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INTRODUCTION
THE VOCABULARY OF RADIO

It is impossible for one who has spent a half century in scientific
and englneering work, most of it in a specialized field, to dispense with the
use of at least a limited number of technical terms. Since this modest
effort is neither a text book nor a complete history of radio, I have no _
intemtion of going into technical detalls, but I must make use of a limfted .
amount of special radio vocabulary in order to avoid endless circumlocution.
To my colleagues and friends of the radio engineering profession, I can say
that it is entirely unnecessary for them to read this introductory charter.
To these who have no radio vocabulary and to those who have no idea of the
real meardng of words in the radio vocabulary commonly used by the publiec,

I extend an invitation to acquire, by as painless a process as possible, at
least an elementary knowledge of the most commonly used radio terme.

In the first place, the word radio itself was not born with the dis-
covery by Helnrich Hertz, in the late 1880's, of these particular electro-~
magnetic waves which we know now as radio waves. For nearly ten years these
electro-magnetic waves were studied by various people in many countries but
without any very practical applications.

When the first applications of radio for commmication purposes
were made, people spoke of M™rireless telegraphy™; the reason for this was
obvious. Telegraphy was well known and, since early radio was all dots and
dashes controlled by a hand-operated key similar to the telegraph key, it
was natural to call it wireless telegraphy. A little later the whole general
field of investigatiom was called the field of ™wireless™. T

Within a decade it became cbviocus to any casual cbserver that the
term wireless was a misnomer, because far from being free from wires, wire-
less telegraph equipment was pretty completely composed of them even to -
the antenna which radiated the signal.

The thing that distinguished wireless telegraphy from land line or
ordinary telegraphy was the fact that there was no wire connection between -
the transmitter and the receiver, and that a part of the emergy from the
transmitter reached the receiver in the form of a radiated wave motion which_
passed thiough space without the aid of wire. Therefore, it was proposed
and agreed upon by all interested parties, that the term wireless should be

dropped and that wireless telegraphy should henceforth be called radio
telegraphy. ' o :

The word radio is derived from the same roots as the word radiation.
In the course of time, the public dropped the word telegraphy from radio
telegraphy and telephony from radio telephony ard referred broadly to the
whole field of activity as radio. So the word became a noun instead of an
adjective, : - ' '



Since the essence of radio lies in the fact that it progresses from
one place to another by radiation instead of by direct contact, it 1is evident
that the first thing to understand clearly ie the nature of this wave motion
by which the transfer of energy from place to place comes about.

The most primitive way for man to apply energy is by the direct ap-
plication of force by laying hands on an cbject and pushing or pulling. This
is the transfer of energy by mechanical means with direct contact. 4 fur-
ther stage in this same process occurs when a man attaches a wire cable to
an object and pulls on that cable. As the object is moved it has received
energy from the man, not by direct contact with his hands, but through an
intervening mechanical comnection. Thus this process is only a variation
of the first one.

If, instead of pulling on the wire attached to the object, the man
oscillates the hand holding the wire cable rapidly back and forth sideways,
he will creste a transverse vibration in the cable. Thls passes down the
cable to the far end which is attached to the object. This object, in turn,
may be twitched laternally back and forth, thus absorbing scme of the energy
which the man has expended by putting a wave motion on the cable. This is
still a mechanical process, but the mechanism of the energy transfer has
become a wave motion.

The most commonly observed wave motion of the mechanical type is,
of course, wave motion in water. Close observation of water waves will dis~
close that, except on a shelving beach, the water itself does not move for-
ward bodily, although the motion of the wave definitely does. The energy
put into the waves, usually by the wind, although occasionally by an earth-
quake or a large explosion, is thus transferred from point to point without
the water itself moving bodily from one place to ancther.

If an observer were standing on the end of a pier observing.a
regular set of incoming waves, he could count the number of the crests which
passed by him in every minute. This rumber would be termed frequency and
would be measured as the number of wave c¢ycles per minute. We have the
same thing in radio except that, since the frequency count is very high, we
take the second as a standard time interval and measure our frequencies in
cycles, kilocyeles, (1000 cycles) or megacycles (1,000,000 cycles) per
second. True, you cannot see the radic wave as you can the water wave, but
there are instruments for cbserving this performance which are even more
accurate than the human eye.

Our observer on the end of the pier will notice that some waves are
bigger than others, that is, the crests rise higher and the troughs go
deeper. The term Mamplitude" describes this property of a wave. It meas-
ures the extent of the osciliations of the individual particles of the
medium, such as the water, for example. Water waves, whose individual
particles of water have an elliptical motion, are rather complicated. I
have used them as an illustration because almost everyone has observed them.
There are other waves which are very much simpler.



Sound waves are not a lateral or a vertical oscillation in the media
through which they travel, but are pulsating or compressiopral oscillations.
Those waves are not directly visible to the human eye but can be made visible
by a rather simple equipment. Fortunately we have an ear drum which is sen-
sitive to the impact of the sound waves coming through the air. Thus energy
in the form of sound vibrations creating sound waves #n the air is delivered
to the listening human ear in the form of noise, music, speech, etc. Of
course sound waves travel through any substance which has compressional
elasticity, gas, liquid of solid. ,Indeed, you have only to put your head
under water when swimming and have somebody knock a pair of stones together
under water, to find ocut that sound will travel to your ear remarkably well
through water.

The wave motions, and their accompanying-transfers of energy which I
have so far discussed, require the presence of some material such as earth,
water, air, etc. to exist and be propagated to some distant place. Sound
for instance, will not travel through a vacuum, as can be eagily demonstrated
by operating a bell in a space from which all the air has been evacuated.
However, there is a huge wave motion family, known as the electro-magnetic
waves, which not only are perfectly able to pass through compietely empty
space but, indeed travel better in such space than anywhere else. They dif-
fer from mechanical waves and sound waves in that they do not involve the
motion of particles of matter, but only the setting up of certain oscillating
electric and magnetic conditions in space.. If the space be populated with
a certain amount of matter it influences, to a considerable extent, the
behavior of these waves, but does not prohibit their formation or play any
vital part in the formation of the electro-magnetic wave motion. It is to
this great family that radio waves belong, with light waves, heat waves,
X-rays, ulira-violet rays and infra-red rays.

One thing all these waves have in common is that they are electro-
magnetic disturbances, or undulations, of a transverse character, always at
right angles to the direction in which the wave is moving forward. In their
general physical properties, in their effect on human senses, they differ
enormously. They differ in frequency fwom zero to so many uncounted mega-
cycles that it would take a whole blackboard to express the result. The
radio waves are lower in frequency, that is, longer in wavelength, than the
infra-red rays; very much lower in frequency than the visible light waves,
and enormously lower in frequencies than x-rays. Theoretically there is no
lower frequency limit to radic waves, but for practical communication pur--
poses we can safely place 10,000 cycles or 10 kilocycles per second as the
lower 1limit. This corresponds to a wavelength of 3C kilometers from crest
to crest, which is a distance of 18 3/} miles. The shortest radio waves,
definitely classified as such, although the border line is largely a matter
of opinion, are 3 millimeters in wavelength. This means that their frequency
is one hundred thousard million eycles or one hundred thousand megacycles.

I am=®ure a good many people are skeptical as to whether the radio
sclentists cah really measure any such frequencies. Such people often say
"Surely such oscillations carnot be actually counted™. As to that, nobody
can actually count, with the uwnaided human ear, the mumber of oscillations
per second of a 440 cycle tuning fork used in tuning a piano, but the fre-
quency of that fork has been measured and is accurately known. So it is,
that by the aid of physical instruments which it is not my purpose to
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describe here, the radioc scisntist or engineer is able to meke extraordinar-
ily precise observations. Indeed, such observations can be certain to & few
cycles in one hundred million. Thus, in several hundred million cycles one
might be a little wrong but the error would be a very minute percentage of
difference from the true figure.

To generate these radio waves we need first a device to produce
alternating current of the same frequency as the desired wave. All currents
in metallic conductors, either direct or alternating, can be thought of as a
movement of negatively charged particles which are commonly referred to as
electrons. These particles are so amall that in a metal conductor they can,
when properly ditven to do so, move about with a considerable degree of free-
dam. Of course, in bumping around they do heat up the conductor to a certain
extent, depending upon whether it is made of good or very poor material.

If then, we produce & machine, which we call a transmitter, to apply
electric voltages rapidly alternating from positive to negative, to the base
of a vertical rod called an amtenna, this transmitter will cause negative
charges to run up toward the top of the rod, then down, up again, and so on
in rapid succession, so that the top of the rod, originally uncharged or
neutral, is charged negatively when it has a lot of electrons at the top,
and positively when most of them are at the bottom amd there is a deficit
of electrons at the top.

When our antenra is thus charged, it extends electric strains into
the space in the vicinity of the antenna. These strains also alternate in
direction. Ultimately a condition is set up in the surrounding medium which
results in goodly portions of these electric strains moving off away from
the antenna into the surrounding space. This is as simple a pleture as 1
can draw of the mecharmism of radiation. It is in this manner that the
electrical -wave, automatically accompanied by its magnetic componemt, is
whipped off into space and starts out for distant horizons.

It is now time to speak of the velocity of the wave. Mechanical
waves can have very slow velocitles, or in some cases, reasonably high
velocities. Water waves vary tremendously in velocity, according to the
height or amplitude of the wave; the long big waves travel much faster than
ripples. The great waves created in a recent earthquake in the Aleutians
were supposed to have reached & velocity of nearly 300 miles an hour. Sound
waves in air travel approximately a thousand feet a second which would be
720 miles per hour. This is very slow indeed for an electro-magnetic wave,
which in free space, or even in ordinary air, is capable of traveling fast
encugh to go almost eight times clear around the world in ¢ne second. The
velocity of radio waves 1s, as far as we know, the same as that of light
waves, or 300,000 kilometers which is 18,000 miles per second. This is the
highest velocity of which scientists have any knowledge.

These velocities are subject to exact measurements which are not
particularly difficult, because nowadays it is not much harder to measure a
millionth of a second than it used to be to measure one second. Thus the
velocity of any wave, radic or otherwise, may be defined as the distance,
taken perpendicular to the wave front, which is covered by the advancing
wave in cne second of time.
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Whenever any kind ¢f wave motion passes from one medium into another
and different medium, interesting things happen to it. The radio waves are
no exception to this rule. They may be reflected, as at the boundary surface
between air and metal; they may even be partially reflected from a tree or
anything which differs from the medium in which they normally travel. They
may also penetrate into the objects which they encounter, the penetration
being deeper when the reflection is less perfect. Obviously, if a wave is
almost completely reflected, as it may be from a copper or silver surface,
it can only penetrate skin deep, because there is nothing left.to go on into
the metal. But there are media, such as the .ionosphere, which do not abruptly
reflect the wave but allow it tO‘enter-theHMedium, changing the velodity of
the wave in the process. The ionosphere is the region of the high atmpsphere
which, due to the factithat- it possesges.large mumbers of free ‘electrons, is
capable of modifying the velocity and direction’of travel:of radio waves which
enter it. Since we live on a curve-earth, ‘alliradio rays:which reach beyond
the optical horizon depend on the action of the ionosphere for keeping from
escaping into outer space by bending them-so:that they return to the earth.
Thus long distance-radic communication is'wholly dependent on the physical
properties of this interesting region.

If a cone of rays strikes the ionosphere at an cblique angle, the
upper edge of the cone will be accelerated faster than the lower edge,+because
it enters that medium first. Thus the direction-of advance of this.cone is
altered and it tends to bend, finally turning dowrnward in many cases, so as
to return at a distant point to the earth. A later chapter will shown how
important this is to radio commnication.

We can define the transmitter as a device creating high frequency
currents which can charge the radiating antenna, whose duty it is to whip
off some of this energy into space in the form of radio waves. The reverse
of this process happens at the receiving end, where the advanclng radio wave
encounters an antenna and the electrical effect of the wave is to produce
high frequency currents up and down this antenna. =These in turn can be col-
lected in a device known as a receiver and made audible for the human €ar,
or visible to the human sye. This defines the receiver.

The gbsorption of a radio wave is its loss of energy in passing
from one place to another, due to the presence in the medium in which it
travels of particles of matter which are capable of robbing it of some of
its energy and thereby weakening it. Radio waves, in general, also suffer
an attenuation with increasing distance due to the simple fact that the
energy is spread out over s wider and wider area as the distance increases.
Therefore there isn't much energy at any one spot where a receiving antemna
may be located.

Radio waves may also be persuaded to travel along wires, and inside
of hollow conductors if the waves are of sufficiently high frequency. Miny
useful applications of this have been made.

The term M™phase™, imported from the older field of alternating cur-
rent engineering into radio, is applied both to the wave motion itself and
to the radio frequency currents which produce the wave motion. Going
back to our analogy of water waves, let us look at two wave crests separated
by one wavelength, that is two successive wave crests. It will be seen that
the actual motion of water particles is identical at these two points,
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although they are separated by a wavelength. In each case the water particle
has risen to its highest point of uplift and will have a very brief instant
of rest before it starts to fall down again. These two particles of water
are siid to have the same phase. .

If we now consider two wave troughs separated by a wavelength, and
a particle of water in each trough, we see that these two particles are also,
momentarily at least, at the lowest point of their downward swing. They too,
are said to be in the same phase. If, however, we compare the particle at
the bottom of the first trough with a particle on either the preceeding or
the following wave crest, we see that such a pair of particles are in opposite

phases.

Another way of expressing it is that they differ in phase by 180°,
exactly as the two opposite ends of a straight line, one pointing east and
one pointing west, would differ in direction from each other by 180°. Obvioudly,
there are an infinite nuwber of other water particles on the slopes of the
waves which can have intermediate phases differing from each other by any
amount from 0° through 180° and back to 3600, which is equivalent to zero’
phase. A particle of water 90° out of phase with the particle in the crest
of a wave would be approximately half way down the slope to the trough; the
particle having 45° phese difference would be half way between this last
named particle and the crest. This same term phase can be applied, with the
same general mearing, to the radic frequency currents flowing through resist-
ances, inductances and capacities. It may be noted that all of the points
in an extended wave crest are in the same phase of motion, which leads to a~
definition of the wave front,.as the continuous line drawn through a large
number of contiguous points in the same phase of oscillation.

It is obvious that if a large number of waves of the same freguency
arrive by different paths from the transmitter and strike the receiving
antenna similtaneously, they will not add up and produce an extremely strong
signal unless they are substantially all in phase. If we simplify this prob-
lem by considering only two such waves, it can be seen that two of them in
phase will combine for double the effect on the antenna, but if two of them
arrive in phase opposition, each one produces an opposite influence on the
antenna and each one will cancel the other with a resulting zero signal.

This will be discussed in a later chapter under the heading of M"Fading.
Interference, therefore, means the combination of radio waves of identical
frequency but of different phases. Interference may be destructive or it may
be additive.

We now come to the names and functions ¢f a2 few of the well known
component parts of radio apparatus. Every coil of wire, whether it has iron
in it or notjy, possesses a property of retarding the phase or choking back
high frequency currents attempting to advance through the coil. This prop-
erty is called inductance. A device known as a ggpacity or condenser, which
consists very simply of two or more surfaces in close juxtaposition but
insulated from each other, tends to advance the phase of high frequency cur-
rents rather than retard them/ The capacity and the inductance may be so
combined in a circuit with suitable vacuum tubes as to permit the development
of high frequency currents from the energy supplied by direct curremnts to the
tubes. The frequency can be regulated by the proportions of inductance and
capacity used. Both inductance and capacity are frequency determining elements.




All electrical devices possess at least some resistance. In other
words, the ebb and flow of electrons within these devices is not wholly free,
but it is somewhat impeded by collisions between the electrons and molecules.
This results in heating the equipment and in the reduction of the efficiency
of the machine involved. Thus resistance is a measure of the losses to be
expected in the parts of radio transmitters and receivers.

A detector is a device which, when supplied with high frequency
energy derived either directly or after amplification from the antenna, con-
verts the energy of these currents into a low frequency, some of which can
either be passed through the telephones and heard by the human ear, or can
be used to actuate a pen on the recorder, thus making a record visibie to the
huran gye.

The amplifier is a device for building up weak radio freguency cur-
rents into much stronger ones. This is commonly done by the aid of suitable
vacuum tubes, particularly the shield grid tubes, associated with suitable
cirecuits. JTuning of the receiver is the process whereby the inherent fre-
quency of the receiver circuit is made identical with that of the incoming
- wave, thus giving the circuit enormously greater efficiency in picking up
the signal. The selectivity of a receliver is the measure of its ability to
discriminate between and untangle two signals which are fairly close together
in frequency. With poor selectivity these signals cannot be unscrambled and
hence interfere with each other. With good selectivity they both can be
used without mutual interference.

: In many cases the final detection of the signal is brought about
by combining with it a local signal from a weak high frequency oscillator.
When both of these signals enter the detector at the same time, one a distant
signal, one a local, two new frequencies are produced, one of which is the
difference between these first two signal frequencies and the other the sum
of these two frequencies. Usually the difference frequency is used, in
order to extract out of the combination a tone that can be heard in the
telephone, because it is low enough in frequency, whereas both the incoming
signal ard the local signal, or heterodyne as it is called, are too high in
pitch to be put through a telephone and couldn't be heard if they were.

The term crystal used in radio may mean a crystal such as silicon,
galena, iron pyrites or carborundum, which is used as a detector. On the
other hand, it may mean a quarts, tourmaline or occasionally some other new
crystal which is capable of exactly conmtrolling the oscillations in a trans-
mitter and is used for the purpose of high stabilization of the frequency.

We may say of a receiver that it uses a crystal detector, or of a transmitter,
that it uses a crystal controlled master oscillator, but we mean very dif-
ferent crystals and very different actions in the two cases.

The expression goupling is used to indicate the proximity of one
circuit to another without necessarily having any direct physical connection.
Due to this close proximity, currents from one circuit will transfer part of
their energy into the nearby coupled circuit just as the 2000 volt primary
of a 60 cycle transformer transfers energy to the 100 volt, 60 cycle circuit
which is-used in the home. These two circuits, namely the house circuit and
the supply ecircuit, are not actually in contact with each other but they are
coupled to:each other due to their close proximity within the transformer.
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A radio circuit may be any combination of the fundamental elements,
resistance, inductance, capacity and may, or may not, be connected to various
Lypes of vacwmm tubes. Vacuum tubes are devices for creating a flow of
electrons between certain elements built into the tube in such a way that the
tube may be used as a detector, amplifier, transmitter, frequency mitiplier
or modulator.

Modulation is the process of putting information on the back of a
radic wave SO that it may arrive at its destination in a receiver and be
interpreted. Pure, unmodulated or continuous waves may be detected, but they
carry no intelligence except to indicate that someone has put radio fre-
quency energy on the air somewhere. If a key is inserted in the continuous
wave transmitting circuit and dots and dashes are produced, the simplest
form of modulation is produced, which requires knowledge of the telegraphic
code to interpret.

To place music or the human voice on the Wearrier wave! is a much
more complicated process but, as everyone knows, it is done in these days
very successfully and by several means. The first process is by amplitude
modulation, where the amplitude, or strength of the wave, is caused to vary
in accordance with the variations in music or human speech, or in television,
with the light value of the picture. It may be resolved at the receiver by
aid of the detector, the amplifier, and finelly the loud speaker or the tele-

vision projector screen.

The second commonly used method of modulation is to keep the ampli~
tude or strength of the carrier wave constant but to vary its frequency above
and below normal value at z rate corresponding to the vibrations in music,
speech or television as required, and by an amount proportional to the inten-
sity of those effects. This is known as frequency modulation.

The term fidelity for a radio system is a measure of the exaciness
with which it reproduces music, voice, television, or what not, put into the
tranasmitter and finally arriving at the receiver so as to be heard or seen.

A very high fidelity system nowadays reproduces very closely what is actually
put into the transmitter. The term linearity is closely allied with fidelity
but differs from it, since it refers only to the ability of the system to
deliver, say, twice as loud a signal if the transmitter is actuated with twice
as strong a modulating impulse. Cheap receivers are often non-linear, that
is, they saturate easily ard are only good to certain levels, above which
they no longer effectively reproduce the variation in intensity. Early
broadcast transmitters had faults in this same way and even now it is seldom
that the extremely wide variations of intensity, such as actually occur in
musical performances are correctly reproduced, especizlly by amplitude modu-~
lation. Frequency modulaticn can do a better job.

There are, of course, a great many other highly technical terms
used in radio but they are of extreme interest only to the scientists and
engineers working in that field. They are not all necessary for a general
understanding of the vocabulary of radic.

The extensive application of radar during the late war was accompa-
nied by the introduction of a number of new terms in the vocabulary of radio.



partially reflected, returns to the radar receiver and is detected and dis-
played on the scope. All this happens between the time that one pulse
leaves the transmitter and the time the next pulse starts out.

The term pulse length refers to the time of duration of one of .
these pulses measured in microseconds. The term pulse recurrence frequency
means the number of these pulses which the radar sends out in one second of
time. If a radar sends out a thousand pulses in each second of time, we say
the pulse recurrence frequency is 1000. If each pulse lasts for one micro-
second, we say the pulse length is one microsecond.

"Early radars commonly used the A scope method of display. As
explained more completely in a later chapter, the cathode ray oscilloscope,
called "scope® for short, has a screen on the outer end facing the observer,
which becomes a luminous record of passing electrical events when a sharp
pencil of flying electrons or cathode rays moves over the rear face of this
screen. If nothing is happening, the cathode ray pencil strikes the center
of the screen and produces a small bright spot.

The sweep eircuit of the scope is an electrical connection which
causes this bright spot to move from left to right ranidly so as to produce
a luminous trace in the form of a horizontal straight line across the face of
the scope. If only the sweep circuit is supplied to a scope, the central
bright spot simply becomes a luminous horizontal straight line. Really it
is a moving pencil, but to the eye it appears contimuous. The radar receiver,
however, alsoc has a connection to this scope so that the echo pulses received
from the target will appear on the scope as a vertical pip or blip. The pip
is a vertical deflection of a small part of the originally undisturbed hori-
zontal line. Iis position accurately indicates the exact range of the target.

The position of the pip measured from left to right along the lumi-
nous horigontal line, indicates the time which it has taken for a pulse of
energy to go out to the target and return. Since we know that radio and radar
radiations travel 300,000 kilometers per second, it is very simple to calibrate
the horizontal line in terms of range, either in kilometers or in thousands of
years: or inmiles if you prefer them. :

Thus a typical A scope on a search radar shows a large pip on the
extreme left of the horizontal bright line, indicating the zero time or zero -
range position when all pulses start out from the radar. This pip is produced
by the direct and local influence of the radar transmitier on the receiver.
If, however, other pips are seen farther out on the line toward the right,
they indicate distant targets which return their echoes to the screen at a
later time. These pips are, of course, smaller than the initial pip which
indicates. the outgoing pulse. In general, the farther away the target, the
smaller or weaker the pip becomes.

- The bearing is obtained by rotating the directional antenna back and
forth and noting when a given target pip appears and disappears.

In fire control radar this is done in a different way and with a far
higher degree of precision, which is necessary for accurate control of mis-
siles.



Radar is a branch of radio and a direct outgrowth of the development of radio.
The word radar was coined, to the best of my knowledge, by Captain Sam Tucker
of the Office of Naval Operations, who, at the time the word was first pro-
posed, was a lieutenant attached to the Bureau of Ships, in the Radic Section
of the Radio Division of that Bureau. The keen interest and foresight of
this young officer had a very great effect on the growth of radar within

the United States Navy.

Radar means radic direction finding and ranging - the rz in radar
stands for radio, the d for direction finding, the g for and, and the r at
the end of the word for ranging. The main difference between the much
earlier direction finders and radar lies in two things: first, it is not
necessary that the target of the radar have any radio equipment on board or
radiate any radio waves. It must only be a target of such a nature that it
will reflect some of the radic energy which is sent against it by the radar
transmitter. Second, the radar set obtains practically instantaneously both
the bearing, or angular position of the target with reference to the trans-
mitter, and the range or distance between the radar set and its target.

When speaking of bearings we must consider that we are dealing with
both vertical bearings, or altitude angles, and horizontal bearings which
are azimuth angles. The bearings in the horizontal plane may be obtained
elther by reference to the true north or by reference to the heading of the
ship carrying the radar. They may, indeed, be obtained by both methods simu-
taneously. If the bearings are referred to the true north, they are called
true bearings; if they are referred to the ship's heading, they are called
relative bearings.

Broadly speaking, radars fall into two classes. A search radar is
intended for very long range warning purposes. A fire control radar is of
more moderate range but capable of far higher accuracy both in range deter-
mination and in bearing determination. Both types of radars are capable of
operating under conditions of zero visibility so that they have completely
changed the standard doctrines of Naval warfare.

The radar transmitter is a radic transmitter with a very special form
of modulation. It sends out a tremendously strong but very brief burst of
radio energy and then, after a relatively long rest period, another burst of
energy, followed in turn by another relatively long rest period. This
sequence continues as long as the radar transmitter is in active operation.
These bursts of energy are so short that their time of duration must be
estimated in microseconds. When we realize that a microsecond is a millionth .
of a second, we see that these pulses are of very short duration indeed. But
while they last they are of tremendous power, often of many hundreds of kilo-
watts. We may think of an ordinary radio transmitter at very high frequency
directed into space by a fairly narrow beam, as being similar to a garden hose
throwing a fairly steady and concentrated continuous stream of water, whereas
the radar is more like a machine gun which periodically emits bullets, each
individually having a very high energy level.

The term pulse refers to this brief burst of radio energy which
periodically leaves the radar transmitter, rushes through space, usually
directed by a beam anterma with a rather narrow angle, hits the target, is

-3ix -



The power of the radar is usually estimated in terms of the peak
power of the individual pulses. This is many times greater than the average
power of the radar transmitter. For instance, suppose we have a radar whose
pulses are one microsecond in length and whose pulse recurrence frequency is
one thousand per second; the radar is actually radiating in a second of time
only a thousand pulses which, if placed close together would have a total
length of a thousand microseconds, which is only one thousandth part of one
second. Thus the radar is actually alive only a very small fractional part
of the time. The ratio between the total time of power emission in a second
to the value of the second itself is thus 1000 to 1 so that such a radar is
sald to have a duty cycle of cne tenth of one percent. It is for this reasor
that "the radar supplled with only a few kilowatts of power can be used in
these brief short pulses with peak powers runming into many hundreds of
kilowatts.  We see then, that radar equipment does not require extremely
large power supplies because the nature of the equipment is such that it
can take power continuously at a low rate and store it up in the medulator,
letting it go for brief bursts at very high energy levels. Nevertheless it
is the peak power which is most important in the operatfon of a radar rather
than the average power, which has only a minor influence.

In order to concentrate this power on a distant target, it is impor-
tant that highly directive antennae be used to form the radar beam. Some-
times these are arrays of metallic conductors properly phased and sometimes
a single small antenna backed up by a parabolic reflecting mirror made of
metal.

Beam width is defined as the anhgle covered by the slowly diverging
beam of the radar as it leaves the antenna. If we say the beam width is 6

we mean that the greater part of the energy is confined within that angle.

Search radars usually have wider beams than do fire control radars.

It is p0551ble to make the radar beam narrow in horizontal angle
coverage and wide in vertical angle coverage, or the radar may be designed
for just.the opposite effect, namely wide horizontal angle and narrow ver-
tical angle. Such a radar beam is called a fan beam.

It pften happens, sometimes intentionally and sometimes due to
faulty design, that the radar beam has more than one principal direction of
energy output. The radar is then said to have more than one lobe. When a
radar has two lobes, for instance, they may be intentionally adjusted to
equal intensity or one may have considerably more intensity than the other.

A radar is said te scan a given sector of space. This is usually
accomplished by turning the radar antenna system about a vertical axis when
it is scanning in azimuth, and about 2 horizontal axis when it is scannlng
in. gltitude angles. The scanning in azimuth may be a complete 360° s and
very commonly is, with search radar. On the other hand, the radar may be
swept back and forth over a given sector, say for 1nstance 60° wide, and so
concentrating its attention on a region of space from which the enemy is
reasonably expected to approach. This is called sector scanning.

Besides the A scope already descrlbed, the radar information may be
displayed on:a cathode ray screen which is known as the plan position indi-
cator, called PPI for short. In this type of scan and display, the radar




scans continually, frequently over the entire 360°, but sometimes covering
only a sector. The sweep circuit in this type of radar deflects the cathode
ray beam radially ocutward from the center of the scope toward the periphery.
This goes on very rapidly as the radar continues to scan and does not fill up
the screen with a lot of bright lines because a mechanism is provided to
blank out the bright spot, which otherwise would irace scanning lines all
over the pieture, until a radar echo is received. The receipt of this echo
momentarily turns on the bright spot so that instead of a pip appearing, a
small bright spot appears on the picture indicating the angular position of-
the target. The range of the target is measured by the radial distance from
the bright target spot to the center of the PPI scope. Thus the PPI method
of presentation presents a sort of crude television picture or map of sur-
rounding reflecting objects both near and far. This is, of course, a very
rapid and convenient way of getting a lot of information simultaneously on
one picture. It is very useful in observing the movements of a large number
of airplanes, for instance, whether they be our own planes or the enemy's.

Early in the development of radar, I insisted that we must, from the
very outset, develop radar that could transmit and receive with the same
antenna. The early British systems did not do this even on board ship, but
I felt that installation difficulties would greatly handicap our Fleet if we
did not solve this vexatious question. To the best of my knowledge the
 first duplexers, as we called them, were built by the Naval Research Labora-
tory. These may be defined as devices which automatically protect the
recelver from being burned up by the tremendous power put into the antenna
although the receiver is continuously connected to the antenna. When echoes
from fairly distant objects come back in a few milliseconds, there is
obviously no time for mecharnical switchirg operations from send to receive
position. The duplexer not only protects the receiver but prevents the
diversion of power from the transmitter intd the receiver lines. Thus, a
few microseconds after the initial pulse has left the antenna, the receiver
is ready to pick up the returning echo. Later when the National Defense
Research Committee got into the picture, their engineers called a similar
device the TR box. TR, of course, stands for transmit-receive.

The term IFF means identification, friend or foe. This term was
invented by the British and to them must go the credit of having the first
device which could be put on friendly targets in such a way that friendly
radars would receive a particular kind of indication which would distinguish
friend from foe.

The regolving power of a radar means its ability to separate or
distinguish between adJacent targets. We may speak of the resolv1ng power
in terms of range or in terms of angular peosition.

These tken, are the most important words in the vocabulary of radar
which have grown up in a very few years'! time. A few of them are newly
coined words, but most of them are specialized meanings for terms which
have been previocusly used in a broader sense.
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CHAPTER T

1890-1900 - Early "Wireless"

It is customary for every author to present his excuses for writing
a book, especially if it departs radically in nature from any of his earlier
piblications. I really have no excuses; it has simply occurred to me that
it might be interesting to put down a rumnning account of some of the experi-~
ences in the field of radio wherein I have been either an interested bystander
or an actual participant. By the time this maruscript gets into rrint, if
it ever does, it will cover a period of very close to a half century. Not
only will this account be as non-technical as possible but it will be non-
controversial; therefore, it cannot be used as a basis for deciding who did
s certain thing first or whether he did it better than someone else. It is
my earnest desire to make the book of interest to the general public as well
as to my technical colleagues. Of course, they may find it especially inter-
esting, since many of them will be named in connection with certain of the
events of which I propose to give an account.

These preiiminary remarks must make it clear that I will unavoidably
have to recount mich of my own personal history, for which, again, I make no

apologies.

1 was born of New England parentage, but in the city of Chicago, my
parents having gone West many years before I was born. My father, who. was
an advertising man, had little interest in, and not much understanding of,
technical things. The attraction which scientific and engineering develop-
ments have held for me ever since I can remember is probably inherited on
the one hand from my maternal grandfather, who owned and operated a bolt
factory in Lowell, Massachusetts, and from my paternal grandfather, who was
a builder and constructor in a small town near the border between Massachusetts
and New Hampshire.

Long before I ever had amy higher schocling, I was constructing
simple Voltaic cells with zinc and copper plates in acidulated water, string-
ing a rumber of them up in series, tryirg to make & carbon arc and an induc-
tion coil. At this time I was living in a small village named Wilmette, a
few miles north of Chicago city limits. Wilmette was then a town of only a
few hundred people and was a very rural commnity indeed. I attended high
school, in the neighboring city of Evanston where I sopped up all the mathe-
matics, physics and chemistry I could get hold of.

During this period I obtained a couple of telegraph sounders and
keys and with a few homemade batteries finally constructed, with the coo-~ro-
tion of a neighborhood boy friend, my first telegraph line. I remember
very well that when everything was completed and should have started off
properly with the first closing of the keys, nothing happened. For days we
struggled with this difficulty and were almost in despair. It was then I had
my first lesson in ground comnections. My friend had a well at his house,
with an iron pipe going deep into the ground, and therefore had good ground
connections. Our well was operated with a bucket pump, which had only a
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wooden pipe, and my parents refused me permission to lower a metal plate to
the bottom of the well for fear of contaminating the water. I was forced to
use &.leéad.pipe which connected with the cistern pump. Somehow or other I
discovered the difficulty was due to the ground around that pipe being
thoroughly dried out in the midsummer heat. A few buckets of water remedied
the difficulty.

Later my family moved to the eastern part of the small town and I
got a group of 8 or 9 of the boys together to construct a telegraph which
pretty well ran all over the town. Some of us became expert operators in the
old Morse code -~ good enough so that we could lounge at the window of the
telegraph office of the railway station and read the stuff that came over
the Western Union line. Qf course the whole idea of the telegraph had been
suggested by that telegraph office. We boys were always hanging around rail-
road stations and could tell any engine on that branch of the Northwestern
line by its whistle while it was miles away. The railroad was the most tech-
nical thing we had in town.

With this background it will be seen why, after I finished high
school, I wanted to go to a college where I could study electrical engineer-
ing. However, the family finances didn't run into attendance at any college
which was so far away that I couldn't live at home, so in 1896 I matriculated
at Norihwestern University for a special course. My father felt that I
couldn't look forward to graduation but that he could manage to send me for
& year anyway. This special course had all the college physics, chemistry
and mathematics for which they would allow me to register. This was as close
as I could get to experimental electrical work. Northwestern University,
Evanston Campus, did not then have the splendid school of engineering that
it now possesses; however, in the long run I had no occasion to regret the
circumstances that forced me to this course. Though I had to learn my engi-
neering the hard way, I acquired thereby a better background for it.

I soon saw that I must partly support myself through college. By
that time electrical installztions in our little village had advanced as far
as electrical door bells and some burglar alarms. The man who handled mmch
of the building in our town was a good friend to me because he gave me plenty
of jobs putting in electric bell circuits, and I got some repairing of buglar
alarms. This work was done mostly at hight, since I was busy in the school
all day and nobody worked on Sunday in those days.

Tt is well to recall that the year 1896 was the year that Professor
Roentgen's experiments on X-rays were znnounced. I can well remember with
what enthusiasm and interest everyone received the news of these discoveries.
Heinrich Hertz had completed, in 1886 and 1887, his epoch-making discoveries
of electromagnetic radiations, predicted between 1861 and 1865 by Clerk
Mexwell of England. It was very interesting to note that the frequencies or
wave-lengths used by Hertz in his very early work were almost exactly the
same as those used by the Navy in its first long range search radars during
World War II. By the middle of my junior year in college I was repeating
some of the experiments of Hertz. It was during this same period that
Edovard Branly of France, brought out a coherer and that Rhigi, at the
University of Bologna in Italy, did his work on waves about 2 em in length,
produced by sparks between twoc metal spheres in oil. These experiments I
had the pleasure of repeating, to some extent, not many years after they
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were first done. I got up an experimental transmitter and receiver which
worked through a few hundred feet and gave a well attended demonstration at
the University, at which many people marvelled at the way these radiations
would go through brick and wooden walls.

Tt is interesting to note that during this same period, Sir J. J.
Thompson, whom I afterward visited in 1908 in England, was beginning his
classical experiments which led to the discovery of the electron, which was
first called a corpuscle. .

Sir Oliver lLodge, in the London Electrician for 1894, discussed the
work of Hertz and described his own experiments with electromagnetic waves
(radio) and commented upon the phenomena of resonance for tuning, as exem-
plified by his famous syntonic jars experiments. The jars in question were
Leyden jars which had a coating of tin foil on the inside and another on the
outside. With the glass dielectric between, this constituted a capacity.
Nowadays when we tune our broadcast receivers to pick out the frequency of
our favorite station, we can hardly realize that there was a time when people
knew nothing about tuning and hardly grasped its implicaticns.

In my early experiments in college at this period, I know I had a
vague knowledge of resonance as we called it in those days, and knew it had
some vague connection with the size of the discharge plates and the general
physical structure of the apparatus, but my own adjustments to produce
resonance were largely empirical. By patient trial the adjustments were
contimied until the oscillations radiated by the transmitter were picked up
and detected at the receiver. This wasn't any toc easy, since the first
detector I had to work with was a copy of the Hertz micrometer spark gap.

By 1898 Lodge had applied for a tuning patent, covering means of
bringing the transmitter and receiver into resonance. Sir Wm. Henry Preece,
then engineer of the British Post Office, had been interested in wireless
comminication since 1854, but the type of communication at that time was by
conduction currents rather than by electromagnetic waves. Later, in 1877, he
tried his experiments by means of magnetic induction using large loops of
wire.

From time to time, taken through the years, these methods have had
some use, especially in military work, but they have, of course, never been
able to step out to respectable distances. In 1896, however, Marconi had
gone to England locking for some smpport for his experiments and was put in
touch with Preece and the resources of the British Post Office. Iudid not
meet Marconi until many years later but I followed his work with interest.

I have always felt that he was a star of the first magnitude in practical
development, but that others deserve more credit for pioneering, inventions,
and painstaking investigations which laid the foundations for present day
radio. The practical success of the Marconi experiments in those years
greatly stimilated my imagination, but led me to make a very unfortunate
prophesy. I presented a paper in a Seminar at the University, bolstered with
quite a long mathematical calculation, which proved to everybody's satisfac-
tion, that important as wireless communication (it wasn't called radic in
those days) was destined to be, it could never span the Atlantic. A very few
years later Marconi accomplished that miracle. From then on to this day I have
heoen very wary of making predictions as to what radio cannot do.
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Of course we had no notion in those days of the role which the upper
layers of the earth's atmosphere play in radio communication, making it pos-
sible for radio waves to travel to great distances by gliding arcund the cur-
vature of the earth or bouncing about between;the surface of the earth and
the upper atmosphere in such a way as to make progress to their ultimate
destination. We thought that the only way such radiation could travel was in
a straight line, like light waves. We thought that it would have to bore
down ‘through, the bulge in the earth which protruded itself between the
start and the finish in a long distance path. We figured rightly that the
absorption of the waves in passing through that much of the earth's crust
would be too great to permit long range communication. -

During the same period Slaby in Germany was doing work very much
parallel to that of Marconi; in fact, he came te England in 1897 to witness
some of Marconi's tests which had far exceeded his own in distance. These
tests were made over a range of eight miles. In collaboration with Count
von Arco he developed the Slaby-Arco system which ultimately led to the
development of the Telefunken Company of Germany.

It was in this period, following his appointment in 1899 as elec-
trical adviser to the British Marcorni Wireless Telegraph Company, that
Fleming went to work on his experiments leading to the develomment of the
Fleming valve to replace the cumbersome and erratic coherers which were used
in those days to receive radio waves. The Edison effect, upon which the
action of the Fleming valve was based, was discovered in 1883 but no prac-
tical use made of it.

Sir Wm. Crooks was also working in England at this time, principally
on the broad subject of discharge of electricity through gases. However, he
did conduct original investigations in radio. Crooks described the luminous
streams in cathode ray tubes as streams of projectiles and called them a
fourth state of matter - he didn't know what the particles were. It remained
for Sir J. J. Thompson after long experiments to bring that out. His work
lies in the background too of cathode ray tube development which has been so
important for radio and radar during the late war.

It is evident that this decade, 1890-190C, was a period in which a
number of very interesting changes in our national habits, ways of thinking
and ways of living were either well on the way or were started. It was a
period of peace, except for the brief flare-up of the Spanish War. A number
of my boyhood friends went into the Navy and some into the Army. I was very
nearly drawn into it but listened to the counsel of my family to finish my
education. ‘

During this period, the first talking machine or phonograph began to
make its public appearance in a very scratchy and irritating form. Telephony
had definitely arrived, but was by no means a common thing in every household;
wireless telephony was still in the future. Transatlantic commurications were
either by letter or by cable. Very jumpy and uncertain movies had arrived
but were by no means common even in a good sized town. In 1896, there were
four automobiles in the United States, nore of them in private hands. Two
years later, four card were sold to the public by Winton in Cleveland. Elec-
tric light and power were common in the big cities but by no means used

-4 -



universally. There were more streets lighted by gas than by electricity.
The series arc light for street lighting, and to some extent for store
lighting, had arrived. The distribution of gas for lighting purposes had
not touched many of the smaller towns, where the kerosene lamp was still
supreme. Gasoline was known, but considered rather worthless. Kerosene
sold for 10 cents a gallon. Not many miles of roads outside the cities
were paved and in the cities there were still plenty of cobble stones used
for pavements. Macadamized roads were begimnning to be considerably used.
The electric railroad had definitely arrived both for urban and inter-
urban transportation. The use of gas for heating homes was hardly known
except in the vicinity of a local gas well. It was also relatively rare
for cocking purposes. Electric cooking had not appeared on the scene at
all. In the small towns and the rural districts, fast transportation was
by horse and buggy or horse and sleigh in the winter. Bicycles were very
popular and very widely used. Most of the larger towns and cities had
cycle clubs and century (1.00 mile) runs.

The use of tandems, triplets and quads, was far more common than
today and six seater bike races were held. Explorations in the field of
radio activity, x-rays and electromagnetic radiations were paving the way
to a future of atomic power, radidicommunication and many other things.

To me the most important influences of this era were -~ first, the
fact that I had come into contact with and under the influence of a man
who was a remarkable investigator, a fine teacher and an uncompromising
exponent of scientific veracity and integrity. He was also the most mili-
tant Quaker I ever knew - Professor Henry Crew, then head of the Depart-
nment of Physics of Northwestern University, now Professor Emeritus. The
second thing was that my imagination had been stimulated and fascinated
by the developments in electromagnetic wave theory and applications there-
of, a fascination which has never left me to this day.
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CHAPTER II

19001903 -~ Michigan Agricultural College

In the surmer of 1899 the family's finances were such that I saw no
hope of finishing my senior year in the University. I went to work for the
Western Electric Company, Chicago. About this same time, Lee deForest was
also working there. He was in the dynamo division and I was in the division
dealing with telephone cables and switchboards so that I didn't meet him
until a good many years later. Near the end of this summer an aunt living
in Lowell, Massachusetts, heard of my predicament and advanced me & small
sun of money which enabled me to go back to the University for the opening
of the fall semester.

In the year 1900, when I had only one more semester to go before
getting my B.S. degree, I ran out of money again and had to look arcund for
a job. Through the kindness of Professor Crew I was put in touch with a job
as an instructor of physics at the Michigan State College of Agriculture and
Mechanic Arts, in Lansing, Michigan. - This school was doing very good work
in the field of agriculture but the Mechanic Arts end of it, aside from a
very practical course in mechanical engineering, didn't go very far and had
very small appropriations with which to function.

¥hen I arrived in Lansing, or rather at the college, which was four
miles away from the center of the city, I found that the course in electrical
engineering, a short course given to junior and senior students, was given in
the Physics Department, not in the Engineering Department. Furthermore, since
the new head of the Physics Department who had arrived six months before, not
. only knew no electrical engineering but would not touch it with a ten foot
pole, I was expected to teach the course. The fact that I had never had such
a course myself didn't seem to make any difference. I was very fortunate in
having a young junior student appointed as my special assistant for this
course.

_ It was soon apparent that while my background and interest in the
electrical side of physics gave me certain theoretical advantages, in a.
practical way this assistant knew a lot more about the work than I did.
Between us we made a reasonably good team and sat up nights rigging up exper-
iments for the class and boning on the text book so as to keep one jump
ahead of the assignments. Thus I got my start in electrical engineering by
the hard way. Incidentally, this assistant was H. T. Brainerd, known as
WHigh Tension™ in Lansing days who, the last I heard, was high up in the
electrical engineering staff of the Allis Chalmers Company.

It wasn't long before we found an old induction coil without any
interrupter which we put into operation after I had invented a cheap electro-
lytic device to take the place of the broken mechamical interrupter. This
gave us a source of high voltage which we promptly connected to a condenser
made of window glass and tinfoil plates immersed in a tin of kerosene; this



in turn was provided with a spark gap, directly connected to an antenna on
one side of the gap and to ground on thé other, as in Marconi's earlier
experiments.

‘We had no proper measuring instruments, no idea as to what fre-
quency we: were transmitting, or even how much energy actually went into the
untuned antenna. This antenna was an insulated #14 wire running up through
a hot air register, through the lecture room, through a skylight in the
roof, and thus to the flag pole. We did our experimental work mostly after
5:00 P.M. One evening the instructor in military tactics borrowed our
lecture room, since it was after the lecture hours of the Physics Depart-
ment, and assembled his students at about 5:00 ofclock. Before the instru-
ctor entered, the students began a little general rough house and started
playing with the antenna, swinging it from side to side. Brainerd, in the
bagsement under the hot air register, perceived what was going on and was
very indignant. He promptly put the current on the induction cecil; the
result was that three or four students were knocked endwise and we were
subjected to an investigation. However, we were not forbidden to continue
with our experiments and proceeded with our next test which was to develop
a suitable receiver.

I should perhaps explain that during this period at lansing, I
did not have access fto any good scientific library; the only technical
periodical available was the Physical Review. This was available because
Professor Atkins, Head of the Physics Department, was a member of the
American Physical Society and I had the use of his personal library. I
was unfortunately not aware of important developments in this and foreign
countries which would have been of great interest to me during this period.
For instance, Fessenden had developed a very good eleckrolytic detector in
1902 and John Stone had published papers on tuning coupled circuits.

When I started my work as a student at Northwestern University I
used the coherer and was familiar with some papers published on it, notably
by Dr. K. E. Guthe and Dr. A. Trowbridge with whom I was very shortly to be
associated at the University of Wisconsin. Dr. Carl Kinsley had also pub-
lished a paper on the cocherer. I met him a few years later, during z wvisit
to the University of Chicago. I knew very little of the work of G. W.
Pierce and very little of the work then going on in England. Max Abraham,
whom I was to meet within a few years and with whom I worked in Cermany
somewhat later, had started publishing important papers in the Annalen der
Physik. In this same scientific periodical, interesting papers were pub-
lished by Kiebitgz, not only on the action of the coherer but on rescrnance
problems of various sorts, the knowledge of which would have been very help-
ful to me at this time. '

During this periocd Professor Zenneck, whom I came'to know later,
published a paper on damping of electrical waves and Becker, also in Germany,
& paper on interference tubes for electrical waves. These tubes had a
rather close relation to the cavity resonators used for radio and radar
development during World War II. Dr. Braun of Strassburg was working in
1902 on standing waves on wires. Max Wien had published a very important
paper on applications of resonance in wireless telegraphy. Dr. Paul Drude



had published many papers dealing with electric waves but none of these things
came to my attention until a little later.: : : '

During this periced a rumber of interesting things happendéd.oi .uliich
I had only what vague knowledge I might have gathered from newspaper accounts.
By Jamuary 1900 Marconi equipment was being installed on British channel
steamers and a decision had been made to equip & number of ships in the
British Navy. As early as November 1899 the U. S. Navy experimented with
Marconi equipment installed on the cruiser NEW YORK and the battleship
MASSACHUSEITS. The system was tested up to a distance of 36 miles and appar-
ently gave satisfactory commrication up to 16 1/2 miles. The board putting
on the experiments recommended that the Marconi system be given a trial in
the Navy. The American Marconi Company was started in December 1899.

In Jamary 1900 the U. S. Navy decided that the terms demanded by
the Marcomi Company were unsatisfactory and Admiral Bradford, then Chief of
the Equipment Bureau, U. S. Navy, said that the Navy would develop its own
system. About the same time, General Greely, Chief of the Signal Corps, U. 5.
Army, indicated that the Army expected to do the same and that their experi-
ments were going on in a satisfactory way. - During this same month, the
American Lighthouse Service started to use wireless.

In May of 1900, Ruesia announced that by the end of the summer the
Black Sea Fleet would be equipped with radio. - The British and German
Navies started equipping a great many ships. During the first half of 1900,
the North German ILloyd Compary experimented with radio comnecting Bremerhafen
with certain lighthouses and light ships. The company accepted paid messages.
In the same month the Chief Signal Officer of the U. S. Army announced plans
to equip with radic the harbor of San Francisco and certain harbors in Puerto
Rico and the Philippines. , , : '

‘Tt is interesting to note that the early support for practical appli-
cation of radio came from the world's military establishments, in particular
‘from the Navies. This was natural since when a Navy task force put out to
sea in those days, it was very soon out of touch with all land commnications
and often, especially under the stress of bad weather, the task forces would
lose trace of each other - perhaps be entirely out of commimication until
they reached some prearranged point 6f rendezvous.

: In November 1901, the Marcorni Company exhibited in New York some
equipment for the Jepanese Navy and in Jamary 1901, France amnnounced that
 the Mediterranean Fleet was to be equipped. The same year the Atlarntic was

spanned by signals from Clifden, Ireland to Glace Bay, Newfoundland. The
French had previously used radio in July 1900 in the naval maneuvers &ff
Cherbourg with ranges up to forty miles. Scme of the leading figures in
France were Professor Blondell, Captain Ferrie, Ducretet, Tissot, Lecarme
-and Popoff, a Russian who was also active in Russla's radio program. It
thus appears that the military forces, particularly the naval forces, of
England, Germany, Russia, France, United States and Japan a1l started using
radio at very nearly the same time. Italy had actually started considerably
earlier, with Marcori's work, but for lack of support he was forced to turn
to England for backing. : .o : -



The situation as regards navies of those days was such as to cause
two diametrically-ovposed views to the use of radio in naval service. The
majority of the officers, particularly the alert younger officers, seized
upon the idea with great enthusiasm but a lot of the old time admirals and
captains didn't like the idea of putting radio on their ships at all. A
Naval Task Force Commander, in those days, sailed on orders, sometimes
sealed orders, but once he was on the high seas, he was absolutely his own
boss and could use his own judgment to an extraordinary exgent. Nobody
could reach him to change his orders or to tell him what to do. Some of
those old skippers were a pretty independent lot and they weren't by any
means one hurdred percent in favor of having their ships equipped with
radio for fear it would curtail their power and authority. Of course, they
were in the minority, but even in the progressive United States there were
some men, and good men too, of this type.

In March of 1901, Nikola Tesla, ther in the United States, experi-
mented with wireless transmission of power, propesed to send signais to
Mars and claimed he had apparatus quite capable of doing it. His theory
was that when the Martians were irradicated with his signals, they might
be beings of such a nature that they would be able tc devise some wsy of
communicating back to the earth. A very amusing comment on this extravaganza
was published in the London Electrician. Tesla was advised to try his first
experiments on an ant hill 100 feet or so away. ™"Probably", said the editor,
"the wisdom of the ants is likely not to be any more different from similar
human attributes than that of the Martians. At least he would have the
advantage of knowing that the ant hill was inhabited!. Tesla was advised
to "go to the ant, study her ways and be wise.n

I wrote a brief paper, which was published in the Physical Review
in 1902 on my electrolytic interrupter. This paper was of no great value,
but for me it had important results, since I had a personal letter in con-
nection with the matter from the editor of the Physical Review, Professor
Ernest Merritt (now Emeritus of Cornell). It gave me a great lift to feel
that so experienced and distinguished a teacher and scientist was interested
in my feeble effort. I may say it alsc led to a life-long friendship.

The papers on the coherer that had come to my attention directed
my interest to the single contact coherer. Now the coherer principle is
very old. It was made practical by the investigations of Branly in 1895
and greatly improved by Marconi to give a higher degree of reliazbility. In
essence the coherer consisted of two silver plugs in a glass tube with a
narrow gap between which was filled with metal filings, generally nickel
with the addition of some silver filings. Marconi had improved the coherer
by slightly amalgamating the surface of the silver plugs and evacuating the
whole device, which prevented oxydation of the filings. This instrument
was hardly a quantitative device, was still very cranky, and was cormonly
used t0 operate a telegraphic instrument when the electromagnetic waves
produced currents through the coherer which lowered the resistance of these
filings and made them conducting, thus elosing the circuit of the telegraphic
instrument or relay. . Means had to be provided for jarring the coherer to
render it again non-conducting and thus ready for receipt of the next signal.
It seemed to me that it might be possible to get a single contact device
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which would not require this continual tapping process to restore it to éensi-
tivity and which could be used with a telephone instead of a relay. IExperi-
ments already made and with which I was somewhat familiar, indicated this

possibility.

The receiver which I evolved for the early experiments at Lansing
was a very curious affair, consisting of a telegraph relay with the second-
ary contacts reversed and made of nickel. The primary and secondary were
placed in series so that the thing was hooked up exactly like an electric
bell. When a battery was applied to it the movable armature would vibrate
back and forth exactly as an electric bell. A telephone was placed in
series with the battery. With the addition of resistances the current
through the device was reduced to such a point that the contacts; although
touching very lightly, just stopped vibrating. A very delicate spring,
replacing the usual spring on the relay, facilitated this adjustment. One
side of the nickel contdcts was grounded and thé ‘dther connected to the
antenna.

) Of course this very crude device, which was described in 1902 in
the Fhysical Review, was extremely microphonic so it had to be suspended
very carefully with rubber bands and couldn' be used in any room where
there were loud sounds or vibrations without continually giving false
indications. With this device, Brainerd and I succeeded in picking up our
signals out in the fields a mile or so away from the transmitter. We then
decided that we were ready to send signals from the college grounds to the
city of Lansing, four miles away, where I was living. We made crude attempts
to adjust transmitting and receiving equipment to resonance. We were very
far from successful.

, This curious receiver was evidently sensitive, as the following
incident will indicate. I had a second floor room almost across the street
from the State Capitol. The house had a central heating system so that I
had a ground connection of sorts, but I couldn™ get permission to run an
antemma up to the roof. So I used an inverted antenna, anchoring it out of
my window a few feet short of the ground. This reminds me of what we did
many years later in airplane work. Perhaps this was the first use of the
inverted antennae. .

Cne Saturday afternoon when I was listening in, trying to pick up
signals from the college, I heard a regular series of clicks which gradually
faded away. I already knew from experiments at the college that this detec-
tor was very sensitive to local disturbances such as turning off an electric
light in the vicinity or, in fact, opening any electrical circuit with its
consequent sparks at the moment of opening, I diagnosed this as a momentary
electromagnetic radiation from the circuit. The house in which I was living
at lansing was somewhat isolated from nearby houses and had no electrical
equipment, the lighting system being gas. After these clicking signals were
repeatedly received I rushed to the window one day and discovered that Mr.
Olds, who had his first factory in Lansing, was driving a two-cylinder car
dovn the street past the house. This curious detector picked up those
jgnition disturbances for about a block ard & half. Perhaps this was the
first discovery of ignition interference on a radio reciiver. As everyone
knows, this is a particular abomination for tradio reception in automobiles



and airplanes. Many yeara later I came up against this problem when work-
ing for the Navy. Certainly it has given engineers many headaches and it was
a long time before successful countermeasures sgainst it were evolved.

My paper on the single contact coherer was published in the Physical
Review in 1903. This work was very laborious and painstaking, on account of
the susceptibility of the device to shock, vibration and local electrical
sparks. I had to work at night since, on account of heavy class work, I had
no time to work in the daytime. Brainerd gave me what help he could. We
both lost a good deal of sleep over it. Furthermore I was reprimanded by
the president of the university for wasting my time on such useless work
and burning up my efficieney as an instructor.

During this period at Lansing, I spent two summer school terms at
the University of Michigan, not in.the field of radic, but in the fields of
philosophy, sociology and organic chemistry. This enabled me to take this’
work for credit to Northwestern University. Finally I was awarded my
Bachelor of Science Degree in 1902.

By this time I was pretty much discouraged with my attempts to carry
out scientific investigation in a place where there were so few physical and
library facilities and where the attitude of the powers that be were-so dis-
couraging. At the end of the first semester in 1903, I resigned and accepted
an appointment at the Urdiversity of Wisconsin as instructor in Physics with
the assurance that at least half of my time could be devoted to research.
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CHAPTER III

1903-1908 - University of Wisconsin

On arrival at Madison, Wisconsin in February of 1903, I found the .
Physics Departmemt headed up by three interesting men. The chairman of the
Department was Professor Snow, who had worked under Rubens in Berlin in the
field of Physical Optics. He ridiculed the idea of investigations in the
field of wireless telegraphy (radlo) as the sort of work that might be done
in a trade scheol but hardly in a high class college department. He advised
me to take up research work in some other field. Snow spent all his time In
teaching college elementary physics and gave an enormous amount of time to
the preparation of lectures and experiments. I usually helped him with these
preparations, learning in the process many new things and many new techniques.

Dr. C. E. Mendenhall, who after Snow's death succeeded him as head
of the Department, did his own research work in the field of physical optics
and high temperature measurements, but I found him very sympathetlic towards
research work in any field and was indebted to him for many suggestions. He
had, indeed, a very charming personality.

~ Professor Augustus Trowbridge had worked with Rhigi in Italy; he had
cha:rge of the work in the electrical side of physics and had a good deal of
sympathy with my desire to work in the field of very high frequencies, that
is, radio. However, he advised me to get into precise electrical measure-
ments, holding that in doing so I would be able to merge this field with some
high frequency measurements that would satisfy my a.spirat.iona. So this was
the way it worked out.

_ Between 1903 and 1908 I published, in the Physical Reviaw, five
papers in the field of electrical measurements, particularly in the field of
alternating current measurements. This was an excellent foundation for going
on later in the field of radio measurements. However, I did fix up one
rather spectacular radio experiment for Snow's lecture course which demon-
strated resonance in aerial systems and was allowed to publish a paper on it
in 1904.

: It was from Trowbridge that I received my prineipal inspiration and
when I look back and see what a callow inexperlenced youngster I was, I
often wonder why he was 80 kind and helpful. I sat in on all of his graduate
courses in electromagnetic theory as well as in some of Mendenhallts graduate
courses. Within two years I was not only teaching engineering physics but
the courses in direct current and alternating current measurements as well.

I was made assistant professor and had & few graduate students for advanced
degrees, working under me, though I didn't yet have a post-graduate degree

myself.

When I first went to Wisconsin I was assigned a research room which
- had been recently vacated by Dr. R. W. Wood, who even then was a physicist
with most remarkable ingeruity and ability. There were many mementoes in .
this room of his earlier work in physical opties. He had left Wisconsin
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to go to Johns Hopkins just before I arrived. I did not meet him until many
years later. Trowbridge did his research work in an adjacent room and I often
acted as his assistant, particularly in connection with some experiments
having very curious and very unusual types of high frequency detectors.

Recently some Italien investigator had reported on a device which
can be described as a variety of electrolytic detector. This consisted of
a glass tube drawn out to a very fine point and bent up at the lower end,
the whole being lowered into a glass of acidulated water. This tube was then
filled with mercury to a sufficlent height to force itself up to the lips of
the capillary at the lower end of the tube. The:mercury came just to the sur-
face ard had some contact with the acidulated water. A very small battery.
voltage was applied. Gas was formed on the surface of the tiny mercury
globule, thus breasking the surface tension and allowing a spurt of mercury
to spll) out of the end of it and drop to the bottom of the glass of liquid.
By carefully adjusting the pressure of the mercury column and the battery
voltage, the situation could be arrived at where the mercury was on the verge
of spilling out but did not quite do so. Then a high frequency impulse from
a radio signal was connected between the mercury and a metal plate put in the
liguid. The high frequency impulses would succeed in breaking the surface
tension so that every time the signal came the mercury would spill out. How
this curiosity could be used practically I am sure I do not know, but it was
an ingenious device and just goes to show how many different things can be
used to detect radio waves. The non-technical reader should remember that
radio waves in and of themselves have no effect on the human senses unless
the human subject is within a very short distance of a high power transmitter.
In that case the waves passing through his body set up induced currents in
the body which causge heat to be developed and the body temperature to rise..
This effect is what is used in electrotherapy with the so—called inducto~therm
machines. As far as we know today, in spite of occasional letters from
eranks claiming otherwise, there is no noticeable effect on human bodies or
any of the senses of man from feeble radio waves coming from any considerable
distance. S0 it was necessary to invent these radio detectors to transform
the effect of the radic waves into something such that the end result could
appeal to the human senses either aurally or visually.

As mentioned earlier, Rutherford had done pioneer work on the mag-
netiec detector in 1895 and Marconl had greatly perfected it and put it into
practical use in about 1902. I helped Trowbridge experiment with a rather
unusual type of this device. Scientifically it was very interesting. Prac
tically it could hardly compete with already existing magnetic detectors.

These magnetic detectors operate roughly in the following fashion.
A magnetized wire will have its molecules more or less shaken up by being
subjected to the influence of currents produced by radic waves, usually by
passing those currents through small coils wound around the wire. Jolting
these molecules with high frequemcy changes the magnetic condition of this
magnetized wire; this in turn induces in another voil around the wire a low
frequency curremt which can be heard in an ordinary telephone. The Marconi
variation consists of a contimuous magnetized wire passing close to the
poles of a magnet and then through the necessary coils to perform the oper-
ations I have described.



The Trowbridge experiment was done with a stralght iron wire about
ihree feet long clamped at the top. This wire was surrounded with a magnet-
izing coll which gave it longitudinal magnetization. - After the wire was
twisted at the bottom, the magnetization became twisted up; some of it went
out sidewlse through the coil and affected ancther coil connected to z tele-
phone recelver. Trowbridge was interested principally in what we called the
torsional magnetic hysteresis of this iren wire, but I discovered in some
way that the presence of high frequency influence, or radioc waves, affected
the output of this thing and made a detector of it. I spent scme time on
this device and tried to get a simple portable form that would have practi-
cal uses, but found that its sensitivity was so low that I lost interest in
it and never published anything on the subject.

The Physics Department had an excellent scientific library. I was
able to catch up in my scientific and techmical reading and find out what was
going on in this and other countries in the field in which I was interested.

Most engineers today would say that the crystal detector succeeded
the coherer; however, as far as practical application in radio is concerned,
the magnetic detector and the electrolytic detector camecearlier. The -
Fleming valve was also in the picture. It was certainly one of the first,
if not the first, vacuum tube detector. The electrolytic detectors seemed
te have been almost similtanecusly developed by Ferrie, Fessenden, Nernst
and Sloemiich. Such a device as a rectifier for low frequencies was evi-
dently used by Dr. Pupin at a much earlier date. As indicated earlier, the
Fessenden device caime out in 1902. Ferri€ was at that time captain in the
French Signal Corps. Later he became the first commandant of the famous
Eifel Tower Radio Statlon in Paris. I came to know him very well when he
was a general, and head of the French Signal Corps in World War I.

- During this same period, crystal detectors came into being. Dr. F.
Braun of Strassburg was working with such detectors amd suggested them to
the Telefunken Company of Germany. Work was being done in this country by
Pickard, Austin and G. W. Plerce. The first American patent was taken by
General Dunwoody of the Army Signal Corps in December 1906. Eccles in
England carried out elaborate studies of these detectors which at that
time presented somewhat of a scientlfic puzzle. In essense, they are
valves which let high frequency currents go through much more easily in one
direction than in another, or else they are devices which develop pulsating
.currents of thermal origin when excilted by curremts produced from radio
waves. These pulsating curremts can then be heard in the telephone. Due to
the low cost and aimplicity of these devices, they soon became more widely
used than any other detector, and it is interesting to note, since the
advent of the extremely high frequencies, they are stil) widely used today.
I became familiar with all this and with many papers ~e€overing resonance
and tuning of coupled circuits, ebc. which I should have had at my disposal
while I was at Lansing. .

' The i’:.rst use of radio in Naval warfire-appears to have been in
1904 during the war between Russia and Japan. -Admiral Togo kept in communi-
cation with his advanced squadron although the main fleet was out of sight
of Port Arthur.
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4t this same time, in April 1904, there appears the first instance
of the use of radio by war correspondents. The New York Times bought a
Chinese ship called HAIMUN and equipped it with radio. The Times apparently
had at leaat the tacit consent of the Japanese for this venture. Reporters
were close enoughito observe some of the battles and sent their dispatches,
in spite of noticeable interference from the Japanese naval transmission,
to a shore point, probably in Japan, whence it could be put on the cable to
New York the same day. This procedure greatly amoyed the Russians who
announced that i1f they captured the ship, they would hang the correspondents
at the Yard Arm for viclation of neutrality and for disclosure of positions
of Russian units. There was a great deal of discussion overithis incidemt,
the opinion generally being that such activities on the part of the corre-
sponderts would usually have to be submitted to nﬂ.litary regulations and
censorship.

So far all high frequency oscillators capable of generating radio -
waves involved a condenser and spark gap. The condenser was charged and
then discharged through the spark gap, setting up these oscillatory cur+
rents which were then coupled into the antemna from whence the radio wave
went ocut. But it would not go out continucusly. The waves died away com~
pletely between sparks and they even died away during the time the spark
was functioning; in other words, they were waves that started strorig and
then tailed off very rapidly. Furthermore, they were emitted in groups
corresponding to the way the spark gap tripped off the discharge. The
better theoretical foundation now available on matters of tuning and
resonance clearly pointed out that many things would be improved if these
radio waves could be made more continuous and less intermittent. Tuning
operations could be more precise and adjacent stations would be sble to
operate with enormously less interference.

During these years then, various physicists and engineers were
interested in the problem of producing conmtinucus or more properly, un-
damped waves. Duddell in England experimented with an arrangement of
carbon eléctrodes in the form of an arc and produced oscillations of _
fa¥i¥ly high frequencies in this way. These oscillations approximated very
closely to being continucus waves. Poulsen, in Demark, improved the
Duddell arc ard his work is described in his Danish patent of 1902 and his
German patent of 1903, paving the way to revolutionary changes. Incidentally
it may be said that they paved the way for the arrival of radlo telephony.
Of course the spark transmitter by no means faded out of the picture at this
time and many attempts were made to improve it so that the oscillations did
not fade away so rapidly.

Experiments with high frequency alternating current machines for
radioc began near the end of this decads.

this period at the Universit.y of Wisconsin, I met many
interesting sclentists who became internatiocnally known figures. Among them
were Dr. Michelson, then head of the Physics Department of the University of
Chicago, and Dr. R. A. M1likan who was teaching electrical measurements at
Chicago. Millikan was even then getting into the field of atomlc physics
and setiing up experiments which led to his measurements of the radio of
charge toimass for the electron. I can well remember the comment which these
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disclosures occasicned at the time. M1likan was one of the most genial,
entusiastic and likeable men I met in those years; simply bubbling over
with energy and enthusiasm for his work.

During this period I met Sir Ermest Rutherford, of Magill University,
who was doing revolutiocnary work in radio activity, which led to the first
experiments in the transmmtation of the atom. During an informal meeting
someone asked him how he managed tc turn out such a tremendous volume of
work and how he was ever able to go to sleep and forget these epoch-making
experiments. (It was well known that he worked long hours and never spared
elther himself or his assistants.) He replied that he had about a mundred
‘paper-backed thrillers, more or less of the Diamond Dick type, which he never
.remembered for more than two or three days, so he was able to read them again.
Every night he read one of these through ard put himself to sleer.

4 man who later had a marked influence on my career was Max Abraham
who, during this period, published his famous volumes on electron theory.
When he visited Wisconsin I was a member of the partyrwhich entertained him.
I was tremendously impressed by his briiliant mind and incisive way of going
at things. This resulted later in a friendship which ripened after I went to
Germany. It was during these years too, that I came in contact with a Dr.
G+ W. Pierce of Harvard, now Professor Emeritus; this contact also Ied to a
long friendship and I hardly have the words to express the admiration I have
always had for his versatility, thoroughness and experimental ability. If
anybody had offered me a job to work under him at Harvard I would have taken
it at the drop of a hat, tmt I couldn't afford to pay my own way.

During the last year, 1907-1908, that I spent at Madisen, Trowbridge

went to Princeton where he ultimately became dean of the graduate school. I
missed him very much, but it gave me an unusual opportunity since there was
no cne else to teach his gourses, both graduate and under graduate. I was
given the Job. I must have struggled through it scme way because in the
sumer of 1908 I was given a year's leave of absence with pay, provided I
would use that advantage for graduate study. I then determined to go to
Germany. On the way East I stopped at Northwestern Uriversity to see my old
friend, Professor H. Crew, to take his advice as to where to go. I told him
what I had been dolng and the field I would like to get into. He looked me
up and down and said, "Taylor, what you need is to study spiritualized elec-
“trical engineering®™, which was his way of describing engineering research.

"I would advise you to go to Dr. Braun at Strassburg or else to Dr. Simon at
the University of Goettingen'. :
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CHAPTER IV
1908-1909 ~ Germany

Dr. Braun of Strassburg had already published a number of papers
dealing with radio, particularly on crystal detectors, various circuits,
transmitters and receivers, and was investigating the directional properties
of an antenna arrangement in the form of tuned loops both for transmission
and reception. He had also incorporated the Braun Wireless Telegraph Com-
pany and had assumed a ;-ominent position in radio matters in general.

Professor Simon was best known for his work on the theory and appli-
cation of what he called the dynamical characteristic curves of various elec-
trical devices. He had developed the theory of the altermating current arc,
including the high frequency Poulsen arc, which was then the most satisfac-
tory source of undamped or continuous electromagnetic waves.

There were many others working in radio matters in Germany. Pro-
fessor Max Wien was very active in both theoretical and experimental work
involving radio circuits. The idea of attempting to improve the emission
from ordinary fixed spark gaps led to the use of the rotary spark gap. 7This
_rotary gap was considered more efficient than the fixed gap and gave a much
more musical note, which could be received after passing through a suitable
detector, in a telephone receiver. Due to its clearer tone it could be much
more readily distinguished from casual electrical disturbances and from other
interfering signals, which might readily be of a different tone. It should
be remembered that the very early spark sets gave a very rough, unmusical and
irregular noise, when heard by way of head felephones,

In the search for more efficient gpark systems, the idea of impact
excitation appeared. The purpose of impact excitation was to get a device
wiich would let loose a lot of high frequency energy in a circuit of such
character that it would very rapidly decay. In the impact system the spark
gap accelerated the decay by opening up the primary circuit when the intensity
of the oscillation reached a low level. The antenna, or radiating system,
was not connected directly to this high impact circuit, but to a coupled
secondary which managed to absorb a reasonably high percentage of the primary
circuit energy and contimue oscillating for a considerable period of time,
relatively speaking, after the primary circuit had been extiiguished. While
this did not give a continmuous wave, it did give a wave which sustained it-
.gelf much longer than with ordinary spark gaps and allowed much sharper tun-
ing, thus permitiing competing stations to approach each other more closely
in frequency without mutual interference.

In Germany, Lepel had introduced the so~ called Lepel gap and the
Telefunken Company was about to put in Count von Arcots quenched spark.
Peukert produced and patented a rotating disc gap in 1907 which had quenching
properties. Many other investigators in Germany could be mentioned, but on
the whole the work at Strassburg seemed to me the most interesting.
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I left Madison in midsummer of 1908, going to Montreal and taking
a few side trips. I sailed for Liverpool, intending, after a tour of Eng-
land, to proceed to Strassburg. I met & man on board ship who had worked
with Braun at Strassburg. He told me that Braun was a very difficult man
to get along with and did not have much patience with foreign students. It
is likely that Braun desired to keep many of his investigations secret be-
cause of his connection with commercial radio. At any rate, I decided to
try Goettingen instead of Strassburg.

After arriving in Liverpool, about the first of September, I pur-
chased an English bicycle, sent most of my belongings on to Germany and pro-
ceeded to tour England, Scotland and Wales on a bicycle. This tour was mostly
recreational, with plenty of hard exercise. I made no attempt to visit places
of scientific interest except on two occaslons. After leaving Edinburgh, 1
crossed through the highlands to Glasgow and decided that I would like to see-
the laboratory at the University made famous by the work of Lord Kelvin.
Kelvin, of course, was dead at this time, but Professor Gray had succeeded
him as head of the Physics Department. Having read a number of his papers,

I was bold enough to look him up and introduce myself. He was very kind to
me, took me through the laboratories, and gave me a pass through the Kelvin
commercial works where I spent a busy half day. It was amazing to note the
number of different branches of physical science in which Lord Kelvin distin-
guished himself. He had a distinct flare for engineering application and he
was a great man to build models.

Those models represented almost everything under the sun and a good
many that were not under any sun but were just ideas. A large number of
them had to do with the structure of matter. I was taken into one room of
- the Kelvin Laboratories where shelves, reaching to the ceiling, were loaded
with hundreds of papier-mache, models of which, Gray told me, Kelvin had made
many with his own hands. Among these was one rather large affair which looked
like a replica of some strangely-shaped combination of hills and valleys. I
couldntt imagine what it was, but Gray related an interesting story about it.
Willard Gibbs, the famous mathematician at Yale, had visited Kelvin some time
before Kelvin's death and Kelvin showed him through this same model room.

He picked up this particular model and showed it to Gibbs, asking him what
it was, Gibbs looked it over carefully but admitted he couldntt imagine what
it represented. Kelvin smiled and sdid it was a "Gibbs*" thermo dynamic sur-
face. This shows how differently the minds of famous men may work — to Gibbs
the thermo dynamic surface was a mathematical conception with which he was
entirely satisfied, but Kelvin couldntt understand and appreciate it until he
made a model of it.

Later I came to Cambridge, and as I was wandering around among those
beautiful old buildings, I got courage to see if I could locate Professor
J. J. Thompson (later Sir J. J. Thompson) who has been mentioned as the dis-
coverer of the corpuscle, which turned out to be the electron. I had no idea
whether he would be at work, since classes were not yet started, but somsone
directed me to a building where he might possibly be found. Thls building
was very poorly furnished and was not at all impressive. I wandered about
from room to room, sighting no one. Finally I saw a man, in rather baggy
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looking clothes, on top of a step-ladder, screwing porcelain cleats to the
ceiling for running an electric circuit across the top of the room. I took
him for an electrician or janitor, so I approached him and asked him casually
if he could tell me whether Professor Thompson was anywhere about. He looked
at me for a mement, stepped off the ladder and said, "I am Thompson'™. He
gave me something of a shock to realize that I was face to face with a man
who was considered the foremost physicist of Europe, yet was forced to do his
own electrical wiring for want of adequate appropriation and help. He was
very nice to me, even inviting me to dinner. 1 tactfully declined, since I
had only outing clothes with me, the rest having gone ahead to Germany. He
asked me if I was thinking of working in the Cambridge Laboratory. I told
him that I didn't feel particularly qualified for that line of work, much as
I admired it, was frankly more interested in high freguency work in the field
of wireless telegraphy, and expected to find it in Germany.

I left England near the end of September. After about a week of
riding around in Holland, I took the train for Goettingen, arriving there
the &@ixth day of October. In due time I matriculated at the University and
registered for work inpuremathematics, mathematical physics and applied
electricity. I had no expectation of staying more than one year, so did
not announce myself as a candidate for a doctorfts degree.

Goettingen at that time had 2 good many men famous in their respec-
tive flelds. Minkowski had published his famous paper on time and space.
He died of pneumonia later that year. Max Abraham was lecturing on Electron
Theory; Professor Riecke, who was then quite an elderly man, headed a group
doing excellent work in ra.dio activity; Professor Herman Voigt, famous for
his work in magneto optics, crystal optics, etc., was giving lectures in
mathematical physics and thermodynamics. Professor Prandil had just finished
the first wind tunnel in the world and was still arranging experiments in
eerodynamics. Professor Hilbert who, next to Poincaret of France, was the
most famous mathematician in Eurype, specialized on theory of complex
var:.ables.

Professor Simon was head of the Institute of Applied Electricity.
He was assisted by Max Reich and Hans Busch, both of whom published a number
of papers along radio lines. The Simon Institute had an experimental mili-
tary radio station where research work was going on under the direction of
Professor Simon. Simon had a good setup, pretty much on his own, te run in
his own way. He was a man of extraordinary force and character, full of
enthusiasm, but very impetuous. He could at times explode quite violently,
but he was a marvelous teacher and very popular with his class of twenty gra-
duate students. He was a close friend of Max Abraham although no two men
differed so completely in their method of approach. Abraham couldn't put
two wires together without forgetting to take off the insulation, but could
look over a man's shoulder and tell him what was wrong with a circuit in a
few minutes - in other words, he was a mathematical physicist with emphasis
on mathematics, whereas Simon didn't believe in anything that he couldn't
sogehow visualize, or at least of which he could form a mental picture, but
he was a wonderful experimentalist.
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I had several weeks, before taking up work seriously, in which to
jmprove my German. I could get along with scientific German in the field
of physics or electrical engineering well enocugh; that is, I could read it
fluently, but I didntt know much about ordinary conversation. For this
reason 1 pitked out a room in a pension where no one spoke English. 1
had no:trouble in making a-nuipber of interesting acquaintances, and since
the only common language we had was German, I learned conversational German
rapidly. Still, my first interview with Simon was pretty tough and, I will
admit, I was rather scared. He insisted on talkinhg in German, although I
knaw that he was able to understand quite a little English. Finally I got
it across that I wanted to get into radio, or at least work with vary high
frequencies.

"Well?, he said, Mdo you know what an electrical valve is??
Yes", I said, “we use such things in radio detection.

nQuite correct®", he said, "how many different kinds of valves can
you name®?
I named the crystal detector, the copper oxide rectifier, the aluminum elec~
trolytic rectifier, the point to plane gaseous discharge and the Fleming
valve.

"Well", he said, "that is pretty good. How would you like to take
as your problem the investigation of electric valves?®

I agreed to this readily enough. Simon then asked, "Which do you
think would be the simplest in operation, therefore the easiest to investi~
gate?" My reply to this wae that, since we seemed to know a good deal more -
about conduction of electricity through liquids than through solids or gases,
it seemed that an electrolytic rectifier such as the aluminum cell might prove
to be simplest in operation. It should be noted that this rectifier is not
very suitable for high frequency. I wasn't very keen to go to work on it.
Simon replied that my conclusion was justified and I had better start with
the simplest of valves and when through with that, I could go on with a more
complicated one.

The result was that I spent practically the whole year investigat-
ing that one valve and finally published a paper on it in the Annalen der
Physik. Although disappointed that I didnt't get directly into radio work,
I did get a good bit of radio information from the papers presented in the
seminars and things I picked up from the people with whom I was directly
associated.

At the time I went te Germany, that country was an acknowledged
leader in scientific research and was well towards the front in engineering
development, but by no means sc in engineering production and practical ap-
plication to the things of daily life. Telephones were rarely found in -
private homes. No German hausfrau would think of ordering her meat and
vegetables over it even if she had a telephone. On the contrary, accompa-
nied by the kitchen maid, she proceeded on foot to the market with a large
basket, and looked over everything carefully before buying.
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The general use of checks for payment of bills was practically un-
known., Only the bank where you had an account would cash your check. The
use of electricity for illuminating purposes was rare in the private home,
at least in a city of 30,000 the size of the one in which I lived. Low
prices, due to efficlent mass production, had not arrived; so that many things,
which even then we considered necessities in this country, were in the Germany
of that year considered as luxuries, only at the disposal of the wealthy. On
the other hand, railroads were very efficient and well run. The parcel post
system, which was very efficient and cheap, had been introduced several years
prior to my arrival. A German acquaintance of mine told me that he had
visited a place on the North Sea and had taken advantage of the parcel post.
He packed a nice mess of fresh fish in a box with plenty of ice, and shipped
it by parcel post to some friends in southern Germany. A little later in
the summer he visited these friends and asked them how they liked the fresh
fish. They were very much embarrassed and replied that, although they had
hung them up for two weeks in the meat room, they still werentt fit to eat.
The average peasant German knew how to hang meat to cure it but had no idea
that fresh fish should be eaten immediately.

In contrast to this, German scientists and engineers enjoyed a
prestige and respect which was by no means equalled in our own country at
that time. The school systems were efficient, well organized and well run.
The uvniversities, although much more similar to our universities than to
English universities, differed quite radically in many respects. The head
man, generally with the title of rector, in the Imperial university had a
seat in the Relchstag, corresponding to our United States Senate. Compul-
sory military service was in effect and every man had to serve either one,
two or three years according to his educational status. I had several
frienda at Goettingen who were making their one year of military service,
at the same time attending certain classes at the University.

The lowest grade of work given in a German university corresponded
roughly to the senior year in an American University. The majority of the
students were potential candidates for the doctorts degree and therefore cor-
responded to American post graduate students. Women had for some time
been admitted to attend the university classes but not allowed to come up .
for degrees., The year I arrived was the first year that the universities
were authorized to give degrees to women students, but there were very few of
them in residence. One of these was a very brilliant Russian girl who was
specializing in higher mathematics. I knew of no German women taking courses
in seientific work.

_ Perhaps the strangest thing ebout the German Imperial University was
that there was not the slightest athtempt to compel a student to study or to
insure his attendance in classes or in the laboratory. There were absolutely
no tests or examinations given until the final examination, which occurred
after a man had declared himself as a candidate for a dsgree, and a committee
had been appointed to examine him. If a man registered for a certain course,
he had only to attend the first snd last lectures of that course to be credited
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with full attendance. The idea of the University having any responsibility
as to what the student did with his time or his efforts simply did not exist.

It was properly claimed at this time that not over one-third of the
students ever came up for their degrees, because the final examination was
extremely thorough and it was considered a disgrace to fail in the examina-
tion; therefore, men who were not sure of being prepared never applied for
examination. Another third of the German students drank themselves to
death; these were mostly the men attached to the semi-political secret so-
cieties such as Cermania and Saxonia and, to a certain extent, those who be-
longed to the different student unions. The remaining third of these stu-
dents became the future rulers of Germany. When Germany submitted to the
rule of Hitler the paper hanger, she violated this old precept.

Student duels were frowned upon by the authorities, but no serious
attempt was ever made to stop them. In general, the scientific students
geldom belonged to elither the M™copps®™ or unions, and the duels were usually
confined toc these fraternities. Ordinarily they were fought, without any _
grievances being involved, between the groups of men of two corps whose quali-
fications were such that they -could be appropriately matched against each
other. Often the men didntt know each other until they came together to
fight. These duels werée ‘not in the least dangerous, although rather bloody
affairs. Foreigners were seldom allowed to see them but I happened to have
enough influence with certain friends to permit me to witness quite a number
of duels.

Limitations of the movements of the sword arm, and the bandages in
which the contestants were swathed, prevented cuts being received anywhere
except on the face or the upper part of the head, Since two surgeons and
plenty of antiseptic were always present, there were practically no cases
of infection. Wounds healed up very quickly unless the recipient, who was
always proud of his wounds, rubbed salt in them to get a better scar. I
knew one duelist, with seventeen scars on his head and face, who always kept
his head shaved to display them properly. I never could make out whether
& man took the most pride in defeating his opponent or getting scars himself.
There was never any cheering from the side lines and everything was conducted
with a high degree of decorum. A boy at the back door of the inn where
they usually fought could be seen busily sharpening swords for the next round.
The schlaeger, or sword with which they were fought, was a long thin flat
blade with rounded point which was sharp as a razor at the point and six
inchez b;;k. It was only the tip of the sword that ever came in contact with
the vietim. :

The Germans insisted that this exercise was less objectionable than
the American game of football, because the cuts on the head and face didn't
disqualify a man from earning a living, whereas if a man got a broken leg
~or strained it from time to time in football, he might feel it the rest of
his life. They admitted that either sport could teach a man fortitude,
nerve and decision. Even my Chief, Profegsor Simon, was scarred up a bit



from duels he had fought in his student days, but I know of none of the se-
rious minded students at his institute who fought duels.

Dr. K. W. Wagner, who afterward became the head of a famous labora~
tory in Berlin and a very distinguished man in the field of electrical and
radio engineering, practiced continuously with a saber. I asked him why he
did this and whether he really approved of duels. He said he didn't, but of
course, if someone insulted him, he would have to fight. I said I didn't ap-
prove them under any circumstances. "What would you do" he agked, M"if some-
one insulted you?" I told him that if I was big enough, I would knock the
man down. "Oh" he said, ™that might be all right for a cab driver, but a
gentleman cantt do that sort of thing". So you see, it is all in the point
of view. It is not very many years ago when many pecple in the United States
talked the same way.

The duels that were fought as a result of an insult were much more
serious matters and the authorities made a stremuous effort to stop them,
but didn't succeed any too well. They were generally fought with a cavalry
saber and were very savage affairs. I didn't see any of those and didn't
want to. Still a third type was occasionally fought by army officers, gene-
rally over a woman, of course, and since they fought with Mauser pistols at
10 paces, one or both of them were usually killed. These duels were strictly
forbidden by the emperor, but since the only penalty for fighting one was
confinement for two years within the boundaries of the walls of a town or
city, they still happened occasionally.

It was a fixed rule at the University that whenever a man was awarded
a doctor's degree, or when he suddenly left the university for any reason, he’
had to give a feast, which was known as a Kneipe. These feasts consisted
pretty much of beer drinking, songs and speeches, but since they always used
local city brew with less than 2% alcoholic content, an astonishing number
of toasts could be drunk without any i1l effects. Indeed, in my whole year
in Germany, I saw far fewer Germans intoxicated than I did foreigners, pro=-
bably largely due to the fact that the German preferred beer and light wine
and shunned highly fortified licuors.

The men with whom I studied were all interesting characters; Hilbert,
a mathematician, was a red-headed, irascible Koenigsberger; he had a fright-
ful dialect and was very difficult to understarn? in a lecture room, but he
was definitely a creative genius in mathematics. Although the top flight
mathematician in Germany, he couldn't add up numerals in his equations in-
volving the simplest arithmetic without the aid of the students in his class.
He never seemed to be quite sure whether 2 + 3 made 4 or 5. He suffered
from a skin infection or irritation, probably some form of acne, which turned
his bald head a brilliant red when he was exasperated or seriously perturbed.

Voigt, under whom I studied mathematical physics, was every inch
an aristocrat and a wonderful lecturer. He was a handsome, gold-bearded
giant, but rather aloof with his students. He was alsc very fond of music
and a virtuosc on the violin. Once every year he organized, conducted
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persona.lly and financed, a Bach festival. He always maintained that no
man since Bach had written musie fit for a wvieolin.

Max Abraham, with whom I studied electron theory, and with whom I
was very friendly thanks to owr former contact in Madison, was very suave,
very slow and precise, in his lecture work. He was very friendly with stu-
dents who were really interested in his work and often, after one of his
two hour lecturses, he would go with his students across the stireet to an imn
or cafe, and over a sandwich and stein of beer, help us work out our lecture
notes with his comments and assistance. He was, at that time, a fairly
wealthy man and didn't hesitate to dismiss his classes a few weeks early in
the summer if he thought it was unreasonably warm. Since the Professors
got a considerable percentage of the fees for these different courses, he
lost part of his fee by this procedure, but il never seemed to influence
him. He had very little patience with people who were not geniinely in-
terested in his work, or who had not the proper mathematical and physical
foundation to appreciate it. I remember once he announced a course on very
advanced electron theory (what we called fourth dimension ‘stuff) which was
a very tough cowse indeed, and for which we had no suitable text book.
Abraham was somewhat famous, not only for his brilliant ability, but for the
unusual way in which he treated his students; that is, unusual for a German
professor.

When the class assembled for the first time there were twenty two
of us. However, Abraham was sure that there were not twenty two students
in the University qualified to take this course, so he looked us over calmly
for a few minutes and then said he was sure there must be some misunderstand-
ing; that the prerequisites for this course were so and so, and he couldn't
believe that so many people possessed these rather unusual qualifications.
He then suggested that we adjourn for fifteen minutes, talk the matter owver
among ourselves, after which those who though they were really prepared
could then return and he would begin the lecture. So we all sheepishly filed
out. The group immediately began to disintegrate; at the end of fifteen
- minutes six of us marched back. Abraham smiled broadly and remarked that
this was very much better. He was more interested in working with a small
group of well prepared and definitely interested people than in lecturing to
the masses.

It was possible for a student who didn't wish to attend the lectures
regularly to acquire the knowledge in another way, if he so desired. This
was particularly useful for foreigners whose German was adequate for reading
the language but not adequate for understanding the spoken word. There
were a number of reading rooms adjacent to the lecture rooms. There would
always be one particularly ambitious student in each class who would take
great pains with his notes on the professort?s lectures. He had the privelege
of taking these notes to the professor {with the latter s consent, of course)
and having them checked. If they were adequate, and the professor wanted it,
he then deposited them from day to day in the reading room. Any student of
the class, by paying a fee of one mark (25¢) could obtain a key to the read-
ing room and consult thess official notes. I know several students who
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never attended any but the opening and closing lectures, but kept up with the
course very well by spending hours in the reading room. I never availed
myself of this method as it eliminates a certain amount of inspiration which
one obtains by listening to the lecture.

At first I tried to take down my lecture notes in English, translat-
ing the German words into English as I went along. Of course, I found I
couldn?'t keep up with the speaker. So then I took the motes down in the
best German I could muster, which was very poor at first, then translated
them into English.as soon as I got back to my room. .I didn't make very
rapid progress by this method either. Finally I took them down, in very
abbreviated and primitive German, and then that evening I would transcribe
them into good German, thus keeping my thoughts all in the same language.
At the end of thmee months I was doing most of my thinking in German and
got along almost as well as I would have with English lectures. When I
found that I could dream in German more readily than I could in English I
knew I had the language.

Not long-after I arrived at Goettingen, Max Abraham called on me
and invited me to join an informsl group made up of what I would call assist-
ant professors, instructors and advanced graduvate students. It was a rather
small affair. We met every evening in a quaint old inn, which could be
reached only by way of a couple of alleys. Here the food and beer was very
good. The session began at eight and ended at exactly eleven when Abraham,
who was the unofficial president of the organization, finished his third
glass of beer. This group was a free forum to discuss anything physical
or metaphysical, military, or religious; nobody, not even the emperor, es-
caped criticism. One of the members was a student and also a lieutenant
in the infantry, on service with the Goettingen regiment; another was a
lieutenant in what would now be called the Luftwaffe and was interested in
-balloons. The German military ballon Parsifal came out while I was there
and I saw it in flight; also the early Zeppelins.

The talk in this little group frequently touched -on military mat-
ters. I well remember a session when I was assured that there was no good
reason for future wars between France and Germany, as they were both pegin-
ning to understand each other very well. Indesed, at that time the Germans
were adopting new French words into their language; these words, incidentally,
were all kicked out again under Hitler. Only a few weeks later the Army
lisutenant remarked that it was only a matter of time before war came between
them and the English and when it did, they would smash the French in six weeks.
This was in the fall of 1908 or spring of 1909. I said that seemed strange,
when they had told me before that the feeling was good between France and
Germany. The lieutenant shrugged his shoulders and said "That has nothing
to do with it; when war cbmes France will be England's ally.® It is evident
that the Army had already planned to drive through Belgium to Paris - which
was attempted by General von Kluck after 1914. If von Kluck?'s ammunition
train had managed to keep up with him, he might not have been stopped by the
Paris taxicab army and the time would have been exactly six weeks.,
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On another occasion a man, who afterward became very distinguished
in the field of foreign affairs, asked me why the United States was not pre-
paring now for war with Japan. I replied that we had no reason to go to war
with Japan; that we were excellent friends; we had good trade relations
with them, and no cause for friction. He laughed and said "what about the
Pacific? The domination of that ocean will have to be settled between you
two and the soonsr you settle the Japs, the easier it will be for you". It
is characteristic of the Germans, either in science or military affairs, to
look a long way ahead. It is perhaps also characteristic, that if these
long range plans have sufficlent resistance to block them at some point,
they do not readily extemporize new ones.

These discussions at the "Black Bear™, as the inn was called, used
to get so violent that I thought there would be some fighting over them, but
the minute the session was ended, evsrybody grinned and went off arm in arm.
Neédless to say, participation in this sort of thing rapidly increased my
knowledge of the German languasge and gave me unusual insight into some of
the things of very large consequence of which the Germans were even then

thinking.

There were altogether, in various courses, about forty in the Ameri-
can colony, not counting the Canadians who were far less numerous. The
British had about & doszen; among them Dr. Robinson who, during World War I
got into aircraft radio work for the British Air Force at about the same
time that I was doing it for the Navy for our country. later he made him-
self well known by his advocacy of the so-called Stenode broadcast receiver,
which was supposed to reduce interference from static or other man made dis-
turbances which we.aldl experience .ovsiour. liofie receivers. .No doubt these
disturbances were reduced, but so was the quality of the signal, which was
too high a price to pay. However, Robinson worked in England on other sub-
jects, particularly the crossed coils direction finder and in general, his
work was excellent.

Dr. Hodges, who for many years served the British Admiralty in the
same capacity in which I served the United States Navy, was also there, He
was a quiet, unobtrusive man of great industry and excellent ability and
understanding. I have heard from him several times during the late war
through mutual English friends, but I have never seen him since we left
Goettingen.

0f course, being a dyed in the wool experimentalist, the work which .
gave me the greatest happiness was that under Simon at the Institute of Applied
Electricity. I managed to carry my experiments on the aluminum cell up to
fairly high frequencies and was looking forward to further work on other elec~
trical valves at radio frequencies.

Shortly after the first of the year 1909, Simon asked me why I didntt
come up for a degree. I said I couldn't meet the three year residence re-
quirement; he told me to go to see the dean, because if he, Simon, was satis-
fied, the dean ought to be satisfied. I didn't take the matter very seriously
because the German regulations were known to be very strict. However, I went
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to see Dr. Karl Runge, who was an outstanding figure in the field of applied
mathematics, especially in the field of mechanics, and had served as imperial
exchange professor at Columbia University. In a very few minutes, to my great
astonishment and dismay, I was accepted as a candidate. I realized that I
would have to do some very hard work to prepare myself for this examination.

Robinson and 1 emvaup for our doctor's examinations within a week
of each other. We formed an alliance of mutual assistance during the stre-
nuous days of hard preparation which preceeded the examinations. This worked
very well because, due to my teachling experience and background, I was better
qualified in physics; he on the other hand, was a far better mathematician
than I could ever hope to be. 350 we coached each other to our mutual advan-
- tage.

The University then had some peculiar customs and ceremonies con-
nected with taking a degree. For one thing, the candidate had to put on 2
silk hat, full dress coat and white gloves in the middle of the day and make
a formal call on each member of his examining board. Fortunately the mem-
bers were generally absent and you had only to leave a card, which fulfilled
the necessary courtesies. Furthermore, when you reported for the examination,
you wore the same regalia. If it happened to be a very hot summer day, it was
something of a torture.

In spite of being so busy the second half of the year, I managed
to find out a little of what was going on at the military experimental radio
station under Simonts direction. They had a good quenched gap transmitter
and a falr sized umbrella top antenna which radiated a frequency in the
neighborhood of 200 KC. The site was in a flat meadow not far from the river.
The antennsa could be operated either with the usual ground connections or in
connection with a counterpoise, which ie a second antenna surface made up of
wires stretched a short distance above the surface of the ground, and usually
larger in area than the elevated portion of the antenna. The Germans were
trying to increase the efficlency of their radio transmitters. The main pro-
blem centered around the evaluation of the different losses in the transmitter
system. They wanted to sepsrate out the losses, within the antenna and in
the ground itself, especially under different weather conditions. There
was probably considerable other work going on at the same time which I was not
allowed to see, because it was jealously guarded by the military.

Noil long before I came up for my examinations I made drawings of a
rectifier, a device converting alternating current into pulsating direct
current. I submitted it to the head mechanician before construction. The
drawings showed a high vacuum, indirectly heated hot cathode rectifier, su--
rounded by a water-cooled hollow nickel plated anode. After a considerable
delay, this drawing came back to me with a note from Simon disapproving the
gadget, stating that there wers other valves which should be investigated first.
I always believed that the Germans realized what an important device this
might come to be, and didn't want an American to get the credit for it.
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I was so anxious to get a chance to work in the radio station and
the laboratory attached to it, that I finally prevdiled upon Simon to take
me in on that work the following year. I think they made a considerable
concession in order to do this.. I had, in the meantime, with the permission
of the University of Wisconsin, resigned iy assistant professorship. I had
learned to live economically in Germany, so that less than half of my funds
were expended at the end of the first year. Thus 1 estimated that I could
get in another year's work and still have money enough to get home. With
the prestige of the added experience and a German degree, 1 should be able
to pick up a good job in my own country. Actually it didn®t work out that
way, for reasons that will soon become evident.

Early in August of 1909, having arranged for the rental of a room
clogser to the Institute of Applied Electricity than the one in which I had
been living, I departed for a bicycle trip, meeting a friend {who happened
to be the son of the Consul in Hanover) at the c¢ity of Muenchen (Munich).
From here we proceeded through the beautiful country of Tyrol and on to
Switzerland. We used to spend a day or two walking up a steep mountain
valley, pushing our wheels laden with our baggage, stay.a few days on top and
then in an hour, coast down to lower altitudes again. Sometimes we left the
bikes and proceeded on foot, with pack sack, for short trips. Coming down
the walley of the Rhone, we stopped at night in Martigny. There a cable from
the United States caught up with me and changed all my plans. This cable
offered me the position as Head of the Physics Department in the University
of North Dakota. This position had just been vacated by my friend Dr. Waller
Steward, who had gone to the University of Jowa. The salary was pretty fair
for those days, so after thinking it over for fifteen minutes, I cabled back
an acceptance, feeling that if the job didn¥t suit me I could at least stick
it out for a year and come back again to Germany, with my finances in still
better shape than they were at the moment.

I took the train for Goettingen as scon as possible, cancelled my

arrangements for a second year, and by good luck picked up a second class
gteamer reservation to New York.
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CHAPTER V
1909-191& - University of North Dakota

I arrived at the University of North Dakota, Grand Forks, North
Dakota only a few days after the University had opened for the fall term.
The President of the Urdlversity was Dr. Frank L. McVay, a man of high ideals
and standards and friendly to research. There was nc work in the field of
high frequency or radioc in progress anywhere in the Umiversity.

From the first I had it in mind to stdrt such work in my own depart-
merrt. s which was left in bad shape by resignations. There was only ocne as-
sistant, Professor J. M. Rysgaard, who a few years later wemt to Hamlin
Urdversity in St. Paul and retired from there quite recemtly. He was a fine
man and a ﬁ.ne teacher, but was badly overworked. )

I spent the first year orgarizing the department, having neither
opportunity nor money to build up work in the field of radlo. I succeeded
in getting Dr. B. J. Spence, now head of the Physics Department of North-
western Urdversity, as my associste professor, and Dr. E. B. Stephenson, now
Associate Superintendent of the Sound Division of the Naval Research Labora~
tory, as assistant professor.

I took special interest in the courses in electrical measurements,
partieularly in a theoretical course in alternating currents which didn't
duplicate anything given in the Department of Electrical Engineering. In
this course I succeeded in working in a good bit of general electro-magnetic
theory. I mention this because I had in this course as students some men
who afterwards became very well known in the field of radic. One of these
was R. A. Helsing, who for many years had been with the Bell System, and who
has 30 many inventions to his credit that it is no use mentioning more than
one as a sample, namely, the Heising System of Modulation. Another was '
Dr. J» B. Johnson, a physicist alsc connected with the Bell Laboratories.
Arthur Kishpaugh was also one of my studenmts. He too is on the engineering
staff of the Bell Systems. Still anocther was Harry Nyquist, who came to
us from a small sectarian schocl in Minnesota and surprised me by demanding
credit for the first two years of engineering physics. I thought he was :
pretty cocky and told him that I would authorize eredit for him if he would
pass a written examination. THat being satisfactory to him I presented him
with a long list of questions covering the whole field of college physics.

I thought that when he saw those questions he would quit and save me any
further trouble. He sat down a little after elght and was still writing
away at noon, never asking any help interpreting any of the questions.

I suggested he go out and get some lunch, which he had apparently completely
forgotten. He was back agaln in half an hour, contimued to write and fi-
nally turned in the papers about five otclock. He remarked that if I would
let him continue the next day he would polish the papers up a little. I '
took this sheaf of papers home. It was after midnight before I finished
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them. I found I had in my hands an abbreviated but excellent test book of
college physics with absolutely no mistakes in it. Harry Nyquist, after
taking his doctorts degree at Yale, as did also Johnson, went to work with
Dr. George Campbell of the Bell Systems.

Needless to say I take great pride in the fact that I gave to these
men their first introduction to the field of radio. It was probably the
best thing I did during the eight years that I spent at the University of
North Dakota.

I have mentioned in the preceeding chapter only a few of the prin-
cipal radioc developments with which I was either directly in contact or in
which I was much interested. It was a period of very rapid growth of radio.
The items mentioned only constitute a small fraction of the total progress.

The preceeding decade also saw the start of an activity which was
not encompassed by the field of scientific research, engineering, and develop-
ment by large companies and naval and military radio. I refer to amateur
radio, particularly to American Amateur radioc. Amateurs are of two types:
first those interested in setting up commnications with friends far and
near and making new friends by way of these radio contacts. The amateur
also forwards messages from his acquaintances to their friends by way of some
other amateur in a different location. For all of this he receives no pay,
and being commonly a man or woman of limited means, he is obliged to put to-
gether most of his equipment with his own hands. The second type of ama-
teur is one who is interested in the technical side of radio and likes to
build equipment. Bub this type of amateur also likes to make contacts with
other amateurs at a distance in order to test his equipment.

For many years the professional radio engineers sneered at the ama-
teurs and would gladly have had them abolished, but those of us who have
worked with them over long periods of time will surely adwit that they have
made many extremely valuable conmtributions tc the field of radio. Now it
was natural that amateurs should first spring up in those regions where com-
mercial stations were first built in this country, along the Atlantic Coast.
The amateur would start with a crude receiver. He would learn the dot and
dash code and, for his own amusement, intercept the messages ~ not for the
purpose of betraying secrecy or using them unlawfully, but simply as a matter
of curiosity and technical interest. Most amateurs begin with receivers.
There are records to show that there were some amateurs even in the early
1900*s, when even commercial stations were still using coherers. It is ex-
tremely probable that until the year 1906 when work by Pickard, Dunwoody and
various foreign investigators disclosed the properties of crystal detectors,
there were few amateurs capable of intercepting messages more than a few miles
away from the transmitting stations. Crystal detectors were easy to make
and cost almost nothing. This put a tool in the hands of the amateur that,
from 1906 on, permitted him to construct a receiver capable of intercept-
ing messages from coastal stations and from what few ships were equipped,
over very considerable distances. By 1910, the amateur fraternity was de-
finitely established, if not well organized.
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After having contented himself for a while with intercepting com-
mercial messages, the average amateur began to think of making a transmitter,
frequently starting with an old Ford spark coil, a few turns of wire and a
spark gap. He contacted other amateurs in the same commnity pooling
their interests and finally establishing two-way conmtact. In the early days
there were no regulations restricting the amateur in any way or requiring
him to have a license. ZEven after the London convention in 1912, the regu-
lations requiring an amateur license and restricting them to wavelengths
shorter than 200 meters, that is frequencies higher than 1500 K.C., were not
rigidly enforced, except in the coastal areas, for some little time.

In addition to the unorganized amateurs there were a few colleges
and universities which put in experimental stations, alsc unlicensed at first,
but later licensed, either as educational or experimental stations. It was
a station of this character that I finally succeeded in getting set up at
the University of North Dakota, financed by a very small allotment of Uni-
versity funds, supplemented somewhat from my own income. As in the case
of the amateur, the first set-up was for receiving purposes. It was
started in the fall of 1910. There were no suitable wavemeters or indicat-
ing instruments available at the Uriversity. With Ray Heising's aid, I got
together a few coils and condensers, making rough computations of the probable
tuning ranges.

There were, to the best of my knowledge, almost no amateurs or other
stations within the State of North Dakota or in nearby Canada or Minnescts,
capable of being heard at Grand Forks in the day time. I found very early
that the time of day and the weather had a lot to do with the propagation
of radic waves, and from the nature of our situation I was forced to do a
large part of my experimental work at night.

‘ Our early experiments in the spring of 1911 were rather local in
character. We had put to work an old induction coil amd condenser with
suitable discharge inductances and rotary gap, and had erected a flat top
antenna between two of the Urniversity buildings. After we had bullt a wave-
meter, we found we were operating at about 600 K.C. We began work at short
distances with portable receiving sets and then enlisted the aid of high
school students and others, in towns from forty to one hundred miles dis-
tant, by providing them with crystal detectors and instructions for making
simple receivers and setting up antennae. We were soon able to pick up,
at night, certain commercial stations on the Great Lakes both in Canada and
United States, but only in mid-winter could we hear stations on the seaboard.

I realized that greater distances would have to be spanned by longer
wavelengths or lower frequency, and so built receivers for this purpese which
were successful insofar as they were able to bring in, even in day time, low
frequency signals from both east and west coasts. In the meantime we had
purchased a suitable transformer from the Wireless Specialty Company and
later a Thorardson transformer, which enabled us to step up the power of our
transmitter and increase our signals to a night range, in the winter at least,
of about 1000 miles.
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The first station I worked both ways over long distance was the Uni=-
versity of Michigan, Ann Arbor, Michigan. Neither of us were licensed at
that time; the Michigan station signed the call UM and my station UND. fThis
UM station was operated by the Department of Electrical Engineering, Univer~
sity of Michigan and employed an ex-commercial operator who gave me a good
many pointers when I visited him. I don't think I will ever forget the
thrill of the first long distance contact. It was pretty much home-made
gear at both ends.

At that time there was no broadcasting in the sense that the term
is used today. The word broadcast was used very early by the Navy for any
code message which was sent to all stations; in other words, broadcast im all
directions. The present broadcasting industry, which sends unpleasant ad-
vertising and some excellent entertaimment in all directions, inherited the
word, which gradually came to mean the broadcasting of speech, music and
television.

Very early in the existence of the UND station later licensed as
9IN I started regular broadcasting of time signals and weather forecasts,
for the purpose of making more interesting contacts with our increasing num—
ber of amateur-listeners., It soon turned out that these broadcasts were of
great interest to isclated communitlies in the nearby states, where such' infor-
mation was not generally available. The weather broadcast particularly,
served a very practical purpose for our isolated communities of North Dakota.
Time signals sent from ocur own master clock were checked daily with the
time signals from the Navy Station at Arlington, Virginia which, by that
time, we were able to receive, especially the night signals. Many amateurs
visited the station and some of them had sufficient technical ability to co-
operate in various experiments, particularly with those to do with wave pro-
pagation and weather. I tried to use the University of Michigan Station
for some of this work but was not too successful, contact with them being
a little too intermittent for systematic observation. ©

In those days when there was little or no regulation, some very
amusing messages could be picked up occasionally, even from commercial sta-
tions. On one occasion when I was running an overnight test on an hourly
schedule, I discovered that certain Canadian Marconi Stations on the Great
Lakes called each other regularly during the night at the beginning of every
other hour and exchanged traffic. Between my own schedules I used to listen
to these Canddian stations, particularly to Port Arthur and Sault St. Marie.
On this particular evening, these two stations got together on the hour and
each signified he had no traffic for the other but the Sault mtation then
remarked "I have a terrible toothache. It is driving me crazy®. Port
Arthur was silent for a minute and then came back with "Try a hot brickm.
The Sault station said WThanks" and signed off. Two hours later he called
up and announced that the hot brick worked fine. One cannot imagine such
conversation going @n in these days.

On another occasion I heard the high powered Marconi station in the
Hawaiian Islands send, on long waves, a message to San Francisco which read
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something like this: #Tell father, James and I are getting married. Flease
sned money", signed, Madelein. The operator put in parentheses at the close
of this message, ("She surely wants a swell wedding"). This practice among
the commercials arose from the fact that during the slack hours there wasn't
enough traffic to keep them busy and they saw no reason why they shouldn't
talk with each other. Needless to say such talks were not paid messages.
A1l this was finally stopped by international regulations.

There were & goodly mumber of stations on the coasts in many parts
of the world. A good many ships were equipped. Experiments had begun on
the transmission of photographs and drawings by radiec. The foundations for
radio telerhony, particularly with the continuous wave stations such as those
of the:Poulsen arc, were being laid. The sinking of the TITANIC in 1912,
after ccllision with an iceberg, was a tramendous influence for the leglsla-
tion compelling passenger carrying merchant ships to use radio in the inter-
est of “safely at sea.. h

In the year 1913 the Lackawanna Railroad made experiments with radioc
on trains. Extensive plans for extending trans-Pacific and trans-Atlantic
long range traffic were under way in 1912. A high power Fessenden set using
the rotating synchronous quench gap was installed by the Navy at Arlington,
Virginia and at the same time, a 30 K.W. Poulsen arc. The Fessenden set at
Arlington operating on 2500 meters (125 K.C.) was the one from which I
recelved the time signals. A 25 K.W. Fessenden set was also installed at
Key West, Florida, on 1800 meters (166 K.C.). The Navy was well on the
way towards installation of much higher powered Poulsen arce on much leonger
wavelengths or lower frequencies, thus acquiring an immerse radioc network
extending to Guam, Samoa and Cavite in the western Pacific, to Balboa in
the Canal Zone and to Alaska and Dutch Harbor, Aleutian Islards in the
northwest. By the end of 191k, the United States Navy had fifty coastal
stations and two hundred and fifty ships equipped with radio, using both arc
and spark on some of the shore stations. The Navy system, indeed, was the
largest radic system under one control in this country and possibly any-
where in the world.

The Federal Poulsen telegraph system, started in the United States,
was beginming to equip west Coast stations and ships for commercial service.
I knew about long wave high power urmodulated stations but had no means of
receiving them at first. It didn't take long to fix up a Poulsen tikker
which could be switched into the place of the usual crystal detector, for
continuous wave reception. Forturately this was a very simple and inexpen-
sive device, consisting of a small rotating metal wheel near the edge of
which a thin wire appeared to have a continucus contact which actually was
intermittent, because the pressure of the contact was very light. This
curious device, substituted for the usual crystal detector, received these
continuous wave high power statlons and produced in the telephones a scratchy
note which could be read as dots and dashes if there wasn't too mich static
or atmospheric interference.
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About this same time, since I had acquired an experimental license
with call 9XN, I decided to experiment with lower frequencies for my rotat-
ing gap spark transmitter which by that time was a 4 K.W. set. My big
problem was to get a much larger antenna. The only way to do this was to
string it between the top of Science Hall and the top of the power house
chimmey, an elevation of 125 feet. The span between the two points of sup-
port was 800 feet. There was a three wire antennz, twelve feet wide at the
near énd, and twenty feet wide at the far end. To get this antenna attached
to the chimney top was a problem, since there was no ladder inside or outside
the chimney. I solved this difficulty by building a large box kite. After
a number of trials, when the wind was just in the right direction, I suc-
ceeded in dropping the kite string across the chimney top. By night fall
the wind died down, the kite came down and I was able to pull up on the far
end of that string and get a light rope across the chimmey top. This in
turn was followed by a 5/8 inch flexible steel cable carrying a block and
hoisting cable. The 5/8 inch cable was then tied down on both sides of the
chimmey at the base and with block and hoisting cable at the top I was thus
able to raise and lower the antenna for repalrs. The high North Dakota winds
took it down more than once. :

With this new antenna I was able to transfer our transmissions quick-
1y from 600 K.C. to 200 K.C. lLater on I used this antenna for the Poulsen
arc transmissions on 100 K.C. All this was in the interest of comparing
results over various distances, aided by increased amateur contacts, study-
ing the effect of varying seasons and weather, and for comparing night and
day results. My first paper dealing with wave propagation based on this
work was published in the Physical Review in 1914. It was called “Radio
Transmission and Weather'.

In the course of these experiments I didn't escape considerable
criticism from my co-workers at the University. A large part of the wiring
in Science Hall was open wiring, not shielded by conduit. It picked up
pretty heavy currents of high frequency, superimposed on the 220 velt direct
current supply, especially when I was operating at full power on some fre-
quency that happened to rescnate part of the wiring system. I well re-
member that the Medical Department, on the third floor, had a centrifuge
which was driven by a small 200 volt direct current motor. This was started
and stopped by a small switch on the wall. One day, just after this device
had been loaded to capacity for urinary analysis test, I happened to cut
loose on the radic with a fregquency that built up a strong response in the
wiring system and a spark jumped over this switch. It started the motor be-
fore things were ready, spilling the contents of the centrifuge in every di-
rection. Naturally this created considerable complaint. The only way I
could get permission to continue operating was tc guarantee against any future
repetition of this performance.

In the process of putting resistance and capacity filters at differ-
ent points on this line in order to break up thelr resonances, I learned a
good many useful lessons. Also I got material which led to publication of
a paper in the Electrical World in 1913, on the subject of Local Absorption
in Radio Telegraphy.
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Shortly after this the University Extension Service asked me to
give some lectures on radio in several towns in different parts of the state.
As & result I put together some portable long wave receiving equipment which
had been provided with an oscillating tube or hetercdyne recelver. I had
no loud speaker or amplifier, but I hooked up ten or twelve head telephones
in series and, after giving a lecture on the present status and possibilities
of radio, I would invite the audience to come up and listen to the signals.
This sounds very uninteresting from the present view point. Even then it
appeared to be very dublous that the people in isolated rural commnities,
who constituted the largest part of North Dakota population, would care for
such things. I would, of course, expect to interest a few amateurs and
induce others to get into the game to help in my experimehts, but I didntt
expect the average North Dakota Scandinavian farmer, many of whom could
hardly understand the language, to be interested in such talk.

On one occaslon I was requiréd to give a lecture in a small town
sbout thirty miles from Minot, in the western part of the state. I brought
slong some shudent assistants and in spite of the weather being 30° below
zero, we managed to get up a good recelving antenna and to install our gear
in a barn of a place, with only one large stove for heat. It was so cold
that night that I had to give my lecture in a fur overcoat and yet, these
same farmers, whom nobody expected to be interested, came driving in this
bad weather from points some of which were thirty miles away, to attend the
lecture. They kept me up until midnight with questions and answers and
showed me that people in any walk of life 1lke to hear about something new,
even if it be very far removed from their own daily life.

4 little later I was to get up a portable transmitier so thal
whenever the town where I was to give a lecture had alternating current power,
I was able also to set up a transmitter and usually able to exchange messages
with the University. Often we put some of the students in commmnication
with parents who were present in the audience. This was good advertising
for the University but was a tough job. I didn't care to give these lec-
tures in the summer when disturbances due to atmospheric conditions were
heavy because I couldn't be sure of commmnication. On the other hand, to
put up a good artenna in a few hours in a North Dakota winter gale was not
exactly a plenic. '

M1 of the earlier work at North Dakota was done without the bene-
fit of amplifiers but by 1914 I was able to get hold of a few DeForest
audions and built audic amplifiers also using sudions for detectors, thus
securing more quantitative measurements than could be carried out with the
crystal detector.

These early audions generally had some residual gas in them. They
were somewhat cranky to adjust for best output, but the very fact that they
had this gas enabled an amateur with patience to work out trick adjustments,
sometimes aided by small movable magnets placed near the tube, and to arrive
at extraordinary sensitivity. In these days we do not need such sensiti-
vity. We would rather have a robust long life tube for a detector since
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it has very stable adjustment and can be used with an amplifier. But in
those days funds were scarce and the amateur with more than one tube was
considered a plutocrat. We had to get everything we could out of one tube.
So far our purposes the residual gas in the tubes was often an asset rather
than a defect.

Many times I was able to copy European signals, using a single
tube where nowadays we think we have to have anywhere from four to ten tubes
to do the same job.

In the latter part of 1914, I managed to get together a few De-
Forest audion tubes and construct a one stage amplifier to follow my audion
detector. This was a great improvement but the amplifier didn't work to
advantage on continuous wave signals which I picked up on the Poulsen tik-
ker. These were rough scratchy signals anyway and amplification didntt
improve the signal to noise ratio. One day when receiving from long wave
Poulson arc stations on the coast, I switched over from the tikker to the
audion detector with its amplifier in a rather hopeless attempt to see if
anything at all would come through this combination. After juggling around
with filament voltage and other adjustments, I suddenly picked up a clear
pure note whose pitch was determined by the setting of the tuning condenser
on the receiver. I was quick to realize that I was getting beat frequency
oscillations and that a local osciilation was produced in some way by my
two audiond. I was able to reproduce this conditioncover a considerable
range of frequency by using careful adjustments. I don't think I real-
ized that I had an accidental feed back from the amplifier tube to the
detector by way of the Fork spark coil which I was using as a coupler be~
tween detector and amplifier. I sent in a paper to the Wireless World
called "The Double Audion Receiver". This was published in March 1915.
This paper led to my first direct contact with Br. DeForest who kindly sent
me & couple of extra tubes to further my experiments.

It wasn' until Dr. Armstrong published his famous paper in the
1915 September issue of the "Proceedings of the Institute of Radio Engineerst
that I had any clear understanding of the process of detection, regeneration,
and oscillation. Armstrong was then a student at Columbia, working under
Professor Morecroft. I didn't know him then but have had many friendly
and interesting contacts with him in later years.

It was during this period that I joined the Institute of Radio
Engineers which was organized in the year 1912, abscrbing two earlier orga-
nizations, namely, the Society of Wireless Telegraph Englneers and the Wire-
less Institute. The Society of Wireless Telegraph Engineers had John Stone
for the first president in 1907; Lee DeForest in 1909 and Fritz Lowenstein
in 1911-1912. The Wireless Institute, between 1909 and 1912 was presided
over by Robert Marriott. The {irst president of the Institute of Radjo
Engineers was Marriott and the next one Greenleaf W. Pickard. It has been
my good fortune to know all these gentlemen and to have many interesting
contacts with them. At this writing they are all alive except John Stone
and Fritz Lowenstien.
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I continued night work at this time, specializing with the signals
of the two Navy stations at Arlington and Key West. I was especially in-
terested in changes which could be correlated with diurnal and seasonal
weather conditions. I worked out a correlation between the gradual fading
out of the signals in the spring with the retreat of the snow and ice sheet
towards the north and west. This resulted in a paper in the Physical
Review, May 1913. : ‘

During this same time I frequently worked with a station in St.
Louis operated by Washington University. The operator was Mr. Blatterman.
We became very firm friends by way of radio. We even published a joint paper
dealing with radio transmission phenomena in the IRE in 1916, although we
didn't meet each other until after the First World War when he was a2 captain
in the Army and I a lisutenant commander in the Navy.

It was this paper, presented at a New York meeting of I.R.E.
which led to my first close contacts with the United States Navy. During
that trip East I met Admiral Bullard, who was the first Director of Naval
Communications and was responsible for building the famous Arlington Sta-
tion. I met Lieutenant Hooper (later Rear Admiral) at the same time I
met Bullard. Charles J. Pannill, now of RCA, was then civilian assistant
to Admiral Bullard. I had met Dr. Austin, the principal Navy Radio Scien-
tist, considerably earlier. Admiral Bullard offered me the cooperation
of any suitable existing Navy stations in the furtherance of my studies on
radio propagation. Since the Great Lakes Naval Station near Lake Bluff,
I1linois, was the nearest station (600 miles) to mine, it was arranged that
I should stop over there to see the authorities about working them inte our
" tests. :

By this time I had laboriously built a small Poulsen arc which
operated on about 100 K.C. and was somewhere around 5 K.W. in power. In
order to get this thing to operate, I had to tie up the whole laboratory
in order to get together enough high voltage to operate the Poulsen arc.
Such an arc, particularly one like mine, was entirely unstable unless the
supply voltage was at least 500 volts D.C. Our direct current supply at
the University was 220 volts, but I had a Fort Wayne three phase alternator
driven by 220 volt D.C. motor. I also had a three phase 220 volt comnec~
tion which had recently been brought up from the City of Grand Forks, so I
could get this motor generator up to speed rumming the 220 volt motor off
the direct current line, When I got it synchronized, I would cut on the
220 volt, three phase, supply in parallel with the motor generator, then
open the 220 voit switich to the motor and let the alternator drive the motor
as a direct current generator, adding this voltage to our 220 volt direct
current line thus getting 440 D.C. By hooking together all of the storage
batteries in the Physics Department in ‘series, I was able to add about
another 130 volts. In spite of several minor expleosions which fortunately
did no great damage, I managed to keep this arc going. The fact that it
had a very bubbly note didnt't matter to my amateur observers because they
used the Poulsen tikker, which gave a rought note anyway, but the people
at Great lakes Naval Station had trouble copying it since they used a
heterodyne receiver with oscillator tube which was supposed to give a
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clear musical note. We started our tests with Great Lakes using this arc.

About the same time I made a first and very feeble attempt at what
would nowadaye be called broadcasting, namely, radio propagation of voice
and msjic. I succeeded in getting a small output by Poulsen arc at about
700 meters (430KC). This wae very loosely coupled to an antenna which,
when properly tuned, gave a current of only three quarters of an ampere.

By putting a unit of three or four microphones in parallel, all of them in
series with the antenmna and ground, somewhat as Majorana had done in Italy,
I succeeded in getting audible and somewhat intelljgible voice signals at
my home in the city of Grand Forks, four miles distant. later I brought
out a Columbia phonograph and fixed up a microphone arrangement in the place
of the ordinary mica diaphragm the phonographs had in those days, and turmed
it loose. I didn't have much faith in this getting out very far and did it
more as a matter of amisement and for lecture demonstration than anything
else. Somewhat to my surprise, I found that a youngster one hundred miles
away had picked up the music on 2 galena detector and was wondering where

it came from.

During the latter part of my stay in North Dakota a very amusing
incident occurred which led me to be offered the important position of
Medicine Man in the Turtle Mountains Tribe of the Chippewa Indians. It
came about in this way: Professor Frederick H. Koch, Hegd of the Department
of Dramatic Literature, had started writing and putting on pageants. Later
he followed this work up at the University of Nerth Carolina where he founded
the Carolina Players. I used to help him out with his pageants, furnishing
some of the mechanical and electrical effects, such aeg artificial thunder
and lightening. Aside from this we were very good friends and together we
toock many week-end skiing trips.

: At the time I have in mind, he was putting on "The Pageant of the
Northwest®™, which involved a scene where the French explorer lLaSalle met
certain Chippewa Indian Chiefs on the banks of the English coulee and signed
a treaty with them. The University persuaded a famous old Chief, with some
of his people, to coms down from the Chippews Reservation in the Turtle Moun-
tains., This Chief, Marchebenas, was a very noble and intelligent man and
possessed as much dignity and poise as any person I have ever met. He was
accompanied by a Sub-chief named Little Boy, much younger, say about forty
years old, and by a half-breed interpreter named Wellington 8alt. On the
day that the pageant was supposed to be first presented one of Dr. Koch's
assistants called me up and asked if I could give the Chief a little show
over in the Physics Department. I told him to bring them over at about 3
otclock. When they arrived after being formally introduced I escorted them
to the lecture room where I had set up an X-ray outfit with a fluoroscope.

I asked the Chief if he would like to look at his own bones, I think he
must have been startled but he didn?t show it; he merely nodded acquiescence,
so I showed him how to look into the fluoroscope and put his hand up in
front of it. He played with his fingers and wriats very intently for a

few moments, and then slid his arm a little farther in front of the fluoro-
scope, gave & grunt and said something in Chippewa to the interpreter.

"What does he see? I asked. M0h", said the interpreter, “he has just
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located an arrow point he got in a fight with & Sioux back in 1878." A few
minutes later he located a bullet he got in another battle of the 80's,
Before he got through he locdted seven assorted spear points, arrow points,
and bullets.

After that we went into the transmitter room and I told him I was
going to show him the apparatus with which I talked to the Great White Father
in Washington. Then I turned loose the 5 K.W. rotary gap which, not being
enclosed, made a terrific din. All Indians, in a way, understand code sig-
nals, although they don't use the Morse code, but signals with drums and
smokes. Considering the racket this spark made, I suppose the old Chief
believed that it might be heard in Washington.

Then we went into the receiving room and I let him listen to some
long distance signals with the headphones. Now this was an absolutely clear
sumer day and yet there was considerable static or atmospheric disturbance.
The Chief had no difficulty hearing the dots and dashes come through and
recognized them for the communication of intelligence that they were, but he
also noticed the static and he asked, through the interpreter, "hat is that
little crackling noise I hear besides the signal?® "Well", I said, "that is
due to a distant storm." WHow far away?" he asked. I said "Perhaps a moon's
travel from here", He listened again and then asked "Is it coming this way??
Since I had noticed that the static had been building up all the afternoon,

I answered "I think it is." After another brief period of listening the Chief
asked "When will it get here?" Having committed myself so far I thought I
might as well go the rest of the way so I said "I expect it a 1little after
sundown.® So he thanked me cordially and wemt out. That night, at twenty
minutes after sundown, we had a terrific and almost tropical storm with a
remarkable display of lightning and rain, so that the pageant had tc be post~
poned. Two days later when the Chief went by the building in which I worked,
the Science Hall, he pointed his thumb at it and said "That is the house
vwhere the gods live®. later on when he told his story to the tribe back at
Turtle Mountain, they thought he had lost his mind and were going to appeint
a new Chief. However, when Chief Little Boy told them he too saw his own
bones and witnessed these things, the Chief was retazined and he ruled the
tribe until he was past .ninety with greater prestige than ever. I am sure
that he would readily have given me the position as Medicine Man.

During the year 1915 I was fortunate enough to overhear the radio
telephone experiments which succeeded for the first time in sending the spoken
word across the Atlantic Ocean, as well as westward as far as Honolulu., Wire-
less telephony up to about 1914 had been confined pretty much to experiments
with modifications of the Poulsen arc or tc some few attempts with high fre-
quency alternating current machines, neither of which were any too easy to
modulate. Of course a continuous wave generator was necessary because the
usual spark seb, even if modulated with speech, would chop it up at the spark
repetition rate and the speech would be quite unintelligible. Telephony
didn't begin to come into its own and lay the foundations for the great pre-
gsent day broadcasting program until various engineers, notably Dr, Lee
DeForest, worked out a means of causing the radio vacuum tube to oscillate,



thus generating a steady and unbroken stream of radio frequency energy. This
encouraged the development of transmitter tubes as well as receiving tubes.
This work has been going on at a great pace ever since.

The great advantage of the tube oscillator or tube transmitter is
not only that it glves continuous waves in a very convenient way, but it is
a mechanism which can very readily have a speech modulation impressed on it
so that when this wave is detected in a distant receiver, the speech will
pass into the telephones or, in modern days the loud speaker, and become
audible.

In 1915 the United States Navy put the Arlington Radio Station near
Washington at the disposal of the Bell Telephone Systems engineers for a
series of experiments in long distance radio telephony, which were destined
to mark a2 great milestone in radio progress. The transmitting tubes used
were not very powerful and not of long life. A large number of them had to
be used in parallel to get an adequate amount of power and there was a contin-
ual bother due to replacement of burned out tubes.

Arrangements were made to observe these signals in various parts of
the United States, particularly by the Naval stations. In spite of the
first World War being on in Europe, the French gave the American engineers
the use of the Eifel Tower listening post during certain limited hours.
Neither the power nor the wavelength were suitable for crossing the Atlantic
in the day time. The experiments were made at night; they were successfully
observed at the Eifel Tower in Paris and as far west as Honolulu. It was my
good fortune to accidently pick up these signals in Grand Forks. It was the
first radio telephony that I had heard with the exception of my own very
amateur experiments. It gave me a big thrili.

Among the many other interesting developments of this period, was
the steady increase in the use of devices to aid navigation at sea. Some
practical use had been made here and there of radio for aircraft, The
Germans, of course, used radio on their Zeppelins which were bombing London.
There was some spotting work done, particularly by English craft on the
Western Front, signals being sent by light weight airborne transmitters with
receivers using the crystal detector. Dr. Frederick Kolster in this country,
had started his long series of studies on the radio compass and our Navy was
decidedly interested. These early compasses depended upon the directional
properties of the wire wound loop, used instead of a vertical antenna with
which to colleet the signal.

The development of the radio direction finder, as it is better
called, was very slow due to the fact that the use of the tube amplifier
didntt come until about 1914, and it was some years later before it was com~
monly in use. I do not refer to the radio frequency amplifiers so common
in our broadcast receivers today, but to the audio amplifier which is much
older. We possess both types in the modern receiver. The wire wound loop
doesntt collect radio frequency energy anywhere near as effectively as an
elevated antenna. Until the amplifier came along we couldntt get strong
enough signals to make practical use of the loop, although the fact that it



could be rotated so as to point to the direction from which the signal came
had been known for at least a decade.

Early in 1916 I wound two large loops, suitable for picking up low
frequency stations, on the walls of my bedroom. By combining these two
loops through a switeh, I could point the field of reception north and south,
east and west, or northwest and southeast or northeast and southwest. With
a suitable recelver, detector, and amplifier I was able to pick up long wave
gstations even from across the Atlantic. I sent in a paper in 1916 to the
Institute of Radio Engineers on the "Possibilities of Concealed Receivers" -
concealed in the sense that no external antennaes were visible to betray thelr
presence. Relations were getting rather strained between this country and
Germany at the time so my good fitemd, Dr. Goldsmith, Editor of the Proceed-
ings of the Institute of Radic Engineers, referred this paper to the Navy
Department. The Navy Department requested that I postpone publication umtil
after the War. This was one of my earliest contacts with the Navy. They
were afrald the device might give ald and comfort to a German spy who would
be able to set up a very simple equipment, unsuspected by his neighbors, and
receive instructions from Germany. The Paper was finally published in 1919.

By the middle of the year 1916 I was obliged to break off my wave
propagation experiments with the Great Lakes Naval Statlon because it was
too busy with War preparations. Among other things, it was organizing ama-
teurs in the country, who by this time were very mumerous, into varlous drill
chains. I was asked to assist in this work. I took up the organigzation of
a drill chain which extended from Duluth to Denver, in almost a stralght
line, and had about 50 amateurs receiving the drill messages which were sent
to me from Great lakes on thedr 30 K.W. arc ard which I then relayed at
hours in the evening suitsble for amateur reception, both-on my spark and
my arc sets. The amateurs cooperated very enthusiastically and 90% of these
amateurs went into the Navy - some of them appeared in my own command later.

In February 1917, I was asked to give a lecture on radio in Chicago.
On the way home I stopped off at Great Lakes to talk matters over with Iieu-
tenant McCauley; the upshot of this interview was that he persuaded me to
apply for a commission in the Naval Reserve. I took the medical examination
before leaving. A week or two later I was given a commdssion as a lieutenant
in what they then called the Coast Defense Reserve. This didn't mean mmch
because very shortly nearly all of us voluntegred for general service anywhere
in the Navy. On the 28th of March I was ordered to active duty, reporting at
Great Iskes Jjust a few days before War with Germany was declared.
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CHAPTER VI

1917-1918 - World War I - Great Lakes and Belmar.

At the time I was commissioned I had practically no knowledge of the
Naval Service except that I knew the Navy was progressive and doing excellent
work in the field of radio. One of the first things that impressed me was
the appalling discovery that any reserve line officer, such as myself, was
antomatically expected to have executive ability and be able to take adminis-
trative charge of any shore station or project, whether he previously knew
anything about it or not. This was a state of affairs very different from
anything I had ever encountered in civilian life.  The curious thing is that
it works out successfully in many cases. Perhaps this is because the officer
knows that he faces a court martial if he fails to burn the midnight oil to
find out all he can about his project, so that he can administer it success~
fully. I still cannot believe this system to be the best, because I have
Jnown it to break down on a few occasions with disastrous results. Nowadays
there are a great many Naval officers who are given technical duties for which
they are well trained, and a much greater effort 1s made to fit the man &nd
the job together. By my background and experience I should, under modern
conditions, haveé been doing engineering duty only (EDO), but throughout more
than five years of active serV1ce as a Naval officer I remained a 11ne officer.

Many of us, in 1917, had no opportunity whatever for indoctrination
courses, which would have been of great help. Thus I had to acquire kmow-
ledge of the customs, etiquette.and procedures in the Navy by actual expe-
rience. 'In this I was greatly ‘helped by a medical officer by the nams of
Commander J. B. Kaufman, (later Admiral Kaufman) who happened to room in the
same house where I first lived at Great Lakes. He was kind enough to give
‘me a lot of hinte and some actual coaching, for which I have always been
extremely grateful.

I found that my assignment at Great Lakes was that of District Com-
munication Superintendent. Lieutenant McCauley and his aide had been or-
dered to sea before I arrived. This job involved handling all communications,
by wire and radio for the station itself, where there were about 13,000 men
on board and, in addition, the management of the entire Great lakes system
of radio stations (as far east as Buffalo), which the Navy had just taken
over from the American Marconi Company.

These stations were manned by pretty green reserves, except for the
Great lakes station itself, which had a number of regulars. In addition,
I was supposed to be in command of the radio regiment, which included about
2000 men under training as prospective radio petty officers. I had a junior
resérve lieutenant named M. B. West as assistant commmnications officer, and
since he had reported earlier than I, he had received considerable instruce
tion from Lt. McCauley. He was, and is, a very able man, especially on ad-
ministrative work. Without his help I certainly couldn't have swung the job.

- The Naval District, over which I was supposed to exercise communi-
cation control, stretched west to the Mississippi, south to the Kentucky
border, east as far as Buffalo, and north to Canada. Scattered through
this district I had a number of reserve officers and several retired officers
who had been called back to duty in charge of outlying stations.
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In addition to organizing and supervising our own commmications,
we were supposed to suppress any illicit amateur or spy communication in this
entire district. Also each individual station had to detail some of their
peracnnel to mount guard day and night against possible sabotage. It was
considered very important, on account of the Great lakes ore shipments, to
keep these Great lakes stations in operation. Only the Great lakes station
itself was in first class condition. The others had rather antiquated and
inferior equipment. It took a lot of tinkering to keep them going. In
particular, the Calumet Station on Lake Superior took a lot of fixing up.
When I first visited it on an inspection trip, I made up my mind it wouldn't
have worked at all except for the ingemuity of a young first class radioman
named L. C. Young. I kept my eye on this young men and vwherever I went in
the Navy, he went with me, becoming one of the principal pioneers in Navy
radar and Associate Superintendent of the Radio Division at the Naval Research
Laboratory.

Another man, who is now Superintendent of the S8hip and Shore Radio
Division of the Naval Research Laboratory, was a radio pelty officer at Buf-
falo - he was L. A. Gebhard. Both of these men are well known members of
the Institute of Radio Engineers. Mr. Young is a Fellow of that organisa-
tion. There was a young petty officer named Howard Booth on duty at the -
Great lakes Station. I was to have many contacts with him through the suc-
ceeding years. He is now Commander Booth, U.S.N. '

The stations at Duluth and Calumet had no supervising officer, so
I got the Commandant, at that time Commender Moffet (later Admiral Moffet)
who afterwards laid the foundations of Naval aviation, to authorize the ap-
pointment of 2 friend of mine from Minneapolis, named Marc Frazer, as a
junior lieutenant in the Naval reserve. He was to have cognizance over
Duluth and Calumet and keep his eye open for unauthorized radio stations in
the Minneapolis-St, Paul area, with his headquarters at Minneapalis.

In connection with the confiscation of iljicit transmitters, Frazer
nearly got me and himself into trouble. He had traced down an i11jeit trans-
mission to the home of Ex~-Govermor Lind, who was a close personal friend of
President Wilson. Lieutenant Frazer had reguested the Linds to seal the
set and stop using it. 8ince the transmlesions still continued, Frazer took
a couple of radiomen to the house and confiscated the set, in spite of very
vigorous protest from Mrs. Lind. Mrs. lind, who knew the commandant, called
him on long distance telephone and made a violent protest. The commandant
called me into his office and asked "What kind of man is this Lieutenant
Frazer you have in Minmeapolis?® T told him "He is a very fine man, and
is very good officer material, in my opinion®™. "Well" he said, "Mrs Lind
said he was very insulting, and broke info their house, carrying off her
son's radio transmitter®™, I had been advised by Frazer as to what had hap-
pened, so I told the Captain that he was acting under my orders when he con-
fiscated the set and that he couldntt have insulted Mrs, Lind, because he
just wamm't that kind of man. Captain Moffett looked &t me sharply for a
moment and then said "™Well, all right, carry out your orders, I will square
it up somehow". This was characteristic of Captain Moffett; he watched any
man who had a new job for a week or so; then he either made up his mind that
he could do the job and proceeded to back him up, or else he promptly fired
him and got another man in his place. Once he had made up his mind to back
a subordinate, he would go the limit for him. I had the good fortune to be
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associated with him later, directly and jndirectly, and to be at sea with him
on the battleship MISSISSIFPI. I never saw a commanding officer who had a
higher degree of enthusiastic loyalty from his officers and menm, in spite of
the fact that he ran & very taut ship. later I recommended Frazer for over-
geas duty and he was with Admirel McCulley in France, receiving two promotions.

With the exception of the transmitters at Great Iakes, all of the
district equipment was spark equipment and the receiving sets were provided
with crystal detectors. At Great lakes we had a very good spark set which
had a Lowenstein quenched gap. When these miltiple gaps were kept clean
and operated from the 500 cycle generator, our signals had a clear misical
note.

Great Lakes, in addition, had & 30 EW Poulsen arc which was unfor-
tunately assigned for most of its work to & frequency of 30 KC. The self-
supporting steel towers were not over 400 feet high and not very far apart,
go that the T shape flat top antenna was not really big enough for thls low
frequency. In order to tune it we had to use a tremendous system of load-
ing coils, Three large cylindrical coils of wire were housed in the radio
station building. ~The result of this was that the antemna worked at a very
high voltage. This high voltage also existed on one end of these loading
coils. This fact was painfully brought home to me on & number of occasions
when, on inspecting the station; I happened to be standing on the cement
floor underneath thees coils. - Although they were six or eight feet above.
my head, they induced sufficient currents in my body to cause sparks to jump
through the metal nails of my shoes into the comcrete, with a not very com=
fortable sensation. Captain Moffet accompanied me on one of these inspec~
tions and disregarded my request that he stand away from the loading coil;
£inally he. couldntt stand it any longer and walked on to the rubber floor
matting remarking that he guessed maybe I was right, it wasn't a healthy
place to stay. This was my first experience with anything even approach~
ing high power long wave -radio. :

, ~ About the time I had succeeded in getting district radio affairs
ruming smoothly and the extemsive station activities properly taken care
of, something occurred which was destined to result in my leaving Great:
 Lakes for another Job. This cams about in the following way. The Navy,
on aceount of its interest in submarines, had been on the lookout for im-
proving underwater commnications with these shipa. In 1909, Mr. George
Clark, radio sub-inepector for the Navy, conducted experiments in the Potomac
River near the Navy Yard, Washington, and also at the Navy Yard, Norfolk,
Virginiz, which demonstirated the receipt of radio signals over short dis-
tances, using antennae which were submerged underwater, except for the wires
which commected the receiver with the underwater antemna. This receiver was
in a launch. These connecting wires were shielded.
’ In December of 1916 Admiral William S. Bmith and Lieutenant Comman-
der S. C. Hooper inspected a system of reception of radio signals on under-
or buried antenna wires, which was demonstrated by Mr. J.H. Rogers
at Hyattsville, Maryland., Clark's experiments had to be done with a crystal
detector and without the benefit of amplification. Amplification was known
in 1914 and was begimming to be adopted in ships of the Navy and in soms
shore statioms. Mr. Rogers! experiments had the benefit of an audio ampli-
fier. He demomstrated that trans-oceanic signals could be read as received
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on these buried single wire antennae. Further experiments of a2 similar
nature with the wires underwater had been made by Rogers, and observed by
Dr. Austin, then Chief Radio Scientist for the Navy. This work waé done

at Piney Point, Maryland in March, 1917. Other experiments were undertaken
by Lyon (who had been previously associated with Rogers) and Iieutenant Com-
manderlE. H. Loftin, who was then District Commmications Superintendent at
New Orleans,

In May of 1917 I received a dispatch from the Navy Department re-
questing me to report to the Chief of the Bureau of Steam Engineering for
temporary duty. On arriving, I was put in contact with Iieutenant Comman-
der (later Admiral) Stanford C. Hooper. Clark, by that time, was Radio Aide
for the Bureau of Steam Engineering. We spent some time in the latter part
of May observing the Rogers experiments. Mr. Rogers deserves credit for
having first demonstrated to the Navy that effective reception on such buried
or submerged conductors was possible,

In all of these early experiments the receiving system had a marked
directivity, but strangely enough none of the early investigators s including
myself, realized that this was the property of the system which made it of
special interest. There was no doubt that the buried op submerged con-
ductors, while giving much weaker eignals than elevated antenna, often gave
more readable signals, since the ratio of signel to static disturbances was
more favorable. The fact that some stations did not give better readability
on the underground wires than our elevated antenna was not understooed. 'It
was supposed by the early investigators, Glark, Rogers, lyon and Loftin,
that for some reason the penstration of the signals into the ground or water
lying over the wire occurred in such manner that the static disturbances were
more heavily absorbed than the sustained energy of the signal. I doubted
this myself although I wasn't smart enough to see the correct explanation
at that time. -

There was no doubt that for trans-atlantiec signals as received in
Washington, the Rogers System gave considerable improvement. I therefore
recomeended that the Navy carry out further investigations along these lines.
Lieutenant Conmander Hooper asked me if I would be in a position to carry on
such investigations at Great lakes, I told him that T thought the matter
could be arranged, if he would put the propoeition up to Captain Moffet,
and that I would very much like to do it. I then went back to Great lakes
and received the necessary authorization to put a group to work on this pro-
Joct. This work is all recorded in papers I published in the Institute of
Radio Engineers in August and December, 1919. _

This experimental group at Great lakes was a special group which
had no other duties. It was-headed by Alfred Crossley. Since he is a
well-known engineer who was connected with the Navy for many years, and
published a number of papers in the Institute of Radio Engineers Proceedings,
1t may be of interest to state how I happened to first come in contact with
him,

While I was at the University of North Dakota, I had a letter from
one of my former students, Mr. Cleary McGuire » who had gone to work for the
DuPont Company. As far as I know he has been continuously with them until
this day, except for a hitch in the Navy during the First World War as a :
lieutenant, in which capacity he served as electrical officer of a battleship.
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McGuire knew of my interest in radio, and when he became acquainted
with Crossley, who was operating a 1limited license radic station for DuPont,
he put him in touch with me. Crossley had served a four-year hitch in the
Navy as Chief Radioman and had some commercial experience with the United
Fruit Company, but had been badly handicapped by his lack of suitable tech-
nical background. For financial reasons he had been unable to finish his
education. I found a2 job for him in the University of North Dakota in my
own department, where he was of great assistance to me. He worked all day
for me and did half again as much work as the average student at night. He
_knew Just what he wanted and went right after it. ’

At the time. I left North Dakota I had an emergency class of young
men under training for radio work in the armed services. Crossley wanted
to get back into the Navy at the same time I went in, but I persuaded him to
stay on until he could finish with this radio #1ass. In the meantime, I
persuaded the Commandant at Great lakes to commission him. I believe he was
eligible for the Fleet Reserve, on account of his previous experience. We
had him called to active duty at Great Lakes to take charge of this work on
underground antenna. S . - o

' Another good man on this work was Matthews, who was then a Chief
Petty Officer in the Reserve and stayed in the Reserve for many years, al-
though not as a petty officer, but as a commissioned officer. Anyone who
ynows the early days of Zenith Radio has heard of Matthews. I pulled :
L. C. Young down from the Calumet Station, and L. A. Gebhard fpom the Buffalo
Station. With the aid of a few radio strikers (enlisted men under training
for radio) the work was started. We did most of this work down on the beach,
because it was easier to dig in the eand of the beach than in the hard clay
of the bluffs. We alsc made quite extensive experiments with wires at dif-
ferent depths under the surface of the water, demonstrating, as we expected,
that attenuation of signals with depth was far less with fresh water than
with average salt water, and less than with underground antenna.

"The Great Lakes experiments showed 1little or no improvement in
readability of signals on the higher frequencies then in use, but on the low
frequency high power long distance stations they showed a small improvement
which I found could be made even greater if we could get a more ideal loca-
tion where the wires could be so run that we could take better advantage of
fheir diresctive properties. As a result of our report to the Bureau of
Steam Engineering, the Navy Department decided to try out this method of long
distance reception for trans-Atlantic signals.

The Navy had the responsibility of Keeping open the communications
to France for our forces in Europe. Furthermore, it was figured that the
German submarines could cut enough of the cables to make us largely depen-~
dent on radio. Therefore we needed everything we could get in the way of
good reception from Europe. ” :

In October of 1917 I received a surprise visit from the Assistant
Director of Naval Commmicaticns, Commander (later Cdptain) Fawell. He in-
spected the Great Lakes Station very thoroughly, inquiring minutely into the
affairs of the different district stations, looked over the work on the
underground wires, and then abruptly informed me that in ten days I could
expect orders to come East for an assignment to duty on trans-atlantic work.
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This was something of a jolt, as I had Just succeeded in renting a small
house in Lake BRluff, getting my family down from North Dakota and settled
within four miles of the Great Lakes Station. There was nothing to do

but ship the family down to Indiana for my wife's people to take care of,
and proceed to Washington for further assignment, leaving my duties at Great
Lakes, temporarily at least, in the hands of Lieutenant West.

On arrival in Washington I found that the Director of Naval Commu~
nication, Captain David W. Todd, was my new boss. I found also that I would
have ‘2lose relations with the Bureau of Steam Engineering, dealing with Lieuten-
ant Commander LeClair of the Bureau, who had relieved Lieutenant Commander
Hooper as Head of the Radio Division.

It also appeared that the Navy plan was to set up a receiving and
control centercat Belmar, N. J. This was the very beautiful site of a radio
receiving center which had been set up by the American Marconi Company in
1913-14, though not yet much used. The American Marconi Company was under
the guidance of President Naliy, assisted by Winterbottom and other men who
are now well known in the present RCA hierarchy. The Navy had taken over
this station, had a rapidly increasing complement of necessary personnel, and
had started the installation of private Navy leased wires to Washington and
to certain high power statioens capable of doing trans-Atlantic work. These
stations were also in the hands of the Navy. I was given the title of
TCO (Trans-Atlantic Communications Officer). As far as I know, I am the
only Naval Officer who ever held that title. T was also Commanding Officer
of the Belmar Station, with general supervision of the trans-atlantic network,
I was given my pick of any men I wanted to pull into this work, as the Navy
considered it of the most urgent importance. I had 2 number of the best
men at Great Lakes immediately ordered to Belmar, including Young, Gebhard
and Meyer. Some of them actually arrived before I did.

Meyer was, and is, one of the most interesting men I have ever known
because, starting as a Yeoman 3/c of the Navy, with absolutely no knowledge
of radio, he ultimately became a high grade radio engineer who is well re-
spected by everyone who imows him, He has for years been in charge of the
Transmitter Section of the Radio Division at the Naval Research laboratory,
and is now Head of Systems Integration Sestion of the Ship and Shore Radio
Division of the Naval Research laboratory., Mr. Meyer had been yeoman for me
at Great Lakes and became, for a number of years, a confidential secretary
and an all around right hand man, although he didn't begin to take on tech-
nical duties until about 1920. As for Young, who was the best man technically,
we have been closely associated for thirty years.

Crossley was left at Great lakes, to proceed shortly to Norfolk to
install an underground receiving system. ILater he was attached to the Radio
Division of the Bureau of Steam Engineering and still later to the Naval
Research lLaboratory. :

I might say, in passing, that the word "Steam in the title of this
Bureau was a matter of Navy tradition and history and an anachronism. Engi-
neering in the Navy really began with the advent of steam, so it was natural
that the word steam should appear in the name WBureau of Steam Engineering",
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When I first entered the Navy we had no Bureau of Aeromautics, or
even a Department of Naval Aviation, although we did have an interest in
aviation. We had a Bureau of Ordnance, a Bureau of Steam Engineering and
a Bureau of Construction and Repair, which had to do with the design, build-
ing and repair of ships. The Engineering Bureau had the machinery and
gadget end of it; the Bureau of Ordnance had to do with the guns, torpedoes,
mines, etc; the Bureau of Yards and Docks had charge of all shore construc~
tion and buildings. We had a Medical Corps, a Dental Corps, a Corps of
Civil Engineers and a Chaplaints Corps. Now the organization is very dif- -
ferent; the Bureau of Steam Engineering, very shortly after I first knew it,
became the Buresau of Engineering. During this war the Bureau of Construc-
tion and Repair and the Buresu of Engineering were merged as the present
Bureau of Ships. Organized Naval Aviation started as Department of Naval
Aeronautics and was graduated later into the present Bureau of Aeronautics.
Engineering Officers who do only engineering work are simply known as line
officers, EDO (engineering duty only) regardless of what branch of service
they are concerned with.

Coming back te the plan for Belmar, it appeared that it was to have
control of the high power transmitters taken over from the Germans some time
before we declared war on them, namely, the station at Tuckerion, N.J., and
the station at Sayville, L. I. We had also taken over the Marconi Station
at New Brunswick. Our wire connections with Washington terminated within
the Office of Naval Communications. Ouigoing messages for Europe were sent
to us over our leased wire system and then forwarded by radio to Europe.
Received messages were sent by wire to Washington. First, all of our traf-
fic was with France, working with the Eifel Tower, but soon was handled by
the newly completed high power station at Lyons. A little later the new
Rome station opened up. I transmitted the first radio message direct from
this country to Rome and received the reply. These messages were an ex-
change between the Minister of Communications in Italy and President Wilson.

The German transmitter stations at Tuckerton and Sayville had been
operated with high frequency alternating current generators which, I believe,
were of the Goldschmidt type. We never did get the one at Tuckerton to
operate satisfactorily. By the time I arrived on the scene, we had re-
placed it with a 60 K.W. Poulsen arc., This operated into an umbrella-like
antenna whose center support was an insulated steel tower 800 feet high.

The ribs of the umbrella were supported by a circle of smaller towers. The
station was located on what was practically marsh land, a few miles back
from the ocean. Warrant Officer (Radio Gunner) Hessler was in charge of
the Tuckerton station. Very good ground connection was obtainable at
Tuckerton but at Sayville, L. I., the dry sand under the antenna presented
so high a resistance that the Germans had erected an extensive counterpoise,
about twenty feet high, underneath the antemmna; this was used in place of

a ground connection.

We operated the alternator at S8ayville for some time but had a
great deal of trouble with it, largely on account of variations in transmis-
sion line voltage of the sixty cycle supply system of the station. This al-
ternator operated at about 11,000 cycles or 11 K.C. It was a reflection
type alternator, with a complicated system of very carefully tuned low-loss
circuits, creating a strong third harmonic at 33 K.C. which was approximately
the frequency used in the antemna. It was impossible to keep these reflection
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circuits properly tuned if the speed of the drive motors varied even a small
amount, due to the supply voltage variations. We therefore finally installed
a 350 K.W. Poulsen arc. o :

Mr, Haraden Prati, who is now one of the leading men in the Inter-
national Telegraph and Telephone Company, was, at that time, Expert Radio
Aide for the Navy and our specialist on Poulsen Arcs. He certainly was
one of the most competent c¢ivilian engineers that the Navy ever had in the
Service. I have always had the greatest respect for him, both as an indi-
vidual and as an engineer. T well remember visiting the Sayville Station
after receiving notice that they were about to turn the power on the Poulsen
arc; this was probably some time in the late fall of 1917.

: The usual method of installing the Poulsen arc was to connect the
water cooled terminal to the copper strip leading to ground, since the cir-
culating water more or less grounded this terminal in any case. The other
terminal was then connected, through suitable tuning coils of very large
¢ross section, to the antenna. The adjustment of these tuning coils deter-
mined the wavelength, or frequency, of the emitted wave, We found it im-
possible to get more than about 20 amperes into the antenna, in spite of
the fact that we had connected the counterpoise to the ground terminal.
Since we lmew we should have more than 300 emperes, considering the power
available, it was evident that something was radically wring.

Fortunately before I went up to Sayville I had taken the trouble to
study the use of the counterpoise in connection with antennae. I told the
engineers that it would be necessary to tune the counterpoise as well as
the antenna. This required a tuning coil that would carry very large cur-
rent, but need have only a very small inductance. We had ne such coil, but
found & copper strip about 3/4M in thickness and 3" wide. We hurriedly
built this strip into a spiral by simply nailing it to a couple of planks
in the form of a cross, in order to hold it in shape. We didn't need any
better insulation, since the voltage of the counterpoise would be Yery low,
although it might rise to well over 100,000 volts on the antenna.

After soldering the heavy leads from the counterpoise to one end
of this strip, we fixed up a heavy flexible lead to the are terminal, with
a large copper clip which could be slipped along our spiral, thus permitting
a crude, but very effective, form of tuning.

Starting the arc at low power, we adjusted this ¢lip until we found
the resonance point. I then ordered the power pushed up to the maximuim.
The current in the antemna went up to 400 amperes, which was more than any
one had seen in an anterma at that time. I am sure that Mr. Pratt will
remember this incident, and how astonished our helpers were when we had
finished adjusting this erude contrivance.

I knew about counterpoise action because of my experience at New
Brunswick. New Brunswick had originally been equipped for the American
Marconi Company with a huge 300 K.W. rotary spark gap installation. I
wish I might have seen this installation in operation; it must have been
quite a sight, provxded you had plenty of cotton in your ears to shut out
the noise,
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Ry the tims I arrived, the first practical Alexanderson altermator
was in operation at New Brunswick. The invention of the Alexandersan alter-
‘nator, to my mind, was another milestone in radlo progress. This has been
well recognized by the fact that Dr. Alexanderson has received many honors
for this and other notable contributions to the field of radio engineering.
It was here that I first met PAlec™ and started a warm friendship, based
not only on our coimon interest in radio matters, but on the fact that we
would both rather sail in any kind of craft than do anything else.

' Alexanderson had his famous miltiple tuned antenna connected to
this 50 K.W. alternator. This antenna, instead of having one vertical down
lead, or conmecticn to the transmitter, had six of them, and each lead was
separately tuned, not only to a ground connection directly bemeath it, bui
to its couniterpoise. Thus all of the six down lead currents, after proper
ad justments of counterpoise leads had been made, operated in phase, and the
equivalent antenna output was actually slx times as great as the feed cur-
rent from the alternator. This current was of the order of 300 amperes.

Tt was the war-time experiments with this alternator on daily traffic that
encouraged the development of the much larger 500 K.W. alternator which has
been the backbone of RCA long distance telegraphic commnication for meny
years. The alternator itself ies a marvelous plece of mschanical and elec-
trical engineering. It was this alternator that handled the first commmni~
cation with Rome, BSo evidently, before I helped to tune up the Sayville
Station, I knew how to tune a counterpoise.

' An interesting thing about the New Brminswick Station was the fact
that due to its fairly high power and the relatively low antennae, there
existed a very powerful elsctrical field under the antenma. Since this an-
tenna installation was nearly a mile and & half long and the reservation not
very well fenced, the Commanding Officer of New Brumswick had dontinuous
patrols, especially during the night hours, under this snteémnaj; to protect
against possible sabotage. At first the sentries were armed with rifles
with bayonets, but on a dark night you could see blue sparks coming out of
the tip of the bayonet a good deal farther away than you could see the sentry.
In the winter, when the sentries wore gloves, they suffered no great incon-
venience, but in the summer when they were bare-handed, the induced currents
" burned their fingers in a very amnoying fashion, and we were forced to sub-
stitute side arms for rifle and beyonet.

. The gasoline filling station was almost under the antenna, so all
automobiles had to be grounded when parked at the filling station. The
nozzle of the gasoline hose had to be grounded as well. There would have
been serious accidents, had these precautions not been taken.

. The Navy planned to erect another station to supplement this high
power coastal system. This was to be an arc¢ station. It eventually be~
came the Annapolis high power station, but was not in operation prior to the
Armistice. On the other side of the Atlantic, the Navy undertook the con-
struction of a gigantic station at Crois D'Hins, near Bordeaux, France.

This was equipped with a pair of 1200 K.W. arcs and, as I recollect, eight
800=foot towers. When we laid these plans before the French, they threw
up their hands and said "My heavens, you expect to erect the equivalent of
eight Eiffel Towers". The work was done largely with the aid of German
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prisoners of war, but was not completed until several years after the Armis-
tice. Commander Sweet, who was an officer of long experience in radio and
an expert on Poulsen Arcs, planned this work.

Our receiving center at Belmar was assisted by two other receiving
canters; one, a Marconi receiving center on Cape Cod, at Chatham, which was
in charge of Radio Gunmer Burke, and the other the Navy Bar Harbor Station,
under Lieutenant Alessandro Fabri.

When I arrived at Belmar, reception was being carried on with a few
small elevated antemmas, but we immediately started installatiom of a system
of buried wires laid in the Shark River inlet, pointed away from the receiv-
ing station towards the northern part of Europe. The receiving house was
located on the verge of the S8hark River, which was a broad estiary at that
point, only a few miles from the ocean, and very shallow, This was just
right for our underwater wires, because the water was fairly salty. If the
wires had been put at a much greater depth than two feet, the signals would
have been too weak to receive, even with considerable amplification. We
ran into this very difficulty at Chatham, because there we had to lay the
wires cut to the sea, and when a four foot tide came in, the signals got so
weak that they were unusable.

The layout in the rugged country around Bar Harbor Station was not
suitable for ground wires so reception there wae usually most satisfactory
with some form of loop antemna. Radio Gunner Raymond Cole did some remarka-
bly good work with loop antennae combined with elevated antennae, A number
of other antennae, some of them long low wires, were also in effective use
at Chatham and Bar Harbor.

These stations were connected by leased wire to Belmar, so that
whenever we had difflculty in receiving from France or Italy, we would call
on Chatham, and particularly on Bar Harbor, for help in the reception. Bar
Harbor not only had the advantage of being several hundred miles nearer to
Europe, but due to high latitude, was much freer from atmospherie disturbances
(stgtic). Bar Harbor location was for years most valuable for handling Buro-

pean long wave signals.

Too much credit cannot be given to Lieutenant Fabri and his aides
for developing this station and especially to Fabri for contributing, out of
his own pockel, many things which added to the efficiency of the operators
at this place. His principal aide was Warrent Officer (we called them Radio
Gunners in those days) Raymond Cole. He is now & commander in the Navy, has
had a long and distinguished career in radio, and has done magnificent work
as the Head of the Radio and Radar School at the Naval Research Laboratory,
vhich work has been recognized by his receipt of the Legion of Merit:imedal.

In addition to taking the French and Italian code messages, we had
to run continuous intercept on the high power German alternator station at
Naven. This station spent most of its time broadeasting propaganda in
English, much of it undoubtedly designed to influence the German population
of the United States and stir up trouble in Mexico. It usually transmitted
on a wavelength of 12,600 meters, (about 24 K.C.) but at certain periods of
the day, for about twenty minutes, it would suddenly go off the air. We
often wondered what the Germans did during this interval, so I ordered a
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receiver man to go on search and explore all possible bands to see if he came
upon any other frequency, and particularly to look for the double frequency,
which would be at 6300 meters, or somewhat less than 48 K.C. Sure enough,

we found Nauen broadcasting a very queer four letter code for twenty minutes
during these intervals. There was no question but that this was a special
code directing the operation of submarines. We copied thousands of code
words and forwarded them to Washington, but I am of the impression that this
particular code was never broken, although other German codes certainly were.

The fact that we had to copy so many messages in a very difficult
code meant that we had to have extremely high accuracy on the part of our
receiving operators. True, we could call on Chatham and Bar Harbor for cor—
rections, and occasionally on Tuckerton and Sayville, when they were not
busy transmitting and could stand receiver watch, but this took time. The
result was.that we picked our operators with great care. We had our choice
of the best men from each graduating class of the Harvard Radio School. Men
vwho weren't careful and didntt show signs of speed and aceuracy were prompily
transferred, either to sea or to the armed guard, at New York. To insure
gopy on especially important messages, at times when the static was heavy,
we usually doubled the operators on a given watch.

One very greal advantage of the buried wire system of reception is
that wires thus buried will not rescnate, but rather are aperiodic and can
be simltaneously used on a greai many different frequencies. Thus for the
first time the Navy had multiple reception. We were able to put as many
differént receivers, on as many different frequencies as we wished, on one
of those underground or underwater wires. A further advantage lay in the
fact that we had no fear of making copy during violent local thunder storms,
vhereas the elevated antemna would usually have to be grounded and cut off
from the receiving set to prevent injury to set or to persomnel. In fact,
the local thundér storms never caused us any serious interruption.

Some particularly outstanding operators I would like to mention by
name: Miller was perhaps the best, because he could copy forty words a
minute on a8 typewriter and carry on a conversation with a bystander at the
same time. Pfeifer, Snell, Heberling and Stokes were all good. After the
Belmar Station was closed up, Snell and Pfeifer remained in the Navy, on
duty at the Naval Conmunications Center, Navy Department, Washington. They
both became officers in the Naval Reserve; 8nell served as a captain during
the late war, and Pfeifer as a commander. Meinholz, now with the New York
Times, was head of our wire line department., Irving Vermilya, who claims
to be the No. 1 amateur in the United States, was also in this department.
Woods, now deceased, later became the Manager of RCA Radio Central, in New
York. "Pop" Weaver and Bill Taylor alse joined RCA and were on duty at the
same office, Many others ought to be mentioned, but the list can't go on
indefinitely.

I found early in my stay at Belmar that good radiomen could usually
be separated into two groups; first, expert operators, second, material men
who were mainly interested in the technical side of radic. It is not effi-
cient to try to make an operator out of a technical man and it is usually
impossible to make a technical man out of one who is primarily interested in
operating. Snell was an exception to this -~ he wasg equally at home in
either field. We found it best not to burden the operating people with
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the adjustment and upkeep of the equipment. I appointed a permanent mate-
rial watch, headed by L. C. Young and.L. A. Gebhard and assisted by Dutton,
Jeffries, Bartsch and L. M. Clausing, to look after equipment. One of
these material men was on watch at all times, day or night. They tuned

in signals at the beginning of the watch and periodically plugged in head
telephones, listening to the quality of the signals, making minor adjust-
ments, or changlng batteries without interrupting the copy. :

After things were rumming smoothly, we decided to try a 2000 foot
long underground wire, in line with the sea wires, but pointing in the oppo-
site direction. This required the digging of a2 narrow trench, 7 feet deep
and 2000 feet long. By this time we had 100 operators, a2 marine guard and
various other ratings on the station. When we had some infractions of dis-
¢ipline, most of them, fortunately, rather minor infractions, I would hold .
& deck court and sentence the unlucky ' personnel to dig so many days on the
trench. Still the trench proceeded very slowly. Thereafter, instead of
sentencing a man to so many days on the trench, I designated so many feet -
the sooner they dig it, the sooner the sentence was over and they were back
on regular duty with their usual privileges. Thereafter the trench was very
rapidly completed.

Had we known what we knew shortly afterwards about the action of
these buried wires, we wouldn't have dug this trench. The whole advantage
of the buried wire lies in its directivity and its lack of resonance, but
since the trench wire, of necessity, pointed in the wrong direction for the
signals in which we were primarily interested, it gave very poor results on
European copy. It was pretty fair for making copy from San Diego, but this
was only test work and not a regular job.,

At this time, German submerines had appeared off the coast, not far
from the station, and had sunk several ships and barges. We used to get
a lot of anonymous calls from various shore resorts telling of strange lights
seen at sea. When our men arrived with night glasses in hand, there was
never anything to see. However, we did get a little excitement at one time,
when Snell discovered strange signals on a considerably higher freguency
than any we were normally receiving, and coming at very irregular and very
brief intervals, These were pure continuous wave signals, yet could not be
cornmected with any of the harmonics from ocur own or any other nearby stations.
We could not help but feel that some of“these might have been an attempt to
communicate between German submarines and spies on shore, because everyone
felt at the t.ime that the German subs were being refueled, or at least given
food, from our side of the Atlantie.

I dispatched Young on the motorcycle, with a portable receiver, and
he’cruised all of that part of New Jersey in an attempt to find where these
signals came from, but couldntt pin them down. After coming back, he built
a portable loop direction finder with an attached receiver, mounted in an
old truck, and located the source of the trouble at our own station at KNew
Brunswick. They came on only when the Alexanderson alternator was working
and were relatively weak. We never found out just whai caused them, but
decided it had something to do with the speed regulating mechanism on the

"alternator, which kept it exactly on the same frequency. Young got a
broken arm out of this business while he was attempting to crank the old
truck. This direction finder was probably one of the first Navy portable
radio direction finders.
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At this time the French complained about our reception of their
station at Lyoms, so General Ferrie? s?g aver Lieutenant Paternot, assisted
by Sergeant Deloy, and a tiunk load of #rench amplifiers to show us how to
receive their stations. Both of these gentlemen were able radioc emgineers,
especially Deloy. He was the son of a French family which was abtle to -

. finance early amateur experiments before ke went into the French Army.
These gentlemen lived with us for some weeks in the naive belief that a
six-stage French amplifier would solve all of our troukbles. ‘The amplifier
certainly was good, and did give us unusually strong signals, but unfortu-
nately, it built up the static, or atmospheric disturbances, just as fast
or faster than it built up the signals. Lieutenant Paternot finally threw
up his hands and said they never realized what static was wntil they came
t0 this country; they had nothing like it in Burope. The difference in
latitude explains a good deal. As I have already pointed out, the static
level at Bar Harbor was very muich lower than at Belmar, and the recelving
centers in France and England, in higher latitudes, were very much better
off in that regard than we were at Belmar. Nevertheless, we were very
grateful for their visit apnd made a lot of interesting and valuable experi-
merits with the amplifier. The French were pioneers in the field of radio

frequency amplifiers.

~ During this period we had a puitber of interesting visiting engi-
neers or scientists who had gadgets that the Navy Department though might
help reception. Hoxie brought his photographic recorder, which made a
record of the incoming signals on moving film which was developed as it ran
along. This was really an interesting instrument, ‘permitting good discrim-
ination between signals and static, and permitting higher speed of recep-
tion than you could possibly get with the human ear. But it had a bother-
some ¥éfect, inasmuch as it tock some minutes to develop the film. It also
took & separate set of operators to read the film, because such operators,
or film readers, had to be specially trained for the job. Ordinarily, in
such work, if the operator loses & word he Mbreaks™ the transmitting station.
This is done by opening up ome of our own transmitters at the touch of the
key, and sending a prearranged signal which causes the distant transmitting
operator to stop his transmiesion and listen. We then tell him to go back
to the last intelligible word we have correct, and continue on from there;
thus errors in reception can be corrected a2t once and filled in, whereas
with the Hoxis recorder this was impossible, because we had to stop and read
the £ilm. By that time the transmitting station had gone many words ahead.
Nevertheless, the Navy bought some of these recorders and we learned a lot
from them; they had their good points. . :

Another device to improve reception was brought down by Dr. F. K.
Vreeland. Thie consisted of & very sharply tuned audio fregquency filter,
or the equivalent of it at lesst:. Since continuous wave reception involves
listening to pure tone, and since the ear ham considerable power of discrim-
ination against the rough noise of stetic, a filter such as this would favor
the tone against the static and would seem at first glance to be very valua=-
ble. When Vreeland?s device was first connected to a receiver, to the casual
listener there seemed to be a marked improvement, but when I brought two
of our best cperators to copy fifteen minutes, first without the device, and
. then with it, we found that both made better copy without the device. The
difficulty was due to the faet that the static caused the filter to "ring"
so that the static had a musical note of the same approximste pitch as the
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signal. The ear was not able to distinguish well enough between these two
things. I think we all found out, a few years later, that this filter
device had to be applied with considerable caution. The filter should not
be too sharp, or ring too easily, else it will do more harm than good.

Another interesting device was brought to the station by Dr. Alexan-
derson, This was a resistance coupled amplifier, with especially made G.Bj.
tubes which had extremely high impedance. The amplifier didn't help mmch,
although it gave good signals, because it was too microphonic and would am-
plify static just as much as it would the signals. I am not likely to for-
get the time Alexanderson and I were testing it in the basement of the miin
building. We had brought out a lead to the 2000 ft. ground wire buried
7 ft. deep. I chose that wire because it would have plenty of static s @8
well as plenty of signal on it. In the middle of our experiments, a ‘violent
thunder storm came up. One of the 450 ft. towers, a few hundred feet from
the building, was struck by lightning. If anyone thinks that a wire 7 ft.
under ground camnnot pick up a violent surge of current, they are very much
mistaken; sparks four inches long jumped cut of the lead wire coming into
the basement, although it was shielded almost to the receiver. I had Just
put the receivers down, but Alexanderson still had the receivers on his ‘
head. He got a pretty lively shock. Even this didn't cause him to quit
the experiment. ' : .

During the period when I was on duty at Belmar, the Bureau of Steam
Engineering had made arrangements for Mr. Roy Weagant to continue his work
on balanced loops, which had been underway before the Navy took over the sta-
tion. Weagant?!s theory was that static originated from overhead » while
signals came pretty much along horizontal paths, and that it should be pos~-
sible to set up two large loops, suitable for long waves, at a considerable
distance apart and balance their outputs in such a way as to cancel out
the atmospheric disturbances, or static, and yet permit reception of signals.
Really, what Weagant had was what should be more properly known as the
binocular loop system. In the opinion of most engineers, his theory of
the origin of static was quite erroneous, but the system did show definite -
advantages in reception which could be traced to the high directivity which
a binocular loop system possesses over and above the directivity of a single
loop.

Weagant was a man of great ingenuity; a clever and able experimenter.
He filed patents an his system of reception, while I filed patents on what
we called the Belmer balanced ground wire system, wherein I combined in
balancing arrangements, the advantages of both loop and buried wire. This
system of balancing buried wires, or balancing ‘a buried wire against a loop,
wag described in a paper which I published in December of 1919 in the IRE,
It followed up the paper published in August of the same year. The filing
of my patent, at the suggestion of the Navy Department, precipitated an inter-
ference with Weagant; as a matier of fact, there was triangular interference,
involving Weagant, Joln V. L. Hogan, and myself. This dragged out for a num-
ber of years, but I am happy to say that it never involved any acrimony or
rupture of friendly relations between the three engineers invelved.

The issue was finally settled by a compromise, wherein the patent

was issued to me and was purchased by RCA. RCA then licensed the Navy for
all rights to manufacture and use apparatus under this patent and under
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related RCA patents. The Nevy obtained this privilege for a small sum of
money. Bverydne was satisfied with this except the lawyers, who were getting
good fees and-would have been glad to continue the fight indefinitely.

We did fiot do much high speed ‘work with Europe, but now and then we
got good trensmission conditions and stepped up, with autometic senders,
operated by punched tapes, to fifty or sixty words a minute.

During the Winter of 1917-1918, along in February, I think, we ran
out of coal, on account of some misunderstanding about our coal deliveries.
As this happened at the same time the temperature went down to 13° below
zero, we were in a tough spot. I had to keep that station going, as it was
the nerve center of the trans-oceanic system. I went down +6 Belmar and
Agbury Park and bought a supply of kerosene and all the kerosene heaters I
could locate, plus a large number of saws and axes. I practically comman~
deered these things, since I had no paymaster on the station, accounts being
carried in New York, and I couldn't wait for red tape to unroll. Every man
©on the station not on watch, marine.or gob, had to get out and chop wood to
“feed the furnaces in order. to get up enough steam to run our main power plant,
so that we could keep the generators going. Since it takes about four cords
of wood to equal one ton of coal, and we were normally burning four to six
tons of coal & day, it was & sizeable order. At the end of four days we
had sawed all of the dead timber on the reservatiom. .I then commindeeréd
a car load of forty toms of coal, intended for heating the schools in Asbiry
Park. I called the Mayor and told him what I had to do. He said, ™I guess
it is more important for you fellows to keep going, than to keep the schools
open™. The bills for that forty tons of coal followed me personally around
the country for years before the Navy finally 0.K.'d my action and paid for
it. In the meantime I had gotten some action in Washington, and 600 tons
of coal were on the way by Pennsylvania Railroad. I was calling up the sta-
tion master each day, and finally he said "You can't get it, because the Bill
of Lading hasntt arrived®. I said "Look here, the Railroad is in the hands
of the government and I am working -for the government - furthermore, we are
freezing here. Will you give me that coal, or do I have to send the marines
dovn to get it?® He finally agreed to gi.ve us the coal, but I had the Merines
go down anyway, Jjust to meke sure.

By the middle of the summer of 1918, we were definitely certain
that reception on all trens-atlantic frequencles was entirely satisfactory
at Bar Harbor. The proper thing to do was to put the received signals
straight through to the Navy Radio Center in Washington. We did this over
our leased wires and hooked up all trénsmitting stations with the Washington
desk in the same way. Thus we eliminated delays in forwarding outgoing mes-
sages 10 Belmar ard incoming messages to Washington. Everything was centered
in the Navy Department, Washington, D. C. : :

By this time I had been promoted to Lieutenant Commander. In July
of 1918 I received a dispatch asking me to report to the Chief of the Radio
Diviaion, Bureau of 8team Engineering in Washington, as soon as possible.

At that time I had unlimited travel orders; that is to say, I could travel
on my own initiative, on these orders, without waiting for a command from
any one, to any point in the United Btates, if my duties and interests so
required. I grabbed my travel orders and hopped a train to Washington to
find out what I had done wrong. I found out that I had merely worked myself
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out of 2 job. lieutenant Commander LeClair told me that the aircraft radio
program at Hampton Roads was not progressing as it should. He wanted me to

go down and take charge of it. Orders were written up promptly. I returned
to Belmar for two days, to turn over the rest of the work to subordinates, and
proceeded to the Naval Operating Base, Hampton Roads, where was located the
air station then under the command of Lieulenant Commander P.N.L. Bellinger,
now vice Admiral Bellinger.



RADIO REMINISCENCES
A HALF GENTﬁRY
CHAPTER VII - 1918-1919
AVIATION RADIO

EAMPTON ROADS



CHAPTER VII
1918 - 1919 Aviation Radio - Hampton Roads

For the next four years I was to be attached to Naval aviation acti-
vitles and transferred to the Class V, or Naval Aviation Reserve. I didn't
suspect this at the time, thinking of the job at Hampton Roads as an interest-
ing but short interlude. The sole interest of the Bureau of Engineering in
sending me to Hampton Roads was to stiffen up the work on aireraft radio.

But once there, it was up to the Commanding Officer of the air station to
determine what my job should be.

My only knowledge bearing on aviation came from a French treatise
on the laws of aero~dynamics as applied to aviation. True, I had seem a fow
barn storming planes flying around, but I had never been close enough to ome
to know what it looked like. I felt that I did know something asbout radio
and that I might be able to work out some way of improving its performance
on board aireraft. -

On reporting to the Captain of the Air S'batioﬁ,' Iieutenant Commander
Bellinger, now Vice-Admiral, I presented my orders. He looked them over and
said: YHave you looked arcund the station?® I replied that I had only just
arrived. "Suppose you take a couple of days to lock over the station. Then
come back and talk to me about a job. Here is an organization chart which
you might look over. In the meantime, mske yourself at home anywhere on the
station.” .I saluted, went out, and got myself assigned to quarters with
twenty two aviators who were keeping bachelors! mess in a house supposed to
be a duplicate of that of the Governor of Virginia. Ii has been erected a
few years earlier as part of the Jamestown Exhibition. This and other houses
had been taken over by the Naval Operating Base, of which we were a part. On’
looking over the organization chart it was apparemt that the air station activi-
ties were roughly divided into two equal parts, convoy and patrols on the one
hand, known as the Operations Division, and on the other hand, experimental,
upkeep and modification work, known as the Experimental Division. There were
sixty officers and twelve hundred enlisted men on the station. Many convoys
were leaving from Hampton Roads for Europe. These were accompanied, up to
seventy to 'one hundred miles off the coast, by planes or small blimps as a
protection sgainst German submarine attack. There was a daily routine patrol
of coastal areas where German submarines might be expected. Some of these
patrols went as far south as Hatteras and Beaufort, others toward Cape May.

The Experimental Division ha.ndlad, besides the radio activitiles,
varicus other things such as all modifications for the seaplanes, many kinds
of aileron controls, speed and c¢limb tests on new models, etc. Routing engine
overhaul was also handied in the Experimental Division. The officers and men
were about equally divided in the two divisionms. :

I wandered about the station seeing something new and interesting
every few mimtess Then I reported back to Captain Bellinger. He asked me
how I like the station. I told him that I found it very interesting indeed.
He inquired if I had looked at the orgarization chart. I said, "Yes I studied
it carefullyt. ™Well®, he sald, "you notice this station is organized in two
divisions: +the Exper.i.me:rrtal Division needs to be completely reorganized. You
are the new boss. Go shead and do it%. "But Captain®, I protested, "I know
8 little about radio, but I really know nothing about aviation. This is
the first time I have ever been close to an airplane.® #0h, that!s all
right. It is a fine day. Go out, hunt up some of your pilots, and get a
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hop." It was the old Navy system. 4 line officer, even 2 reserve, had to

be able to manage anything, whether he knew anything about it or not. I
knew I was in for it, so I saluted, said M"Aye, aye Sir," and went out and
hunted up a pilot near the west pier and hangar, where the experimental planes
operated. A twin pontoon plane, which I think was known as an™R" boat, was
just taxying up to the landing. Warrant Officer Haliburton was the pilot. I
stepped up to him and said, "I am your new boss. I would like to get a hop'.
After inquiring if I had ever been up before, he grinned and said, "Get in™",
We taxied out, took off, and went up to 4000 feet for a trip around Norfolk
and Newport News. Then Haliburton did about everything to that plane he
could do without wrecking it. It wouldn't stand very much compared to modern
planes, but we did come down in a tight spiral which, with a little more,
would have been a tailspin. I got dizzy until I manzged to get my eye glued
on the water, at a point coinciding with the axis of the spiral. Then the
dizziness left me. He taxied up to the beach and I got out safely without
having lost my lunch. Haliburton grinned again and asked, "How do you like
it?r "Oh fine®, I said. I never held this against Haliburton; in fact we
became very good friends.

The next few days were spent in sampling different kinds of crafi,
even including the kite balloon, 1200 feet up on & steel cable. This was
the only flight I didn't enjoy. One feels very helpless when swinging up
there without any sense of power, motion and veontrol, and I was very glad to
get down again. I had been warned by experienced aviators that very few peo—
ple like the kites.

Then I took over my desk at the Experimental Division Headquarters,
called in the depariment heads, most of them lieutenants or lieuienants, jun-
ior-grade, and told them that T had been pitch-forked into this job and
thought I was going to like it, but that it should be obvious to any of them
that I knew little about it. I promised them that if they would do their
jobs well I would baczit them up to the 1imit. They took me at my word and
made practically no protests at the reorganizations that I carried out within
the Division. After we got rid of ihe routine engine overhaul, which didn't
belong to the Experimental Division any way, everything went remarkably well
and I was then able to put in some real time on radio.

I found Ensigns C. B. Mirick, George Eltz, Malcolm Hanson, Ley,
Herb Rodd, C. D. Palmer and Lieutenant Davis all active in aircraft radio
work in the Experimental Division. 0. C. Dresser, now head of the Design
and Draftlng Division at the Naval Research laboratory, then Electrieian 1/c¢
assisted in this work. I had succeeded in getting R. B. Meyer, Chief Yeo-
man, to act as my secretary, and Chief Radioman L. C. Young, who has been
mentioned earlier, as a technical assistant.

Active work was in progress on the testing of varicus transmitters
and receivers, both on the bench and in flight., A great deal of work was
also being done on radio direction finders installed within the planes, so
that bearings could be obtained on transmissions from shore stations.

The particular form of radio direction finder of most interest at
that time was designed by Dr. Robinson, whom I mentioned earlier as having
been closely associated with me in Germany. Robinson did this work on the
cross coil loops for the British Adr Service. Owing to the very high acoustic
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and electrical noise levels in planes of those days, a radio direction finder
could not be used on board a plane in the same way as ashore, where great care
was taken to put the installation in a quiet spot. The single loop compass,
as used on shore, gives a very broad maximum, but a very sharp minimum. The
signals actually vanish at the minimum position if everything is in good
order. On the plane, the signals vanished for a long ways on either side

of the minimum, because the nolse conditions prevented the weak signals be-
Ing heard at all. Therefore the bearings were very inaccurate.

Robinson's invention consisted of using two loops on the same rota-
table frame, the planes of the loops making an angle of about 60° with each
other. A manually operated switch connected firat one coil and then the
other to the receiver. The device was then able to operate in the maximum .
position. A bearing was obtained by rotating the loops so that the loud-
ness of the signal was the same whichever way the aswiich was turned. Thus
the bearing was obtained by comparing two loud signals rather than by deter-
mining the vanishing point of a very weak signal. For the conditions under
which we had to work in those days, thie was indeed a great improvement.
Robinson deserves a great deal of credit for initiating this idea.

In the year 1918, it was considered that the most important fundtion
of radio in aircraft was to permit communication two ways: between plane and
shore base and between plane and ship. It is, therefore, not out of place
at thie point to give a brief sketch of the status of Navy radio as I knew
it at this time. As previously indicated, the long distance point to point
and the long distance shore to ship communication relied principally on the
powerful Poulsen arc long wave stations scattered throughout the United
States possessions. Our ships were by no means always able to send messages
directly to the United States without relay, sometimes through a foreign
country.

The Navy coastal stations of moderate power relied mainly on spark
sets of the quenched gap type. In 1902, the Navy had purchased two German
sets; one a Slaby-Arco and another a Braun-Siemens-Halske. They also ob-
teined a French set designed by Rochefort and Ducretet, a lodge-Muirhead
set from London and some DeForest equipment manufactured in the United States.

Tests were then made between Annapolis and Washington, between
Annapolis and a ship in Chesapeake Bay, and finally between two ships at sea,
& considerable distance from the land. Thereupon the Bureau of Equipment
ordered twenty of the Slaby-Arce or Telefunken sets. Before long, besides
Telefunken sets, the Navy was using quenched gap sets of American design,
using the Lowenstein gap and others, particularly the sets made by Simon.
The Navy showed an early interest in the transmission of wvoice, or radio
telephony. Tests with the modulated arc transmitier of the Poulsen type
were made on & number of ships in 1906. The CONNECTICUT and VIRGINIA were
equipped with wireless telephone squipment in 1909, for experimental use
during the round the world cruise of the Fleet. Mr. Lawrence J. Hazlett,
who was clerk in the Radio Division of the Bureau of Engineering between
1903 and 1934, states that these experiments in 1909 were considered so im-
portant that some boxes of accessories were dispatched after the sailing of
the Fleet, in order to intercept it at a South American port. The Commander-—
in~Chief of the Fleet quite disapproved of this, as he stated that he was
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at a loss to know what had prompted the Burean to forward freight at a time
when the Flest'!s attention was fully occupied in matters of diplomatic im-
portance, and when he himself was calling on the President of a South Ameri-

can country.

The CONNECTICUT and VIRGINIA experiments were not very successful.
Satisfactory telephony, as pointed out earlier, had to await the development
of oscillations in tubes, which were easy to modulate with human speech. The
1915 experiments from Arlington, by tke Bell Telephone engineers in collabora-
tion with the Navy, evidenced the further interest of the Nawyy in telephony.

In the Fall of 1916 tgsts were carried out from Secretary Danisl's
office to the Captain of the }Ea HAMPSHIRE, crulsing between Hampton Roads

and the southern drill grounds. The Commandant at Mare Island Navy Yard

also took part in these conversations with the Captain ef the NEW HAMPSHIRE,
using land lines of course, from Mare Island to Arlington, thence by radio

to the NEW HAMPSHIHE. The talk from the NEW HAMPSHIRE went by radio to Nor-
folk Navy Yard, then by land line to the Navy Department arnd to Mare Island.
The NEW HAMPSHIRE evidently had a tube set at the time. The Bureau of En-
gineering then arranged with the Western Electric Company to produce a few
telephone sets for installation in the Fleet. These were called Simplex~Multi-
plex sets. An attempt at secrecy was made by modulating the emitted wave at

a super-audible frequency and then modulating that frequency in turn by the
voice. This made it difficult to plck up communications at long range on an
ordinary receiver although any good receiver could always be so tuned that at
close range such double modulation could be resolved into intelligible speech.
These sets furnished by Western Electric had special receivers, suitable for
double modulation at all attainable ranges.

An amusing incident occurred when in 1917 the WYOMING, with saveral :
other American ships joined the British Grand Fleet in Scapa Flow. Mr. T.
McL. Davis, who for many years has been head of the radio receiver work at
the Naval Research Laboratory, was the radio operator on the WYOMING. When
they were approaching the British Fleet, he rushed into the ward room, grabbed
2 small portable phonograph, brought it to the radic room near the microphone
of the transmitter, and put on Cohan's song called, "The Yanks are Coming".
This practically disrupted wireless communication within the British Fleet
for some time, as the British operators had never heard anything like this
and all who were listening called the WIUMING asking for more music.

Subchasers and some destroyers were equipped with a small five watt
radio telephone set made by the Western Electric Company, known as the CW-936.
This 1ittle set had a remarkable wer and postwar record and was, above all,
the set that populariged voice communication in the Fleet. When the Squad-
ron commanders began mansuvering ships in the early 1920's, using this equip-
ment, an ever increasing demand for voice communication arose in the Fleet.
The Navy standby in 1918, on both ship and shore, was the quenched gap code
transmitter with the exception, as previously noted, of the very long haul
point to point and ship intercept. The ships were equipped with long wave
receivers to copy these high power arc stations at great distances.

Perhaps it should be pointed oul that the Italian Navy made suc-
cessful radio telephone experiments within their Fleet in 1914, with Marcond
tube equipment.
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The United States Navy had been interested in radio direction find-
ing, formerly called radioc compasses, for some years. The WYOMING, for
instance, had one in 1915. The Navy's shore compasses didn't amount to
much until after the first World War. A good many stations were installed
on the Atlantic Coast by the end of 1918. The Pacific Coast scon followed.

The Navy's interest in aircraft probably dates back to at least
1911, when the Navy acquired a Wright bi-plane which was operated from a
emall landing field at Annapolis. The first flight with radio equipment in
& Navy plane was made in this plane, either very late in 1911 or early in
1912. The earliest Army experiences with radic in a plane were done at
about the same time. The Navy pilot was a Lieutenant Rodgers, afterward
Admiral Rodgers. Rodgers, much later, was lost for a considerable time in
a sea plane which was bound from the Pacific Coast to Pearl Harbor. He
saved himself and his crew by managing to navigate his ship, on the surface
of the water, some 300 miles to the Hawaiian Islands. He was a commander
at that time. Later he was killed in an airplane accident.

The receiver used in the 1911 flight was one of the earliest models
of ship's receivers, known as the IP-76. The transmitter was a Ford spark
coil, connected to a short trailing wire and to the fusilage and guy wires
of the plane. The radio operator was a Navy Electriclan named Range, who
retired as Chief Electrician in 1923 after twenty years of service in the
Navy, but has for a long time been on duty in the Washington Navy Yard in a
civilian capacity. Range is well known to the old timers of Navy radic,
especlally for the period when he was on duty at the Arlington Radio Station.
He states that after being lashed into his seat on the plane, they strapped
this Ford spark coil and the transmitting key to one knee and the IP-76
receiver to the other; the telephones, of course, he wore on his head. The
power was a small storage battery, which Lieutenant Rodgers objected to very
strenuously, because it weighed too much.

Two~way communication was attempted with Anna.polis Radio Station
"NAK"; only a few miles! range was obtained. The communication was by cede,
not by voice. Later in 1912 Lieutenant Towers, now Admiral Towers, Com—
mander-in-Chief of the Pacific, relieving Admiral Nimitz, was the pilot. The
radic operator was Ensing Charles H. Maddox, now Captain Maddox. Electri-
cian Range again assisted in this installation. This was a better installa-
tion, because the National Electric Supply Company of Washington designed
and built a small 500 ogcleoggnerator to power the radic transmitter. Mr.
Range believes that the receiver was still the IP-76.

Rodgers and Towers were primarily interested in flying, but Maddox
has always been interested in radio. Although I haven't seen him for some
time, I am sure he still retains that interest. _

. Yhen I arrived at Hampton Roads, I found the main reliance of the
patrol branch in the Operations Division was en a spark transmitting equip-
ment known as the type SE-1300. This was a 200 watt set, the generator of
which at least, was patterned after a French set. This operated usually on
a frequency close to 600 kilocycles. The instruction book claims that it
was good for communication up to 100 miles. The transmitter proper, with
spark wheel and generator, was mounted in a streamlined case and placed in
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the slip stream of the propeller of the plane. The driving force was ob-

- tained from a small air driven propeller on the radio assembly. This was a
wooden propeller, intended to give about 5000 revolutions a minute when the
plane was cruising at 65 miles an hour. At higher speeds, as when the plane
was diving or opened wide, (it seldom went over 120 miles) the propeller ro-
tated more rapidly. The power of the set then went up and the pitch of the
spark signal rose. By listening to cne of these sets you could tsll

- pretty well how fast the plane was moving.

This set made by the International Radio Telegraph Company, was soon
supplemented by the SE~1300, which had 500 watt power in a similar design.
Iater, radioc set power supply was operated with a single bladed constant speed
Deslawrier propeller.

: Another popular set was a quenched gap set built by Cutting and Wash-
ington, based on the quenched gap invented and named after Professor Chaffee
at Harvard. This C.P.1110 was a very relisble set, but required careful ad-

- Justment. The National Electric Supply Company made a spark set called the
CN-1105, and the International people one called the $Q-1115. These sets all
used a trailing wire antenna leading out from an insulated reel, which carried
& wire with a streamlined lead weight at the outer end. If this wamnft promptly
reeled in before landing it was snapped off. Sometimes it jerked off anyway,
as once when we were over at Norfolk, when this streamlined lead weight plum~
meted down through three floorms of a home and imbedded itself in the cement
floor of the basement. ‘

: Later on, Mr. C. B. Mirick, who was attached to the.radio outfit
at Hampton Roads as a ‘junior lieutenant, invented a hollow shell weighted
with fine shot. When released, the shell popped open, spilled the shot and
fell harmlessly. I remember an occasion when a solid weight missed a police-
man on the street by only one foot, flattening itself against the cement pave-
ment after lmocking out quite a hole. The ptli¥eman cialmly brought it back
to the air station, saying he thought maybe we wanted it. Mirick's form of
the antenna weight was never officially adopted, because with the improvement
of aireraft radio within a few years we were using principally small fixed
antenna, not requiring weights.

In the early days we used an antenna suitable for transpitting if
we were forced down on the water in a seaplane. Unless thers was severe en-
gine trouble, one could taxd along the water and still keep the radio genara-
tor turning over fast enough to get something out of it. This skid-fin’
antenna was also used for short range transmissions in the air when it was
not necessary or advisable to reel out a long antenna.

The first time I went up in a plane and listened to. signals from
the ground, I feli pretty hopeless. The places assigned for ‘the radio
operator were in no way shielded from the tremendous noise of the engines.
Engine mufflers were not too efficient. In addition to this, .the ignition
interference from the spark plugs in the engine was terrific. In order to
shut out the engine noise we experimented with all kinds of radio helmets,
the telephone receivers being buried in the ear caps of the helmet,. sur-
rourded with a sponge rubber device, which was supposed to close up the ear
against extranecus sound. Only too often this rubber had become stiffened
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with age and perfectly useless, bscause 1t no longer conformed to the con-
tours of the ear and head. A four hour flight under such conditions usually
left the operator completely exhausted, with his hearing level so far down
that he could hardly converse with people when first off the plane.

I made a special helmet, which padded the ears right next to the
telephone rsceiving caps with a soft{ rubber arrangemsnt made out of a bath
sponge. This conformed easily and comfortably to the head and ears, and
was the best and most comfortable helmet I ever saw. It was loaned to
Lieutenant Rodd when he went across the Atlantic in the NC, and never re-
turned.

The conquest of ignition disturbances in planes is not completed,
even at this time. I very early advocated complste shielding of the igni-
tion system, but it was very difficult to carry this out, as the operating
pecple were very fussy about their ignition, for' fear of engine failure.

Owr smaller planes were all single engine planes, and engine tromble gene-
rally meant something pretty serious. It vas nearly as bad with the big
sea planes, the P~5-L's, because, although they had two engines, they couldntt
maintain themselves very long in the air with one engine, and it took a ter-
rific rudder effect to keep them going straight. The greatest bug-bear of
flight vas engine trouble. In thosedays, all planes, badly underpowered,
"were ablé to fly only & little faster than necessary to take them into the
air. Sometimes, in a storm, they went backward with the wind faster than
they went forward over the ground. This lack of sufficient power aleo meant
that if the planes got into dangerous attitudes, it was very difficult to
pull them out again.

| As far as I know, the first radio telephons set installed at Hamp-
ton Roads was designed for the H-16 class of twin motor flying boat. It
was a Marconi set known as the SE-1100. ‘This set was able to work conti-
nuous wave telegraph, with a theoretical range of 150 miles, and volce com~
munication with a range of 60 miles. .The set, as installed, including all
components and a receiver, weighed 210 pounds. Tons modulated telegraph
transmission could also be used. This transmitter used two large G.E. Flyo-
tron tubes, one as an oscillator and the other as a modulator. This set
gave us lots of trouble and was never particularly reliable, although when
in . first “class condition, it would operate and the range obtained was very
good. This set was driven from a battery and a dynamotor, but it was very
difficult to keep the batteries properly charged, as there was a heavy drain
on them. It was able to transmit when the plane was down on the water,
disabled, by erecting a small telescoplc mast, which was stowed away in the
tail of the airplans when not in use. The sole source of power was from
the ‘storage battery.

A much lighter weight telephone set (complete installation weight
87 pounds) was the CG-1104, a set using small tubes and mammfactured by the
Qeneral Electric Company. This set could be used for either telephony,
continuous wave transmission, or tone modulated code transmission. It too
was supplied by storage battery and dynamotor, being & low powered set. The
life of the battery was much longer. The range of the set was not very great,
especially on telsphony, since the modulation was not at a sufficiently high
level. Nevertheless it was a very useful set.
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Another set of higher power was the CAG 1295, designed for any type
of plane or dirigible. It weighed 94 pounds and had voice transmission.

There wers several other sets, but the ones menticned will give
an idea of the sort of equipment we had to work with at the time. The micro-
phone was subject to much experimentation, again due to the high acoustic
noise level in the plane. Microphones were designed that could be strapped
in front of the operatorts lips and provide partial shielding against éngine
noilses. These gave some improvement.

Extensive experiments were made with chest and throat mlcrophones,
which were little capsules built to contact the operaterts body. It was
protected from outside noises by pads, or by the operatorts clothing. These
would give very much lower noise level in the speech, as received on the
ground from the plane in flight, but they did not give good quality of modu-
lation, on account of distorting resonances of the chest and throat cavities
of the operator. Furthermore, the different frequencies of the voice were
differently attenuated in getting through the throat of chest to the micro-

phone.

Naturally we had some crashes in the process of testing all this
equipment. One of these I remember particularly well. We had received
from the General Electric Company a new 50 watt tube set intended for voice
and telegraphic commnication. Mr. Kenney, for many ysars associated with
that Company, came down to participate in the test. This was the only model
of this particular transmitter. The test was run in the fall of the year.
The weather was none too good and the sea pretty rough. -The flight was
made in a twin engined flying boat which was forced down by engine trouble,
soms eight or ten miles off the shore of Mobjack Bay. The plane had a hole
torn in the bottom of the hull in landing and rapidly filled with water,

~sinking to the lower wing. - The crew, including the pecple on the tests,
~ scrambled up on the wing —~ all except Kenney, who finally emerged from about
six feet of water, struggiing up with the transmitter, which he was deter-
mined to save. It was upon this model that production was soon to be started.
Furthermore, he made another trip to the bottom of the plans, finally suc-
- ceeding, working under water, in disconnecting and salvaging the dynamotor.
The lashed this equipment to the wind of the plane and sat shivering while
ewaiting help. Since they had not been able to send an emergency message,
we at the air station knew nothing of their trouble. After an hour or two,
the water seeped into the lower wing of the plane and that surface went under
the water. When the crew had scrambled with the equipment to the upper wing,
things looked pretty black. There was no help in sight and the weather was
rapldly getting colder. Kenney then made a famous remark, which those of
us who knew him will never forget. He looked around and said:  ™Well boys,
this looks like the finish, but if I have to go, I am glad I am going in
such darn good company". A half hour later, a fisherman hove in sight.
After frantic signaling they atiracted his attention. He brought them in
to Hampton, where they telephoned for a boat from the air station in which
to cover the four miles across Hampton Roads. They -arrived after dark, but
had no sooner set foot on shore than Kenney remembered that hs had left the
dynamotor at Hampton on the dock. In spite of the fact that we was soaking
wel and cold, no one could persusde him from going back immediately to get
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that dynamotor. I am glad to say that, aside from a rather bad cold, he
suffered no serious ill effects. After passing suitable tests, that set
went into extensive production and was widely used on our Naval flying boats.

On ancther occasion one of our flying boats, which was coming in
from a patrol over the Atlantic, outside the Virginia Capes, had a water cir-
culation connection fail. The pilot was afraid he would not be able to get -
in on one motor, so he made a landing in order to fix this radiator connec-
tion. Unfortunately, the planking in the bottom of this seaplane was rather
rotten. When the landing was made the sea, which was rather rough, tore a
hole two feet wide and six feet long in the bottom of the boat. With rare
presence of mind, the pilot opened both motors wide and dragged the plane
off the water again before it could £il1. He immediately let out his radio
antenna and sent out the following message to the station: "Please have
. doctor and speed boat ready as I will sink immediately on landing®. Of
course he burned up one motor, but he managed to get in, landing in front of
the station, almost on top of the doctorts launch. Flying planking cut an
artery in the leg of one of the mechanicians and he might have bled to death
if we hadn't had the doctor there. As it was, in a few days he was back on
duty. : .

- Incidents such as these went a long way towards selling the pilots
the new gadgets of radio. With planes so under powered and unwieldy ths
pilots could hardly be blamed for resenting the addition of every new piece

of equipment.

. Radio had its war-time inhibitions as far as operations were con-
cerned. One of owr three-man dirigibles, accompanying a convoy, including -
several destroyers, went well out to sea, but shortly after it left the sta-
tion we heard no more radio communcations. Indeed, for three days we heard
nothing of this ship whatever and gave it up for lost, with all hands. It
appeared, however, that the Commander of the convoy had ordered radio silence,
g0 we had no means of knowing that the blimp had a jammed rudder about 70
miles out to sea. In spite of all efforts to free the rudder, it was only
able to cruise in a circle. With the wind off shore this didn't-do much
gocd. Finally they came down on the water, close to a destroyer, and were
picked up. About all they salvaged was the radio equipment and a few other
instruments. The destroyer, not being able to break radio silence, had not -
told us of this. A week later the destroyer turned back from the convoy and,
to ouwr great relief, brought the party’home. _

We took advange of this opportunity to study the effect of salt
water immersion on the radjo set. We discovered that after soaking in warm
fresh water for a few hours and thoroughly drying out the set, it was fully
operable after we cleanad it up and replaced one or two very minor parts.

0f the men who were with me in radio at Hampton Roads, I can report
that Mirick was head of the Aircraft Section of the Radio Division, Naval Re-
search Laboratory for a rumber of years and is still at the Naval Research
Laboratory. Ensign Rodd, later Commander, was unforiunately killed some
years ago. Lieutenant Davis remained with the Navy a humber of years and
I believe he was called back to duty in the late war. He is probably on the
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West Coast now. Dresser is still at the Naval Research Laboratory. Palmer
was retired some years ago, but called back during the late war as a commander.
Palmer was one of the best test pilots I knew. Most of our people say they
felt more secure flying with him than with anyone else. I have lost track .

of Ensign Eltz.

Ensign Hanson later became a civilian employee of the Naval Research
Laboratory, Aviation Section. Hanson was a man of remarkable experimental
ingenuity, with a tremendous drive, and no respect whatever for any regular
working hours. His genial personality made him welcome in any circle. If
there was anything that he particularly loved,'it was experimental work which
involved a liberal amount of hazard, as when he ran away from the Laboratory
as a stowaway on Admiral Byrdts ship on the way to Spitzbergen, whence the
Admiralts North Pole flight took off. lLater he accompanied Admiral Byrd to
Little America. I will have something to say in another chapter about the
tests run by that expedition with the lLaboratory, with Hanson at the Lit.tle
America end.

After a number of years when he was on duty at the Air Station, Ana-
costia, he later went into commercial work. He came back into the Navy as a
reserve officer serveral years before this country got into World War II.
His important work in lining up development and procurement in aviation radio
and radar just before and during the early part of the War, when he was on
duty in the Naval Bureau of Aeronautics, deserves a great deal of credit.

The radar in use in the Aleutians by the Navy in the early days
of the war was an absolute necessity in that fog-bound country for purposes
of navigation if nothing else. Commander Hanson made a trip into the Aleu-
tians, to see what he could do about improving radio and radar facilities
for planes, and was killed in an experimental flight when the plane crashed
into the side of a mountain in a dense fog. No one can be certain, since
there were no survivors, but the accident must surely have been due either
to engine failure or t.o failure of the radar which Hanson was attempting

to improve.

In the fall of 1918, I was ordered to the Naval Air Station, Ana-
costia, D. C. for the purpose of organizing an dircraft radio laboratory in
Washington. I still had additional duties at Hampton Roads and still di-
rected the radio work there, but not the whole experimental division. I
spent a considerable percentage of my time at Hampton Roads,: béing-thers at
the time of the Armistice.

Ai'ter conferences in the Bureau of Engineering with Admiral Robert
Griffin and Lisutenant Commander Hooper, it was decided that aircraft radio
would be better off near the Navy Department, where interested Bureau offi-
cers could have easy and frequent contact with the work. Therefore plans
were formulated to put up some kind of a building at the Air Station, Ana-
costia, for housing this activity. In the meantime, Admiral Griffin made
arrangements with Dr. Stratton, Head of the National Bureau of Standards,
to temporarlily locate a group of men under my direction at the Bureau of
Standards. Room was made for us on the third floor of what was called the
Bast Building. Although we reported only to the Navy, the Bureau of Stand-
ards took care of us very well until we could get our little laboratory at
Anacostia established.
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CHAPTER VIII
1919-1923 - Aviation Radlo, Naval Air Station, Anacostia

By the first of January 1919 the Aircraft Radio Group was established
temporarily at the Bureau of Standards and a World War I Type A barracks was
in the process of being converted intc a laboratory at Anacostia Air Station.

At the Bureau of Standards, Chief Radioman L. C. Young was the out-
standing technical man. He was assisted by Walter Parks, O. C. Dresser,
Atkins and Bernard, (later of the Radio Communications Products Corporation).
Chief Yooman R. B. Meyer was still acting as my secretary. Lieutenant Nelson
USNRF, was with us for a short time but he was released from active duty at
his own request and returned to the Bell laboratories. I was very sorry to
loge him.

Up to August 1919 work was carried on at both the Bureau of Standards
and Anacostia Air Station. After August all activities were located in
Amacostia.

The Bureau of Standards was not in a position to build gadgets for
us, as their mechanicians were heavily loaded with their own work. I there-~
fore requested the Navy to detail me a good Chief Machinist Mate. I finally
obtained a man named Richmond who, as it happened, had never handled any
machine work on anything much smaller than heavy engine parts, pieces of
shafting, or the armature of a big generator. He was sure that he couldn't
possibly do the fine work which we would regquire, but I persuaded him to put
himself under the Chief Mechamician in the Bureau of Standards shop, who did
a wonderful job of traiming. Richmond turned out to be one of the best
mechanicians with whom I have ever dealt. He was later attached to the Naval
Research laboratory. After his enlistment expired he was taken on as a
civilian employee, remaining with the Laboratory for many years. I regret
to say that he died not long after his final retirement.

- After this group reached Washington, I found that the Bureau of
Engineering, Navy Department, relied upon me as a general consultant in all
radic matters so that from this time on my work was by no means confined to
aviation radio, although that continued to be the main business of the Air-
craft Radlo lLaboratory. .

One of the first problems set up at the Bureau of Standards involved
the further study of engine ignition interferences on radioc receivers. A
400 horse power Iiberty engine was obtained, which could not be run under its
own power within the Laboratory. After pulling the pistons out of the engine
it could easily be driven with a small electric motor, the ignition system
being set up and operated much as in a plane, except that the spark plugs
did not function under compression. The set up gave a fair simulation of
ignition disturbances. We had hoped that we would find them principally on
n frequencies, so that thelr effects could be easily filtered out. On



the contrary, interference was strong over a wide band of freguencies, even
up to 1000 megacycles, which is 30 centimeter wavelength. By putting in
suppresscrs in the spark leads the effect could be reduced, but since this
also reduced the intensity of the sprak, we knew the pilots and aviation
engineers would not accept such a solution. We therefore reiterated my
earlier recommendations that complete shielding of sprark plugs and ignition
harness be adopted.

One of the transmitters studied while at the Bureau of Standards
was a 250 watt telerhone and telegraph transmitter intended for operaticn
from ship or shore to aircraft. It was while working with this transmitter
that I conceived the idea of maintaining a certain element of secrecy in
speech while using the transmitter simultaneously for both telephone and
telegraph messages. This was done by arranging the telegraph key in such
a way that, when a dot or a dash was sent, the frequency of the transmitter
changed by a very considerable amount, perhaps as much as 100 kilocycles.
If then telephony was going on at the same time, the speech as heard on a
receiver, tuned to either the up key or down key frequency, would be badly
chopped up by dots and dashes and practically unmintelligible. At the
receiving end, which was at the Anacostia Air Station, two receivers were
tuned to these two waves and thelr outputs combined in such a way as to
get intelligible speech.

In connectlon with this device I filed an application for a patent.
In due time the Patent Office sent me a2 reply, throwing out the case be-
cause they said it was inoperable. I wrote a letter stating that we had
been operating between the Bureau of Standards and Anacostia Air Station
and, if they would send their patent experts to look it over, we should be
able to convince them that it was operable. They didn't accept this invi-
tation, but shortly thereafter rescinded their action and issued the patent.
This sort of system has been proposed by others but it has no real value
now, for the simple reason that radio channels are toc valuable to tie two
of them up for a channel of communication, especially in the band where
this device had to work.

Another set of experiments undertaken at the Bureau of Standards
had to do with very long range aerial navigation. The Navy was getting
ready for the flight which resulied in the first crossing of the Atlantic
by an airplane. The laboratory was asked to explore the possibilities of
installing a loop direction finder which would tune to long wave high power
stations. It was hoped that these signals could be used to guide planes
over seas for great distances. Loops were installed on a plane but we did
not have very sultable amplifiers, so were forced to make the loops so
large that they were no longer dirigible. The plane had to change course
in order to get bearings.

Rather crude bearings were cbtained on the German station at Nauen
on 12,600 meters, (about 23 kiloecycles) while flying in the day time. A
few years later the Navy made use of such very long range alrborne radio
direction finders using small rotatable loops and amplifiers. Suspecting
that the bearings might be uncertain at night, I set up a suitable rotatable
loop, with receiver and audio amplifier, in the laboratory at the Bureau of
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Standards, and took a large number of observations on various stations, in-
cluding the Annapolis high power station which was in operation at this
time on 17 kilocycles, and several RCA stations on somewhat higher fre-
quencies, particularly New Brunswick, Sayville and Marion. We carried out
these observations continuously through night and day, finding the most
extraordinary variations of the night signals, the errors in bearing chang-
ing with great rapidity and sometimes amounting to as much as S0°.

This work attracted a good deal of attention and discussion. Since
I was the guest of the Bureau of Standards, I thought it would be well to
let them publish my paper on these experiments in the "Bulletin" of the
Bureau of Standards, which was a very high grade publication. VWhen I
turned this paper over to Dr. Rosa, he said he would be glad to look it
over. I found out later that he called in Dr. Frederick A. Kolster who,
since 1912, had been the direction finding expert for the Bureau of '
Standards, and asked him to read the paper. Kolster and I have always been
good friends, so I therefore do not think he will take it amiss if I guote
him on his story of what happened. After he reviewed the paper he reported
to Dr. Rosa, stating that he had never observed any such crazy variations
of any long wave station. His compass was set up in the field, well away
from the influence of the neighboring buildings. He thought perhaps my
extreme variations of bearing were due to working inside of a building. Dr.
Rosa told him he had better have a talk with me and persuade me to with-
draw the paper from publication. ' _

When we got together I told Kolster that I was well aware that all
my bearings required a correction of about 12° due to the influence of the
building, but that did not in any way account for the rapid variations of
bearing which occurred at night. I asked him 1f he had taken any observa-
tions after dark. He said no, he always worked during the regular hours of
the laboratory., I then suggested that he put a2 watch on all night. The
following eveuing he was at his outdoor station while I put a third class
Radioman on my set, both taking observations all night long on the same
transmitter, namely, New Brunswick. The next dasy the Radichan brought in
a curve of variations which were as bad as any I had seen. Kolster had a
similar curve, which coincided very well with mine when slipped over 12°
to allow for the building deviation, due to my indoor location. Dr. Kolster
stated that had he not personally taken these observations, he would never
have believed the thing possible.

Erratic behavior of compass stations on nocturnal pearings occurs
only within certain very important ranges, namely, the ranges where a sky
wave from the Kennelly Heavyside Iayer (ionosphere) plays an important
role in the transmission. This effect, ever since its appearance has been
known as the "night effect™ on radio direction finders. My work initiated
extensive experiments on other frequencies, especially the standard coastal
compass frequencies of 375 kilocycles. It is obvious that even at this
frequency irregularities of bearings can occur as the distance to be traversed
becomes too great. While on a Naval vessel at sea I have directly confirmed
this point. It a ship at sea requested a bearing at scme distance in excess
of 200 miles or thereabouts, the shore stations would nsually refuse to
guarantee their accuracy. I may say that modern methods of taking "“flashm
besrings have been evolved to get around this difficulty, but it has only
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happened within the last few years. Needless to say, Dr. Rosa fimally accepted
my paper and it was finally published in the Bureau of Standards Bulletin.

In the spring of 1919 my group worked out what we called a compound
heterodyne long wave receiver, which was connected to a loop antenna and in-
stalled on the roof of the MNavy Department for use of Navy Radio Central.
The location was such that highly directive long wave equipment, especially
that using long wires, could not be used, so we had to content ourselves with
the moderate directivity of a loop. A very amall antenna was coupled to
this loop, which gavé it a heart shaped figure of directivity. This device
has very broad directivity in the direction of the maximum signal but the
direction of zero reception is very sharp. Thus it can be directed against
interfering stations and atmospheric disturbances sc as to largely exclude
them. This device was used successfully in improving reception from our
long wave station at San Diego.

The cascaded double heterodyne principle was applied in order to
get sufficient amplification to work with the loop. It should be remembered
that multistage cascaded amplifiers were not used in those days as they are
now. They hd to await the invention, by Dr. Hull of the Gemeral Electric
Company, of the shielded grid receiving tube (tetrode). There have been
many attempts to use triodes or three element tubes, having only filament,
plate and grid, for such purposes. Since the tendency of such devices is
to be regenerative, they usually develop oscillations which destroy the
clarity of reception. These can be suppresséi/with so-called ™loss" resist-
ances, but this cuts down the sensitivity ofithe device and partially de-
feats its purpose.

This compound heterodyne idea was for the purpose of changing the
frequency of the incoming sigpal twice before it finally got into the tele-
phones, permitting two sets of amplifiers on these two different freguencles.
in ingenious circuit arrangement permitted this to be done with one auxiliary
oscillator or heterodyne tube. .

During this same period I was directing the radio work at the Air
Station as well as at the temporary labbratory at the Bureau of Standards.
One of our most interesting jobs was to assist in the equipment of the NC
boats with which the Navy made the first trans-atlantic flight in midsummer
of 1919, lieutenant Mirick, who had come up from Hampton Roads, was put
in direct charge of the installations on the NC boats, the work being done
at Rockaway, L.I. These flying boats were the most awkward looking craft
anyone could hope to see, but one of them did succeed in crossing the
Atlantic, ‘

The N_C/L eraft, biplanes with about 154 foot spread of the upper
wing, were equipped with four Iiberty motors. A pair of these were mounted
on each wing, back to back, one propeller pushing and anoth