation between the designer and the
factory men if there is to be speedy, uninterrupted, and
economic production.

Drawings

Most large plants have specifications for standard
drafting practice. Such practice may differ from plant
to plant, and it is necessary to be thoroughly ac-
quainted with the practice in our own company and
systematically to adhere to it. Not only the designer
but also those engaged in development work should
become thoroughly acquainted with this material since
it dictates a line of thought and procedure which is
useful to all and which may short-circuit otherwise
costly and unnecessary misunderstandings or errors.
It is extremely wasteful and dangerous to make “off-
standard” drawings.

Interchangeability and Economy

Most modern manufacturing, particularly on a
mass-production basis, depends on some form of inter-
changeability. Interchangeability, in its most com-
plete form, enables the assembly of a complete device
from component parts selected at random from lots
of each of such component parts. That is, an operative
device will result from the assembly of any available
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components. The advantages of such a possibility,
both at the plant and under servicing and replace-
ment conditions, are obvious.

In some forms of interchangeability only the sub-
assemblies can be assembled at random to form an
operative whole. These subassemblies form normal
groups or combinations of parts. Sometimes the same
subassemblies can be used as parts of a whole group
of devices, which again increases economy in manu-
facture.

Selective interchangeability is another type in which
all component parts are classified or graded into
groups. A selected group of one component will then
combine with a correlated selected group of another
component, and so on. The advantage of selective
interchangeability is mainly the broader tolerance in
manufacturing each component which then becomes
acceptable. On the other hand, the components must
be classified or graded, and complete interchangeabil-
ity in servicing may no longer be possible (that is, a
certain amount of modification or machine work may
be required from the servicemen).

Economy and speed in manufacture are largely as-
sociated with a wise and corresponding degree of
interchangeability. Very careful design of the manu-
facturing model is involved in interchangeability. As
previously indicated, the manufacturing model will
generally differ markedly from a merely experimental
or functional model. The functional model need only
carry out a purpose or requirement and perform a
certain job. However, it may be in a form inappropri-
ate for manufacture or normal use in practice. Need-
less to say, manufacturing models should be designed
with the help of the factory men. The construction of
such models, their assembly, and their performance
should be checked systematically in the factory
throughout the manufacturing process. Any errors in
the manufacturing design or in the process specifica-
tions can thus be corrected, the records made com-
plete and instructive, and the lessons thus learned can
be embodied as improvements, or in the avoidance of
errors in later designs.

In the modern plant, fixtures, specialized machine
tools, and cleverly contrived gauges, all play their part
in economical production and in the obtaining of that
precision which is required for the desired type of
interchangeability.

Materials, Processes, Finishes

In his selection of these factors, the development
man and the designer can prove himself to be either
a skilled and valuable man or the opposite. The
designer should ask himself many and searching ques-
tions as to the available choices in each case, the ad-
vantages and disadvantages of each of them from the
manufacturing and customer viewpoint, the relation
between each of them and the corresponding saving of
time in production (with particular reference to the
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needs of war production), and the cost and labor
requirements of ecach. Minimizing the demand for
highly skilled and experienced labor is important at
this time.

Unusual materials, processes, or finishes are strenu-
ously to be avoided because of the delays, chances of
error, and high costs they introduce. Only where they
can be proved to be absolutely indispensable should
they be considered.

There are usually available in any large factory as-
sembled data on standard shop practice. Here again
we have material which is of great value to the practi-
cal development or design enginecr and which should
be thoroughly understood and applied by him.

Over-all Reliability

One of the characteristics of most adequate designs
is that they are “balanced.” That is. every part of the
device is designed from a given viewpoint as to cost,
performance, and reliability—and the criteria apply
alike to each part of the design (except perhaps a few
parts which, for some special reason, require unusual
precision or particular care or better materials than
the rest). Designing for an over-all equalized relia-
bility permits the user to judge more accurately what
will be the probable life of the device in actual use. It
contributes to economy in manufacture. Further, it
prevents some one weakness from unfavorably con-
trolling or limiting the useful life of the device. It
requires considerable experience and good judgment,
however, to design equipment so that it will run some-
thing like the “one-horse shay.”

In closing, I would like to suggest that we all go
through a mental overhaul, so to speak, every few
months. It is astonishingly easy to get into a rut, or to
drift behind the times. Let us review the thoughts
which have been laid before us, and the experience we
have gained. We shall decide whether we have used
both of these to the full. We should keep notes of our
own on the experiences we have had and draw conclu-
sions from them which will serve as further guiding
ideas for our own use in the future.

And, if you have any suggestions which you think
might be useful to others (and I am sure you will have),
I hope that you will convey them to your directors (or
even send them to me) so that they may be made
more generally available. We have a tough job ahead
of us, so let’s all pull together and get it done promptly.
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And we should always remember that our work is
being increasingly appreciated and judged to be of
paramount national importance. In its leading edi-
torial on December 26, 1941, The New York Times
said:

“As this war developes we can be increasingly thank-
ful that we need no ‘propaganda’ to convince ourselves
of the necessity and justice of what we are doing. All
argument was silenced at Pearl Harbor. More and
more this nation will value the gifts of certainty and
of unity which our enemies bestowed upon us by their
very act of aggression. Few causes and few wars are
as simple as this one has become. The defeat of the
Axis Powers has become as well-defined and essential
an objective as was, a generation ago, the completion
of the Panama Canal.

“We suspect that it arouses a not wholly dissimilar
emotion. We have grown up since 1898, when we
looked for ‘glory’ in our brief and one-sided war with
Spain; and even since 1917, when an exalted and
Utopian mood seemed necessary. Today's war requires
the industrial and engineering type of heroism and forti-
tude. It requires planning, patience and exactness.

“We know that war itself is not glorious, though
there is glory in some of the qualities which it reveals
and utilizes. We shall give praise to every American,
soldier, sailor or civilian, who forgets risk and hard-
ship and does his duty, or more than his duty. But
principally the mood of this nation at this moment, if
we may judge by what is said, written and done, is
reflected in a desire fo get on with the job, and get done
with it. One may well believe that this is a frame of
mind more dangerous to 6ur enemies than the fanati-
cism of Berlin, Rome or Tokyo is dangerous to us.
For, after all, the fanatical phase passes and is always
limited to a minority in any nation, whereas the sober
determination to finish what has been begun will
engage a majority to the end. .

“We think there prevails in this country a grim
resentment at the necessity of devoting wealth, in-
genuity, labor, courage and precious human lives to
the ugly task of sanitation which the Axis has, by its
existence, created. We have been interrupted at our
work. We want no more such interruptions, and, God
helping us, we will have no more.”

Fellow engineers, we are in the first line of defense
and offense. Let us then think straight, plan well and
work hard to bring for all of us a brighter tomorrow.

.



Navy to Commission Radio Engineers’
JAY L. KERLEY{, NONMEMBER, I.R.E.

HE United States Navy is now offering com-

missions to men experienced in the field of radio

engineering, with rank commensurate to their
professional standing. Men interested in entering this
branch of the service may obtain full information from
the offices of Naval Officer Procurement which are
being set up in all large cities.

The uses of radio on ships, planes, and submarines
are so widespread—both in direct communication and
for special purposes such as direction finding—that
the Navy needs a large number of people with experi-
ence in the design, development, and test of modern
television and radio apparatus. A college education
normally is required, but it will be waived in cases
with unusually good experience. A reasonable state of
physical fitness is necessary, but the prime requirement
is technical ability—engineering and service ability.

The commissions, which are granted in the Naval
Reserve and run up to the rank of lieutenant com-
mander, are similar in all respects-to those in the
regular Navy—the reserve officer carries the same
responsibilities and is eligible for the same privileges
as the regular officer. He receives the same pay and
allowances, he wears the uniform at all times, and he
is subject to orders to anywhere in the world at any
time. The pay and allowances vary from $143.00 to
$440.00 per month, depending upon the rank and duty
station. Uniforms are at the officer’s expense, but may
be obtained ready-made in the larger cities, and only
the necessary number are required at present. When
the reserve officer has obtained the required clothing
list, he becomes eligible for a uniform gratuity of
$250.00.

After his preliminary interview with a Procurement
officer, the candidate will receive a formal application
to be filled out in triplicate. This includes a certified
birth record or sworn statement of citizenship, a
transcript of college education, three letters of recom-
mendation, and names of three sponsors. After the
application is received the applicant is called in for
physical examination and formal interview, all spon-
sors are contacted, and others asked regarding the
applicant’s fitness for a commission, all of which takes
about six weeks. The date of submission of the formal
application is important, in that if a commission is
granted it serves to cancel any conflicting orders—
such as a call by the local draft board—received in
the meantime.

* Decimal classification: R565. Original manuscript received by
the Institute, April 8, 1942.

t Lieutenant Commander, U.S.N. (Retired). Officer in Charge

of Volunteer Service Procurement (Officers), Fourth Naval Dis-
trict, Philadelphia, Pa.

July, 1942
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With his commission the candidate will receive his
“acceptance and oath of office,” and he is no way
bound until he signs the acceptance and takes the
oath, “to defend the Constitution of the United States
against all enemies foreign and domestic and to well
and faithfully discharge the duties of the office .....”
With his commission he may receive his orders to ac-
tive duty, most of which give him four days plus neces-
sary travel time to get to his duty station, and which
become effective on the day he accepts his commission.

Most newly commissioned officers are being sent to
a specialist school for five months before reporting to
their active-duty station. The reservist is given full
pay during his schooling and receives transportation
from home to school and from school to his duty sta-
tion. He can collect transportation for his wife from
home to the active-duty station, provided it is within
the United States.

The new officer may be assigned active duty in the
Bureau, designing new equipment; at a Navy Yard
or air field, installing and servicing equipment on the
ships; on a repair vessel, servicing equipment; or on a
combat vessel servicing the equipment and directing
the enlisted personnel in its operation. Nominally he
directs others, but there will be many times when he
must handle a soldering iron and a pair of pliers. He
is apt to live in work uniform—there is plenty of hard
work and little glory.

Obviously, no one can foresee the conditions at the
end of the war. The reserve officer can, however, plan
on being released to civilian life sometime within a
year after cessation of hostilities, when he will not
sever connections with the service (unless he so
chooses), but will retain his commission and an in-
active duty status. (This is the difference between a
reserve and a regular commission.) The advantage in
holding his commission is that in case of another war
or a national emergency, he would be recalled with his
full rank. When in an inactive status the reservist is
not required to drill, or take training duty, although he
may do so if he wishes and if facilities are available.
Since he was originally commissioned for his profes-
sional ability he is merely required to maintain his
standing in his profession, and a reasonable standard
of physical fitness.

The special-service commission offers an outstand-
ing advantage to professional men, for it practically
is the only way that he may serve in the armed forces
without losing years of professional experience. As his
duty is the pursuit of his own profession, his years in
the Navy may be listed as practical experience when
he returns to civilian employment. Further, certain
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radio applications that presently are secret will un-
doubtedly find commercial uses in peacetime, offering
to the reserve officer a unique opportunity to be an
experienced man in a new field.

A preliminary interview may easily be arranged at

any of the Naval Officer Procurement offices, at which
time questions will be answered and professional fit-
ness for the service determined. Those who are not
near an office may write in, giving a detailed descrip-
tion of their education and training.

A New Frequency-Modulation Broadcasting
Transmitter"
-A. A. SKENE}, MEMBER, LR.E. AND N. C. OLMSTEADY, ASSOCIATE, LR.E.

Summary—A new frequency-modulation transmilter is described
which uses a novel amplifier civeust permitting an unusually simple
mechanical design and an economical vacuum-tube complement,

The choice and design of circuit components, governed by both
mechanical and electrica considerations, are discussed in detail.

HE DESIGN of a commercial broadcasting
T transmitter for the frequency-modulation field re-

quires the engineer to adopt some unique view-
points. Even more than in circuit-development work at
standard broadcasting frequencies, the goal of the de-
signer now is the utmost simplification of the circuit and
circuit elements. Each additional coil, condenser, or
other piece of equipment introduced to improve per-
formance brings with it additional complications in the
form of stray capacitances to ground and reactances
of connecting leads. Frequently, these stray elements
are in such a location or of such magnitude as to pre-
clude the entirely satisfactory operation of an other-
wise desirable design. Much of the engineer's efforts
are centered on the determination of the physical loca-
tion of the circuit components which will minimize
the deleterious effect of stray reactances, always with
the hope that this minimum may be sufficiently small
to permit satisfactory performance of the transmitter
under everyday commercial conditions. Frequently it
is discovered that with all his care the designer is
faced with an irreducible minimum of strays that,
while small, has an astounding ability to irritate and
annoy.

In the face of such a situation, it may be possible
to modify the circuit so that the undesirable reactances
become harmless, This paper describes just such a
solution to difficulties encountered in the development
of a 10-kilowatt transmitter for frequency-modulation
service,

Since a successful commercial transmitter of 1-kilo-
watt capacity!? was available and was suitable for

* Decimal classification: R414. Original manuscript received by
the Institute, December 4, 1941. Presented, Summer Convention,
Detroit, Michigan, June 23, 1941.

f Bell Telephone Laboratories, Inc., New York, N. Y., and
Whippany, N. J. .

2 faF . Morrison, “A new broadcast transmitter circujt design
for frequency modulation,” Proc. LR.E., vol. 28, pp. 444-449;
October, 1940.

*W. H, Doherty, “Synchronized FM,” Pick-Ups, pp. 3-S;
August, 1940,
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use as a driver, this account will be confined to the
problems involved in the design of a 10-kilowatt ampli-
fier, together with the associated power and control
equipment.

One of the commercial objectives was the use of air
cooling for the amplifier stage of the transmitter. The
large physical dimensions of the plate-cooling structure
on air-cooled tubes capable of delivering the necessary
power at once focused attention on the stray capaci-
tance that would exist from the plate of the tube to
ground. Preliminary calculations indicated that this

Fig. 1—Western Electric 389AA vacuum tube,

capacitance would be of the order to 30 to 40 micro-
microfarads per tube, a reactance of some 80 to 100
ohms in the frequency-modulation band.

A new air-cooled vacuum tube recently made avail-
able (Fig. 1) offered the first help, since performance
data indicated that a single tube would be adequate to
deliver the required output power. A calculation of a
single stage using this tube showed the rather large
loss of some 800 watts in the plate tuning coil, even
with a coil having a Q of 400. Of even greater concern
was the sharpness of the circuit (high ratio of reactive
volt-amperes to watts) which would considerably
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increase the difficulty of securing satisfactorily low dis-
tortion over the audio-frequency modulating range of
30 to 15,000 cycles at the full swing of 75 kilocycles.

W. H. Doherty of the Laboratories suggested the
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Fig. 2—Schematic diagram of conventional amplifier.

use of a novel circuit which offered distinct advantages
for use in high-frequency amplifiers. A schematic dia-
gram of a conventional triode amplifier is shown on Fig.
2 and the corresponding diagram of this new circuit
on Fig. 3. It will be noted that the new circuit differs
essentially from the conventional one in moving the
radio-frequency ground connection from the filament
of the tube to the plate, the plate being grounded
through the by-pass and blocking condenser C,. Since
the capacitance of C, should be large (have low re-
actance) the stray plate-to-ground capacitance in
parallel with it becomes of no further importance, and
is replaced in the circuit by the much smaller filament-
plate capacitance. In this “grounded-plate” amplifier
the tube filament is, of course, at high radio-frequency
potential above ground, and the problem of supplying
the filament current is most easily solved by construct-
ing the plate-tuning inductance of hollow tubing and
threading the filament leads through it as shown. This
places the transformer end of the filament leads at
radio-frequency ground potential and avoids the haz-
ard of operating filament transformers above ground.
The radio-frequency driving voltage is applied be-
tween the filament and grid by a coaxial transmission
line wound in parallel with the coiled tube which en-
closes the filament leads.

The design of a stable, efficient, and compact ampli-
fier now appeared much more promising. It will be
noted that the grounded plate circuit lends itself ad-
mirably to the mechanical design of the stage. Past
experience had shown that inductive (coil) neutraliza-
tion and tuning permitted the “broadest” circuit pos-
sible and hence the lowest distortion. In this circuit
inductive neutralization requires only the connection
of an inductance between the grid of the tube and
ground. This same neutralizing coil also conducts the
negative bias potential to the grid of the tube, with
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condenser C: blocking the direct-current bias to
ground. .

The plate by-pass condenser C; must be insulated for
operation at the direct plate voltage employed and
carry the radio-frequency plate current. The plate-
cooling fins of the tube must be enclosed by a sleeve
or duct to confine the air stream to its proper path.
In the design of this amplifier the functions of plate
by-pass condenser and air duct are combined by the
use of a dielectric tube of the proper diameter to slip
over the cooling fins. The inner and outer surfaces of
this tube are silver-plated to form the two plates of
condenser Ci. The outer coating or plate is grounded
and the inner coating makes contact with the plate
structure of the vacuum tube. Such a condenser struc-
ture favors a uniform distribution of current over the
conducting plates and has a form that presents no as-
sembly difficulties in attaining a satisfactory product.

However, the neutralizing inductance previously
mentioned presents several problems. First and fore-
most, the inductive reactance should be smoothly
variable under power to facilitate the adjustment of
the circuit. This coil must be designed to carry cur-
rents of the order of 30 amperes, which necessitates
a conductor of ample proportions, and precludes the
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Fig. 3—Schematic diagram of grounded plate amplifier.

use of a small compact unit. Proper neutralizing re-
quires adequate shielding of the neutralizing coil, and
the large dimensions and current-carrying capacity in-
volved increase the difficulty of such shiclding without
excessive length of connecting leads. The problem ofa
sliding contact or other means of varying the effective
inductance introduces further difficulties in coils carry-
ing high currents. Arcing and burning of contacts are
all too familiar occurrences. A coaxial transmission line
shorter than 'a quarter wavelength, short-circuited at
the receiving end, offers an almost ideal inductance for
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this circuit element. A movable bridging contact is
used to vary the inductance of the line by changing
its effective clectrical length, and the large space avail-
able for contacts makes possible the design of a positive
bridging contact of ample current-carrying capacity.
It would be difficult to imagine a structure more ade-
quately shiclded. The question of the blocking con-
denser C; is solved by supporting this neutralizing line
from the ground plane by means of a flange insulated
from the ground by a sheet of mica. This construction
is shown on Fig. 4. In this illustration, 4 is the inner
and B the outer conductor of the transmission line
short-circuited by the adjustable contact E. This en-
tire structure is mounted from the ground plane D by
means of the flange C, insulated from ground by the
dielectric F. Thus, a variable neutralizing inductance
of high current capacity and thorough shielding is
incorporated with a blocking condenser in a single
unit of simple and straightforward design.
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Fig. 4—Neutralizing line.

The use of a tuning line for neutralizing suggests
that a similar device may prove advantageous for the
plate-tuning inductance. It will be recalled that this
coil must also serve to carry the filament leads and a
coaxial transmission line supplying the radio-frequency
excitation to the grid-filament terminals of the tube.
Fig. 5 indicates the general construction finally
adopted. 4 is the inner concentric transmission line
which supplies the radio-frequency driving voltage.
The inner conductor of this line 4 is connected to the
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tube grid through a conventional grid-bias blocking
condenser. The outer conductor is connected to the
filaments through mica by-pass condensers. Surround-
ing this line 4 is a tube B which, at cach end, is con-
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Fig. 5—Plate-tuning line.

nected electrically and mechanically to the outer
conductor of line 4 and thus is at the same electrical
potential. The annular space thus formed constitutes a
duct through which the filament leads D are carried.
The tube C forms with tube B a variable-length
coaxial line short-circuited at the lower end by the
bridging contact E as in the case of the neutralizing
line. The position of this contact E may be adjusted
under power to change the effective clectrical length
of the line, and hence its reactance, for plate-tuning
purposes. Since the outer conductor of this line is at
ground potential, it is mounted directly on the ground
plane as shown.

The output of the amplifier is connected from the
filament of the tube (through the by-pass condensers)
to the transmission line through a series variable in-
ductance which serves to adjust the output circuit im-
pedance. Since both ends of this coil are at'high radio-
frequency potential above ground, a short-circuited
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transmission line is not the most convenient de-
vice to use. A coil with an adjustable copper “slug”
to vary the reactance has been found to be most satis-
factory.

The complete amplifier as finally assembled is shown
on Fig. 6. It will be seen that the horizontal shelf or

PR T INTRRER  T R

Fig. 6—Power amplifier.

panel mounting the vacuum tube constitutes a ground
plane of restricted area, and all radio-frequency ground
returns are connected directly to it with the almost
complete absence of additional connectors. In this
manner undesirable mutual impedances are kept to a
minimum, and with the effective shielding of the neu-
tralizing and plate-tuning lines, a most stable and
satisfactory stage results. The blower seen below the
tube gets.its air supply through air filters in the lower
rear portion of the unit, and the heated exhaust air
escapes from the top. Special attention has been given
in the design of the air-cooling system to provide ade-
quate cooling for the grid and filament terminals and
also the plate seal. This has been done by the use of a
deflecting ring which diverts a portion of the air stream
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directly against the plate seal, and a tubular by-pass
which conducts a portion of the air blast above the
tube and allows it to blow directly down on the grid
and filament terminals. The absence of intricate cir-
cuit parts and connections and the clean mechanical
assembly finally attained are particularly noticeable,
and are largely made possible by the use of the
grounded plate circuit.

A 3-phase full-wave rectifier supplies approximately
17 kilowatts at 7250 volts for the amplifier. By using
three single-phase transformers, emergency operation
on open delta at somewhat reduced power is possible.
The use of air-cooled, fully enclosed transformers and
retardation coils throughout allows the assembly of the
rectifiers in a single self-contained unit (Figs. 7 and 8)

Fig. 7—Front view of power unit.

with no external high-voltage cable or busses. This
segregation of the power equipment, which permits the
elimination of mechanical vibration and stray magnetic
fields from the radio-frequency units is an appreciable
factor in securing the low noise levels obtained in this
equipment. In order to insure quiet operation, all
contactors and relays are operated on direct current
supplied by a selenium rectifier.
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All radio-frequency amplifier stages are operated
with fixed bias. This permits a two-fold advantage: an
optimum bias may be obtained and the filaments may
be kept at direct-current ground potential. The bias is
obtained independently of drive conditions and with-
out the necessity of a compromise in the value of

Fig. 8—Rear view of power unit.

cathode resistor to limit the static plate dissipation to
safe values. By operating the filaments at ground po-
tential a flash arc occurring in a tube does not subject
the cathode apparatus to high voltage with a possible
risk of breakdown.

A sectionalized control circuit provides step-by-step
or fully automatic starting of the transmitter at the
option of the operator. Regardless of the method used
for initial starting, the transmitter is fully automatic in
starting up after power interruptions. The high-voltage
rectifiers are controlled by a circuit breaker equipped
with automatic overload reclosing.

A time-delay relay prevents application of high
voltage to any mercury-vapor rectifier tube until the
filament has reached operating temperature. Labora-
tory tests have demonstrated that the usual heating
time can be greatly reduced without adversely affect-
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ing tube life by applying approximately 150 per cent
normal voltage to the filaments until normal tempera-
ture is reached. The delay relay serves the dual func-
tion of preventing the application of power until the
tubes are up to operating temperature and of reducing
the filament voltage to normal when this temperature
is reached. As this relay is designed to have a delay
which is proportional to its de-energized time, there is
no danger of damaging the tubes by applying the
overvoltage when the filaments are already near their
operating temperature. The overvoltage starting is
applied only to the tubes in the high-power rectifier
as the heating time for these tubes then becomes the
same as for the smaller tubes in the other rectifiers
under normal voltage starting. This development is

_ Fig. 9—Front view of driver.

of particular value to the station operator since the
reduced restarting time may permit the restoration of
service, following an interruption, in time to prevent
the loss of program revenuye.

The adjustment of tuning lines and all other ampli-
fier controls is accomplished by the use of small motors
operated by push buttons on the control panels. This
type of control has the distinct advantage of permitting



the location of the particular tuning elements in the
most advantageous location from a circuit standpoint
without introducing involved mechanical connections
to the front of the unit.

Fig. 10—Front view of transmitter.

A front view of the driver is shown on Fig. 9. In as-
sembling the transmitter, the power unit, the amplifier,

and driver are arranged in that order from left to right.
This assembly of units (Fig. 10) is enclosed within a
cabinet which furnishes complete protection to both
the operating personnel and the equipment. Instant
access to the transmitter is afforded by large doors,
both front and rear, which are fully protected by safety
devices. In the design of these safety devices the basic
principle has been to prevent access to any compart-
ment of the transmitter until the high-voltage supply
for that compartment has been de-energized and
grounded.

The consolidation of the transmitter into a single
compact assembly with all equipment self-contained
results in a minimum of necessary floor space. This is
important in the frequency-modulation field since, in
many cases, these transmitters will be installed in the
upper floors of office buildings where available space
may be at a premium.
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The Self-Impedance of a Symmetrical Antenna’
RONOLD KINGf¥, ASSOCIATE, LR.E., AND F. G. BLAKE, JR.{, ASSOCIATE, LR.E.

Summary—The rigorous formula for the ilniput impedance of a
symmelrical, cylindrical antenna as derived by Hallén is used to ob-
tain complete tables and curves for the input resistance, reactance, im-
pedance-magnitude, and phase angle as functions of the variables
h/\ and a/N. Here h is the half length and o Lhe radius of the center-
fed antenna. Expressions are derwed for the maximum input re-
sistance and for the resonant and antiresonani lengths. Curves are
shown for the input resistance of resonant and antiresonanl antennas
as functions of a/\.

INTRODUCTION

RILLIANTLY conceived and boldly formu-
lated, classical electromagnetism is one of the
outstanding achievements of physical science.

Unfortunately for physicist and engineer alike, it is

usually studied piecemeal according to a plan (which

is followed in preference to any other by most texts
and treatises), in which electrostatics, magnetism,
steady and quasi-steady currents, and electromagnetic
waves are presented as more or less vaguely related
subjects instead of as special cases of the same amaz-
ingly general theory. An unhappy consequence of this
and of an emphasis on historical generalization from
restricted experiments rather than on deduction from
general equations is apparent in the conventional treat-
ment of antennas as elements in electric circuits.
Bluntly expressed, this sccks to investigate a problem

* Decimal classification: R120. Original manuscript received
by the Institute, September 24, 1941.

t Cruft Laboratory and the Rescarch Laboratory of Physics,
Harvard University, Cambridge, Massachusetts.
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in general electromagnetism in terms of a special case,
the conditions for which are not fulfilled. Thus, to
analyze even the simplest antenna (consisting merely
of an isolated straight conductor of small but non-
vanishing radius) in terms of an “equivalent” circuit
of lumped capacitance, inductance, and resistance, or
in terms of an “equivalent” section of a transmission
line is fundamentally incorrect and pedagogically most
undesirable. No such equivalence exists in any general
sense of the word. This has, of course, been recognized
by numerous investigators who have attacked the’
problem in more fundamental ways.

Probably the most familiar direct method of anal-
ysis is one which proceeds from the definition of elec-
tromagnetic-energy functions. In its more elementary
form it involves specifically the integration of the
Poynting vector over a great sphere enclosing the an-
tenna in order to determine a fictitious resistance,
called the radiation resistance (referred to maximum
current amplitude), which is used to supplement the
inadequate “equivalent” circuit consisting of a coil
and a condenser or of a section of a transmission line.
In a more general approach the cnergy method pro-
ceeds by integrating the complex Poynting vector over
the surface of the antenna itself in order to determine
both the input resistance and reactance, and so elim-
inate the need of “equivalent” circuits. Although
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fundamentally correct, this latter method demands as a
prerequisite a knowledge of the distribution of current
in the antenna. That is almost equivalent to presup-
posing a solution of the very problem to be solved, for
if the distribution of current is accurately known as a
function of the applied voltage, the input current is
also available, and with it the input impedance. This
difficulty has been side-stepped in the literature by
postulating a distribution of current which is sinu-
soidal'? or which is an exponentially damped sinusoid
by analogy with transmission-line theory.? The solu-
tions obtained are, then, correct only for an antenna
with the assumed distribution of current if such a one
exists. Actually they are only rough approximations
for the distribution obtaining in a cylindrical antenna
of nonvanishing radius.

Methods of attack which do not depend upon a
postulated approximate distribution of current, but
which proceed directly to determine this distribution
from the boundary conditions, may be considered in
two groups. In the first group the subject of investiga-
tion is a conducting ellipsoid of revolution for which
solutions have been obtained in rather intricate series
form.4$ For antennas which are ellipsoidal in shape
these solutions are exact and appropriate. On theé other
hand, if the antenna is cylindrical, one is faced with
the problem of selecting an ellipsoid which is actually
equivalent to the cylinder as an antenna. In the second
group a cylindrical antenna of relatively small radius
compared with its length is analyzed directly by meth-
ods leading to integral equations in the electric field®
or in the distribution of current itself.”-8 These integral
equations are then solved by methods of successive
approximation in which the quantity 1/Q with

Q= 2log (2k/a), (1)

is assumed to be small compared with unity. Here % is
the half length of a center-fed symmetrical antenna, or
the full length of a base-fed antenna over a perfectly
conducting plane; a is the radius. Since Q lies between
10 and 30 in most practical antennas, this is a reason-
able assumption which is well satisfied in a very large

1 P.S. Carter, “Circuit relation in radiating systems and applica-
tions to antenna problems,” Proc. L.R.E., vol. 20, pp. 1004-1051;
June, 1932,

* J. Labus, “Rechnerische Ermittlung der Impedanz von An-
tennen,” Zeit. fiir Hochfrequens., vol. 41, pp. 17-23; January, 1933,

3E. Siegel and J. Labus, “Scheinwiderstand von Antennen,”
Zeit.{‘ar Hochfrequenz., vol. 43, p. 166 and p. 172; May, June, 1934,

¢ L. Page and N. I. Adams, Jr., “Electrical oscillations of a
prolate spheroid,” Phys. Rev., vol. 53, pp. 819-831; May, 1938,

*J. A. Stratton and L. J. Chu, “Steady state solutions of electro-
magnetic field problems,” Jour. Appl. Phys., vol. 12, pp. 230-248;
March, 1941.

¢ L. V. King, “On the radiation field of a perfectly conducting
base insulated cylindrical antenna over a perfectly conducting
plane earth, and the calculation of radiation resistance and react-
ance,” 7;rans. Roy. Soc. (London), vol. 236, pp. 381-422; Novem-
ber, 1937.

" E. Hallén, “Theoretical investigations into the transmittin
and receiving qualities of antennas,” Nova Acta, (Uppsala), ser. IV,
vol. 11, no. 4, pp. 1-44; November, 1938.

! Both methods may be adapted to antennas of varying cross
section.
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number of important applications. The parameter Q
is plotted as a function of the ratio k/a in Fig. 1.*

i
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Fig. 1—The parameter =2 log (2h/a) expressed
in terms of k/a.

The purpose of the present paper is to extend Hal-
lén’s analysis in the following ways. First, to make use
of Hallén's formula for the input self-impedance of a
symmetrical antenna to determine the input resistance,
reactance, impedance-magnitude, and phase angle for
a useful range of values of the ratios /N and a/A.
Second, to derive an expression for the maximum input
resistance. Third, to obtain expressions for the reso-
nant and antiresonant lengths. In all of these calcula-
tions and derivations it will be assumed that Q is
sufficiently large so that all terms in 1/Q? may be
neglected as compared with unity.

CALCULATION OF THE INPUT IMPEDANCE

Hallén’s expression for the input self-impedance of
a symmetrical, center-driven antenna of half length %
fmd radius a is given below. It defines specifically the
impedance across the terminals of a dimensionless and
impedanceless generator connected at the center of
the antenna. It gives the impedance across the ends of
a transmission line (Fig. 2) to a high degree of approxi-
mation if the separation of the two conductors of the
line is a very small fraction of a wavelength. This is the
case in most practical arrangements using parallel or

. - . . . S
ased on 5 apty of drok: An ¢ modce and which e which i
study of antennas of various shapes has been given by S. A,

Schelkunoff in “Theory of antennas of arbit ] ”
Proc. LR.E., vol. 29, pp. 493-521; Seprember. oqr: "9 Shape.
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concentric lines. The small gap may then be considered
to be filled by equal and opposite currents of which one
belongs to the antenna, the other to the line. The line

> 3h >
Geeesos @@ g Taeome9S 28

Fig. 2—Circuit of the antenna and line.

is thus effectively terminated by a short piece of con-
ductor of the same radius as the antenna at the center
of which is concentrated the impedance Zoo of the an-
tenna. This does not take into account mutual im-
pedances between the line and the antenna. Usually
these will be very small compared with the self-im-
pedance of the antenna, especially if a parallel line of
close spacing is used. The expression gives double the
input self-impedance of an antenna of length h erected
vertically over a semi-infinite plane and perfectly con-
ducting half space. The formula is

2 I
Zo = —jéon{ff_H t o/ + /P -—}. (22)

sin H + £1/Q + /2 + - - -

H = 2xh/\

Here,
(2b)

The functions a; and @8, are conveniently written as
follows. The coefficients of higher powers of 1/ can-
not be expressed in terms of known f unctions, although
they may be evaluated in special cases by numerical
methods.

ay = oyl + jau'' + jhra(r' + jx*)/30
By = Bt + jB" + jhra(r' + jx¥)/30 = By* + jBy'1. (3b)

The real functions aq!, ey, 81!, 81!, ra, and r4 are
defined below.

ayt=(1/2) [cos H(Ci 4H—2Ci 2H) —sin H Si 4H](42)
a1=(1/2) [cos H(Si 4H—2 Si 2H)+sin H Ci 4H] (4b)
B1'=(1/2)[cos H(4 Si 2H —Si 4H)

A + 74 (3a)

+sin H(2 Ci 2H—Ci 4H+4 log, 2)] (4¢)

g1 =(1/2)[cos H(Ci 4H—4 Ci 2H)
+sin H(2 Si2H—Si 4H)] (4d)
ra=1(1/2) sin H—cos H(1—cos H)/H (4e)
ra=(sin 211 —sin H)/2H—(1/2) cos H. (4f)

Here,

Six= f sin u/udu; Cizx= f cos ufudu (5)
0 0

Cix =f (1 — cos u)/udu = 0.5772 - -
0

+ log x — Ci =. 6)

The even integral function Ci x as defined by (6) is
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more convenient than the integral cosine function Ci x
defined in (5). Although Hallén states that he com-
puted all of the function in (4) with great accuracy, his
paper contains only a small-scale set of curves which
are not adequate for the calculation of Zgg. Accord-
ingly, these functions have all been recalculated after
a complete and careful check of the entire analysis had
been made. They are reproduced for values of H from
0 to 7 in Fig. 3 and also in Table I. The internal

TABLE 1
a, 8, AND r FUNCTIONS

!
|

H | a! | all 8! all i e 8
0.0 | 0.0000 | 0.0000| 0.0000| 0.0000| 0.0000| 0.0000
o1 | —o'0100 | +0.0006 | +0.3374 | 0.0000 | +0.0001 | —0.0030
o2 | —0.0393 | +0.0053 | +0.6667 | +0.0006 | +0.0019 | —0.0133
05 | Zo'0ss4 | F0.0175 | +0.9802 | +0.0028 | +0.00SS | —0.0292
0% | —0.1490 | +0.0407 | +1.2710 | +0.0083 [ +0.0130 | —0.0506
o's | —0.2234 | +0.0773 | +1.5326 | +0.0197 | +0.0249 | —0.0767
0.6 | —0.3061 | +0.1293 | +1.75904 | +0.0307 | +0.0420 | —0.1065
o9 | 03025 | 10,1974 | +1.9475 | +0.0713 | +0.0651 | —0.1387
0.8 | —0.4781 | +0.2816 | +2.0038 I To.1176 | +0.0946 | —0.1720
o9 | —o.sss3 | 40.3812 | +2.1960 | +0.1811 | +0.1304 | —0.2050
10 | o'6201 | 40,4935 | +2.2540 | +0.2641 | +0.1724 | —0.2363
1.1 | —0.6866 | +0.6157 | +2.2682 | +0.3681 | +0.2203 | —0.2644
172 | Z0.7278 | 0.7450 | +2.2403 | +0.4941 | +0.2734 | —0.2881
13 | Zo.750a | +0.8778 | +2.1725 | +0.6423 | +0.3311 | —0.3061
12 | Zo.7s27 | F1.0090 | +2.0681 | +0.8112 | +0.3920 | —0.3173
18 | Zo.7345 | +1.1351 | +1.9308 | +0.9996 | +0.4550 | —0.3208
1.6 | —0.6957 | +1.2517 | +1.7644 | +1.2042 | +0.5186 | —0.3161
17 | Zo.6377 | F1.3550 | +1.5731 | +1.4216 | +0.5814 | —0.3024
1’8 | Z0.5619 | +1.4419 | +1.3601 | +1.6477 | +0.6418 | —0.2798
19 | Z0.4708 | +1.5097 | +1.1301 | +1.8781 | +0.6983 | —0.2484
2.0 | —0.3673 | +1.5562 | +0.8864 | +2.1071 ‘ 40.7493 | —0.2085
2.1 | —0.2541 | +1.580s | +0.6317 | +2.3304 | +0.7933 | —0.1607
22 | —0.1343 | +1.5819 | +0.3691 | +2.5431 | +0.8291 | —0.1058
33 | Zo.0108 | +1.5608 | +0.1011 | +2.7393 | -+0.8555 | —0.0450
2.4 +0.1134 +1.5170 —0.1701 | +2.9154 | 40.871S +40.0208
2.5 | 10,2360 | 1.4528 | —0.4425 | +3.0676 | +0.8764 | +0.0891
|
2.6 | 40.3552 | +1.3695 | —0.7142 | +3.1931 | +0.8697 | +0.1594
37 | To 4687 | +1.2601 | —0.9833 | +3.2883 | +0.8513 | +0.2298
2.8 | +0.5756 | +1.1534 | —1.2479 ! 33520 | +0.8211 | +0.2986
2.9 | 10.6750 | +1.0247 | —1.5065 | +3.3828 | +0.7795 | +0.3642
50 | To.7662 | 10.8851 | —1.7560 | +3.3799 | +0.7272 | +0.4249
3.1 | +0.8487 | 40.7362 | —1.9946 | +3.3422 | 4+0.6651 | +0.4795
32 | 10.9225 | 40.5800 | —2.2200 | +3.2732 | +0.5942 | +0.5265
33 | Tol9s76 | 40.4181 | —2.4292 | +3.1705 [ +0.5158 | +0.5649
3% | Fi.oa3s | {0.2515 | —2.6196 | +3.0361 | +0.431S | 40.5937
3.5 | ¥1.0005 | +0.0816 | —2.7884 | +2.8713 | +0.3427 | +0.6122
3.6 | +1.1280 | —0.0903 | —2.9325 | +2.6772 | +0.2512 | +0.6201
3.7 | 11,1556 | —0.2634 | —3.0495 | +2.4552 | +0.1587 | +0.6171
3.8 +1.1731 —0.4364 —-3.1378 | +2.2070 +40.0669 | +0.6034
30 | F1.179s | —0.6082 | —3.1945 | +1.9344 | —0.0226 | +0.5792
10 | F1.1743 | —0.7772 | =3.2188 | +1.6393 | —0.1082 | +0.5451
4.1 | +1.1569 | —0.9422 | —3.2006 | +1.3235 | —0.1884 | +0.5019
42 | T1.1265 | —1.1017 | —3.1662 | 40.9889 | —0.2619 | +0.4506
4.3 i T1.0820 | —1.2535 | —3.0891 | +0.6383 | —0.3276 | +0.3924
4% | +1.0253 | —1.3960 | —2.9790 | +0.2743 | —0.384S | +0.3283
4's | Jolesa1 | —105271 | -2(8369 | —0.1003 | —0.4321 | +0.2598
4.6 | 4+0.8695 | —1.6448 | —2.6647 | —0.4823 | —0.4698 | +0.1883
4.7 | T0.7719 | —1.7467 | —2.4645 | —0.8681 | —0.4973 | +0.1152
48 | 10.6625 | —1.8316 | —2.2390 | —1.2535 | —0.5147 | +0.0419
49 | {0.sa2a | —1.8974 | —1.9903 | —1.6345 | —0.5222 | —0.0304
50 | T0.4129 | —1.9426 | —1.7214 | —2.0072 | —0.5201 | —0.1004
s.i | 40.2763 | —1.9665 | —1.4356 | —2.3666 | —0.5090 | —0.1669
S92 | +0.1345 | —1.9683 | —1.1361 | —2.7086 | —0.4897 | —0.2289
5.3 | —0.0108 | —1.9475 | —0.8252 | —3.0290 | —0.4628 | —0.2858
s.a | —0.1572 | —1. Z0.5062 | —3.3234 | —0.4203 [ —0.3366
es | Z0.3026 | —1.8394 | —0.1824 | —3.5880 | —0.3903 | —0.3811
5.6 | —0.4448 | —1.7536 | +0.1437 | —3.8194 | —0.3468 | —0.4189
5.7 | C0.5822 | —1.6480 | +0.4696 | —4.0142 | —0.2996 | —0.4497
58 | —0.7131 | —1.5241 | 4+0.7922 | —4.1701 | —0.2498 | —0.4737
5.9 | —0.8359 | —1.3873 | +1.1087 | —4.2854 | —0.1984 | —0.4909
6.0 | —0.0496 | —1.2287 | +1.4166 | —4.3583 | —0.1461 | —0.5016
6.1 | —1.0528 | —1.0608 | +1.7134 | —4.3874 | —0.0938 | —0.5061
6.2 | —1.1450 | —0.8821 | +1 43725 | —0.0421 | —0.5049
6.3 | —1.2256 | —0.6946 | +2.2623 | —4.3145 | +0.0084 { —0.4986
6.2 | —172940 | —0.5002 | +2.5087 | —4.2133 | 40.0572 | —0.4876
6's | Z1.3497 | —0.300S | +2.7331 | —4.0697 | +0.1041 | —0.472S
6.6 | —1.3926 | —0.0976 | +2.9325 | —3.8852 | +0.1486 [ —0.4539
6.7 | —1.4224 | F0.1067 | 431054 | —3.6621 | +0.1907 | —0.4322
6.8 | —1.4387 | +0.3111 | +3.2485 | —3.4022 | +0.2303 | —0.4079
6.9 | —1.4412 | +0.5135 | +3.3602 | —3.1072 | +0.2674 | —0.3814
7.0 | Z1 4301 | F0.7123 | 32392 [ —2.7801 | +0.3020 | —0.3531
«/2 | —0.70908| +1.21883| +1.81571| +1.14279| +0.50000 —0.31831
et 3088048 +0.67199{ —2.09014| +3.31813| +0.63662| -+0.50000
33/2 | 10.75905| —1.75824| —2.43800| —0.91571| —0.50000 +0.10610
2r T1.21287| —0.72676| +2.21909| —4.32722| ©0.00000] —0.50000
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Fig. 3—The functions !, a'l, 8%, B! as functions of H=2xh/\,
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1942

Subject to the following inequalities, which are to
be looked upon as conditions on the small quantity
1/,

(9a)

(9b)

| cos H + ar/2| > | aa/2?]
| sin H 4+ 8i/2] > | B:/02],
a good approximation for (2a) is given by
cos H + a,/Q} . (10)
sin H + 51/9

Upon separating the real from the imaginary part and
using the notation of (3), one has

Zoo = Roo +ono = = ]609{
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Root = (riN/2w)(H csc?H — cotH) (17¢)
Xoo' = (x°N/2x)(H csc? H — cot H). (17d)

These formulas for Ree® and Xo® are the same as those
obtained by Labus,? and with If=7/2 they are the
same as those derived by Carter.! It is clear from (12)
that for all finite values of @, (13) and (17) are not
valid over a considerable range of H. On the other
hand, for 1/ reasonably small, (10) and (11) are good
approximations for all values of H. Accordingly, (10)
is a better formula for the input impedance than is
(13). It is to be noted, moreover, that (10) includes a

R _ gog it (@sin H + B)') — Bi''(Qcos H + 4 ‘l.)} (11a)
o {‘ T (@sin H + B)? + (B")?
1(Qsin H + BiY) + 4, 1'By11 |
Xoo = — 60 {("_"_"i’_’_"fﬁiﬁ(-i"‘__"'-‘ Y HATBTY (11b)
(@ sin H + B\")? + (B.")? f

These are the most accurate formulas for the input
self-resistance and the input self-reactance of a sym-
metrical antenna which can be obtained from Hallén’s
analysis in terms of known functions. It is readily
shown that they are a better approximation than those
derived on the assumption of a sinusoidal distribution
of current. Thus, if the following much more highly
restricting inequalities,

| @sin H|>»| 1],
| @sin H|> | a,

(12a)
(12b)
are imposed in addition to (9), (10) becomes

Zoo= —j60Q[R cot H+an/sin H—B, cot H/sin H]. (13)

The real and imaginary parts are

A= B cot H
Roo=60{ ! ! co }

sin H
Xoo=—60{2 cot H+A,'/sin H— B! cot H/sin H}.(14b)

(14a)

Using (3) and (4) and the relation,

2 log (2k/a) = 2 log 2 + 2 log (k/a), (15)

these expressions can be transformed exactly into

Roo = Roo* + Roo', (16a)

and

Xoo = Xoo* + Xoo', (16b)

with the external or radiation input self-resistance

Rouo*, the internal or ohmic input resistance Roo', the

external input self-reactance X oo¢, and the internal in-
put reactance X' defined as follows:

Roo® = 30|(1 — cot? H)Ci 4H + 4 cot? H Ci 2H
+ 2 cot H(Si 4H — 2 Si 2H)]

Xoo¢ = 30[(1 — cot? H) Si 4H + 4 cot* H Si 2H

+2cot H{2Ci2H~Ci4H—2log (k/a)}] (17b)

(17a)

higher-order correction for the effect of the radius of
the conductor on both Rg* and Xoo*. According to
(17a), Roo* is quite independent of the radius, a condi-
tion which actually obtains approximately only over
the limited range not excluded by (12). It will be seen
that the radius of the conductor actually plays a very
significant part in determining Roo* as calculated from
(11a).

Curves for Reo and Xoo as functions of H=2wh/\,
and with a/\ as parameter, are reproduced in Figs. 4
and 5. Actually these are curves for Roo’ and Xoo® ex-
cept for antennas made of copper or other highly con-
ducting material. In the case of copper the contribution
to Reo and X0 by Roo and X' is sufficiently small to
be negligible for most practical purposes. This was
verified by direct calculation for the extreme cases
shown by curves 4 and E in the figures (see Table II).
Curves showing |Zoo| and 6§ =tan~'(X o0/ Roo) are given
in Fig. 6. Especially important low ranges for Rgo and
X oo are shown to a much-enlarged scale in Figs. 7 and 8,
respectively. The curvesof Figs.9to 11 contain thesame
data as Figs. 4 and 5 but plotted with H as parameter
and with a/\ as variable. Tables II and III give cal-
culated values of Reo and X oo-

MAXIMUM VALUES OF THE INPUT RESISTANCE

The half lengths of the antenna for which the input
resistance assumes its maximum values may be ob-

“tained by differentiating the general expression (11a)

with respect to H and equating the derivative to zero.
Since this leads to an excessively intricate equation, a
simpler method is to be preferred. This depends upon
maximizing the leading terms in (11a) first. These are
given by (14a), and this obviously has a maximum
value of infinity at H=nr/2 with n any even integer.
Accordingly one may assume that the true maxima of

(11a) will occur at
nr

—— = ¢

.= le| < 1. (18)
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3 4

Fig. 6—The magnitude of the input self-impedance | Zoo|and its
hase angle 6 as functions of He=2xh/)\ with a/) as parameter.
g/alues at H=nx/2 are indicated by a small circle.

Here € is a small quantity to be determined. Inspection
of (11a) now reveals that with H,, near nr/2 the lcad-
ing term in the numerator is B\"Q cos II. Since cos IT

%@mﬁg% i
e

.ﬂﬁ@m i

i

i

R

i

Ha
EaEe o

Fig. 7—Same as Fig. 3 for low-resistance ranges. Resonant points
are denoted by an arrow.

!
i I
N

150 154 158

Fig. 8—Same as Fig. 4 for low-reactance ranges. Resonant points
at intersections with the horizontal axis where Xq vanishes.

and B,'" both have extreme values near Il =nw/2,
where they are slowly varying, and since Q is in any
case sensibly constant, it follows that maximization of
(11a) reduces essentially to minimizing the denomi-
nator. As B, is slowly varying near I =nw/2, the
denominator will be minimized to a close approxima-
tion if one requires that

Qsin I + B! = 0, (19)

Since ohmic resistance contributes a negligible amount
for good conductors, one may write 8, for Bj in (19)
according to (3b). One may also write Il =nr/2 in the
integral functions, since these are slowly varying for
arguments greater than one. In this way one obtains
with (4), (19), (15), and (5)

4 Si nr—Si 2ur

n
4 log (n\/a)+C+log 71r+2 Cinr—Ci2nr

tane=e=

.(20)

Here C=0.5772 ... A very good estimate of (20) is
obtained by noting that for large values of the argu-

ment :
(21a)

(21b)

Six=n/2~ cos x/x
Cix

sin x/x,

The error is not large even for x =nr with n =2, Using
(21), (20) reduces to
. 3n/2 — 7/2nx
e = — . (22) .
nr
4 log (n\/a) + log B +C
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It will be shown below that H, = (nw/2) —e, with n an
even integer, practically defines the antiresonant
values of H, as well as those for maximum values of Roo.

King and Blake: Self-Impedance of a Symmetrical Antenna

347

Upon substituting (22) in (11a) one obtains the fol-
lowing expression for the maximum values of Roe:

nr
602 (29 — log = C)

Roo(max) = n .
™
3<log—§- + C) + 2log 2 4 er/2

(29

Numerical values of H,, and R (max) for the antennas
of Table II are given in Table IV.

CONDITIONS FOR RESONANCE
AND ANTIRESONANCE

Resonance and antiresonance in an antenna are de-
fined by zero phase angle for the input current or by
vanishing input reactance. Accordingly, the resonant
and antiresonant values of H must be determined for
an antenna of given radius and excited at a given fre-
quency by equating Xgo to zero. For this purpose the
contribution by internal reactance may be neglected
since it is always extremely small. The condition for
resonance thus becomes

(2 cos H + ay!)(@ sin H + 1) + ay'8y! = 0. (25)

This equation will be satisfied by values of H not very
different from those obtained by neglecting all but the
leading terms in (25). That is, the resonant values H,
will be near the solution of

cos H sin H = 0; (26)

TABLE 11

h a

RESISTANCE R IN OHMS VERSUS H m2x — WITH — AS PARAMETER
1N 1N

Including ohmic resistance of Cu
Neglecting ohmic resistance a a
a a a [ — =107 —=107

i | — =108 — =3 X107% — =104 — =3 X107 — =103 A

| A A A A 1N A =100 m. Ae=5m,

a=1 mm, aw=5 mm,

0.5 5.02 5.00 4.95 4.90 4.81 5.32 4.83
1.0 22.2 22.1 21.9 21.7 21.4 22.9 21.4
1.5 60.7 60.3 59.8 59.2 58.2 62.2 58.3
2.0 157 156 155 153 150 161 150
2.5 554 550 544 535 520 566 520
2.6 791 785 774 758 729 808 730
2.7 1210 1200 1170 1130 1070 1240 1070
2.8 2030 1990 1920 1820 1650 2080 1650
2.9 3880 3680 3380 3010 2500 3960 2500
3.0 1 7630 6600 5400 4290 3130 7660 3120
3.1 8250 6600 5020 3780 2640 8070 2640
3.2 4150 3510 2840 2270 1690 4080 1690
3.3 1970 1760 1510 1280 1020 1960 1020
3.4 1060 974 869 765 640 1060 640
3.5 637 595 543 489 422 640 422
4.0 126 122 117 112 104 130 104
4.3 84.2 76.2 88.2 76.4
4.4 81.5 85.6 75.4
4.5 82.7 77.5 87.0 .
5.0 146 139 153 139
5.5 431 397 448 398
5.6 575 523 597 524
$.7 800 712 831 713
5.8 1170 1000 1220 1000
5.9 1850 1460 1920 1460
6.0 3170 2110 3270 2110
6.1 5660 2760 5720 2760
6.2 7750 2800 7540 2800
6.3 5580 2140 5380 2140
6.4 2970 1420 2910 1420
6.5 1630 927 1620 926
6.6 975 984
6.7 629 433 638 433
7.0 196 183 240 184
x/2 69.2 68.8 68.2 67.4 66.4 70.9 66.4
£ 5260 4080 3130 2240 6310 2240
3r/2 97.0 92.3 102 92.5
2% 6120 2270 5890 2270
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TABLE I1I

h
REACTANCE Xos IN OliMS VERSUS [{ =2y 7 wITH —)‘ AS PARAMETER

~1 -0 L L _—
[ Including internal reactance of Cu
- Neglectmgamternal reactance . ~ | _a_ o -—a-=10"
—_— =10 —_a - — =10 —_ 104 — =10

n 10 - =3X10 F 10 S Ix S gy o

a=1mm. a=5mm.
0.5 — 1800 —1560 —1310 —1080 825 - 1800 — 825
1.0 - gos — 585 — 495 - 413 - 324 — 667 - 324

1.5 - 46.2 - 371.5 -~ 28.2 - 20.0 - 11.3 - 49 = _11.2
2.0 <+ 589 + 527 + 459 + 397 + 327 + 592 + 327
2.5 +1720 <1530 +1320 <+1120 -+ 900 +1730 <+ 900
2.6 +2130 +1890 +1620 +1360 +1070 +2140 +1070
2.7 +2680 <2360 +1990 <+1640 +1250 +2690 +1250
2.8 +3410 +2940 <2400 +1900 +1340 +3410 +1340
2.9 +4140 +3370 +2530 +1790 +1050 +4100 +1050

3.0 +2980 +1960 +1040 + 407 — 48.6 +2810 =1 Ss6
3.1 —2860 -—2500 —2090 1710 -1310 -2930 —-1310
3.2 —4770 -3910 -—3060 —2370 —1710 —4700 —1710
33 —3960 —3340 -2700 -=2150 — 1600 —3910 =1600
3.4 —3100 —=2670 —2200 —1800 -1370 —3070 —1370
3.5 —2470 —2140 -—1790 — 1490 =1160 -—2450 —1160
4.0 — 943 — 833 - 713 — 604 — 487 | - 937 — 487
4.3 — 479 — 247 - 475 - 247
4.4 — 348 - 176 - 343 - 176
4.5 - 222 - 108 - 217 - 108
5.0 + 408 + 239 + 413 + 239
5.5 +1320 + 727 +1330 + 727
5.6 <1610 + 863 +1620 <+ 863
5.7 +1970 +1010 +1970 +1010
5.8 <2420 +1160 +2420 +1160
5.9 +2970 +1250 +2960 +125¢
6.0 +3510 +1100 +3440 +1100
6.1 +3160 + 438 +2960 + 434
6.2 — 242 - 655 — 441 - 657
6.3 —3700 —1400 —3620 —1400
6.4 —3960 —1560 —3850 —1550
6.5 -3310 —1440 -—3240 -—1440

6.6 | -—2690 -—2650

6.7 -—2200 —1070 —2160 —1070
7.0 —1150 — 657 —1240 - 657

/2 + 35.9 + 35.2 + ,34.3 + 33.3 + 31.8 + 37.5 + 31.9
—4360 ~3570 —2800 2170 —1580 —4330 —1580

Ix/2 + 37.9 + 341 + 42 34.3
2r —3380 —1320 -3340 -1320

and hence at
H, = nr/2 — 5 6] <1 (27)
with # any integer.
Upon substituting (27) in (25) and neglecting
squares and higher powers of 8, one obtains
Q% + Qayt + 36:") + a;'1B, 1! 0; (n Odd)

— Q% F QB — dayT) + o181 = 0; (n even).

(28a)
(28b)
For determining the small quantity & it will be suffi-
cient to retain only the leading terms in 9, to write
H,.=nw/2 in the integral functions (which are slowly
varying for arguments greater than unity), and to
write Il,=nm/2 in Q (which is very slowly varying).
One then obtains

8 = [Si2nr]/(4 log (n\/a)]; (1 odd) (29a)
& =H[4 Si nr — Si 2nr]/[4 log (n7/a)]; (n even). (29b)
The resonant values of /7 and hence of =N /27 are

TABLE IV

Iy IN RADIANS AND Ro:(MAX) IN OHMS FOR n =2 AND 4
_a_ n=2 n=4
. I, Ro(max) 17 Ro(max)
(Neglecting ohmic resistence and internal reactance)
—0 —3.142 —® —6.283 — o
10 3.059 9050 6.200 7750
3 X108 3.050 7360
104 3.039 5710
3 X104 3.027 4380
103 3.009 3130 6.155 2890
(Including ohmic resistance and internal reactance of Cu)
10-s* 3.056 8940 6.195 7540
10-3°¢ 3.009 3130 6.155 2890

*A=100m., a=1mm, **A=5m.,a=5mm,

thus defined by (27) with (29a), the antiresonant
lengths by (27) with (29b). Evaluation of the anti-
resonant lengths using (29b) and of the lengths for
maximum input resistance using (22) reveals that they
are very nearly, though-not quite the same. Numerical
values of I, and Ry, (resonant) for the antennas of
Tables 11 and 111 are given in Table V.

Complete representation of the difference nr/2—H,
is given in Fig. 12 for both the resonant values (n odd)
and the antiresonant values (n even) over the prac-
tically useful range of Q=2 log (2k/a). The radiation
(input) resistance corresponding to the resonant
lengths is plotted in Fig. 13, that corresponding to anti-
resonant lengths in Fig. 14. In both cases the curves
extend over the useful range of Q. The limiting values
of Ry, for the resonant lengths as the radius of the an-
tenna becomes vanishingly small are seen from Fig. 13
to be precisely those commonly derived for an antenna

TABLE v

a
Hp IN RADIANS AND R., (RES) IN OHMS VERSUS — FOR n=1, 2, 3, 4
3 A

3 n=1 n=2 n=3 n=4
K resénant antiresonant resonant antiresonant
A
llr_ Rio(res) ~ll,7 Ra(res)  H,  Ru(res) Hy  Ro(res)
(Neglecting ohmic resistance and internal reactance) o
-0 =1.571 —=73.1 —3.142 — « —4.712 —105.5 —6.283
10 1.540  65.4  3.054 9040 : 4 195 77
310 1337 64.6 30ss 7350 081 939 6.195 7740
104 1.532 63.5 3.033 5700
3)(10:‘ 1.527 62.2 3.018 4370
103 1.519 60.3 2.997 3120 4.662 87.5 6.141 2880

: (Including ohmic resistance and internal reactance of Cu)
10— 1.539 066.8 3.051 8930 4.678 98.4 6.190 7530
1.518 K- 60.3_ 2;9‘96‘37120 4.661 87.6 6.141 2880

’X=100m,.a=1mm. **N=5m., a=5mm.
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with a sinusoidal distribution of current. Since the
practical range of antennas lies between =10 and
Q=30 it is clear that the value of 73.13 ohms for the
radiation resistance of a symmetrical half-wave an-
tenna is considerably too high. The actual values lie
between 58 and 68 ohms depending upon the value of
a/\. The resistance at resonance is also plotted in
Figs. 9 and 10 in dotted lines labeled H,.

CONCLUSION

It is hoped that the extensive tabulation and graphi-
cal representation of the several components of the
input self-impedance of a symmetrical, center-fed an-
tenna, as well as of the resonant and antiresonant
lengths may prove useful by fillifig an important gap

in the available fundamental data on simple antennas.
It is important to note that only the self-impedance
has been calculated, so that only the input impedance
of an isolated antenna is correctly given by the curves.
If an antenna is closely coupled to other antennas as in
an array, the input impedance is composed of mutual
impedances as well as of the self-impedance here cal-
culated. The determination of mutual impedance to
the degree of precision here achieved for the self-
impedance has not yet been accomplished. Mutual im-
pedances commonly given in the literature depend
upon the assumption of a sinusoidal distribution of
current, so that it may be expected that they are
reasonably accurate only in the range not excluded
by (12).

Institute News and Radio Notes

New York Meeting
May 6, 1942

Downtown Néw York received its be-
lated baptism as the locus of early wireless
happenings at an Old Timers' meeting of
the Institute of Radio Engineers, held on
the evening of May 6, to celebrate the
thirtieth anniversary of I.R.E.'s found-
ing. Approximately 125 members met at
Fusco's Restaurant, 18 Beaver Street,
New York City, to “call the roll” of the
past, and to view ancient scenes and per-
sonages by means of lantern slides—the
television of 1912,

A third of a century ago, explained
Robert Marriott, I.R.E.'s first president,
the lower end of New York City was
greatly favored by the wireless concerns of
the day. The Institute itself was incor-
porated at Sweet’'s Restaurant, 2 Fulton
Street, and meetings were later held there
and at Whyte's Restaurant, also on Ful-
ton Street. Forty-two Broadway, just
around the corner from Beaver Street,
was the home of the United Wireless
Telegraph Company, and also the meeting
place of the Wireless Institute which
Marriott handled before it merged into
the I.R.E. De Forest stations graced 17
State Street, Stone Street, and 66 Broad-
way; the Wireless Specialty Company had

a New York office at 81 New Street and
later at 149 Broadway; the Wireless Im-
provement Company was also a tenant of
81 New Street. Dubilier odorized the air
with his condenser-impregnating com-
pound at 217 Centre Street. The Tele-
funken people held out at 111 Broadway;
the Atlantic Communication Company
at 47 West Street. Colonel John Firth,
whom every old-timer remembers, spent
his later days at 25 Beaver Street, as
does your reporter. The New York Herald
station OHX was in the Barge Office at
the Battery, and within a stone's throw
of it was and is the Wireless Operators’
Monument. The Marconi Wireless Tele-
graph Company of America was located

Presidents of the I.R.E.

Standing: R. A. Heising, Arthur Van Dyck, and L. C. F. Horle
Vv

Seated: L. M. Hull, Haraden Pratt, R. I,
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at many successive sites, Bridge Street, 37
Water Street, 125 Front Street, 29 CIliff
Street, 27 Elm Street, 27 William Street,
and lastly at 66 Broadway and 233/326
Broadway. The last-named location also
housed the International Radio Tele-
graph Company, grandchild of Fessenden.
These addresses dotted the map of lower
Manbhattan rather completely.

The Institute of Radio Engineers came
into being as a merger of two preceding
organizations. The first, and the pioneer
wireless engineering club of America, was
the Society of Wireless Telegraph Engi-
neers, of Boston, Massachusetts, dating
back to 1907. This consisted at first only
of members:of the Stone Telegraph and
Telephone Company, the “loose-coupling”
wireless concern with headquarters " in
Boston, but later it opened its gates to
engineers of the National Electric Sig-
nalling Company of Professor Fessenden,
at Brant Rock, Massachusetts. The
second of the merging societies, the Wire-
less Institute, founded in 1909 in New
York City, consisted of operators and
installation engineers of the United Wire.
less Telegraph Company. Charter mem-
bers of the “Swatties,” as the S.W.T.E.
was popularly called, attending the I.R.E.
meeting were F. A, Kolster and the
writer. Bob Marriott was the only repre-
sentative of the pioneers of the Wireless
Institute.

Trouble came to both these early or-
ganizations. The demise of the Stone
Company in 1909, and the removal of the
Fessenden men from “BO” to Brooklyn in
1911, broke up the Boston Club, while in
New York the death throes of United
Wireless caused the Wireless Institute to
lose most of its membership. The result
was the merger of both earlier societies
into a new, noncompany organization,
which has grown to international promi-
nence as the Institute of Radio Engi-
neers. [ts membership has risen from about
fifty at its inception to over seven thou-
sand at the present time.

The lighter side of the entertainment
at the anniversary meeting consisted of
the reading of a “report” by Arthur Van
Dyck, I.LR.E.’s present president, referring
to a paper by Dr. Eccles before the I.R.E.
in 1919, on the measurement of signal
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Left to right: F. A. Kolster, Keith Henney, II. P. Westman, Austin Bailey,
1. S. Coggeshall, B. J. Thompson, Arthur Van Dyck, and Haraden Prait

strength by the audibility method. The
“report” described various more desirable
methods.

The first of these was the “number of
rooms” scheme; i.e., how far away in a
building of many rooms the signal could
be heard; that was matched by J. V. L.
Hogan with the plan of placing a tele-
phone at the base of the hollow tower at
“BO” and noting how far up the tower
an observer must climb before losing the
signal. A signal of 3600 inches would have
been noted from the Machrahanish station
in Scotland, Mr. Hogan reported, if that
station had not been wrecked by the falling
of its tower some years previously.

General Squier described the Signal
Corps method, based on the different sensi-
tivities of various types of trees. Thus,
signal strength could be designated as of
strength “one pine,” or “one elm.” A
heckler insisted that this be renamed
the “deForest Method.”

The “Miles-of-Cable” unit was de-
scribed as that signal, heard over a cable
between two points, which would have
been heard by a Western Electric radio
receiver, “complicated and efficient and
critical and big,” if it had received any
signal at all. Alexanderson, on the other
hand, recorded a signal by means of static
as well as magnetic exposure on a photo-
graphic film, and then identified the in-
tensity in “kodaks.” Weagant described
the Marconi method of guessing at the
signal, the grades being inaudible, partly
inaudible, readable with great difficulty,
and so on. Dr. deForest, with his usual

Charter Members (Members of the I.R.E. for 30 Years)
Left to right: Arthur Van Dyck, president, 1942; G. H. Clark, Lloyd Espenschied, R. Iy.

Marriott, F. A. Kolster, J.' V. L
E. J. Simon, secretary, 1913-1914

- Hogan, president, 1920; Frank Hinners, ang
el

scientific analysis, disagreed with this
nomenclature, naming instead the loudest
signal ever heard as a “helluvanoise,” and
the weakest as one that was never sent,

President Van Dyck stated that the
name of the author was not known to
him. Perhaps it was just as well. However,
in the comparative security of the printed
page, I will now admit authorship. (Copies
may be obtained by addressing me in care
of this station.)

This technical presentation was fol-
lowed by a display of lantern slides. This
soon became a free-for-all, the seated
members vying with the lecturer of the
moment in identifying old engineers, sta-
tions, equipment. Scenes of Marconi's
early work in Canada were shown; details
of NAA, the Navy’s first high-power
station; receiving equipment used in
Honolulu, before December 7, 1915, when
Lloyd Espenschied read wireless telephone
signals from the experimental transmitter
at NAA; the Babylon hut, first American
wireless telegraph station; Marconi and
Roy Weagant “inventing the Alexander-
son Alternator” at Rocky Point; Weagant
alone, beside his nine-mile-long antenna at
Lakewood; a scene from “Radio in the
Time of King Tut,” showing David
Sarnoff caressing static’s wing, and
finally a very trim, dynamically sym-
metrical arrangement of apparatus which,
of course, was the 1908 amateur station of
Arthur Van Dyck, who devised the lan-
tern-slide idea for the evening, and who
started the ball of identification rolling as
Fusco’s Blackout began.

It is impossible in this necessarily
short account to list all those present, but
a few of them, especially the old-timers,
must be chronicled. There was E. J.
Simon, I.R.E. secretary in 1913, whose
radio apparatus was known in the last
war to every wireless operator; Jack
Hogan, stalwart worker in Institute
matters from the beginning, pioneer worker
of the heterodyne, and purveyor of
highest-fidelity music from WQXR; Bob
Marriott, dean of the profession, yet
youthful in spirit today as when he
founded the Wireless Institute a third of a
century ago; Haraden Pratt, who needs
MO counterpoise, for he is well grounded
on all matters of radio fact; Fred Kolster,
who wound some wires on a soapbox at the
Bureau of Standards in 1916 and gave us
the all-essential radio compass of today;
Lloyd Espenschied, consultant at Bell
I.aboratories, as well he might be, for he
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and radiotelephony grew up side by side;
“Larry” Horle, as happy at Fusco's piano
as he was in the days of the World War at
the Navy's airplane radio headquarters;
Arthur Batcheller, who started to have
something to say about contro! of wire-
less in the beginning and today—as Radio
Inspector of New York's busy sector—
has very much more to say; W. A. Winter-
bottom, directing the giant net of R.C.A.
Communications, but, as usual, just “Bill”
when off duty; and very many others,
who must remain anonymous by the mere
fact of their multitude.

But space must be found to record
the name of one who was not present,
Greenleaf W. Pickard, known and loved by
all. He, the only charter member of I.R.E.
who had been affiliated with both of the
preceding organizations and who hence
bore the apt title of I.R.E.'s “double-
jointed” member, expected to be present
but was detained in far-off Boston.

As Harold Westman, the [R.E.s
secretary, carefully packed the portable
“Ikonoscope,” or slide projector, mem-
ories of the past were exchanged by eager
groups at the tables, each ancient tale
being introduced by the code expression
“Remember when ... ?" Until at mid-
night the present again took control,
and the only thirtieth anniversary that
I.R.E. will ever know passed into history.

GEORGE H. CLARK
Radio Corporation of America
New York, N. Y.

Board of Directors

A regular meeting of the Board of Di-
rectors was held on June 3. Those present
were A. F. Van Dyck, president; Austin
Bailey; C. C. Chambers, 1. S. Coggeshall,
Alfred N. Goldsmith, editor; F. B. Llewel-
lyn, Haraden Pratt, treasurer; F. E.
Terman, B. J. Thompson, H. M. Turner,
L. P. Wheeler and H. P. Westman, secre-
tary.

There was received a report of the
Awards Committee which designated Dr.
S. A. Schelkunoff as the recipient of the
1942 Morris Liebmann Memorial Prize
for his contributions to the theory of elec-
tromagnetic fields in wave transmission
and radiation.

It was agreed that where the exigencies
of war prevent a Voting Associate from
paying his 1942 dues in time to retain
his voting privileges, due diligence having
been employed by the Voting Associate to
make such payment, the date by which
the payment is due may be deferred to one
which will retain for the member his voting
privileges.

Executive Committee

The Executive Committee met on
May 29. Those present were A. F. Van
Dyck, chairman; [. S. Coggeshall, Alfred
N. Goldsmith, R. A. Heising, guest;
F. B. Llewellyn, B. J. Thompson, and
H. P. Westman, sccretary.

Approval was granted of 51 applica-
tions for admission to Associate, 2 to Junior,
109 to Student, and 2 transfers to Associate.
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As sponsor of the Sectional Committee
on Radio of the American Standards As-
sociation, approval was granted of two
proposed recommended practices under
the titles of “Loudspeaker Testing” and
“Volume Measurcments of Electrical
Speech and Program Waves.” These re-
ports will now be submitted to the Ameri-
can Standards Association for final action.

Scrap Salvage

The Institute has recently participated
in a meeting sponsored by the War Pro-
duction Board which was held in the
Engineering Societies Building in New
York City on April 28 and was devoted
to a consideration of the National Indus-
trial Scrap Salvage Program.

An educational sound film on “Mines
Above the Ground” was shown through
the courtesy of the Western Electric
Company. This was followed by a series
of speakers who covered the general sub-
jects of “The Roll ot Scrap in War Pro-
duction,” “High Lights of the Scrap
Salvage Problem,” “Management and
Economic Considerations,” and “The Per-
sonal Aspects.”

War Production
Conference

Secretary H. P. Westman led the panel
discussion on the subject: “Solving Prob-
lems in Production of Communication
Equipment,” at the War Production Con-
ference in Newark, New Jersey, on May
29, 1942. The Conference was held under
the joint auspices of 15 engineering socie-
ties in the vicinity of New York, at the
request of the War Production Board.

Mr. Westman, who is secretary of the
committee of the American Standards
Association currently revising the war-
time design standards of radio components
and chairman of its important subcom-
mittee on fixed mica capacitators, is a
major participant in the Institute's direct
collaboration with the Government in this
important work. He also represents the
Sectional Committee on Radio on the com-
mittee, the Institute being represented by
Dr. Alfred N. Goldsmith. The Institute’s
collaboration with the committee has been
directed by President Van Dyck, the
Board of Directors, and the Executive
Committee of the Institute. He pointed
out that the radio manufacturing industry,
accustomed to dividing its job between the
component manufacturer and the equip-
ment producer, slips easily into the desired
prime and subcontractor relationships
which is so much in favor,

Among the dificulties which have beset
the industry and which have to be sloughed
off in its streamlining for war production,
Mr. Westman mentioned the building of
uneconomical units, tendencies to demand
greater performance than the size and
weight of the component permits, too
many odd sizes, and the special marking
of identical units which prevents inter-
change. Excellent prospects exist in the
field of standardization. The American
Standards Association, at the request ol

351

the War Production Board, has initiated
the formulation of new specifications for
radio parts going into apparatus for the
armed services.

Quality of manufacture is one present
“bottleneck” of design and manufacture.
Factories accustomed to peacetime pro-
duction face higher quality grades, closer
tolerances, and much more extreme service
conditions when manufacturing for the
Army and Navy. The challenge is being
met, however, and, within the limitations
of raw materials available, the industry
is delivering the goods on the firing line.

Section Meetings

ATLANTA

“Reports on Columbus Broadcast Engi-
neering Conference,” by Ben Akerman,
Engineer, WGST; C. F. Daugherty,
engineer, WSB; and A. W. Shropshire,
engineer, WSB; March 6.

«Network Testing with Square Waves,”
Demonstration, by M. A. Honnell,
assistant professor in charge of com-
munications engineering, Georgia School
of Technology, March 20.

BALTIMORE

“Directional Antenna Systems,” by T. M.
Bloomer and A. P. Bock, engineers,
Westinghouse Electric and Manufac-
turing Company, February 20,

“Wartime Radio Communication,” by
Cedric Lewis, Colonel, Office of the
Chief Signal Officer, U. S. Army, March
20.

BosTON

“The Electron Microscope and Its Appli-
cations in Chemistry,” by V. K. Zwory-
kin, associate director, Research Lab-
oratories, Radio Corporation of Amer-
ica, March 12.

“The Behavior of Dielectrics over Wide
Ranges of Frequency and Tempera-
ture,” by R. F. Field, engineer, General
Radio Company, April 23.

BUFFALO-NIAGARA
“Radio Magic in War Time,” by O. H.
Caldwell, Radio Today, April 22.

DaLLAs-FORT WORTH

“A High-Efficiency 500-kilowatt Broad-
cast Transmitter,” by J. O. Weldon,
Weldon Engineering Company, Febru-
ary 16.

“Measurements at Radio Frequencies,”
by A. E. Cullum and D. A. Peterson,
consulting engineers, A. Earl Cullum
Engineering Company, March 20.

DETROIT

“Radio Amateur Preparedness Program,”
by William Watson, chief radio engineer,
Wayne County Police, February 20.

“A Special Electron-Coupled Oscillator,”
by L. R. McDonald, Michigan Bell
Telephone Company, February 20.

“The Development of Hearing Aids,” by
W. C. Bicneman, president, Crystal-Vox
Hearing Instrument Company, March
20.

“Electronic Welding Timer,” by A. E.
Pannuto, development engincer, Wel-
tronic Corporation, March 20,
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“Impedance Mecasurements from 1 to 100
Megacycles,” by R. F. Field, research
engineer, General Radio Company,
April 17,

EMPORIUM

“Radio Magic in Wartime,” by O. .

Caldwell, editor, Radso Today, April 22.

Los ANGELES

“The Design, Manufacture, and Operation
of Limiting Amplifiers for Audio Fre-
quencies,” by J. K. Hilliard, sound de-
partment, Metro-Goldwyn-Mayer Stu-
dios, March 24,

“Fundamentals of the Doherty Amplifier,”
by William Comyns, Frank Wiggins
Trade School, March 24.

PHILADELPHIA

“The Signal Corps in the War,” by M. W.
Woodruff, Captain, U. S, Signal Corps
and Captain Gates, Fort Monmouth,
N. J., April 2.

“The Operation of Mixers and Converters
for Superheterodyne Reception,” by
E. W. Herold, RCA Manufacturing
Company, Inc., May 7.

PITTSBURGH

“Electronic Control in the Steel Indus-
try,” by P. H. McConaghey, electronic
control engineer, March 9.

“A Cavity Resonator as a Tank Circuit,”
by J. L. Bowers, senior student, Carne-
gie Institute of Technology, April 13,

“Trigger Circuits,” by J. D. Finley, senior
student, University of Pittsburgh, April
13.

PorTLAND

“Mechanical Calculation of Horizontal
Field Patterns for Two- and Three-Ele-
ment Vertical Antennas,” by Wilson
Pritchett, department of electrical en-
gineering, Oregon State College, Feb-
ruary 4.

“Trends in Forest Service Communica-
tion,” by H. K. Lawson, radio engineer,
U. S. Forest Service Radio Laboratory,
March 25.

“Frequency Multiplication,” by Eugene
Grant, April 25.

“Sterilizing Solutions Electrically,” by
Hugh Fleming, April 25.

“Radio Set Demonstrator,” by Gil Quim-
by, April 25.

“Electric Duals,” by W. H, Huggins,
April 25.

ROCHESTER

“Communications in National Defense,”
by R. H. Manson, vice president and
general manager, Stromberg-Carlson
Telephone Manufacturing Company,
December 9, 1941,

“Engineering  Commercial Frequency-
Modulation Receivers,” by H. E. Rice,
radio engineer, Stromberg-Carlson Tele-
phone Manufacturing Company, Jan-
uary 29.

“Bioelectric Research Apparatus and Bio-
electric Phenomena,” by Harold Gold-
berg, engineer, Research Laboratory,
Stromberg-Carlson Telephone Manu-
facturing Company, February 19.

“Artificial Creation of Speech,” by J. O.
Perrine, assistant vice president, Ameri-
can Telephone and Telegraph Company,
April 2,
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SaN FRrancisco

“Gold and the Strategic Minerals of the
War Effort,” by D. I, Mcl.aughlin,
Dean of College of Mining, University
of California, February 27,

“Signal Corps Organization,” by L. J.
Harris, Colonel, U. S. Army Signal
Corps, and Lawrence Keith, radio en-
gineer, U. S. Signal Corps, March 18.

SEATTLE

“Recent Advances in the Electron Theory
of Photography.” by P. M. Iliggs, pro-
fessor of physics, University of Wash-
ington, September 19, 1941,

“Industrial Electronic Applications,” by
Ralph Powers (by transcription), Elec-
tronic Control Corporation, October 17,
1941, .

“A Mechanical Device to Aid in the Calcu-
lation of Class B and C Power-Tube
Performance,” by R. I. Sarbacher (read
by Professor L. B. Cochran), Illinois
Institute of Technology, October 17,
1941.

“A Simplified Graphic Method of Design-
ing Impedance-Matching Networks,”
by R. M. Walker, assistant chief engi-
neer, KOMO-K]JR, November 14, 1941,

“Personnel Problems Confronting the
Naval Communication Service,” by
Lieutenant Commander J. E. Parrott,
U. S. Nayal Reserve, January 30.

St. Louis
“Generalized Description of Ship-Shore
Radiotelephone Service,” by W. Todd,
engincer, Radiomarine Corporation of
America, March §.
Twin CiTigs
“Wave Propagation in Radio Communica-
tions,” by C. A. Culver, physics depart-
ment, Carleton College, April 29.
WasHINGTON

“Airport  Traffic-Control Equipment
Tests,” by H. C. Hurley, Civil Aero-
nautics Administration, April 13,

Membership

The following admissions or transfers
(where indicated as such) to Associate
grade were approved by the Board of
Directors on June 3, 1942,

Allen, M. E., 325 Riverside Dr., New

York, N. Y.
Amendola, W. A, 1015 Cherry St., Win-
netka, I,

Archibald, C. B., Black
Niantic, Conn.

Biberman, L. S., 5427 Montgomery Ave,,
Philadelphia, Pa.

Boyer, K., Bell Telephone Laboratories,

Point Rd.,

Whippany, N. J.

Campoy, H. M., Box 59, Cananea, Sonora,
Mexico

Dagle, E. F., 611 W. 19 St., Traverse
City, Mich.

Daugherty, R. M., 14433 Mark Twain,
Detroit, Mich.

Ernesti, O., Jr., Box 25, Scott Field, I11.

Evans, H. J., 2322 High St., SE., Washing-
ton, D. C. (Transfer)

Ewing, H. O., Scotland, Md.

Frank-Jones, G., 1335 N. Coronado Ter.,
Los Angeles, Calif.

Gallonio, A., 108-47—46 Ave.,, Corona,

L.I,N.Y.

Graham, R. C., 512 Dorian Pl., Westficld,
N.J.

Greene, S. J., 214 Audubon Ave., New
York, N. Y.

Hayes, M. V., Naval Training School,
Massachusetts Institute of Tech-
nology, Cambridge, Mass.

Hoskins, R. E., 4226—12 Ave., N.E,
Seattle, Wash,

Hudson, 1., 5442 Telegraph Ave., Oak-

land, Calif.

Hum, B, W., 416 S. Superior St., Angola,
Ind.

Isaak, N. G., Box 583, McMinnville,
Ore.

Johnson, R. S., 6606 N. Ashland Ave.,
Chicago, I11.

Jorgensen, N. A., 1820 N. Crawford Ave.,
Chicago, 111,

Kennedy, R. C., 222 N. Third St., San
Jose, Calif.

Kerl, R. C., P. O. Box 14, Scott Field, I11.

Klein, M., 19 S, 10 St., Newark, N. J.

Kulik, J. J., 1571 Oak St., Wyandotte,
Mich.

Le Grand, H. R., 1547 Ardmore Ave.,
Chicago, Ill.

Littell, C. C., Jr, 308 W. High St.,
Piqua, Ohio

Loonie, W. P., Jr., 57 Park Ter. W., New
York, N. Y.

McArthur, D., 200 Elmwood St., North
Attleboro, Mass.

Mclntire, T. A., 1902 Ann St., Wilming-
ton, N.C.

Meclntosh, J. L., P.O. Box 13, Tinley Park,
1.

Miller, D. ]J., Jr., 2935 Robbins Ave.,
Philadelphia, Pa.

Milster, J. L., Box 272, Poplar Bluff,

- Mo.

Moldawsky, B. W, 160 E. 65 Ave., New
York, N. Y.

Munro, G. M., 5§27 W. Lovell St., Kala-
mazoo, Mich.

Nelson, R. A., 79 Sidney St., Cambridge,
Mass.

Newman, J., Jr., 20 Waterman Rd.,
Roslindale, Mass.

Newton, W. L., 921—18 Ave., Secattle,
Wash.

Novota, S, Jr.,, 406 S. Plum St., Mo-
weaqua, Ill.
Rowe, I, 594 E. 93 St., Brooklyn, N. Y.
Sangster, R., 1149 Dovercourt Rd.,
Toronto, Ont., Canada
Schoessow, R. H., c/o Chief Engineer,
Northern Pacific Railway, St.
PPaul, Minn.

Scullin, F. B., 1328 M St., Fresno, Calif,

Seklemian, R. S., 66 Broad St., New
York, N. Y.

Shaw, E. B., Box 870, Macon, Ga.

Shearman, J. C. M., 9 Ripley Rd., Swin-
don, Wilts, England

Snapp, P. W., 4726 Eighth, N.E., Seattle,
Wash.

Sowers, F. E.,, YMCA Hotel, 826 S.
Wabash Ave., Chicago, I1l.

Swanker, W, C., 541 Cahoon Rd., Bay
Village, Ohio

Talamini, A., Jr., Fairfield Rd., Little
Falls, N. J.

Watine, M. N, 328 E. Eighth St., Brook-
lyn, N. Y.

Weiner, 1., 205 S, Ilinois, Belleville, 111,
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Books

Tables of Functions,by Jahnke
and Emde 1933, 1938*

Published by B. G. Teubner, Leipzig,
Germany. Distributed by G. E. Stechert
and Company, New York, N. Y. Third
edition, 1938.* 305 pages. 181 figures.
61 %94 inches. Price §6.00.

This volume is a monumental collec-
tion of short tables, formulas, and curves
of a large variety of transcendental func-
tions. Many of the functions are plotted
in three dimensions to give a better pic-
ture of the functional relations. The con-
tour method of plotting in two or three
dimensions is used in some cases. All sub-
jects are well supported by references fo
more comprehensive specialized publica-
tions.

The text is complete in both English
and German, side by side.

Some of the functions which are of
greatest interest to radio engineers may
be mentioned. The sine-integral, cosine-
integral, and exponential-integral are use-
ful in the analysis of transients in idealized
filters. The error integral finds application
in thermal agitation.

Elliptic integrals are represented by

* While the 1938 edition is enlarged and
improved in manyrespects, it does not con-
tain one valuable section of the 1933 edi-
tion. This is the 75 pages of the more ele-
mentary functions, such as the circular and
hyperbolic functions of complex variables.
The 1938 preface states that these are to
appear as a separate volume.

Contributors

one of the best short collections of for-
mulas, curves, and tables; they find ap-
plication in the inductance of coils, capac-
itance of rings, and special problems such
as linear detection of modulated waves
with unsymmetrical sidebands.

The largest section, about one half of
the book, is devoted to an excellent treat-
ment of Bessel functions of integral and
fractional orders with real, imaginary, and
complex arguments. The essential rela-
tions are concisely formulated and il-
lustrated graphically. Special atteniton is
given to asymptotic formulas and to spe-
cial properties such as the roots of the
functions and their derivatives. There are
28 tables of the various cases. This section
finds application to countless radio prob-
lems, from the high-frequency resistance
of wires to the propagation in wave
guides and attenuation in piston attenu-
ators. Special applications are found in
the transients in filters and the sidebands
in frequency modulation.

H. A. WHEELER
Hazeltine Service Corporation
Little Neck,L.I.,N. Y.

How to Supervise People, by
Alfred M. Cooper

Published by McGraw-Hill Book Com-
pany, 330 West 42 Street, New York,
N.Y., 1941. 143+ vii pages+ 6-page index.
53X 7% inches. Price, $1.75.

This is a timely, compact volume. It
is based on the author’s experience as a
consultant in personnel work over a pe-

riod of twenty years. In these days of
rapidly expanding war production, the
problem of creating an efficient, capable
supervisory staff is not the less important
or difficult than that of procuring the ma-
chinery with which to turn out the prod-
uct.

There are good supervision practices
which are well grounded in human na-
ture. Failure to act in accordance with
them may lead to an inferior product and
a labor problem.

The chapter headings are:

How to Become a Supervisor

The Responsibilities that Come with

Authority

The Physical Condition of Your Sub-

ordinates

How to Develop Group Morale

The Qualities of Leadership

This Thing Called Cooperation

Hiring, Reprimanding, and Firing

When and How to Delegate Authority

The Supervisor as a Teacher

This would seem to be a good book to
put in the hands of one who has just re-
ceived his first promotion to supervisory
rank. There are, however, few supervisors,
young or old, whose effectiveness will not
be increased by a consideration of the sug-
gestions which are made, not many of
which can be reasonably disputed. Also,
while essentially concerned with factory-
type supervision problems, most of the
practices which are discussed will apply
even though the organization is not a
factory, in the ordinary sense.

H. A. AFFEL
Bell Telephone Laboratories, Inc.
New York, N. Y.

F. G. BLAKE, JR.

F. G. Blake, Jr. (§'39-A'41) was born
on April 27, 1917, in New York City. He
received the S.B. and A.M. degrees from
Harvard University in 1938 and 1940. In
1939 he was at the University of Cam-
bridge, England, and during 1940 and

July, 1942

1941 was a research assistant and teach-
ing fellow at Harvard. Since February,
1941, he has been a special research as-
sociate at the Cruft Laboratory.

>3

Alfred N. Goldsmith (M 12-F'15) re-
ceived the degree of Ph.D. from Columbia
University in 1911, and the Sc.D. (Honor-
ary) degree from Lawrence College in
1935. He was professor of electrical en-
gineering at the College of the City of
New York from 1918 to 1923, and became
associate professor of electrical engineer-
ing at that institution, with life tenure, in
1923. He was consulting engineer, Gen-
eral Electric Company, 1915-1917; direc-
tor of research, Marconi Wireless Tele-
graph Company of America, 1917 to 1919;
director of research department, Radio
Corporation of America, 1919 to 1922;
chief broadcast engineer, Radio Corpora-
tion of America, 1922-1923; vice president,
RCA Photophone, 1928 to 1929; vice
president and general engineer, Radio
Corporation of America, 1927 to 1933;

Proceedings of the I.R.E.

ALFRED N. GOLDSMITH

and subsequently has been consulting
engineer. Dr. Goldsmith received the
National Pioneer Award in 1940, the In-
stitute of Radio Engineers Medal of
Honor in 1941, and the Townsend Harris
Medal in 1942.
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Ronold King (A'30) was born on
September 19, 1905, at Williamstown,
Massachusetts. He received the B.A. de-
gree in 1927 and the M.S. degree in 1929
from the University of Rochester and the
Ph.D. degree from the University of Wis-
consin in 1932. He was an American-
German exchange student at Munich from
1928 to 1929; a White Fellow in physics
at Cornell University from 1929 to 1930;
and a Fellow in electrical engineering at the
University of Wisconsin from 1930 to
1932. He continued at Wisconsin as a re-
search assistant from 1932 to 1934. From
1934 to 1936 he was an instructor in phys-

NoEL C. OLMsTEAD

Proceedings of the I.R.E.

ics at Lafayette College, serving as an
assistant professor in 1937. During 1937
and 1938 Dr. King was a Guggenheim
Fellow at Berlin, In 1938 he became in-
structor in physics and communication
engineering at Harvard University, ad-
vancing to assistant professor in 1939.

<

Noel C. Olmstead (A'27) was born at
Glasco, Kansas, on September 12, 1904,
He received the B.S. degree in electrical
engincering in 1928 and the M.S. degree
in 1929 from Massachusetts Institute of
Technology. From 1929 to 1930 he was
a research assistant in the electrical en-
gineering department of that institution,
and from 1930 to 1934 he'was a member
of the high-frequency transmission group
of the department of development and
research of the American Telephone and
Telegraph Company. Since 1934 Mr. Olm-
stead has been in the commercial products
department of the Bell Telephone Labora-
tories where he has been engaged in the
development and design of high-power
broadcast transmitters.

°
D

A. A. Skene (M'41), following service
in the U. S. Army during 1918 and 1919,
received the degree of B.S. in electrical
engineering from Pennsylvania State Col-
lege in 1920. He at once joined the en-
gineering department of the Western
Electric Company, where he was engaged
in apparatus design and radio develop-
ment until 1923. He then spent some six
years with the Union Switch and Signal
Company, concerned with the engineering
of railway signaling and automatic train
control systems and equipment. In 1930
Mr. Skene joined the technical staff of the
Bell Telephone Laboratories, where he has
been occupied in the design and develop-
ment of radio broadcasting transmitters
and associated apparatus.

Ex]

Arthur Van Dyck (A’13-M'18-F'25)
was born on May 20, 1891, at Stuyvesant
Falls, New York. He received the Ph.B.
degree from Sheffield Scientific School,
Yale University in 1911. From 1907 to

A. A, SKENE

1910 Mr. Van Dyck was an amateur ex-
perimenter and commercial operator at
sca. He was associated with the National
Electric Signalling Company, Brant Rock,
Massachusetts, 1911-1912; research de-
partment, Westinghouse Electric and
Manufacturing Company, 1912-1914; in-
structor in electrical engineering, Car-
negie Institute of Technology, 1914-1917:
expert radio aide, U. S. Navy, 1917-1919;
Marconi Company, Aldene, New Jersey,
1919-1920; in charge, radio receiver de-
sign, General Electric Company, 1920-
1922. Since 1922 he has been with the
Radio Corporation of America.

ARTHUR VAN Dyck
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ATTENUATIGN —

TYPE 6-C

TYPE 6-C Designed in co-ordination with the General
Engineering Department of the Columbia Broadcasting
System, the 6-C Transmission Measuring Set consists of
complete transmission and load units assembled on a
single rack type panel. With a frequency range from
30 to 17,000 cycles, this set provides an accurate and
rapid method for measuring the transmission character-
istics of networks at audio frequencies.

The reference level is the new standard of | mw.
across 600 ohms. New Weston Type 30 meters are
employed. The attenuation range is from Zero to 110
db. in steps of | db. Power range is calibrated from
—16 to 45 db. Dial selection of useful network input
and load impedances. No correction is required $325

when changing impedances. Overall error is 2%

TYPE 685

Many of your needs can be filled by standard

DAVEN equipment. However, due to the special-

e ? ¥ TYPE 685 An unusually flexible, universal gain measuring instrument for rapid and accurate
measurement of overall gain, frequency response and power output of audio amplifiers,
this assembly has a useful frequency range from 30 to 17,000 cycles.

ized nature of high fidelity audio apparatus, a
_ large number of requirements are encountered

where existing unitx may not be suitable. 1/ you It is direct reading in decibels and does not require correction factors or calibration

charts. All networks meters and associated apparatus are shielded and carefully balanced,
department. matched for uniform accuracy over this wide frequency range.

\ have such a problem, write to our engineering

Attenuation range is <10 db. to —120 db. in steps of | db. Power measuring range is
—20 db. to 436 db. Eleven load impedance values, ranging from 5 to 600 ohms are
available. Output impedances may be changed from "balanced" to “unbalanced" and to
any loss impedance by means of plug-in type matching networks. Overall $225
error is 2%,

MOST COMPLETE LINE OF PRECISION ATTENUATORS IN THE WORLD




FOR ACTIVE
MILITARY
SERVICE!

- S battle lines lengthen, as
T A American military might
fans out over the globe, radio
becomes an increasingly vital
artery of our communications

1. LOCK-IN LOCATING LUG — olso octs os

shield betwoen pins Systen]-

2. NO SOLOERED CONNECTIONS —all welded .

for greater durability SO natura”y, rale tubCS must

3. SHORT, DIRECT CONNECTIONS — fower be¢ stronger, more solidly built,

welded jaoints —less loss bl k lyed h
sptes a e

4. ALL-GLASS BASE —low loss ond betrer better able to «take it” than

spocing of lead wires

5. NO GLASS FLARE — unobstructed bose

for internol shielding

6. IMPROVED MOUNT SUPPORT — ruggediy

ever before.

Look at the cross-section of the

mounted on oll sides Sylvania Lock-In, shown in the
7. GETTER LOCATED ON TOP—shorts elimi. accompanying diagram. Note its
noted by seporotion of getter moteriol . .
from. 13bas nine outstanding features. Then
8. NO TOP CAP CONNECTION — overheod you’ll understand why our
wires eliminoted d f ] e N
arme orces are relyin in
9. REDUCED OVER-ALL HEIGHT — ; poce ‘ ) ying,
saving growing measure, upon the un-

ﬂagging dependability of this
great tube.

SYLVANIA

SYLVANIA LOCK-IN TUBE
— RADIO TUBE DIVISION

HYGRADE SYLVANIA CORPORATION

New York City EMPOR'UM, PA. Salem, Mass.
Also makers of HYGRADE Incandescent Lamps,

Fluorescent Lamps and Fixtures
Proceedings of the 1. R E. July, 1942



CLASS C CLASS D

CERAMIC TUBULAR
FIXED CAPACITOR&

Bulletin 597 describes the CENTRALAB CERAMIC TUBULAR Fixed
Capacitors with controlled temperature sensitive characteristics.

Centralab Ceramic Trimmers feature capacity ranges and stabili-
ty, the equivalent of air trimmers, plus a saving in space and

weight. Write for bulletins that supply full Ceramic Trimmer data.

Always specify Centralab —
whether for ceramic prod-
ucts . . . Fixed Resistors . . .
or Volume Controls .

CENTRALAB

DIV. OF GLOBE-UNION INC.
MILWAUKEE WISCONSIN

CERAMIC TRIMMERS

2MOUNTING M £S
4-36 MACH SCREW
2 oeee

12070137 = fe-

S3T0OH-2
vIQ L1 0L €1

- 219

937
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OU will find these data most helpful in specifying the cor-
rect steatite ceramic insulation for your requirements. The
chart eliminates guesswork and might save you many hours or

days of laboratory tests.

You will also find from this chart that American Lava Corpo-
J ration offers ceramic insulating materials with the widest range

of physical characteristics available from any single source.

If you do not find the exact combination of physical character-
Y istics you desire, our Research Division will be glad to work
with you if you will detail your requirements. The skill of these
engineers in developing special products for special purposes

is favorably known to leading designers.

AnSiMas AMERICAN LAVA CORPORATION

CHATTANOOGA, TENNESSEE

CHICAGO » CLEVELAND e NEW YORK o ST.LOUIS ® LOS ANGELES ® SAN FRANCISCO * BOSTON ¢ PHILADELPHIA ® WASHINGTON, D.C.




Be Calm
Courteous
Effective

Right now, when times are tense
and everybody is under strain,
“The Voice with a Smile” is more
important than ever.

We’ve all got a big job to do and
the friendly, effective use of the
telephone helps every one do it
faster and better.

The calm way is usually the compe-
tent way. Being courteous usually
means saving time and tempers all
along the line.

BELL TELEPHONE SYSTEM

*'THE TELEPHONE HOUR'' — presenting greot artists every Mondoy evening — N. B. C. Red Network



VAUV &

The Invisible Protection
for Filament Emission

Like a solid coat of armor-plate, hard, high vacuum protects filament emis-

 liigar sion in every Eimac tube. Extremely efficient evacuating pumps developed
2000T and built in the Eimac laboratories for the precise purpose of producing the
Filament Voltage . . 10 volts highest possible degree of vacuum are shown in action above. It is this
R tuaps Sy upIGRod et excellent vacuum that proved the idea fallacious that plate temperature
|l e S e destroyed emission ...caused premature failures. Chiefly because of this pro-
B R v e | cessing, Eimac tubes today, and for the past number of years, have provided

longer life, greater stamina and vastly superior performance.

i / n,a"g' ~
¥)0.0,00

b
il

A%

wulfe (

LECTRON MICROSCOPE virtually gives a PEAK EMISSION TESTER measures the flow of FLASH FILAMENT TESTER checks filaments be-
noving picture projection of the ac- electrons from the filaments of com- fore tubes are assembled and purnped.
ion of electrons being emitted from a pleted Eimac tubes. Of the long series of Here tubes are placed under a tempo-
ieated filament. Such observations en- gruelling tests made to insure more efh- rary vacuum, heated to much higher
ble Eimac engineers to constantly cient filament emission in every Eimac temperatures than will everbe required
sroduce better filaments. tube, this is the final test. in normal use. Only perfect filaments

reach the final stages of manufacture.

1 Peacetime or Wartime...wherever you look...in Follow the Leaders to @ |
be air,onland and at sea...yuu'll find Eimac tubes ‘
‘oing their bit. Right now the Armed Forces get uBES ‘ l
rst call on our facilities and Eimac tubes are re- 1

L:iw’ng enthusiastic acceptance from all quarters. 3

Eitel-McCullough, Inc.
San Bruno, California, U.S. A.




A

Radio Service Engineers

Hazeltine Service Corporation, one of America’s outstand-
ing radio research institutions, needs additional field service

engincers of high calibre.

This is an excellent opportunity for first class service engi
neers, regardless of age, to train for a very vital need in the
national emergency, whether in a civilian capacity or as a com-
missioned officer in the Armed Forces. The positions will re-
quire technical knowledge of high frequency radio, and also

tact, courage and discipline.

All applicants must be American citizens. Opportunities for
work exist not only in the United States but in many locations

outside of the boundaries of this country.

Applications will be held confidential but must be in writ-
ing, giving complete details concerning experience, qualifica-
tions, background of parentage, age, family, present draft
board status and physical condition. Personal interviews will

be by appointment only.

Address communications to

HAZELTINE SERVICE CORPORATION

1775 Broadway
New York, N.Y.

LABORATORIES

New York Little Neck, L.I. Chicago
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They'll have to keep 'em going.."Over There!”

Designing military radio equipment—?
Who isn’t, these days! Then pause a mo-
ment, and give thought to a very prac-
tical problem—the problem of mainte-
nance of your equipment in the field.

This is a global war. Your equipment
will probably be used in far-flung out-
posts, thousands of miles away. In Aus-
tralia. In Africa. In Russia.

Wherever military radio equipment is
used, repair posts must be set up. Such
posts must be stocked with every type of
-tube and part your equipment uses . . .
for replacement purposes.

DON'T “OVER-DESIGN"
Be practical. Try to standardize on

RECEIVING TUBES

readily-available tube types—a few types
of transformers, condensers and other
circuit components. Avoid “special”’
tubes and parts whenever possible. Re-
member that a good radio in working
order is worth more than a ‘“perfect”
radio that’s out of action!

RCA and other manufacturers are
continuing to make available new and

RADIO TUBES

POWER TUBES °

special tube types—in keeping with our
policy of offering every possible help to
designers of military equipment. But
remember that the more types used the
more difficult becomes the problem of
providing for replacements in the field.

Do not specify special types where a
standard tube—or even two standard
tubes—can be made to perform the same
function. Remember that practical prob-
lems of supply, thousands of miles from
home, may count for more than any
slight theoretical improvements in per-
formance.

BUY U. S. WAR BONDS REGULARLY

SPECIAL PURPOSE TUBES




BROWNING
TYPE S-2

FREQUENCY

| r 4
CHECK FREQUENCY

A,

Designed Especially for Emergency, Police and Similar
Services. This Instrument Is Custom Built for Individual Frequencies

I. Accuracy better than .005%,.

2, Will meet the F. C. C. requirements
for checking the frequencies of any
transmitter which requires a frequency
meter accurate to .005%,.

3. For more accurate zero beat setting
a cathode ray indicator is employed.
A jack is provided for aural indication

4. The Browning Frequency Meter is
so designed that the precision of the

apparatus at any time can be checked
to at least fifty parts in five million
against the Bureau of Standards Sta-
tion WYV or against any reliable sta-
tion operating on frequencies which
are an even multiple of 100 KC.

5. Custom-built for specified frequen-
cies. Models from | to 5 bands inclu-

of zero beat. sive.

SEND FOR FURTHER INFORMATION AND PRICES

INC:

WINCHESTER - MASS:-

Designers and manufacturers of custom built Radio and Electronic
Equipment for national defense and commercial use.

Proceedings of the I. R, E July, 1942



THE INSTITUTE serves those interested in radio and allied electrical communication

fields through the presentation and publication of technical material.

THE PROCEEDINGS has been published without interruption since 1913 when the first

issue appeared. The contents of each paper published in the PROCEEDINGS are the responsi-

bility of the author and are not binding on the Institute or its members. Material appearing

in it may be reprinted or abstracted in other publications on the express condition that specific

reference shall be made to its original appearance in the PROCEEDINGS. Illustrations of any

variety, however, may not be reproduced without specific permission from the Institute.

STANDARDS reports are pub-
lished from time to time and are
sent to each member without
charge. The four current reports
are on Electroacoustics, Elec-
tronics Radio Receivers, and Ra-
dio Transmitters and were pub-
lished in 1938.

MEMBERSHIP has grown from
a few dozen in 1912 to about
seven thousand. Practically every
country in the world in which radio
engineers may be found is repre-
sented in our roster. Dues for the
five grades of membership range
from $3.00 to $10.00 per year. The
PROCEEDINGS is sent to each mem-
ber without further payment.

SECTIONS in twenty-six cities
in the United States, Canada, and
Argentina hold regular meetings.
The chairmen and secretaries of
these sections are listed on the
page opposite the first article in
this issue.

SUBSCRIPTIONS are accepted
for the PrRoCEEDINGS at $10.00 per
year in the United States of
America, its possessions, and
Canada; when college and public
libraries order direct from the In-
stitute, the subscription price is
$5.00. For other countries there is
an additional charge of $1.00.

The Institute of Radio Engineers, Inc.

Harold P. Westman, Secretary
330 West 42nd Street
New York, N.Y.

The Institute of Radio Engineers
Incorporated )
330 West 42nd Street, New York, N.Y.
To the Board of Directors
Gentlemen:

1 hereby make application for ASSOCIATE membership in the Institute
of Radio Engineers on the basis of my training and professional experience
given herewith, and refer to the sponsors named below who are personally
familiar with my work.

I certify that the statements made in the record of my training and pro-
fessional experience are correct, and agree if elected, that 1 shall be governed
by the Constitution of the Institute as long as I continue a member. Further-
more 1 agree to promote the objects of the Institute so far as shall be in my
power.

SPONSORS
(Signatures not required here)

Address ..........

City and State . ...

AddLess ol bhemedd dosssdsom: o vna s s PTRHve NG SEWNE - < BRI W RE .

Cityand State .............

Address

City and State .......:s.

Proceedings of the I. R. E.
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REMITTANCE SCHEDULE
MonTu During
Wittcn AMOUNT or Remitrance (= EnTuance Fex-}Duxs)

APFLICATION
Reaciins L R.E, Wuicn SiouLd ACCOMPANY APPLICATION

HeavQuantass & o
e R 3
Jan., Feb. 3;6 (:$J+$4.SO') : Apr..Dec. (9 mo. of current

ear)t
6.00 (= 34 3.00°) Jury-Dec. (6 mo. of current

Mar., Apr., May 5
year

June, July, Aug. 4.50 (= 34 1.50%) Oc(.-D:c. (3 mo. of current
year
Sept., Oct., Nov. 9.00 (= 34 6.00°) Jan.-D;c. (entire next
year
Dee. 7.50 (= 34 4.50°) Apr.-Dec. (9 mo. of next
year)t

t You can obtain the Procreptngs for the entire year by including with
your application a request to that effect and a remittance of $9.00.

¢ Associate dues include the price of the Procrepings, as follows: 1 year,

$5.00; 9 months, $3.75; 6 months, $2.50; 3 months, $1.25. This may not

be deducted from the dues payment.

EXPERIENCE

4111

(Typewriting preferred in filling in this form) No.

RECORD OF TRAINING AND PROFESSIONAL !

(Title and name of concern) ’
BuSiness Address .aset. ibmon oiipie e dnn o iiarer iyt
Home Address ................................... ... . .
Place of Birth ...................... Date of Birth .........
MONGHYOE o . p. pyreccmammay . Lesgr- I | Soduantd . (hed ok .
DECTeel 99 oot ST | Ehbrrers 9igers - AP+ o oLl e oo
(College) (Date received)

TRAINING AND PROFESSIONAL EXPERIENCE

(Give dates and type of work, including details of present activities)

Record may be continued on other sheets this size if space is insufficient.

Receipt Acknowledged ........... Elected ........... Notified

TO APPLY FOR ASSOCIATE MEMBERSHIP

To Qualify for Associate membership, an applicant must be
at least 21 years of age, of good character, and be interested
in or connected with the study or application of radio science
or the radio arts.

An Application should be filed, preferably on blanks obtain-
able on request from 1.R.E. Headquarters or from the secre-
tary of your local Section. If more convenient, howevqr, the
accompanying abbreviated form may be submitted. Additional
information will be requested later on.

Sponsors who are familiar with the work of the applicant must
be named. There must be three, preferably Associates, Mem-
bers, or Fellows of the Institute. Where the applicant is so
located as not to be known to the required aumber of member
sponsors, the names of responsible nonmembers may be given,

Entrance Fee and Dues: The Associate entrance fee is $3.00,

Annual dues are $6.00 per year, which include the price of the

ProceepINGs as explained in the accompanying remittance
schedule.

Remittance: Even though the LR.E.
Constitution does not require it, you
will benefit by enclosing a remittance with
your application. We can then avoid de-
laying the start of your PROCEEDINGS.

Your ProCEEDINGS will start with the
next issue after your election, if you en-
close your entrance fee and dues as shown
by the totals in the accompanying remit-
tance schedule. Any extra copies sent in
advance of the period for which you pay
dues (see last column) are covered by
your entrance fee.

ceessscmcamcnaans -

_ Should you fail 10 be elected, your en-
tire remittance will be returned.

q OTHER GRADES are available to
: qualified applicants. Those who are be-
tween the ages of eighteen and twenty-
one may apply for Junior grade. Stu-
dent membership is for full-time stu-
dents in engineering or science courses
in colleges granting degrees as a result
of a four-year course. A special appli-
cation blank is provided and requires
the signature of a faculty member as
the sole sponsor. Member grade is open
to older engineers with several years
of experience, Fellow grade is by in-
vit:}tiOﬂ only. Information and appli-
cation blanks for these grades may be
: obtained from the Iustitute.

>
®
(2]

SUPPLIES

BACK COPIES of the Proceepings
may be purchased at $1.00 per copy
w!]ere available. Members of the In-
stitute in good standing are entitled to
a twenty-five per cent discount.

VOLUMES, bound in blue buckram,

may be purchased for $14.25; $11.25 to
members.

: BINDERS are $1.50 each. The volume
number or the member's name will be

stamped in gold for fifty cents addi-
tional.

INSTITUTE EMBLEMS of fourteen-
carat gold with gold lettering on an

5 cnameled background are available.
T!le lapel button is $2.75; the lapel pin
with safety catch is $3.00; and the
watch charm is $5.00. All of these are
mailed postpaid.
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INTRICATE CERAMIC PARTS

WHEN special ceramic parts are required in small
quantities for vital wartime applications, the
adaptability of Isolantite’ to the production of intri-

cate shapes is a feature of major importance.

Through years of experience in the manufacture
of steatite ceramics, Isolantite Inc. has developed
fabricating techniques that permit the production of
intricate shapes without the necessity of providing
expensive special tools. In addition, Isolantite’s man-
ufacturing processes permit extremely close dimen-
sional tolerances as compared with general ceramic
requirements. Critical dimensions can be held within

close limits to facilitate equipment assembly.

Suitability for the production of intricate shapes to
accurate dimensions is only one of Isolantite’s many

advantages. Uniformity of product, high mechani-

Proceedings of the I. R. E. July, 1942

cal strength, electrical efficiency, nonabsorption of
moisture—these factors all contribute to dependable
insulation performance. Because of its unique com-
bination of properties in a single ceramic body,
Isolantite is the choice of leading manufacturers, not
only in the high-frequency fields, but for all appli-
cations where high-grade insulation is required in

intricate shapes.

ISOLANTITE

INSULATORS

CERAMIC

ISOLANTITE INC., BELLEVILLE, NEW JERSEY

*Registered trade-name for the products of Isolantite Inc.
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UNTPEASE

STOPS BACKGROUND NOISE!
The Enemy of Sound Pickup

R P Photograph of F. M. Trans-
/ . mitterof Michigan State Po-
/ N fice by courtesy of Motoroia
,’ OR clear crisp signals, it's...F. M, —Galvin Mfg. Corp.
| to cancel static—and the Shure ‘
: Super-Cardioid to eliminate background

noise. It's the Uniphase principle that does
it in the Shure Super-Cardioid.

| In the Uniphase, sound acts upon the out- ReAR
side of the diaphragm of t}l:e microphone

and also enters the phase-shifting acoustic

network within the microphone, where it '— /"

acts upon the inside of the diaphragm. (See

drawings.) When sound arrives from the ——curil
front of the microphone, the inner pressure Sounds entering from front.

reinforces the outer pressure (Figure 1).
When sound arrives from the rear, the inner
pressure cancels the outer pressure (Figure
2). This principle results in a Super-Cardioid
Microphone with a single moving coil. The
Super-Cardioid pattern is symmetrical in both
the horizontal and vertical planes. It has a
wide-angle front pickup with 73% reduc-
tion of reverberation and random noise and HouRE 2
is unusually rugged.

Sounds entering from rear.

These Uniphase Microphones are speed-
ing production—giving better protection to
Ordnance Plants, Airdromes, Docks, Army
Camps, War Plants, Defense Control Cen-
ters, Police Transmitters and other vital
locations. They are the nerve centers direct-
ing the actions of men toward Victory on
the Home Front.

[

Send for FREE Booklet 172P (]
ItdescribesSuper-Cardioid
performance and the
latest Shure Broadcast
Microphone, the Super-
Cardioid.

SHURE BROTHERS

Designers and Mannfacsurers of
SIS b

Microp an s evices
\ 225 W. Heren St., Chicage, lllineis
\
AN
\\‘___ ___________
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POSITIONS OPEN

The following positions of interest to LLR.E.
members huve been reported as open. Ap-
ply 1n writing, addressing reply to com.

pany mentioned or to Box No. .......

PROCEEDINGS of the I.R.E.

330 West 42nd Street, New York, N.Y.

NOTICE TO APPLICANTS

All men having employment records on
file at Institute headquarters are requested
to notify us immediately of their con-
tinued availability and at lesst every three
months thereafter. Failure to receive noti.
fication will void application, as we are
endeavoring to keep accurate files of only
thuse men still available for placement,

LLR.E. ASSISTANT SECRETARY

The Institute has immediate need for
the services of a man with some business
experience and a good general knowledge
of communications engineering for the
position of Assistant Secretary, Duties in-
clude carrying on correspondence, assisting
the Secretary in conducting the fnnitute'l
activities, acting as secretary to technical
committees, etc. Writing ability and pub-
lication experience desirable. Ap’)l in
writing to the Secretary, Institute o Kadio
gnginccrs 330 West 42nd Street, New

ork, a

INSTALLATION ENGINEERS

An agency of the U. S. Armed Forces is
secking radio installation engineers. Men
who are just graduating or with only 2
years of college as well as experienced men
can qualify, Location: Metropolitan New
York. Box 270.

RADAR LABORATORY

The Signal Corgs Radar Laboratory has
urgent need for hésicins and Engineers
with | Mechanical, lectrical, and Radio
training. Inexperienced engineering gradu-
ates can also qualify,

Salaries range from $2000 to $3200 and

p.
Draftsmen, l;r:Finccrin Aides, Elec
tricians, and Radio Mccganiu also are
wanted.

Apbly in writing stating full qualifica-
tions to: Civil Service Representative, Sig.
nal Corps Radar Laboratory, Camp Evans,
Belmar, New Jersey.

u

CIVILIAN ORDNANCE ENGINEERS

The Naval Ordnance Laboratory of the
Washington Navy Yard is secking research
and engincering men holding f’hAD. de-
krees or like calibre to head up new re-
:"evarch problems—Salaries are very attrac-

e.

Also-—men with praven abilt as Me-
c)hanlpgl Engineers, Electrical l-_ynxinccrs.
Physicists and Draftsmen are urgently
needed,

An unusual opportunity as the work is
a.mong men proven leaders in their respec-
tive fields who have been loaned to the
Navy by their civilian em loyers, and ex-
cellence of war-tiine wore will certainly
feceive recognition in peacetime industry,

Only American citizens can be comli
ered. Apply by letter—stating fyll experi-
¢nce, education and qualifications to Robert

Moore, Naval
Washington, l)‘Ca LTS Laboratory,

Attention Employers . . .

Announcem_tnts for **Positions Open' are
accepted without charge from employers
offering salaried employment of engineer-
Ing grade to I.R.E. members. Please su pl
complete information and indicate wglcg
details should be treated as conhdential.
Address: “POSITIONS OPEN." Institute
of Rad’lo Engincers, 330 West 42nd Street,
New York, N.Y.

The Institute reserves the right to refuse any
announcement without giving a reason for
the refusal,

|
|
|
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UJJU“{W OHMITE resistance umirs

MEET TODAY’S CRITICAL REQUIREMENTS

Cosntrotied High "l!l“"’" Machine for Rotation Life Tests
Chamber for all types of Rheostat And Tap Switches

g Humidity Tests | B S

Meosufing Inductance with
A Rodio Frequency Bridge

=

@gxtra quality and extra dependability

have always been an integral part of
Ohmite Resistance Units. Electrical and
physical fitness for heavy-duty service in
exacting applications are built-in from
the very beginning. Research, engineer-
ing, testing, production and inspection
all work together to make Ohmite Prod-
uctsealways a little better.

As a result Ohmite Rheostats, Resist-
ors, Chokes, Tap Switches readily meet
today's requirements. They are widely
used for military, electronic, scientific
and industrial purposes.

The wide range of types and sizes makes
it easier to meet each need. Many stock
items. Units produced to government
specifications or specially engineered for
you. Let Ohmite engineers help you.

Pyrometer Measurement of the.
Temperature of o Rheostat
in a'New Device

Enginecers’ and

Buyers' Guide

SEND FOR 96-PAGE CATALOG AND ENGINEERING MANUAL No. 40

Write on company letterbead for complete guide in the selection and application of
Rheostats, Resistors, Tap Switches, Chokes, Attenuators. Especially helpful today
to engineers, production executives and purchasing departments. Contains useful
engineering data, reference tables, dimension drawings, illustrations and a manual
of resistance measurements.

OHMITE MANUFACTURING CO., 4860 Flournoy St. * Chicago, U.S. A.

Foremost Manufacturers of Power Rbeostats, Resistors, Tap Switches

Proceedings of the 1. R. E. July, 1942
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MEMBERSHIP
EMBLEMS

The L.R.E. emblem is available to
members in 3 useful forms: the
lapel button, the pin, and the watch
charm. Each is of 14-karat gold
enameled in color to designate the
grade of membership.

Grade  Background Color

Fellow Gold
Member Blue
Associate Maroon
Junior White
Student Green

LAPEL BUTTON—$2.75
] Supplied wnth a screw
A back having jaws which
grip the cloth of the coat.

PIN—$3.00

f Provided with a safety
) W catch.
> & "

WATCH CHARM—$5.00

Enameled on both
sides and equipped with

~/ a suspension ring for
PLAN NG, action. and follow-. attaching to a watch

charm or fob.
%% througlf — the military strategists’

all-im ‘orlunt steps to Victory.

'D[Thordurson crganization em- .
ploys these same principles in help-
ing you work out your transformer
problems. Experienced engineers. Prices on emblems are
skilled technicians, and seasoned the same for all grades of
production experts combine to give membership and include

you the transformers you want tax, postage and insurance
when you want them. or registered-mail fee.

’ THORDARSON Remittance should accompany your order

T P ' B ELECTRIC MFG. COMPANY THE INSTITUTE QF RADIO

aa

U.S. Marinc Corps Jp— 500  ESTIHURONISTRE EVY CHICAGO, iLt, ENG'NEERS INC

WW“ gng¢5 330 West 42nd Street, New York, N.Y.
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TOMORROW’'S RESISTORS

The war has not stopped IRC engineer-
ing and dcvelopment work. It has only
intensified it. One exacting requirement
after another has been met. New require-
ments will be met as they arise.

Thus, just as IRC has pioneered the
most important fixed and vari-
able resistor developments
of the past two decades, you

can look to IRC for continued leadership,
both in resistor development and in the
all-important “Know-how” of resistor
application and use under all conditions
and in all parts of the world.

Tomorrow’s resistors are being born
in today’s crucible of War—and,
as in the past, they will bear the
trademark “IRC.”

INTERNATIONAL RESISTANCE COMPANY, 431N.BROAD ST., PHILA., PA.
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$7.50

160 Pages
92 x 12 inches

wy

THAN A SLIDE RULE

A-C CALCULATION CHARTS

by civilian engineers and en-

This new Rider Book greatly
reduces the time required for
alternating current engineer-
ing calculations—speeds up
the design of apparatus and
the progress of engineering
students, Two to five times as
fast as using a slide rule!

A-CCALCULATION
CHARTS are designed for use

Frequency 10 cycles to 1000
megacycles
Inductance 10 micromicro-
henrys to 100,000
henrys
Capacitance  0.000) micromicro.
tarad to | farad
Resistance 0.0 ohm to 10

megohms
Conductance 0.} micromho to
100 mhos

gineers of the armed forces
who operate in the electrical
communication — power
radio — vacuum tube — tele-
phone—and, in general, the
electronic field. Invaluable
for instructors as well as stu-
dents, and also administra-
tive officers who check: engi-
neering calculations.

RANGE OF THE 145 2-COLOR CHARTS

Reactance 0.0t ohm to 10

Susceptance micromho to
00 mhos

Impedance 0.01 ohm to 0
megohms

Admittance 0.1 micromho to
100 mhos

Q" 0.1 to 1000

Phase Angle 6° to 83,94°

JUST OUT — ORDER NOW!

JOHN F. RIDER PUBLISHER, Inc.

404 FOURTH AVENUE,
Export Division: Rocke-International Elec. Corp., 100 Varick St., N. Y. C.

xviii

demanding
HIGHEST
QUALITY!

NEW YORK CITY

26 WAVERLY PLACE, NEW YORK, N. Y.

Cable: ARLAB

Binders

for the Proceedings
Protect your file
of copies against

damage and loss

Binders are available for those who
desire to protect their copies of the
ProceepiNes with stiff covers. Each
binder will accommodate the twelve
monthly issues published during the
year. These binders are of blue Spanish
grain fabricoid with gold lettering and
will serve either as temporary transfers
or as permanent binders. They are so
constructed that each individual copy
of the ProceepiNGs will lie flat when
the pages are turned. Copies can be
removed from the binder in a few
seconds and are not damaged by their
insertion,

Available for both the old, small
size, PROCEEDINGS or the new, large size
(1939 10 date).

Price: 81.50

either size (specify which)
Postpaid to all countries
You may have a volume number or

your name stamped in gold for 50 cents
additional,

Remittance should accompany
your order

THE INSTITUTE OF
RADIO ENGINEERS, INC.
330 West 42nd Street,
New York, N.Y.
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EXTRA

PROTECTION |

The Army tank shown above is provided with '
extra protection against almost any War haz- A\
ard. In the same manner, every GAMMATRON
tube is designed and built to give extra protec-
tion against circuit hazards which would cause
ordinary tubes to fail. Full tantalum construc-
tion,improved GAMMATRON pumping methods
make failure due to internal release of gas impossible.
Sturdy mechanical construction prevents handling
breakage and provides low internal inductance forbet-
ter UHF performance. Get in touch with your nearest
GAMMATRON sales representative for further details.

-

GAMMATRONS of course!

3 w
GAMMATRON SALES REPRESENTATIVES e
Wash., Ore., Idaho, Mont. New York State Minn.,N.D., $.D.,Wis. Calif., Nevada, Arizona MAX. POWER
MARSH AGENCIES W.F. SEEMAN KENNEDY SALES CO. E.P. DEMAREST '
104 Batcery Street 523 Ellicott Square 2362 University Ave 16 .S yuth Fl S ouTPUT
Seattle, Washington Buffalo, New York e, Paul. Mi y 80 Sonenitlowarotree 3000 WATTS
t. Paul, Minnesota Los Angeles, California
Mo., Kansas, Nebraska Pa.,Va.,,W.Va, Md. Hlinois, Wi : /
H. A.ROES Wash.,D.C., Del.,N.J. 1013, NYISCog s Texas, Okla., Ark., La.
2017 Grand Avenue.  S.K. MACDONALD RALPH M. HILL g pATTERSON & CO.
Kansas City, Missouri 1334 Arch Screet GORDEN GREY 434 Allen Building
Ind., Ohio, Kentucky Phila elphia,Pennsylvania 1 North Crawford Ave. Dallas, T
% Q - Chicago, lllinois allas, Texas
W.E.McFADDEN Maine, N.H.,Vt., Mass. :
915 Montrose Ave., Bexley Conn.,R.I. Tenn.,N.C., S.C., Ala. NewYorkCity,NewJersey
Columbus, Ohio TRADE CONTACT Ga., Fia. D.R. BITTAN SALES HEINTZ:» KAUFMAN
Michigan—W.B. SWANK CORPORATION HOLLINGSWORTH CO.,INC. Soum Tan 1HANCRCO\ AT, [ CARORRA U T &
610 Blaine Avenuce 2% Huntington Avenue & STILL 53 Park Place
Detroit, Michigan Boston, Massachusetts  Norris Bldg., Atlanta, Ga. New York City, N.Y.
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Booklets, Catalogs
and Pamphlets

The following commercial literature has
been received by the Institute.

G.A'W. CarBONYL IRON POWDERS (Book-
let). Advance Solvents & Chemical Corp.,
245 Fifth Ave., New York, N. Y. A well
presented and illustrated report on charac-
teristics and applications of Iron Powders
useful to radio engineers. 24 pages and
cover, 834 X 11 inches.

INDUSTRIAL APPLICATIONS OF ELECTRONIC
Devices (Part IHl, House Organ, Jan.
1942). By the Engineering Department,
Aerovox Corp., New Bedford, Mass. Dis-
cusses Inverters, Direct Current Trans-
formers, Thyratron Temperature Control
Circuits, Arc Light Timer, Radio Interfer-

. : ence, etc. 8 pages, illustrated, 8}X11
TR g . inches.

SOIar experience plays a Vitﬂ' part ||| the l"'od“cuoll AN ENGINEERING CuarT OF IRC FIXED

. AND VARIABLE RESistors (Wall Chart).

of completely dependable paper capacitors for the NoterTE ol RAint e et A0

Armed Service Branches of our Governm ent. North Broad St., Philadelphia, Pa. Help-

ful and time saving tables of specifications
and characteristics of fixed and variable
resistors for use of radio engineers in de-

CONSULT SOLAR FOR PROMPT SOLUTION OF YOUR CAPACITOR PROBLEMS e

Catalogue 12-C Available on Letterhead Request : | signing. Folded for file, 9§ X114 inches
— — opens up to 184 X224 inches for wall use.

' JRP. BAVC ASES
l A ¢ Rabto CotLs AND ALLIED ProbucTs (Cata-

; log No. 42). J. W. Miller Co., 5917 South

MICA.. . ELECTROLYTIC...PAPER CAPACITORS Main St., Los Angeles, Calif. Includes com-

plete listing of radio interference filters and

coils for mobile equipment. 48 pages, illus-

trated with specifications and prices,
$ X 11 inches.

RueostaTS, REsisTORs, Tap SWITCHES,
CHoKES AND ATTENUATORS (Catalog No.
18). Ohmite Manufacturing Co., 4835 W.
Flournoy St., Chicago, Ill. Very complete
and useful to radio and television engi-
neers. 16 pages, illustrated, with specifica-
tions and prices, 84 X 11 inches.

MuTaL SHIELDED WiRE (Booklet and
Catalog) Precision Tube Co., 3824 Terrace
St., Philadelphia, Pa. Discusses a new
method of protecting insulated wires. 8
pages, illustrated, contains specifications,
83 X 11 inches.

LoNG Livie Your Microrione (Booklet).
Shure Brothers, 225 \V. Huron St., Chi-
.+ oo Accuracy and cago, lll.h PF)pll'Gr style “maintenance”
dependabilir story on how to get the best service from
pend y are your microphone. 16 pages, cartoon illus-
built into every trations, 4 X 7 inches.
Bliley Crystal Unit.
Speci Syrvania News (House Organ, March
pecity BLILEY for April, 1942). Hygrade Sylvania Corp.,
Emporium, Pa. Technical Section reports
on—*“Lock-In,” A Study in Radio Tube
uality—On Servicing Record Players—
and gives three simplified and practical
charts on reactance. 8 pages, illustrated,
931X 12} inches.

assured performance.

ENGINEERS . . . ATTENTION! (Catalog).

John Wiley & S . . -

BLILEY ELECTRIC COMPANY New York N. Y. Describes Wonerrs by
) ncering Handbooks with reference to their
UNION STATION BUILDING ERIE, PA. value in war engineering work. 16 pages,

illustrated, gives prices, 8§ X 11 inches.
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Maximum Current in Amperes —

Continuous Service Rating
TYPES 1550-1560-1570-1580-1590

Maximum Ambient Temperature 60°C

Type 1590
00 100 Cop. Test VoIt Catalo 10,000 3000 1000 300 100
%‘.’J.‘?L".“l w‘;g.oo 383.0 ,l?co-o g ke. oy L e b ke. ke. ke. ke. ke.
590-200 7. 45 1.5 5 .01 8000  1590-217 16. 20. 15. 8.
590-201 8.5 6. 3. 1. o1 6000 1590-218 , 16. 20. 15. 8.
1590-202 6. 4. 2. 7 .02 5000 1590-219 . 18. 20. 17. 10.
1590-203 10. 8.5 45 15 .03 4000 1590-220 ... 18. 20. 18. 12.
1590-204 8. 7. 3.5 1.2 04 4000  1590-221 18. 23. 20. 12.
1590-205 11. 11. 2.5 05 4000  1590-222 18. 25. 22. 12.
1590-206 9. 8. 2. 05 2000 1590-223 ... 18. 25. 22. 12. 4
590-207 5. 1 2000 1590-224 ... 18 25. 22. 12.
1590-208 3. 1 1060  1590-225 .. 18. 25, 22 12
1590-209 6. 2 600  1590-226 18. 25. 22. 12,
‘ & g 18. 25. 22. 12
1590-210 4. .25 600  1590-227
Q ) 3 600  1590-228 18. 25. 22. 12
4 600 1590-229 18. 25. 22. 12}
5 600 1590-230 ... 18. 25. 22. 12
600  1590-231 Sl 8 25. 22. 12
600

Aerovox mica

transmitting capacitors
are available in the widest range of
types, capacities, working voltages. Type
here shown is the bakelite-cased 1590
series for medium-duty high-frequency
current-handling functions.

NEW B\‘.I)F()RDli MASS.,

Sales Oﬂi.ces_ i_n Al
Principal Cities

Proceedings of the 1. R. E.
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TH

Those Aerovox mica transmitting
® capacitors are backed by exceptional-
ly complete data on maximum current-
carrying ratings at five different frequen-
cies, in addition to capacity and test-voltage
ratings. The unit best suited for given
current at given voltage and frequency
may thus be selected quickly and precisely.
This data, the accumulation of years of
research and experience based on exten-
sive tests conducted with special test equip-

1590-232 18. 25. 22. 12

acckad l:’u{f

the most complete

CONTINUOUS SERVICE
RATING DATA

ment, was determined in connection with
standard circuits in which such units are
extensively used.

Good capacitors, plus good application
data, account for the tremendous popu-
larity which Aerovox transmitting capaci-
tors enjoy today.

Be sure you have the Aerovox Trans-
mitting Capacitor Catalog in your work-
ing library, if you are engaged in profes-
sional radio or electronic work.

{n Canada
AEROVOX CANADA LT0.
Hamilton, ?l})tt &
5 Varic! LGN
oo
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CONSTANT VOLTAGE |

is the answer to the precision demands of | |

CONSTANT ourrPur
VYOLTAGE

FLUCTUATING LINE
VOLTAGE

Every COMMUNICATIONS system—every
electrical INSTRUMENT employed in the
production of materials of war needs
CONSTANT VOLTAGE protection against
line surges and fluctuating voltage levels
caused by overloaded power lines. Sola
CONSTANT VOLTAGE TRANSFORMERS
will deliver a perfectly stabilized output
voltage, even though line voltages vary as
much as 30%. No moving parts. Instan.
taneous in action. Self-protecting against
overload or short circuit.

Ask for Bulletin KCV-74

SOLA ELECTRIC COMPANY

, TRANGRORMERS

2525 CLYBOURN AVE., CHICAGO,

A
V' A{V‘d}" 4

ILL.

Wi

|

fgﬁé * on special orders with

rigid specifications

Complete machine
shop and laboratory
facilities. .

HARVEY 100-XE. 100-Watt Transmitter. Rapid frequency
shift. 10 Crystal-controlled frequencies. Withstands extreme climatic conditions,

|

HARVEY Radio Laboratories Inc.

l
445 CONCORD AVENUE, CAMBRIDGE, MASS. ‘

l

INDEX
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CRPAYAVVA

CARBONYL
IRON POWDER

Manufactured by
GENERAL
ANILINE WORKS
435 Hudson Street, |

N.Y.C. |

ection of toler-

NEW ing feature 131061 @ 25T ond he
BOOKLET...

consist
. cements.
| . \-Ohm incre
We have recently pub- Y ) °‘° mmeei individuol 1€
lished a 24 page illustrated Other ranges - .0-
QU'\remen'S 2
booklet on the characteris- By settin

tics, applications, and gen-
eral specifications of
G.A.W. CARBONYL
IRON POWDERS "E,"
"TH," and "C."

This booklet should be of
the greatest interest to all
engineers and designers of
communications  equip-

ment.

Write to us on your letterhead at
the address below. We will be glad

to mail you a copy.

[ toler '°
Distributor of G.A W ‘ % for Bulleht
Carbony! lron Powder )

Bhie ﬂl/ANt' e
o1venrs £ Cnemicat Corrorarro

PO F10 V0 ALIENUS Arvy v aIIIM A Y

\g\HALLCROSS MFG. CO. faisiiania

INSTRUMENTS © RESISTORS ® SWITCHES
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Bombers from the Bottom
of the Deep Blue Sea

TuERE’s a fabulous amount of magnesium in every
cubic mile of sea water.

Enough magnesium for more than four million Flying
Fortresses. Enough to lay a continuous ceiling of
bombers . . . a hundred miles wide and stretching all the
way from London to Berlin!

Now magnesium can’t be dredged out of the ocean . . .
for every ounce of this rare metal must be produced by
electrolysis. This necessitates the conversion of vast
amounts of alternating current to direct current, at
the very water’s edge.

The best means of converting power is the mercury
arc rectifier. As long as ten years ago, Westinghouse
Research Engineers began experimental work on a neu
type of mercury are rectifier which would be more effi-
cient . . . more economical . . . Jess costly to install and
maintain than existing types.

These Westinghouse scientists realized that new un-
tapped fields in metallurgy would be opened by the
perfection of an improved mercury are rectifier. In 1937,
they brought forth the Westinghouse Ignitron.

The Iguitron operates on the radically new principle
of starting and stopping the mercury are with each cycle.
This means that electrodes can be placed much closer
together . . . grids and shields reduced . . . are drop

voltage decreased . . . voltage control simplified . . . are-
back practically eliminated. And all of this assures
higher efficiency and greater reliability.

More than 1,000,000 kw of Ignitrons are now at work
m magnestum, aluminum and c¢hlorine plants, in elec-
tric railway systems, in mines, in many war industries.

And so, the germ of an idea . . . horn ten years ago in the
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Westinghouse Electronies Laboratories . . . is now con-
Iributing its important share in u inning the war today.
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MORE

more capacitors for victory...
more hours of capacitor use
per dollar for American industry.

Unfailing communication between plane
and mosquito boat made possible
the successful evacuation of General
MacArthur from Corregidor; the success-
ful attack on Jap warships in Subic Bay
... Whether C-Ds are used in relaying
MacArthur’s messages “"down under” or
in helping “ham rigs" stand watch on
our own seaboard, they are meeting the
encmy challenge with the finer per-

formance and extra dependability that
Cornell-Dubilier has learned to build
into them in its 32 years’ experience as
the world’s largest manufacturer of ca-
pacitors exclusively.

While you may not now be able to en-
joy the efficient performance of C-Ds,
Cornell-Dubilier’s contribution to Amer-
ica’s war effort does assure more hours
of capacitor use per dollar for industry
in time to come,

Cornell-Dubilier Electric Corporation,
South Plainfield, New Jersey; New
England Division, New Bedford, Mass.

Cornell Dubilier Capacitors

LOW POWER TRANSMITTER CAPACITORS
Copied, imitated — but never duplicated.

Types 4 and 9 Moulded Mica Transmitter
Capacitors are designed to meet the require-
ments of power amplifiers and low power
transmitters, They are used principally for
grid and plate blocking purposes and for
r.f. by-pass functions.

Types 4 and 9 arc available in a wide range
of capacities at 600, 1200 and 2300 V.D.C.
working.

IN USE TODAY THAN ANY OTHER MAKE




Semi-automatic machines

wind cores in a fraction of
the time formerly required
by hand-winding.
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THE PRODUCTION OF VAR”\CS

STEpPED UP AcAIN!

The need for Variacs was never greater than it is
today. If you could glance along our speeded up production line. you
would conclude that General Radio is doing what it can to meet that need
Laminations are swiftly stacked to form the toroidally shaped cores. Form-
Prl). these cores were wound by hand: today a prndlu tion line of \pt‘(‘l.i“\
designed automatic machines wind cores faster and more uniformly than
skilled hand-winders. Spoilage is decreased. copper is conserved and. what

even more important, uniform tension and <pacing of the wound copper

wires are achieved, resulting in a better Variac than ever before

After other machines grind the brush contact surface of the wound coils
T e
to a uniform smoothness, the assembly and wiring are quickly completed

Uniformly high quality is maintained by a rigid inspection and testing pro-

cedure. Increased speed and facilities have jumped the daily production of
Variacs many times that of former methods Grinding the commutator surface on a type

50 Vanac winding.
Variacs are made in 15 models with power rating from 90 watts to : "8

7.000 watts; prices on the stock models range from $10 to $100.

® WRITE FOR BULLETIN =776 FOR COMPLETE DATA.
the original continuously variable autotransformer supplying
q rl an out-put voltage from zero to above line voltage.
GENERAL RADIO COMPANY

Combridge, Massachusetts

Because practically all of our manufacturing facilities are devoted to war projects, to secure
this equipment a preference rating certificate or other approved priority rating will be necessary.




