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1942: George C. Southworth and naval officer inspect
antenna of high-definition radar developed under Dr.
Southworth’s technical supervision. Scene is Bell Tele-
phone Laboratories’ secret test site at Atlantic High-
lands, New Jersey.

George C. Southworth, author of Forty Years of Radio Research, is best known to
the engineering-scientific community for his work in guided electromagnetic waves and
development of waveguide radio techniques. He also made the first measurements of
microwave radiation from the sun.
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authored a score of technical papers on topics ranging from electromagnetic theory
and high-frequency directional radio to waveguide techniques and radio astronomy.
His 675-page textbook, Principles and Applications of Waveguide Transmission, was
published in 1950. It remains the worldwide definitive reference work in this field.

Born in Little Cooley, Penna, in 1890, Dr. Southworth’s career spans most of
radio’s first fifty years. He studied at Pennsylvania's Grove City College, Columbia, and
Yale, and received his Ph.D. degree in physics from the latter university in 1923.

After a short period of university teaching, Dr. Southworth joined the American
Telephone and Telegraph Company’s Development and Research Department to begin
his career of experimentation—Iater continued at Bell Telephone Laboratories—which
led so dramatically to the development of guided wave radio.

Dr. Southworth and his wife reside in Chatham, N.J.
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A warm and informative autobiography provides
the framework of this unique history of the de-
velopment of modern radio. George C. Southworth,
for over forty years a pioneer at the frontiers of
radio research, interweaves events, ideas and ob-
servations from his long and distinguished career
with an authoritative first-hand account of radio’s
dramatic growth—from crystal detection and spark
telegraphy to microwaves and radio astronomy.

At the core of this book is a wealth of technical
information which traces the evolution of radio
physics from shortly after the turn of the century
—and a “frequency frontier” of some 1.5 mega-
cycles—to the present day, when techniques in-
volving frequencies in the many thousands of
megacycles are in common use. Dr. Southworth
describes the practical development of radio as
he saw it including transoceanic telephony, radio
broadcasting, radar, and radio astronomy. Wave-
guides and microwave techniques, developed in
large part by Dr. Southworth, play an important
part in this story. Many of the book’s illustrations
—photographs, diagrams and line drawings—have
never been published before.

The unique combination of technical exposition
and autobiography allows Dr. Southworth to be
candid and informal in his book and, while de-
scribing the technical aspects of these develop-
ments, he often interjects interesting anecdotes
concerning the persons and circumstances sur-
rounding them.

The story of George C. Southworth’s life and work
is also the story of modern radio, told here for the
enjoyment and enrichment of everyone interested
in one of the most exciting periods of scientific
discovery in our century.
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DEDICATION

TO MY DEAR WIF'E,

who, through the years, watched from the side-
lines as modern radio unfolded and later sup-
plied the ericouragement necessary for telling
this story, one of the many possible first-hand
stories of the development.




FOREWORD

THOSE INTERESTED in new departures in science and tech-
nology, and especially in how they come about, will welcome this
book. It is a personal chronicle of the author’s experiences and
observations in the course of a long crcative carecr. The scene 1s
that of radio-electronics in the first half of the twentieth century
when so much of the “shooting” was occuring; the author’s proj-
ect, the waveguide, was in process. And the telling of the story 1n
true biographical form is well done in professorial style with
quiet humor. Related are not only the subtle technical problems
and how they were met in long-sustained effort, but also the hu-
man side of the picture, the motivations, trials, and tribulations
in a great stratified organization, periodic victories, and frustra-
tions. As a background to the present remarkable testimony, let
the writer give somcthing of the carlicr events on which Dr.
Southworth’s work rests.

A fundamental trend that has run through the entire history
of telccommunications, and that threads through the author’s
progress, is that of spceding up the response of the instruments
and increasing their sensitivity, giving rise to ever faster oscillat-
ing waves. This has meant an ever incrcasing message capacity,
as witnessed by the evolving of telephony out of telegraphy, and
then the coming of radio and television out of the Hertz oscil-
lator, all-clectric, devoid of mechanical inertia. Hertz’s waves
werc of the order of a meter long, and still faster oscillating
waves were soon thereafter produced in the laboratory by others.
By contrast, those who sought to apply IHertzian waves to wire-
less communication, the inventors and engineers, resorted to

vi
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longer waves in order to increase the power and, thercfore, the
range. All these waves, those of the laboratory and of the field,
were generated by condenser discharges in air, which meant they
were discontinuous, came in bursts, and the attending technique
was crude. This spark technique began to be superseded by a
much superior one about 1915, one of continuously gencrated,
smooth waves. This is where Southworth entered the ficld. But
first let us recall briefly whence came this newer technique—
electronics.

In the latter half of the nineteenth century, practical-minded
inventors and engineers occupied themselves with applications
of the earlier discovery, electro-magnetism, in electro-mechanical
devices and machines. But there was a succession of lonely uni-
versity scientists who patiently studied the mechanism of elec-
trical discharges, particularly the passage of electricity through
liquids and attenuated gases. Supported by the gradual improve-
ment of that work-horse of the physical laboratory, the vacuum
pump, they were able to incrcase the exhaustion of their tubes
and reveal strange luminous effects. One form of discharge
seemed to flow from the negative, or cathode, clectrode, and be-
came known as the cathode ray. These rays cast a shadow, could
be deflected by a magnet, and behaved so as to indicate that they
were negative particles. Continued study and measurement of
them led to a “break through” in the 189o’s, into what became
known as the New Physics. Radioactivity, x rays, the cathode ray
oscilloscope, and the electron itsclf were discovered. The phe-
nomena and devices thus originated, inventors soon sought to
harness electromagnetic waves for use as oscillators and ampli-
fiers in telecommunications. By 1910 they had produced: the
Poulsen arc generator of continuous waves; mercury arc rectifiers,
oscillators, and amplificrs, such as those of Peter Cooper Hewitt,
Vreeland, La Tour-Weintraub; the so-called thermionic vacuum
tube, represented in the rectifier of Wehnelt and the valve of
Fleming (descended from the mysterious “Edison effect”), and
the triodes of the von Lieben group abroad and de Forest here.
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The latter’s audion radio detector was made to amplify and os-
cillate first by others, was then perfected into the high-vacuum
electron tube. The latter was by two industrial laboratories, once
they were apprised of the audion, those of the Bell System and
of the General Electric Company. This put the finishing touch
to the long quest of the vacuum tube, and a great contribution it
was, making a weak and uncertain tube into a reliable, reproduc-
able one, capable of handling material power, the beginning of
electronics.

The newly developed clectron amplifier (repeater) enabled
the Amecrican Telephone and Telegraph Company to extend
telephone service across the continent in 1915. By that time there
was being realized in the laboratory electronic continuous-wave
telephony applicable to the multiplexing of lines and to trans-
mission by radio. ‘That same year spcech was flung through space
across the continent and out across the scas, bridging that barrier
for the first time. These were great developments. But they rep-
rescnted the application of the great new tool to wavelengths
(frequencics) that already had been explored.

When he entered the development and research department
of A, T. & T., there was plenty for Southworth to do, and he
participated effectively in several developments during the 1920,
as he describes. This included the first step toward shorter waves,
so-called “short waves” in the tens of meters range, which proved
to be effective for great distances. But the discovery step had
been taken first by others, notably the amatcurs and Marconi.
A natural-born researcher, Southworth realized his work was not
exploratory in nature, and kept wondering about those uncertain
dielectric waves he had sampled at Yale. As transoccanic short
wave operation became established and he was rather exhausting
his developmental job, he sought to reestablish acquaintance
with those very short waves, and was able to seize the opportunity
of experimenting.

Of his further progress through the 1930’s, into World War
II and beyond, the author tells most interestingly. He could
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progress no faster than facilities could be developed for rcaching
down into microwaves, where sparks had long since gone. Re-
scarch in vacuum tubes was a monopoly of part of the research
department and it was occupicd in perfecting cxisting types, so
most of the radically new tubes came from outside, starting with
that of Barkhausen. But Southworth persisted, used everything
he could find, and with his small group of dedicated colleagues,
built a really new technique.

Lloyd Espenschicd
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Chapter 1

INTRODUCTION

This is briefly how it happened.

ONE OF THE MORE SPECTACULAR technical developments of
our age has been radio. Beginning about the turn of the century
with ship-to-shore telegraphy, radio has been extended through
the years to intercontinental telegraphy, to broadcasting, to trans-
occanic telephony and more recently to television, to radio as-
tronomy and to satellite communications. The paragraphs that
follow are concerned with a life spent in the technical develop-
ment of these new fields.

Closely related to this remarkable development has been
a trend toward higher and higher frequencies. Begimning with
the appreciation that cach radio service to be accommodated re-
quired a separate band of frequencics, growth proceeded toward
higher and higher frequencies, passing rather rapidly with the
ycars from tens or hundreds of kilocycles, where commercial
radio began, to megacycles and thence to tens, hundreds, thou-
sands, and more recently to tens of thousands of megacycles.
With our best laboratory techniques, we are now poised at a
rather imndefinite and probably temporary frontier around 100,000
mc. This briefly is the fifty-year path that has led to our present
status of radio. Much of it has come within the experience of the
writer of this book. In some instances he was an active par-
ticipant. In others he was merely an on-the-scene spectator,
while in still others his knowledge came largely by word of
mouth.
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The long trek from 1 mc to 100,000 mc was an interesting
journey. Like our own westward-ho movement of an ecarlier year,
the story of this journey bears retelling many times, particularly
by those who were there. The electrical countryside was by no
mcans smooth. There was much sage brush and mesquite along
the way. There were many times, too, when it was necessary to
abandon generally accepted but nevertheless unsound ideas be-
fore we could proceed. At these critical times our status as cred-
itable engincers was in grave danger.

Because this experience represents a fairly sizable block of
information and because it pointed the way to very important
subscquent developments in electrical communication, it has
scemed desirable to place it in readily available form.

In sctting down his experiences the writer has assumed
the role of an on-thescenc reporter and not a historian. He
makes no pretense of making his record complete, choosing in-
stead to report events as he saw them, selecting his material
partly for its importance, but more particularly because of its
ready availability. Every effort has of course been made toward
accuracy, but since many cvents are based on memory they can
no longer be verified. It is hoped that the result will find a meas-
ure of interest both to the current reader and to the historian
who at some later date may wish to picce together various steps
of radio history. Because of the nature of this material, much of
it has been written in the first person singular. This is a form of
reporting which the writer finds difficult.

In the earlier years of the writer’s experience, radio com-
munication was limited entirely to telegraphy. In fact at that
carly date, the entire field was referred to simply as wireless teleg-
raphy. With the invention of the audion by de Forest and its
subsequent development as an amplifier, 2 modulator and as an
oscillator, radio telephony as distinct from radio telegraphy, be-
came a practical reality. At first, the available power was low and
accordingly its use was limited to relatively short distances. A
particularly important step was therefore made when methods
were found to make these clectronic devices function at the
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higher power levels, thereby increasing the distance. Shortly
radio telephony became possible even at distances of hundreds
of miles and while for many purposes telegraphy continued to
be the more economical form of communication, telephony as-
sumed an increasingly mmportant role particularly where per-
sonal contact between individuals was desirable. With the devel-
opment of the radio telephone, came the vast industries of broad-
casting, transoccanic tclephony and telephone communications
with mobile stations such as ships, aircraft, and motor vehicles.
At this state of development, the term wireless telegraphy was no
longer descriptive. The Englishman tended to abbreviate the
name to wircless, while his American cousin called it radio. Re-
cently there have come into being even newer scrvices as, for
example, radar, nationwide television networks, and the radio
relaying of vast numbers of tclephone channels. These morc
recent services have been made possible, as we shall see, by a
new and very different kind of radio than any that could have
been envisaged forty years ago. It was in this area that the writer
was able to make a contribution.

It is of interest that, in the carlier years, formulated rules
of radio propagation seemed to say that low frequencies, perhaps
30,000 cycles, were best suited for long distances, as for example
transoceanic use, and higher frequencies, such as 5oo,000 cycles,
were best suited for short or moderate distances. Because antenna
structures for the higher frequencies were simpler to construct,
and could be mounted on ships, these higher frequencies were,
in spite of their distance limitations, used extensively for ship-to-
shore telegraphy. At this stage one band was known as long
waves and the other was known as short waves. It is also of in-
terest that the carly rules of radio propagation suggested that
as we procecded toward the higher frequencies, propagation be-
came progressively poorer, and beyond some indchnite point
perhaps around 1000 ke.,* the radio spectrum might indeed

* One kilocvele (ke) equals 1000 cveles. One megacyele (mc) cquals
1000 ke. More recently, the term kilomegacvele (kme) has come into use. It is
sometimes known as the gigacycle.
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prove useless. As we shall see, this was the first of several false
alarms to be sounded.

As many readers know, the region of poor transmission
turned out to be a relatively narrow band centering around 1.5
mec. and beyond this point there was another vast expanse where
large numbers of radio services could be accommodated. At this
stage, it was convenient to transfer the appellation, short waves,
to this newer region and to refer to the older region as long
waves. It 1s finally of interest that in this new range another rule
of thumb prevailed and it was the reverse of that at low fre-
quencies. More particularly, the lower of this higher register of
frequencies secmed best adapted to short or moderate distances
and the higher frequencies were best for long distances. It turned
out, however, that as our knowledge of radio transmission un-
folded, radio propagation was not as simple as was at first as-
sumed. Indeed in this new range, it was very complicated. While
the rule just cited held in a general way, a more exact formula-
tion called for diffcrent frequencies for day than for night, dif-
ferent frequencies for summer than for winter and different fre-
quencies in one part of the eleven-ycar sunspot cycle than in
another. It also turned out that regions relatively close to the
transmitter were sometimes hurdled while at the same time others
more remote were served very adequately. For many people, this
latter observation was hard to accept. To the particular physicist
whose lifework centered around an explanation of the universe,
these rather complicated phenomena were at the same time both
a challenge and a wonderland beckoning him onward. To ex-
plain his difhiculties, man, naturally an idolater, built for himself
various mechanisms. One assumed the earth to be surrounded
by a vast ionic cloud endowed with properties of bending radio
waves to follow the curvature of the earth. Because observed
transmission phenomena were rather complicated, it was assumed
that the 1onic cloud was correspondingly complicated. Much
of the twenty-five years that have followed have been spent
perfecting the structure of this assumed cloud. More will be
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said about this branch of radio rescarch in the chapters that
follow.

As the riddle of wave propagation began to unravel, it ap-
peared that at some frequency ranging between 20 me. and 30
mc. radio waves sent out by a station no longer followed the
curvature of the earth but passed into interstellar space. Thus
their practical use scemed to be confined to distances out to the
horizon or slightly beyond. At first this seemed like a distinct
limitation and again it scemed as though the radio spectrum
might be definitely limited. It soon devcloped, however, that
there were numerous local scrvices for which these higher fre-
quencies might be well adapted and plenty of use would be
found for this new region. This time it was convenient to refer
to the new region as ultrashort waves.

In casting around for new uscs, it soon occurred to the en-
ginecr that he might make a virtue of the leaden feet which
thesc waves seemed to possess and usc the same frequencies re-
peatedly at different points over the country. This presumably
could be done without appreciable interference. Also, there was
the hope that because the power necessary to reach the horizon
was small and the apparatus might be made correspondingly
mexpensive, these shorter waves could be used for the radio-re-
laying cross-country of broad bands of tclephony or perhaps tel-
evision. This turned out to be the case, but, for awhile, every
attempt to formulate such a system encountered cither economic
or technical difficulties that seemed formidable. For a decade
or morc, the rare bird that scemed almost within reach edged
shyly away and lured the engincer progressively onward toward
still higher frequencies and also toward still greater difficulties.

It is significant that some of the difficultics encountercd by
the engineer werc related to dimension. For example, as he pro-
cceded toward the higher frequencies, the coils and condensers
used in his radio circuits became correspondingly small and
ultimately became impracticable in size. Even more disturbing,
the electron which thus far had appcared fleet-footed now began
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to appear sluggish and accordingly the conventional electronic
devices, then in use, threatened to fail entirely to carry out their
customary functions. Again, radio scemed to have rcached its
limits.

About 1931 the writer and certain of his closc associates be-
gan investigating the practical possibilities of propagating very
short radio waves through hollow mectal pipes and along dielec-
tric wires. To be practicable, this scheme pointed to frequencies
even higher than any then envisaged and in this regard there
was, initially at lcast, little comfort. However, there was implied
in this new form of transmission a new circuit technique that
might replace the pigmy coils and condensers and at the same
time help materially with the electronic problem.

It is of interest that from the concept of guided waves
there came three well-defined kinds of new and useful applica-
tions. One was a new medium for propagating wave power from
one point to another which we later called a waveguide trans-
mission linc. Another was a new tuning technique that became
cffective at frequencies beyond the limits of coils and condensers,
while the third was a series of new antennas, some of which were
cven more directive than conventional searchlights of that period.
The whole was referred to as waveguide technique. The cn-
hanced dircctivity realized by the new antennas was reflected
in a corresponding saving of transmitting power and this aided
materially the electronic problem. It, together with the new cir-
cuitry that followed naturally from waveguide technique and im-
portant new developments in clectron devices themselves, led
ultimately to a new and very different kind of radio than any
envisaged forty years carlier. Among other things it provided
the extensive radio-relay systems now covering a large part of
North America as well as the high-definition radar which played
such an important part in World War II. These developments
also will be discussed at length below.

It is of further interest that during the earlier years of the
study of radio transmission, certain important features were
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overlooked. At first it appeared that ultrahigh frequencies could
be heard only at very short distances beyvond the horizon. Later
it turned out that this over-the-horizon distance was far greater
than had been expected. Indeed with sufhiciently high power and
with appropriately sensitive receivers, it became possible to reach
points several hundreds of miles away.

The over-the-horizon feature is of course of great practical
importance for it becomes possible, for example, to bring tele-
vision and tclephone connections to certain offshore islands that
might not otherwise enjoy it. Already considerable use has been
made of this feature and many others are contemplated. It
turns out, however, that these new uses come at a fairly high
price. The much higher transmitted powers or alternatively the
more directive antennas nceded for this purpose both cost siz-
able sums of money. The writer was always very much intrigued
with the mechanism of this form of transmission but it so hap-
pened that he had no very important part in its development.

As might be expected, the practical development of radio
was borne in a large measure by new discoverics of scicnce. In a
few instances these discoveries took place in areas quite removed
from radio and were made without a thought to practical usec.
In others they were made as an integral part of radio develop-
ment and were prompted definitely by the idea of practicability.
Indeed, instances of both kinds are so frequent in the history of
radio as to make it difficult to lay down significant rules as to
its evolution. This situation notwithstanding, it is quite obvious
that pure science plaved a most important role in radio’s history,
partly by supplying new building blocks and partly by offering
acceptable explanations for the new and very complicated phe-
nomena so frequently encountered. Much of the author’s life
was spent on the fringe between the theoretical and applied
radio.

It is of particular interest that contributions to radio by pure
science were not entirely a one-way matter. Quite the contrary,
the tools of practical radio contributed much to pure science.
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An example has already been touched upon. Thus, as indicated
above, a necessary part of the formulation of the rules of radio
transmission led to new information about the earth’s upper
atmosphere. Later it was found that one source of radio noise
resided outside our solar system. Another resided in thc sun
itself. Together these two discoveries marked the beginnings of
a new and a very comprehensive study often referred to as radio
astronomy. The author had a hand in this also.

Still later, it was discovered that falling raindrops and sus-
pended water particles could both absorb and scatter certain of
the shorter radio waves. Next it was discovered that water vapor,
as distinct from water droplets, could absorb certain of the
shorter radio waves. This has aided materially in the study of
the earth’s atmosphere. It is interesting that radio has also con-
tributed greatly to the instrumentation of meteorology. I'or ex-
ample, it is possible by means of radar to follow the progress of
hurricanes and other atmospheric disturbances even though they
are offshore and normally outside the reach of observing instru-
ments.

About 1936 a young physicist, Claude Cleeton by name,
improved further one of the sources of radio waves that had
already been developed primarily for communications purposes
and with it produced the shortest sustained waves so far available.
With this new tool he verified experimentally a prediction pre-
viously made on theoretical grounds, namely that the ammonia
molecule could absorb a narrow band of frequencies centcring
at roughly 25,000 mc. By this act he and his professor, N. H. Wil-
liams, at the University of Michigan, started a new ficld of ex-
perimental study. This discovery was followed several years later
by a study of numerous other materials including oxygen which
proved to have an absorption band at 60,000 mc. Soon it was
found that upon impressing strong magnetic fields upon both
electrons and nuclei other resonances could take place. The fre-
quencices involved were again in the upper register of those used
in radio and again radio techniques could be of help. These
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techniques have not only contributed greatly to the experimental
discovery of these resonances, but they have helped materially in
the study of various materials. Like the case of radio astronomy
just cited, there has sprung up in recent years, about the subject
of molecular and magnetic resonances, a new and a very interest-
ing ficld of experimental physics. This must be added to the con-
tinuum of research and development that has evolved during
the half century covered by the writer’s experience. This too
will be described below. It is interesting that no less than three
recent Nobel prizes for physics have been awarded for work that
was either inspired by radio or in some way grew out of tech-
niques that had been contributed by radio. Several of the re-
cipients of these much coveted prizes were close friends of the
author.

Perhaps it may be worthwhile to touch briefly on the au-
thor’s background. It will probably show, more than anything
elsc, that both background and training can be inappropriate for
a Iifework and still a modicum of success can be attained. The
earlier years were spent on a farm in northwestern Pennsylvania
where he attended a onc-room country school of the most ru-
dimentary kind. Though the one-room school had definite limita-
tions, it also had certain advantages. For example, much was
learned from questions which he heard put to the older students
and also from their corresponding answers. Next he attended a
threc-year high school located in a village a few miles away. Again
he had the advantages of listening to the recitations of older
students. In the horse-and-buggy days in which he then lived,
this village scemed almost like a distant land. As compared with
present-day standards, both schools would be regarded as poor.
We wonder 1if they really were.

Following this, the writer taught at a country school much
like that which he had attended earlier. Still later he went to
the city to learn firsthand about electricity in an electrical manu-
facturing concern, studying, at the same time, by way of a
well-known correspondence school. From therc he went to col-
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lege, then to graduate school, then to the Bureau of Standards
and finally to the Bell System where he spent more than thirty
years in radio research. Thus after nearly seventy years, with
nearly a half century spent in radio research, he has come to the
point of writing down what he saw going on about him.

It is particularly significant that while the technological
development of this forty years is the particular point of this
story, the most interesting side, as usual, is concerned with per-
sonal relationships. There were, for example, the teachers, both
high-school and college, who were particularly inspiring. There
were others at the university level who were scholarly but hardly
inspiring. Likewise in research there were those who werc very
helpful but there were many more who were not. Supervisors like-
wise varied widely in their ability to get the best from their men.
Together these various people have made this a very interesting
as well as serious lifc. Naturally such a life has been punctuated
both by pathos and humor. A few cascs selected largely for their
lighter side will be related.

Of particular interest was the impact of the rapid advances
of radio on certain principals in the communications industry.
Since leaders in industry arc invariably conservatives, and since
the carlier communications methods were built around wire-line
techniques, it was natural that this older fraternity should look
on radio with a measure of disdain. In their minds, it was incon-
ccivable that radio could ever take over the functions of a wire
line. Often long arguments were formulated proving that this
could not possibly be the case. Many of this older group have
since passed to their reward, but there are many others who
remain. It is of interest that as of this date (1961) there has
come into being, almost without the awareness of this older
group, new forms of radio which have already taken over more
than one third of the total long-distance circuit mileage in Amer-
ica and much more is contemplated.

The above remarks should not be inferred to mean that
there has been an invariable trend from wire-line methods toward
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radio. Indeced, the long-range view is toward a rcturn, at least in
part, to the wire-line type of communication. In much the same
way that the research mentioned above provided a newer and
very different form of radio, so has it provided a new form of
long-distance telephone line very different than the old. The lat-
ter will probably take the form of a hollow pipe. In this it may
be expected that there will arise in the next decade a new crop of
conservatives, and no doubt exponents of the newer waveguide
transmission line will again need to ight an uphill battle against
exponents of the older radio-relay.







Chapter 2

EARLY IDEAS
ABOUT RADIO

Rural background. A farmer goes to
town. An introduction to radio re-
search.

IT 15 DIFFICULT TO saY when I first heard of radio. Perhaps
it was around the turn of the century when newspapers began
reporting Marconi’s spectacular accomplishments. 1 certainly do
not remember the first of Marconi’s announcements nor can I
be certain that I remember the particularly important statement
made in December 19go1 announcing that the letter S had been
received by radio from across the Atlantic. I do, however, remem-
ber that the idea of wireless appearcd frequently in the press
and like many other young people of the time I was greatly im-
presscd by its wonders. For awhile, it seemed that Marconi vied
with Edison for the position of wizard of the age.

Unencumbered by a knowledge of the true limitations of
radio, it was easy to visualize a world run largely by wircless and
my imagination was probably as active as any. Though com-
munications with ships was the only service that wireless could,
at the time, claim cxclusively as its own, there was the strong
suggestion that wireless would sometime replace the very ex-
pensive transoceanic cables and possibly land lines as well.
Claims of this kind were common and at times they led to
marked repercussions in stock-market prices. Unsound ideas
about wireless did not stop at communications. At the time,

13
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Nicolai Tesla who shortly before had invented the induction
motor and enjoyed a great deal of public confidence, was pro-
moting the idca of transmitting power by radio and it is said
that he conducted a few experiments.

Perhaps the first tangible information about the method of
operation of a wireless sct came to me about 19o7 by way of an
article appearing in a popular weekly. It described in consid-
erable detail both a transmitter and a recciver. The transmitter
consisted simply of a battery-operated induction coil together
with a spark gap and a directly connected antenna and ground.
The function of the induction coil was to charge thc antenna
periodically to the breakdown point of the gap. At the moment
of brcakdown a small amount of power was radiated into the
surrounding space. The distant recciver consisted of a similarly
grounded antenna connected to a coherer made up of finely
divided metal particles. Across the coherer was a door-bell ar-
rangement for announcing the reccived signal and for tapping
the filings thereby restoring a condition for good reception. I
was naturally greatly impressed with the simplicity of the ar-
rangement and could hardly believe that such a simple arrange-
ment could be so uscful. My suspicions were, of course, well
founded for the arrangements shown mercly illustrated the rudi-
ments of wireless.

At the time I was living on a farm necar Little Cooley,
Pennsylvania, where I had been born and raised. I was then
attending a threc-year high school, 19o5-1908, in nearby Town-
ville, and like many other seventeen-yecar-olds, I had become
greatly interested in electricity. There were few textbooks. How-
ever, one book available to me was the physics text used by the
classes ahead of me in high school and whose recitations I
overheard each day. Also there were the articles appearing in
the current edition of Encyclopaedia Britannica. Later I was able
to read a set of textbooks on Telephone Engineering prepared
by one of the correspondence schools. The Encyclopadia Bri-
tannica articles helped somewhat in understanding the radio ar-
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ticle already referred to, but I fear that this understanding was,
at the best, rather superficial.

During the last of my three years of high school, I took the
course in physics already referred to. Although there was no
laboratory, the book was descriptive and contained more than
the usual number of pictures illustrating fundamentals. 1 think
that these experiments intrigued me most of all. At the time,
current electricity was sometimes explained in terms of a fluid
flowing through the conductor comprising the circuit. Some-
times two fluids were assumed, made up respectively of positive
and ncgative charges. It was all rather confusing, but at that time
clectricity was expected to be mysterious and thus it was merely
living up to a well-earned reputation.

At the time, a newly formed independent telephone com-
pany was installing in the village a central office together with
lines connccting several hundred farmer telephones. The engi-
neer boarded at the hotel across the street and I spent much
time in the hotel office plying him with questions as to how the
electrical fluids could flow so freely through the several miles
of a telephonc line. He professed to be interested. It was difficult
for me to sce how two subscribers served from the same tele-
phonc pole could receive the same grade of service when the serv-
ice connection of onc branched off at a gentle angle to the resi-
dence immediately beyond, while the other doubled back in such
a way as to require a sharp reversal in the direction of flow. It
scemed as though there would be a difference between the two
cases. Perhaps I was already entertaining, in a crude way, the idea
of electromagnetic inertia, and the idea that the transmitted tele-
phone message consisted of a wave guided between the two wires.
I may actually have gotten this idea from the work of Hertz as
described in the Encyclopadia Britannica. If so, there was being
formed in my mind the first connection between wireless waves
and waves along telephone wires.

At this time I was doing a little experimenting on my own,
subsidized, I suspect, by the kindly telephone engineer. He sup-
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plied allegedly dead batteries, and possibly other pieces of ap-
paratus. I was then rooming upstairs in a rather small wooden
building set somewhat apart from the other buildings of the vil-
lage. Downstairs was a doctor’s office and a small bank that had
been robbed twice in the previous decade. For one winter in par-
ticular I was pretty much alone in this building, but this had
numerous advantages—particularly for one who was carrying on
experiments. In particular, I found that the doctor below had
taken a course in college physics and between patients I could
also ply him with questions. He too professed an interest. Being
moderately skeptical, 1 found myself comparing the doctor’s an-
swers with those of the telephone engineer.

During one of the summers of the high-school period, Reid
St. John, a high-school classmate who lived on a neighboring
farm cooperated with me in building a telegraph line betwecn our
homes. At this point I aspired to be a telegraph operator and
to get a good job on the railroad. Such jobs were then in great
demand. In fact, at one point, I approached a nearby station
agent with a view to learning the business. If he had accepted
me, I fear that there would have been no more high school, no
college and no radio research.

Following my graduation from high school, I taught for
two winters, 1go8-1910, in a country school with all eight grades
in the same room. During the summer months I worked for the
local telephone company sometimes digging holes for poles,
sometimes helping to string wires, and sometimes shooting
trouble. There was plenty of the latter for we were in an area of
great thunderstorm activity. I remember particularly trying to
unravel in my mind the mysteries of lightning, and trying to es-
tablish a connection between lightning, current electricity and
waves on wires. I seemed to have no trouble understanding the
magneto-type telephonce system then in use.

The feeling of well-being coming from being a teacher and
therefore a respected member of the community was pleasant,
but therc was an urge to know more about electricity so I decided
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to enroll for a coursc in electrical enginecring in one of the
well-known correspondence schools of that time. This I worked
on during my winter months as a teacher. At the cnd of two
years I decided to try for a job as a student with the Burke Elec-
tric Company of ncarby Erie, Pennsylvania, a small concern
that manufactured a wide range of dynamos, motors, and trans-
formers. According to their student plan, I was to be paid at the
outset $5.50 for a 55-hour week and I would be given the op-
portunity of learning what I could about the technical side of
the business. There were no classcs giving formal instruction and
what T might learn depended cntircly on my own initiative.
Obviously the plan was a scheme aimed primarily toward cheap
help. However, there was much that could be learned and for
awhile T felt T was progressing. It is interesting that at this time
the Burke Company was building machinery not only for direct
current, then very common, but for 6o cycles, 25 cycles, and for
133 cycles as well. Standardization was under way but it had not
yet crystallized. This was perhaps good from the student’s point
of view.

During the same summer, 1910, two events stand out in my
memory. Onc was Ilalley’s comet which was visible for some
time to the northwest over Lake Erie. The other, quite unrelated,
was a visit to an ore boat which regularly put in at the FEric
harbor. The boat in question was equipped with a Marconi radio
sct. 'The operator very kindly explained the apparatus to me and
allowed me to listen for signals. Therc were, at the moment, no
signals but he assured me that the apparatus really worked and
I believed him.

During my June to December sojourn at the Burke plant,
I worked in several departments including the test room. Though
all of this was good experience, I think that I soon realized that
it was at best superficial and from this point on, new knowledge
would come rather slowly. I had already considered going to
Pennsylvania State College for a course in Electrical Engincering
but the distance involved and the very considerable expensc for
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board and room hardly made it feasible. In spite of bcing a
State-supported school, its expenses seemed high. My father,
who was a farmer, would have liked to send me to college and
for many years had so planned, but when the time arrived there
were no funds. More feasible was a plan to go to nearby Grove
City College using, until exhausted, the small bit of money
carned during my two years as a teacher. This I decided to do
latc in December, 1910. At that time, a four-tcrm system was in
progress at Grove City and I could enter, even though it was
mid-winter, starting courses in fundamentals such as trigonom-
etry, higher algebra, chemistry, and certain of the languages.

I think that I went to Grove City largely because it was
rclatively inexpensive and also because my two high school
teachers, Messrs. Earl and Floyd Kingsley, whom I admired
grcatly, were at the time both teaching winters and attending
Grove City during the spring and summer months. They were
demonstrating that it was possible to go to college on a piece-
meal basis and if they could do it, perhaps I could do likewise,
possibly getting the fundamentals of engineering and later going
clsewhere for its higher branches. It is of intercst that as a
result of this inspiration, gained at the high-school level, four
of the five boys in our small class went on to college. Two be-
came Ph.D.’s. A third became a well-known Chicago M.D., while
the fourth rendered an even more important service by being
a high-school teacher for perhaps forty years. Several succeeding
classes did equally well. Onc in particular produced a faculty
professor at the Ohio State University, an M.D., and also a New
York Central Railroad Vice President who was so good that he
survived the Young invasion of 1954.

It turned out that my work at Grove City was very difhicult,
at least during my earlier years. This was largely because my
threc-ycar high school course had been rather inadequate. How-
ever, I managed to do moderately well in mathematics and the
sciences and I succeeded in passing my courses in the languages
and thc more general subjects with acceptable grades. It is sig-
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nificant that ncar the end of my first year I obtained a job in the
local college power plant at a dollar a day working between
5:00 P.AL and 10:15 P.M. Thereafter these earnings carricd most
of my expenscs and there was no need to drop out for periods of
teaching as was previously anticipated. This job would not, of
course, have been possible were it not for my previous expcrience
with the Burke Electric Company. Because I worked cvery
night of the week including Sunday, there was no social lifc.
The already very bashful farm boy became even more bashful.
While the knowledge of the calculus was progressing very nicely
that of the social graces was improving not onc whit. Much
was being left to be acquired at a later date from Emily Post.

During my second and succeeding years I had cxcellent
courses in physics all under Professor H. W. Harmon. He was
inclined to put a practical slant on his teaching and this fitted
well with my previous ideas of a course in enginccring. After
studying further about electricity in general and about electric
waves in particular my ecarlier interest in radio was revived and
in 1913 I approached Professor Harmon with a view to doing
a little extracurricular work on this subject. He was then very
much interested in meteorology and in this connection he had
alrcady made coherers and associated circuits for detecting on-
coming thunderstorms. It turned out that having explored in a
general way the field of meteorology, he was in a mood to trans-
fer his intcrests to the ncw field of radio and accordingly was not
only amenable to my suggestion, but took me in as a partner,
so to speak, in his studics.

Togcther we read most of the few textbooks then avail-
able and subscribed to two radio periodicals: “Wircless Age”
and “Electrical Experimenter.” At this point we proceeded to
assemble a radio receiver and a radio transmitter. Yes we, in
common with many others of our day, fell for the Elcctro-Im-
porting Company * via “Electrical Experimenter” and ordered

* The Electro-Importing Company was a concern located on Fulton Strect
in downtown New York and headed by Hugo Gernsbach. They manufactured
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Fig. 2.1 A radio recciver dclux before the days of the de Forest
audion. Advertising material accompanying this custom job reads: “Cabi-
net Receiving Sct. Does away with sliders and loading coil. Buzzer and
everything enclosed. Price $40.”

from them various pieces of cquipment. Though the latter may
have been inferior, it was certainly not expensive and perhaps
after all we had our money’s worth. One of the greatest thrills
of my life came after a few wecks of patient listening when I
first picked up time signals from the Navy’s station NAA located
at Arlington, Virginia. This and a Marconi station at Cleveland,
Ohio were the only stations heard for some timc but later we
contacted an amateur, Mr. R. L. Patch of New Castle, Penn-
sylvania. Others followed in due time. With the present-day
bedlum of signals in a much crowded radio spectrum, it is dif-
ficult to rcalize that only a relatively few years ago, it was difficult
to find even one lonely tclegraph signal. Figure 2.1 shows a re-
ceiving set typical of the time.

Our first transmitter was a one-kilowatt rotary gap spark sct.
and sold a variety of apparatus of intcrest to radio cxperimenters. A magazine
known as “Elcctrical Experimenter” and edited by Mr. Gernshach deseribed cx-
periments involving their apparatus. Not only was Mr. Gernsbach a gifted writer
but he was quick to scnse the type of material wanted by young experimenters.

A good market for their products followed rather naturally. This may have marked
the beginnings of the radio amatcur movement in America.
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The rotary feature gave the received signal a distinct tone that
facilitated reception through a background of static noise. We
supposedly operated at 1.5 mc but I am sure that our frequency
was actually much lower. Somehow, the lower frequencies seemed
to “get out” better and until such time as the radio inspector
in faraway Cleveland should discover us and complain, we
thought it proper, in the interests of science, to continue. This
we did and it may be of intercst to know that the inspector
never complained. Perhaps our transmitter was not as good as
we had hoped. Perhaps also the inspector was not overly vigilant.

Soon after our entry into radio, we began reading about
de Forest’s audion, a newly invented detector much more sen-
sitive than the crystals then in general use. Naturally we wanted
an audion. We learned that these were available from the de
Forest Company as a completely assembled unit together with
flashlight batteries for about $24.00 but we also soon learned
that there was a black market through which the same tubes
alone could be had for much less. I think that we obtained our
first audion by the black market route in 1914.

It is of interest that at the beginning of my senior year and
with graduation in sight, I was married. My young bride, Lowene
Smith, had lived on a ncarby farm near Little Cooley. We had
been close acquaintances both in grade school and in high school,
and still later in college. This close partnership continues nearly
fifty years later and is of great help particularly as these lines
are being edited and proofread.

I graduated from Grove City as a physics major in 1914 and
continued two more years, partly as a teacher and partly as a
graduate student majoring in the physics of radio. As Professor
Harmon’s teaching assistant I was assigned fairly important
courses and I thoroughly enjoyed teaching them. As time went
on, I became more and more inclined toward teaching as a
career.

During the two years that I was a graduate student, Pro-
fessor Harmon and I did a great deal of radio experimenting.
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We were much interested in mcasuring both signal strength
and static. We took first steps toward measuring the day-to-day
variations of both of these quantitics, using the signals from
station NAA in Washington as a basis. As might be expected,
we found a day-to-day variation in static but this was obviously
more related to weather conditions than to any daily cycle of
transmitting conditions. The signals from Washington remained
fairly constant unless possibly for the difference between the day
and night levels. During this time we built a fecdback receiver
using an audion as the local oscillator. With this we listened
extensively to the great German station at Sayville, Long Island.
Also, during 1915 we searched for the first long-distance tele-
phone tests then being made by the Western Electric Company
from Arlington, Virginia, but we were not fortunate enough to
hear “Hello, Shreve” and other words that were transmitted.

Several years later, after I had become a part of the Bell
System, I found in their files an extremely interesting story of
the dcvelopment of radio telephony up to and through the
famous 1915 experiment. As might be expected, much pioneer-
ing work had already been done. Quite as important as the
successes in this carlier phase, were the failures, since, in many
cases, they pointed the way to the reasons why certain ingenious
schemes had failed. Included in this earlier work were contri-
butions made by de Forest himself who had built rather prim-
itive but nevertheless successful radio telephone equipment us-
ing his newly invented audion. The latter was the name given
by de Forest to the first triode.

Apparently the Telephone Company, after acquiring rights
to use the audion, pushed hard toward developing its use not
only as a wire-line telephone repeater but its less obvious high-
power applications particularly at the radio frequencies. After
flexing their muscles in the West Street Laboratory in New
York City on fundamental circuit arrangements, suitable for
radio oscillators, modulators, and amplifiers, they began to as-
semble the necessary equipment looking toward a sizable public
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Iig. 2.2 Apparatus used in the 1915
radio-telcphone expermment between Mon-
tauk, N.Y. and Wilmington, Declawarc. The
power amplifier shown above at the left was
made up of eightecn air-cooled triodes op-
erated in parallel each like that shown below
at the left. Though cach tube was a foot or
morc long and perhaps thrce inches in di-
ameter, it was capable of but a few watts of
undistorted power.
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demonstration. Included were power tubes; each, though of siz-
able proportions, was actually capable of but a few watts of
undistorted power. The first demonstration called for a trans-
mitter located at Montauk Point near the eastern end of Long
Island, New York (sce Fig. 2.2). It was built around a bank of
eighteen of these power tubes operating in parallel at a frequency
of about 170 kilocycles.* A receiver was located atop the Dupont
Building in Wilmington, Delaware, a distance of perhaps 200
miles. Though much of the construction was carried out in 1914,
first tests were not conducted until April 4, 1915. They were em-
inently successful. Later in May, 1915, the recciver was moved to
St. Simon’s Island, Georgia, a distance of 8oo miles, and again
the tests were successful. In both cases the radio link was made
a part of the Bell System wire lines and numerous demonstra-
tions were made, not only at Montauk Point, but at Wilming-
ton and New York City.

Prompted by these initial successcs and probably not appre-
ciating adequately the mounting difhicultics of adding more trans-
mitted power, the upper levels of management began to talk of
transoceanic distances. Acceding to their wishes, engineers ex-
panded the single bank of 18 tubes to more than 5oo tubes and
around this huge power amplificr there was asscmbled, in re-
markably short time, a new transmitter of much greater power,
possibly 2.5 kw (see Fig. 2.3). Arrangements were then made with
a rather skeptical Navy to locate this transmitter at Arlington Sta-
tion just outside of Washington, D.C. Also young engineers,
armed with receivers, were dispatched to Mare Island and San
Diego in California, Darien m Panama, Honolulu in the Pacific
and to Paris in France. As World War I was then in progress and
as France was being sorely pressed by the Germans, the Paris tests
were necessarily brief. Tests were started July 4, 1915, and con-

* The attached photographs of the early transmitting equipment used in
the 1915 experiment were very kindly made available to me from the private col-
lection of Mr. Raymond Ieising, who was responsible for the design and subse-
quent operation of the transmitter.
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Fig. 2.3 A few of the 550 power tubes used in the last stage of the
1915 Arlington, Virginia, radio-tclephone transmitter.

tinued through September. It is significant that speech was
heard at all points, but often it was buried in static. The greatest
recorded distance was 49oo miles. These tests, all completed
within a year, were in the steps 200 miles to 8oo miles and finally
to 4900 miles. It is significant that these tests came the same
year that the first continental telephone line was opened. It
should be noted that the success of this latter venturc was duc
to the development of the triode as a spcech amplifier. The
Telephone Company was not only making radio history but it
was making significant improvements in wire-line techniques.

The radio telephone accomplishments of 1915 as measured
by the miles of distance covered are both concrete and impres-
sive. It is significant, however, that while all of the Nceessary ap-
paratus was being constructed, there were being assembled in
the minds of engineers cven more important basic ideas. Con-
cepts of modulation and demodulation were beginning to take
form. The idea of side bands was accepted. The conditions under
which thesce side bands could be produced without serious dis-
tortion was being better understood. Later it became evident
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that of the two side bands ordinarily produced, only one was
really essential to the transmission of intelligence. Still later a
side band of intelligence became an important entity of com-
munication that, through accepted modulation and filtering
techniques, could be shifted up and down the frequency scale
at will. At the time, I, as a young student, was most impressed
by the distances covered. It was not until later that T began to
appreciate the full accomplishments of the period of about 1915.

It is of interest that the June, 1914 issue of the “Wireless
Age” announced the formation of the American Radio Relay
League and soon thereafter Professor Harmon and I applied for
membership. We probably received the first issue of QST which
came out in December, 1915 for our station is listed in the
March, 1915 issue of ARRL stations. Technical details there
recorded include: “Call letters G.C., onckw rotary gap, 5o
mile range 20 words per minute code speed.” I suspect that the
specified speed was largely a matter of courtesy and that it was
never exceeded, if indeed it was ever realized.

As I continued my graduate work, I became more and more
convinced that the subject of general physics had much more
in store than the narrower ficld of wireless and accordingly I
began to think about further academic study. Also I was in-
spired by Professor Harmon and by various other professors at
Grove City, and, as already mentioned, I began to consider
seriously the teaching profession as a life work, preferably at the
college or university level. Accordingly, I decided to spend a
year at Columbia University and in the autumn of 1916 there
enrolled taking with me my young wife and two-year old
daughter.

It is perhaps appropriate to state at this time that Grove
City College provided a unique and very important place in my
life. Being relatively inexpensive, it fitted well with my limited
purse. Also its plan which provided certain preparatory subjects
bridged nicely the gap left in my three-year high-school course.
Finally its four-term system with beginners’ courses in each quar-
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ter provided a fortunate coincidence with my New Year’s de-
cision to go to college. Perhaps most important, the Collcge
itself, both students and faculty was made up of people trying
hard to make an honest and sincere effort to obtain the better
things in life. I shall always feel an everlasting debt of gratitude
toward Grove City College—a school so small that until recently
many of my friends in the East had never heard of it.

It is interesting to notc that as we started for New York our
ideas were very naive. This was good for otherwise we wouldn’t
have darcd to take this important step. I remember that I
thought of New York as a city of one-family homes with a lawn
in the front and a vegetable garden in the rear, just like Erie only
larger. We borrowed five hundred dollars to cover the year’s ex-
penses but it wasn’t really needed for shortly I reccived an assist-
antship amounting to $goo and from then on we were in clover.
We lived first in Edgewater, New Jersey going back and forth
each day by ferry. Later we lived at 179th Street on Washington
Heights. The apartment house was later removed to make way
for the approach to the George Washington Bridge. In the same
apartment were two young Germans from ships interned in the
port of New York. They were a likable pair who, in accordance
with good German tradition, were trying hard to conform with
law but as a war with their country was in progress, they were
alrcady under suspicion. Shortly they were to be sent to a deten-
tion camp.

My graduate courses at Columbia included mechanics, dif-
ferential cquations, physical and geometrical optics, acoustics
and somc advanced laboratory work. I enrolled also in Professor
Morecroft’s course in oscillations but when I was later given
an Assistantship in physics, I was advised to give up Professor
Morecroft’s course. The decision was based somewhat on the
fact that I had already had considerable cxperience in the radio
field and accordingly it might be wise to spend my time in the
more gencral aspects of physics.

One of my professors was George Pegram who later be-
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came Dean of the Graduate School and still later a Vice Presi-
dent of Columbia. Also among my fellow graduate students were
E. H. Armstrong who later became a well-known radio inventor,
Dr. F. S. Goucher who later did notable work at the Bell Tele-
phone Laboratories and Dr. G. Failla, an E. E. graduate of the
previous year who had turned physicist. He later became a radiol-
ogist of international importance and took his doctorate from
the University of Paris.

As contrasted with my teachers at Grove City College, I
found those at Columbia less sympathetic and for the most part
much harder to approach. One notable exception was Professor
J. H. Morecroft. Though I had discontinued my course with him,
I saw him almost every day as we passed back and forth on the
125th Street Ferry. e was then much interested in transient
phenomena and discussed them with me with great enthusiasm.
Though my professors at Columbia were undoubtedly scholars,
they were not invariably good teachers. I later found that this
situation prevailed in other large universities. These circum-
stances notwithstanding, I learned much at Columbia. My year’s
work as a laboratory assistant was also inspiring for teaching
always brings something that never can be learned either from
lectures or from textbooks. By the time I had completed my
year’s work at Columbia, I was sure that I was through with
radio forever and I would now aim toward being a college pro-
fessor. However, fate had other things in mind as we shall shortly
see.



Chapter 3

RADIO RESEARCH
AT THE BUREAU OF STANDARDS

World War I.  Radio research gets un-
der way—in earnest.

DURING THE LATE WINTER of 1917 the European war moved
closer and closer, reaching a crisis for America with the sinking
of the Lusitania. Almost before we knew it, we were in the war.
The climax came during the later months of my year at Colum-
bia and many students left for Plattsburg and a commission.

It is significant that several months before going to Colum-
bia I had taken a Civil Service examination for a position at the
Bureau of Standards, but after enrolling at Columbia I had
ncarly forgotten the matter. Sometime about June, 1917, I rc-
ceived a bid to come to the Bureau and as the war was on and
as the Bureau was one of the few places where scientific help
could be used to an advantage, this position seemed attractive.
I accepted and reported for work on June 30, 1917. As I remem-
ber it, my salary was set at $1320 per year. I was able to rent a
good house for $30.50 per month, so the salary seemed reason-
able.

Upon arrival at the Bureau I found that my past experience
had already been thoroughly investigated and forthwith T was
sent to the Radio Section. Thus after resolving to forget about
radio, I found myself back, deeper than ever. As regards my
acceptance at the Bureauy, it is interesting that in those days
there were no formal Government routines for investigating an
applicant’s loyalty. It was apparently assumed that if he were
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a native-born American, he was loyal. Perhaps in those days it
had never occurred to anyone to question the loyalty of people
born in the traditional American democratic way of life. It was
only in the cases of a few German-born citizens that the matter
of loyalty ever was questioned and in many of these cases the
suspicions later proved groundless if not indeed ridiculous.

At the time, the Radio Section of the Bureau of Standards
was nominally headed by Mr. Frederick A. Kolster who was pri-
marily an engineer and inventor but who was nevertheless en-
dowed with a keen physical sense of what could and could not
be done. Closcly associated with Mr. Kolster was Dr. J. H. Dell-
inger who was trained primarily as a physicist. As the months
passed, Dr. Dellinger assumed an increasingly greater part of the
direction of the Section and soon became its head. I reported
directly to Dr. Dellinger. Prior to about this time much of the
development of radio had proceeded from cut-and-try methods
and for the most part thesc were confined largely to frequencies
between 30 ke (A= 10,000 m) and 1500 ke (X = 200 m). This
represented a ratio of fifty to one and corresponded to a very
wide band of frequencies. No one was yet worrying about what
should be done when this band became fully occupied. The
frequency region beyond 1500 ke, like Africa, was regarded as a
dark unknown yet to be explored. Even in the band then in use,
measurements were extremely primitive. In a few places, such as
the Cruft Laboratory at Harvard (see Fig. 3.1), G. W. Pierce and
his colleagues had made notable beginnings. IFor the most part,
however, the techniques of radio measurements were just begin-
ning to take form. Both new methods of measurement and the
standardization of old methods were needed and young Dr. Del-
linger was proceeding to meet this need. First steps consisted of
establishing radio standards of inductance, capacitance, and re-
sistance. Closely related was the establishment of adequate meas-
urements whereby these standards could be translated into equiv-
alent frequency standards. I arrived in time to take a small part
in the evolution of some of these methods.



l'ig. 3.1 Cruft Laboratory of Harvard University, built in 1914.
One of the first American laboratories to be devoted entirely to radio
physics. (Courtesy of ITarvard University.)
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Upon my arrival, I found in addition to Messrs. Kolster and
Dellinger, John Miller, a recent Ph.D. from Yale University,
and Messrs. Willoughby and Lowell, two young assistants. Very
soon, however, there arrived Laurens Whittemore from the Uni-
versity of Kansas, Hubert Freeman from the University of West
Virginia, Dr. D. G. McCaa, an M.D. of Lancaster, Pennsylvania,
who had recently turned radio physicist, and perhaps others. This
was a particularly congenial crowd and while we worked very
hard and regarded the war as a very serious matter, life at the
Bureau was on the whole rather pleasant. Though there was a
tendency in many circles toward radio gadgetry, Dr. Dellinger
rather wisely chose a different course. At the Bureau there was
little pretense of developing special radio equipment. Follow-
ing long cstablished precedents at the Bureau, our job was ap-
parently decided to be one of maintaining and improving meas-
urements and standards and of supplying basic information. At
the time the latter was truly a very important commodity.

There was one notable exception to the general policy with
regard to apparatus development. It happened that, at the time,
Mr. Kolster had under development a direction finder consisting
simply of a loop of wire several feet in diameter mounted on a
suitable vertical axis with protractor for measuring the azimuthal
angles of arrival of radio signals. An important adjunct, within
reach but not yet actually at hand, was an amplifier. This had the
requisites of a direction finder and it was obviously of great in-
terest to the mercantile marine as well as to the armed forces.

It is of interest that in 1917, the entire Radio Section was
housed in two or threc rooms on the top floor of the East Build-
ing. Other floors of this building housed other electrical work of
the Burcau and the whole was referred to as the Electrical Divi-
sion. Much of the electrical work of the Bureau then centered
around the power industry. At that time there was little or no
wire telephone or telegraph work and, as yet, there was very
little radio. It is also of interest that at that timec much of the
land between the East Building and Connecticut Avenue had
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not yet been cleared. Previously the Bureau grounds had been
either a farm or an estatc that had been allowed to go wild.
On one side and near the ravine was a small woods. It provided
a favorite playground for children of the neighborhood. It is said
that the construction of the new radio building a year later (sec
Fig. 3.2) destroyed a much-cherished violet bed. In the memory

Fig. 3.2 U.S. Bureau of Standards radio laboratory built in 1918
where early radio standards were maintained and where considerable ra-
dio research was done.

of onc of the older children, now a grandmother, this still re-
mains a minor grievance.

At this time triodes were first making their appearance on
a commercial basis. A favorite form then used at the Bureau
was a 250-watt air-cooled model manufactured by the General
Electric Company and called the pliotron. Other forms manu-
factured by the Western Electric Company appeared within the
year. At first we used thesc devices as oscillators to provide the
necessary radio power for calibrating work. These higher power
levels were needed, for, as yet, the only indicating meters availa-
ble worked on the principle of expansion of a heated wire and ac-
cordingly they were rather insensitive. Somewhat later came the
thermoelectric type perfected and made popular by the Weston
Company, and much later came the double-detection and atten-
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uator techniques which brought subtle niceties to modern radio-
measurcment techniques. At the time, a fair portion of our work
was the comparison of various units sent to us with the Burcau’s
standards of capacitance, inductance, and resistance. Often, too,
both wavemeters and current meters were sent to us for calibra-
tion. Such standards of frequency (wavelength) as then existed
were based on the resonant frequencies of circuits made up of
known capacitance and inductance. These standards of induct-
ance and capacitance were handled with a care and reverence
that was comparable with that given to the prototype platinum-
iridium standard meter Dbar.

I remember well the thrill that came to me from noting,
for the first time, the resonance accuracies that were possible,
using continuous waves in comparison with those I had made
earlier with spark and buzzer sources. It was obvious that we
were entering a new era of electrical measurements.

I seem to remember that a special problem was assigned to
me at about that time relative to the measurement of dielectric
losses in insulators. This problem had been precipitated by the
appearance on the market of an early form of phenolic fiber. This
new material was then being considered as an alternative for
hard rubber, then one of the favored radio-frequency insulators.
It was much better mechanically than hard rubber and at the
lower frequencies it seemed like a moderately good insulator. It
was an important question. How good would it be at the fab-
ulously high frequencies used in radio? It was being manufac-
tured in two competitive forms and was sold under the trade
names bakelite and redmanol. I believe that the latter was some-
times known also as formica, but it differed materially from the
product now known by that name. In both cases little was known
about the radio properties of these new materials or how they
could be varied in manufacture.

Although it had been appreciated for some time that the
losses incurred in a dielectric when used in a condenser were
important, it was only then becoming apparent that these losses
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might also be important when the material was used for coil
forms, for insulator blocks, and for other seemingly incidental
uses. Accordingly there was a need for a specification of these
losscs. We evolved a method, probably suggested by Dr. Del-
linger, in which the material to be tested was made in the form
of a thin slab which was floated on a layer of mercury. The latter
provided one of two condenser plates. A pool of mercury on the
top surface properly coralled by a metal guard ring provided the
second plate. The condenser so formed was made a part of a
resonant circuit. Values of sharpness of resonance with this ar-
rangement, as compared with a circuit containing a nearly loss-
less standard condenser, with which standard resistances had
been introduced, made it possible to evaluate the losses.

It is interesting that at the time we had under discussion
various possible ways by which circuit losses could be specified.
Because we approached the problem from the study of capaci-
tance, it was natural to think of these losses in terms of the angle,
Y, by which the current failed to lead the voltage by the angle

7—;_-. This was called the phase difference. It was recognized, of

course, that a similar quantity existed with respect to coils but
in the latter case the phase difference was the angle by which the

current failed to lag the voltage byg. In one case, the quan-
tity for a resonant circuit was Yo = RwC. In the other, it was

Y L:%L. Later, Dr. Dellinger discussed at length the relation-

ship between these quantities. It is interesting that a related
quantity finally accepted to express this general idea was known
as Q, and it was merely the reciprocal of the quantity ¢ being
used earlier. We called the reciprocal of y the sharpness of reso-
nance rather than Q.

Then under study at the Bureau by Mr. R. D. Duncan, Jr.
was a method whereby radio-frequency ammetcrs could be com-
pared at high current levels. Our continuous-wave sources gave
powers less than 250 watts and in circuits of ordinary propor-
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tions this set up but a few amperes of oscillatory current. Yet
certain of the ammecters coming to us for calibration were of a
kind used in spark and arc stations to measure currents up to
100 amperes. The problem to be solved by Mr. Duncan was how
to get 100 amperes of radio-frequency current from a 250-watt
pliotron. This was finally done by sctting up an oscillatory cir-
cuit having not only a low resistance but a high ratio of capaci-
tance to inductance.

A second problem assigned to me centered around the new
products already mentioned. Users of the phenolic materials were
interested not only in the dielectric constant and losses incurred
by displacement currents but also in the behavior of these ma-
terials at high voltages. More particularly, they asked: How
would these materials behave when the losses led to substantial
heating within the material such as might be expected in arc
and spark transmitters? For this test we proceeded in a direction
opposite to that taken by Mr. Duncan. We connected four plio-
trons in parallel and operated them into a circuit having a large
ratio of inductance to capacitance. With this arrangement it was
possible to obtain sparking voltages equivalent to several inches,
and with it the differences between the heating losses in the
various insulators then available could easily be detected. Phe-
nomena quite like those obtained with the so-called Tesla coil
could be elicited. In this latter project, I, like Mr. Duncan, re-
ceived a great deal of help from a recently published paper by
W. C. White of the General Electric Company who had de-
scribed pliotron circuits not only for producing high voltages
and high currents but also for producing very low frequencies
and very high frequencies. The last of these aspects had a strong
appeal to me and I returned to it a year or two later, as we
shall see.

Soon after arriving at the Bureau, I found there, in progress,
the preparation of a textbook entitled “Radio Instruments and
Measurements” (Circular 74). This was part of the effort to
supply fundamental information. The writing was being done
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under the special direction of Dr. Dellinger but many people
contributed including, in particular, Dr. John Miller. It pre-
sentcd the fundamentals of radio-frequency alternating currents
and, in addition, it described in considerable detail the relatively
new technique of radio-frequency measurements. Finally it sup-
plied a fairly complete compendium of formulas for the calcu-
lation of the capacitance and inductance of various conductor
configurations. I remember that Dr. F. W. Grover, who had
previously been at the Bureau, returned for the summer to place
these formulas in special forms more adaptable to radio use. It
may be remembered that still earlicr Dr. Grover and Dr. E. B.
Rosa had collaborated in the derivation of many new formulas
of this kind.

My part in the preparation of Circular 74 was largely that
of plotting curves, preparing illustrations, and proofreading. I
remember particularly that there was so much pressure to get
this material into print that it was decided that there could be
no index. This was disturbing but perhaps necessary for we were
by then swamped with requests from the armed forces to do
various special chores. It is of interest that as the last of the page
proof was about to be returned to the Government Printing
Office, there appeared rather mysteriously, almost from no-
where, a complete index. It proved to be the out-of-hours con-
tribution of Laurens Whittemore, another new recruit at the
Bureau. Mr. Whittemorc subsequently moved to the downtown
offices of the Department of Commerce to serve under Secrctary
Herbert Hoover, and, still later, to the American Telephone and
Telegraph Company in New York where he was very active for
more than 30 years. In all of these places it has been his habit to
make important contributions and to do so in the very quiet and
unassuming way, characterized above.

It is of interest that in 1918 there was such a dearth of re-
liable material on the fundamentals of radio that Circular 74
was used in many instances as a textbook in training young radio
engineers. This was a use for which it was never intended. Even
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now, nearly 4o years later, this book is still a very useful source of
information and it is among the very few carly publications still
sold by the Government Printing Office. I am glad to have had a
small part in its preparation.

During my sojourn at the Bureau there were many distin-
guished visitors. Army and Navy people called almost daily. In-
cluded was a special Irench mission of military people who
brought with them a large amount of radio cquipment developed
particularly for trench and field use. The Bureau fell heir to one
complete set of this equipment. It included among other things
an audio-frequency amplifier and also a radio-frequency amplifier.
Except for a few models of limited scope sold by the de [Forest
Company, this was the first of such amplifiers to be available to
the Bureau and it played a particularly important role in the
development of Mr. Kolster’s direction finder.

Other distinguished visitors at the Bureau included Mr. Peter
Cooper-Hewitt, the inventor of the mercury vapor arc. Perhaps
inspired by de Forest’s audion, he had apparently hoped to get
radio-frequency detection and possibly amplification from his arc.
Accordingly he had had constructed for him an arc which he
thought might work and brought it to the Burcau for test. It fcll
to me to help him in his tests. The arrangement consisted of a cy-
lindrical glass tube, perhaps two inches in diameter and a foot
long, containing a small pool of mercury and arcing electrodes
located at either end. Intermediately located were various pairs of
transversc electrodes not unlike the deflecting plates in modern
cathoderay tubes. These probe clectrodes were no doubt ex-
pected to function somewhat as the grid in de Forest’s audion.
We connected radio-frequency circuits across these electrodes in
various combinations as occurred to us, but in no case was there
any very evident rectification or amplification. Needless to say
Mr. Cooper-Hewitt went away much disappointed.

Before adequate amplificrs became available, Mr. Kolster’s
direction finder suffered severe limitations. When the loop was
large enough to pick up readable signals, it was comparable in
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dimensions with an ordinary antenna and hence too unwieldy
to be oriented readily. With the French amplifier as an adjunct,
the loop could be smaller and could be set up as a fairly compact
portable field unit, capable of mounting on a folding tripod.
This he did for demonstration to Army and Navy and also Bu-
reau of Lighthouse people. Subsequently, he used de Forest am-
plifiers and perhaps circuits of his own design. Mr. Kolster was
also experimenting, at the time, with crossed loops and also with
antenna-loop combinations thereby making possible unidirection
receiving characteristics. The latter removed the ambiguity of
direction ordinarily associated with the ordinary loop-type of
aerial.

Then, as now, submarine detection was of special interest to
the Navy. So also was the problem of communication with sub-
merged submarines. The question was naturally asked: Will
radio waves pass through sea water? Based on the limited data
then available, the answer was invariably thought to be no. The
high conductivity of salt water would most certainly attenuate
severely all radio waves. It is interesting that the two young tech-
nical assistants of the Section, Messrs. Willoughby and Lowell,
unencumbered by any previous knowledge of the subject and un-
convinced by mere predictions of long-haired intellectuals, pro-
ceeded to make the test. Building for themselves a loop of wire
encased in rubber tubing and sealed by cemented rubber tape,
they took the loop, receiver, and French amplifier to the “basin”
in Potomac Park where upon sinking the loop they were able
to receive various long-wave stations. I seem to remember that
one was in Germany. Naturally these two youngsters returned
to the Burcau in great elation. This led to further work both in
the Potomac and at the submarine base at New London, Con-
necticut and ultimately to a practicable system for communicat-
ing with submerged submarines. The further work showed that
the choice of the lower frequencies for the initial experiments
was fortunate. At these lower frequencies, the depth of penetra-
tion into the water was, after all, only a fraction of a wavelength
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and the attenuations obtained were correspondingly low. It was
subscquently found that for the higher frequencies, where the
same depths represented many wavelengths, the attenuations
were correspondingly higher. The results obtained turned out to
be in general accord with the theory, then current, for explaining
the skin-effect in metals. Any false predictions that may have
been made can now be attributed to an crroneous sense of mag-
nitudes of the frequencies to be uscd. The discovery that these
lower frequencies could be used for underwater signalling created
no small sensation among Navy pcople and probably greatly im-
proved their confidence in research. In those days neither the
Army nor the Navy took kindly to any gadgetry that might add
to their equipment and thercby encumber their operations.

As yet, the radio standard of frequency at the Bureau de-
pended solely on the existing standards of inductance and capaci-
tance. It was appreciated of course that these standards should
preferably be cntirely independent. As many people know, they
were subsequently made independent and this weakness was ac-
cordingly corrected. This was done when the standard of fre-
quency was related to time and hence to the period of the
earth’s rotation. I remember that as of about this time I gave
much thought to relating the standard of frequency to the
velocity of propagation of waves on wires and after leaving the
Bureau made expermments in this direction. This tended to tie
in the standard of frequency to mcasurements made at the high-
frequency end of the radio spectrum as well as to the low-fre-
quency end and this seemed like a desirable feature. Nothing
very much came from this work for very soon the piezo-electric
oscillator made its debut and shortly there became available a
more accurate standard. The latter is another field in which the
Bureau, greatly assisted by the pioneering work of Cady at Wes-
leyan, Pierce of Harvard, and Nicholson of the Western Electric
Company, did notable work.

I remember discussing with Dr. Dellinger various problems
confronting radio. In his mind there was one of great funda-
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mental importance. It was the naturc of the radio medium, and
already he was considering studics of this kind. He did not take
immediatc action, however, for this did not, at the moment,
seem like a pressing problem, for there had already been in prog-
ress at the Bureau since 1910 or before, under the auspices of the
U. S. Navy, similar work by Dr. L. W. Austin. These first results
were published in a Bulletin of the Bureau of Standards in 1911.
They had enabled Dr. Austin, with Dr. Louis Cohen’s collabora-
tion, to express received antenna current in terms of antenna
current at the transmitter, the dimensions of the two antennas,
the wavelength employed, and the distance of separation. This
became known as the Austin-Cohen formula and it played an
important part in the design of early transmitting stations. As
yet, it was not the practice to relate the received signal to the
microvolt per meter of ficld intensity or to the microwatt per
square meter of propagated wave power. As I remember it,
Dr. Austin subsequently occupied himself with time trends par-
ticularly at the lower frequencies where he had started. This left
to others the exploration of the vast frequency region beyond,
where ionospheric phenomena are more involved.

While at the Bureau I saw a great deal of Dr. Austin but I
saw Dr. Cohen only once a week when he came out from the
city to give us lectures on electric oscillations. It was several years
later that the Bureau, as distinct from the Navy, started its work
on wave propagation. Since this is still in progress and since it
overlapped the earlier work by Dr. Austin, it can be said that
propagation work at the Burcau has been in progress for more
than a half century. In the meantime the frequency spectrum has
extended from below 8o kilocycles, representative of Dr. Austin’s
measurements, to many thousands of megacycles now represent-
ative of the more recent forms of radio. Also, in the meantime
the ficld of wave propagation, in which Dr. Austin so ably pio-
neered, has grown to proportions far greater than anything that
he could possibly have conceived in 1910. It scems inevitable
that the field of wave propagation, together with its related field
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of radio astronomy, will continue to be exciting for many years
to come. For, like meteorology, it is a problem of many dimen-
sions and accordingly a matter of continuing challenge.

The introduction into the Bureau of new personnel brought
with it new ideas. One of these was the idea of using the cathode-
ray tube as a means of analyzing high-frequency oscillations. I
seem to associatc it mainly with Mr. Whittemore but perhaps
Mr. Lewis Hull and others were also involved. At that time, the
device in question was known as a Braun tube. It was a forerun-
ner of the modern cathode-ray oscilloscope but unlike the latter it
contained no filament. Instead, therc was a gas discharge from
which a rather ill-defined electron beam could be elicited. The
latter was deflected either by electrostatic plates or by coils before
falling on a screen of phosphorescent material. In this latter re-
spect the method was much like that used at present. Then, as
now, the result was interpreted in terms of a Lissajous figure ap-
pearing on the screen. Since there were as yet no adequate am-
plifiers, the method was applicable only to cases where the avail-
able power level was fairly high. Its practical use was thercfore
definitely limited.

At that time thc principal manufacturers of glass apparatus
were in Germany and, as we were at war with Germany, there
was trouble in getting the necessary equipment. However, an
American manufacturer was found and tubes of a kind were
built and used. Present memories suggest that the result was only
moderately successful. It is a bit ironical that, at this time, Pro-
fessor Braun who had first devised the method and had pio-
neered in other branches of radio was cither then or had until
recently been a visitor in America. It is said that he became de-
pressed by the prevailing anti-German feeling, and he died soon
thereafter. It is interesting, too, that the crude tool which these
young radio physicists struggled so hard to use should, with later
development by Dr. J. B. Johnson and others, become an every-
day instrument to be used rather universally.

As already pointed out, life at the Burcau was cxtremely
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pleasant. The Dellingers were unusually hospitable and all of us
were frequent guests in their home. I remember one evening in
particular when Prof. W, F. G. Swann, recently from England,
was present and played beautifully on the cello. During the eve-
ning there was much singing, including not only the old Stephen
Foster standbys, but such hits of the scason as: “It’s a Long
Long Trail,” “Beautiful K-K-Katic” and “When It’s Over Over
There.” A high point came when Professors Swann, Grover,
Smith, and some other cqually dignified gentleman proceeded to
barber-shop some of the popular songs of the period.

Productive and pleasant though life was at the Bureau, it
was not without its difficultics. Living expenses skyrocketed and
rental opportunities became almost nonexistent. The house
which we then occupied was purchased, and very shortly we were
without a roof.

At the time, August 1918, there were, among others at the
Bureau, two summer workers, Professor L. P. Wheeler and Pro-
fessor H. V. Bozell, both of Yale University. At this time, also
there was under way a move to transfer the Signal Corps Officers
Training Course then temporarily at College Park, Maryland,
to Yale University. According to the new plan, much of the in-
struction was to be carried on by civilian personnel and more
instructors were nceded, particularly people familiar with radio
principles and methods. My previous radio experience, together
with my work at the Bureau and particularly that on Circular 74,
seemed to make me qualify. Accordingly, I was made an offer
that seemed attractive, at least when compared with standards
of the time, so I accepted. Statements with regard to housing in
New Haven seemed a bit indefinite, but I was assured that con-
ditions were infinitely better than in Washington. They were
indeed better than in Washington, but the margin was far less
than I had hoped. So after a year and a half in Washington, 1
was back in the teaching profession, but this time on a some-
what higher plane. Again the stone rolled onward and this time
I think that, as before, it had really gathered a little moss.







Chapter 4

FIVE YEARS
AT YALE UNIVERSITY

First Signal Corps Training School for
Officers. More graduate study. Try-
ing for the higher frequencies. Stum-
bling onto guided waves.

SOMETIME IN SEPTEMBER 1918 my patient wife, already well
accustomed to moving, helped me pack our few household goods
for shipment from Washington to New Haven, Connccticut. At
that time the railroad was the only approved method of shipping
and as all railroads were heavily overloaded, there was grave
doubt as to the time of arrival. Howcever, the Government was
then operating the railroads and granted preferences to war
workers. So our few posscssions moved rather rapidly. Not finding
any acceptable rents in New Haven, we moved into a summer
cottage on Long Island Sound in the village of Woodmont, Con-
necticut. I went back and forth to the city cach day by trolley,
the running time being about an hour. As my wife and I had
been raised in the country and were accustomed to all of its
primitive accommodations, winter life in a summer cottage pre-
sented no very serious problems. Actually the winter was mild,
the space heater worked well, and we were very cozy. During that
winter son George arrived to add a measure of anxiety to an al-
ready uncertain existence.

I arrived at Yale in time to help in the organization of the
course already mentioned. Except for the attempts made at the
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University of Maryland, this was the first Officers Training
Course cver to be sct up by the Army. Naturally nobody knew
quite how it should be done. The need for this course had come
as a result of the impact of the highly specialized communica-
tions equipment which had recently come into Army use. This
included not only radio telephone cquipment recently built by
the Western Electric Company for field use and for use between
aircraft and ground but a large amount of telegraph and tele-
phone equipment. Also the Army was making its first use of the
printing telegraph, then a new feature in military communica-
tions. It was agreed that the candidates for this course should be
college graduates or should have taken two or more years in a
technical school. As it turned out, this rule was largely ignored
and we were sent many candidates who had fallen far short of
this mark. Indced, some had never attended high school. Mod-
ern personnel selection methods were almost unknown at that
carly date.

The faculty for this course was recruited mainly from the
Physics and Electrical Engineering Departments of the Uni-
versity. Though extremely capable, these people werc not as yet
familiar with the techniques of radio. That this should be so is
more evident when it is realized that as yet the triode was a
novelty even among scientific people. Many capable physicists
had never seen this new and very useful device.

The Army’s part in the new school was headed by Major
Samuel A. Weldon who was later President of the First National
Bank of New York. Other officers included Capt. J. O. Perrine,
later an Assistant Vice President with the American Telephone
and Telegraph Company, and Lt. O. W. Eshbach, later Dean of
Engineering at Northwestern University. The civilian end of
this work was in charge of Professor H. V. Bozell, who later be-
came President of the General Telephone Corporation. He was
ably assisted by Professor L. P. Wheeler, who later was connccted
with the Naval Research Laboratory and the Federal Communi-
cations Commission. Among the instructors were Professor Leigh
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Fig. 41 The teaching staff of the Signal Corps Officers Training
School maintained at Yale University, 1918.

Front Row
(left to right) Sccond Row Third Row

1 Prof. I. II. Beach 10 Prof. Leigh Page 20 Mr. G. C. Southworth
> Prof. L. P. Wheeler 11 Prof. Gustav F. Wittig 21 Mr. C. R. Knight
3 Lt. E. C. Cailie 12 Mr. A. C. Horst 22 Prof. A. P. Little
4 Maj. S. A, Weldon 13 Lt. P. L. Kinch 23 Mr. J. A. Ortiz
5 Capt. J. O. Perrine 13 Lt. O. W. Eshbach 24 Mr. Russel G. Warner
6 Prof. II. V. Bozell 15 Lt. Myron Crcese 25 Mr. E. E. Bachman
7 Prof. C. F. Scott 16 Lt. Theodore W. Gibson 26 Mr. R. V. Beshegetoor
8 Prof. L. W'. W, 17 Lt. A, E. Henninger 27 Prof. Alois F. Kovarik

Morrow 18 Dr. Charlton D. Cooksey 28 Mr. A. I. Forbes

Prof. 11. M. Tumer 19 Lt. C. C. Dodge

Ne)
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Page, already well known in the field of electromagnetic theory,
and many others. See Fig. 4.1.

As a part of teaching young officers how the issued Army
radio equipment operated and how it was to be serviced, it
seemed necessary to include a few rudimentary principles of
radio. This was the part that fell to the particular group of which
I was a part. As this group was headed by Professor Wheeler
whose training up to that time had been general physics, he was
naturally open to suggestions. We hastily prepared instructions,
which directed the students how to perform a series of progres-
sive quantitative experiments designed to develop know-how.
These instructions ultimately became a laboratory manual.
Often the instructions were prepared on a day-to-day basis. Oc-
casionally experiments were described that actually had never
been performed by the instructors themselves. Indeed the shop
sometimes worked all night turning out coil forms, breadboard
mountings, ctc., for equipment which the students were to use
on the following morning. In gencral the apparatus worked sur-
prisingly well and the results were actually much better than we
had a right to expect.

Our first three-month class was graduated just after the
signing of the Armistice. The men had worked very hard and
were on the whole very good. A few later went on for advanced
work. I mention as examples Dr. Brian O’Bricn, later Vice
President of the American Optical Company, Dr. F. W. Reyn-
olds of the Bell Tclephonce Laboratories, Mr. Edgar Felix of the
Radio Corporation of America, C. O. Ruggles of Automatic
Electric Company, and Harold Olson of Weston Electrical In-
strument Corporation. In contrast with this interesting side there
was a particularly depressing part. It was the incidence of a very
virulent form of influenza that swept the whole country includ-
ing these very fine young men. Often it turned suddenly to pneu-
monia and many people were carried away almost without warn-
ing. I worked closely with these people both in the laboratory
and in the barracks but fortunately for me, I escaped.
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After the signing of the Armistice, the training course was
soon dissolved and the University reorganized itself on its previ-
ous academic basis. I was asked to continue, spending part of my
time assisting Professor Wheeler in a graduate laboratory course
in radio measurements and part teaching first-year College Phys-
ics. The latter included both recitations and laboratory work.
Again T was back as a full-fledged teacher. I was greatly impressed
with the difference in attitude. My earlier students had been ma-
turc men, bent on doing the War job that was before them and
then finding a useful place in life. My present students were the
usual run of young college boys who were not quite surc why
they were there. A few had been in scrvice and were not yet ad-
justed to their new life. To add to their difficulties, they were
asked to complete a full year of academic work in the period fol-
lowing New Year’s. It is not surprising that the result was not al-
together successful.

The course of greatest intercst to me was naturally the onc
on radio mecasurements. It was a continuation, on a much higher
level, of the training work done earlier. It is of intercst that in this
course we had, as a student, Colonel Paul Evans for whom the
radar laboratory, Camp Evans, was later named. It was said that
he was sent to Yale for graduate work more or less as a reward
for very fine work done the previous two years in France. He was
an excellent student and did very well. He certainly amply repaid
the Army for any special consideration that may have been ex-
tended. T1e was followed a year later by several other young Army
officers and this custom continued for many years and long after
the idea of a reward could have obtained.

Following the signing of the Armistice, I had time on my
hands and began experimenting with triode oscillators to find
what their upper frequency limits might be. This work was no
doubt suggested by Mr. White’s paper already referred to. I re-
placed the usual coil and condenser circuit of the conventional
oscillator with a Lecher frame and, by reducing its dimensions
to a minimum and also by removing the basc of the tube thercby
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reducing capacity effects, I succeeded in reaching a frequency of
273 mc (A= 110cm). I suspect that this was, for awhile, a new
frequency frontier.

After the completion of my year at Yale my contract ex-
pired. I had therefore expected to be dropped. Although I had
previously donc a considerable amount of graduate work not
only at Grove City and Columbia but also at the Bureau of
Standards, I had not as yet received the doctorat