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Energy Values [nh a Broadcasting
| System

By JESSE MARSTEN

EOPLE are invariably awed when enormous mag-
nitudes are brought into play. Thus, tremendous
wealth incites more wonder than the most abject
poverty, though it is lugical to expect abject pov-
erty existing side by side with abnormal wealth
to be an equal source of wonder. Again the onrush of
a tremendous waterfall amazes people, oiten not so
much because of the natural beauty of the fall as that,
as advertisements might put it, “these falls light the homes
of five states, furnish the power to run all the railroads
within a radius of so many hundreds of miles, furnish
the power for all factories and industries in these states,
help mine one-third the coal output of the country,” and
so on. Yet few people pause to marvel, or think that
there is at all any cause for marveling, at the minute
amount of energy in the light of a little candle which
throws its beams so far, or the microscopic amount of en-
ergy in a whisper which the ear so readily detects.
The explanation of this may perhaps be found in the
natural appeal of the spectacular, and large magnitudes
are spectacular.
OUR MEANS OF INTELLIGENCE
Yet when it comes to the matter of transmitting or
communicating intelligence, which is one of the most
important functions of modern life, we have to fall back
primarily on almost infinitesimal sources of energy. Thus
the chief organs for the transmission and reception of
intelligence between human beings are the mouth (vocal
organs), the eye, and the ear. Each of these organs gives
rise to, or is actuated by minute amounts of energy. The
light energy in a small candle may be of the order of
hundredths of a watt, yet the eye can detect this light
many blocks away, even after the greater part of the
light has been frittered away by absorption, refraction
and reflection. The mouth in voicing a sound produces
a displacement of the air so small that the wave-length
of a light wave is enormous in comparison. Yet the
microscopic energy contained in the motion of the air is
‘sufficient to actuate the ear, which hears the sound, a
splendid illustration, by the way, of the frugal and effi-
cient manner in which Nature operates. The farsight-
edness of such an arrangement is apparent when you
consider the effect of a one-hour talk on a speaker. Flem-
ing states that the sound wave energy generated by a
man speaking for one hour in a normal tone is of the
order of 20 foot-pounds. This is as much energy as is
expanded in moving a weight of one pound through a dis-
tance of 20 feet, which is hardly felt by a normal man.
Yet after talking for one hour a man is very much ex-
hausted. If the ear were an organ which required con-
siderable amounts of energy to actuate it, people might
not be able to talk steadily for more than a few minutes
without tiring, assuming a proportional effect on the ner-
vous system—a state of affairs which many people might
consider desirable.
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WHY CONSIDERABLE ENERGY IS NECESSARY

Although in the communication of intelligence our
organs of speech, sight and hearing require only
minute amounts of energy, yet in the actual transmission
of this intelligence over distances it is necessary to aug-
ment this energy. The reason is that in the actual process
of ' transmission the original energy content diminishes,
due to a number of causes, and by the time it reaches
its destination the energy may be so low that it cannot
actuate the organs of sight or hearing. Thus, consider
a source of light which sends out its beams in all di-
rections. The entire light energy is distributed over a
comparatively small amount of space in the region di-
rectly near the light. However, at a distance away, the
energy has to distribute itself over a much larger volume
of space, as a result of which each unit volume receives
less energy than the same volume near the light. In
other words the light -intensity falls off as the distance
from the light spurce increases. Furthermore, in the
course of their travels the light beams meet with many
obstacles which absorb or reflect some of them, thus
more of the energy is lost in this way. The same things
happen to a sound wave as it travels over a distance.
Thus it is sometimes necessary to increase the original
source's energy in order that it reaches its destination
with sufficient intensity to actuate the receiving mech-
anism, be it eye or ear.

COMMUNICATION BY RADIO

One of the latest and most novel forms of communi-
cation is that of radio broadcasting. In this system of
communication, which is a one-way system, that is,
intelligence is communicated in only one direction, namely
from the broadcasting station to innumerable receiving
stations, the intelligence, which may be concert, song, lec-
ture, or talk or music of any kind, is transmitted through
space from a central point. This energy is sufficient to
actuate receiving mechanisms within a radius of -several
hundred miles and under favorable conditions with suffi-
cient power within a radius of thousands of miles. This
energy, which is thus transmitted through space in the
form of electric waves, is subject to the same diminution
or attenuation, as it is called, through dispersion, absorp-
tion and reflection as light and sound waves. The orig-
inal energy, as for example the energy in the sound waves
generated by a speaker is microscopic, the ultimately re-
ceived energy as received by the- listener is likewise
minute. By what process is it possible to distribute this
original energy, almost infinitesimal to millions of lis-
teners over distances of hundreds of miles? The
answer is given in the preceding paragraph: am-

plification. Thus while at the start and end of
our communication system we have dealt with

tiny amounts of energy, in between we have

(Continued on page 928)
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This Illustration Will Give the Reader a Good Ides as to Energy Value

Millionth of a Watt in Energy, Are

Finally to 500 Watts in the Transmitter from Which They Are Shot Into Space,

s in Broadcast Trandmission and Reception,

\

IT

[
The Voice Waves, a Matter of a

'ransformed Into Electrical Vibrationd of Much Gredter Magnitude in the Speech and Power Amplifiers and Increased
An Immerse Amount of This Energy of the Radio Waves is Dissipated In

Space, But When Picked Up By a Receiver It is Again Increased By Its Passage Through Amplifiers.
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This transmitter radiates from 25 to 30
amperes as compared with 30 amperes pre-
viously used by the spark set. I-Icnvcve_r'
the range of the new set, even though it
uses only one-tenth of the power of the spark
is about twice that of the latter transmitter,
This fact was determined in a series of
transmission tests in which stations on both
coasts were asked to listen in. It was de-
sired to make sure that the new set had at
least the range of the old one before it
took over the traffic. This cautiousness is
only one example of the thoroughness of
Navy radio and the shutting down of the
Arlington spark is testimonial to the fact
that the Navy is alive to the problem of
interference with broadcast reception, As
funds and conditions permit, this interfer-
ence is being eliminated, always making
sure that whatever changes in Navy radio
material are necessary will be done with can-
tion so as at no time to disrupt the com-
munication needs of our first line of de-
fense.

In closing, the writer hopes that this new
transmitter will make as many friends as
that older voice of NAA, the famous Fes-
senden spark, which has at last fallen be-
hind the march of Progress.

A Broadcasting Station

De Luxe
(Continwed from page 874)
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set or loud speaker and adjusts the am-
plification so that the concert program is
clear to the audience at all times,

To make the program available to the
public, Colonel Green has had installed a set
of loud-speaking sound-projectors on a wa-
ter tower a short distance from the main
station, WMAF, on his estate, and there is
plenty of parking space around the tower.
When the outfit was first used the program
could be heard for some distance outside the
grounds of the estate and later the lond-
speaker sound-projectors were tipped down-
ward a little so that the sound carried only
a short distance away from the tower,

Energy Qalues in a
Broadcasting System

(Continued from page 873)
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considerably increased energy. It is af in-
terest to trace the various levels of energy
through which the intelligence to be
transmitted must pass as it proceeds from
its source to its final destination.

THE TRANSFORMATION OF ENERGY

We will assume that a talk or lecture
is to be transmitted: The speaker talks
into a telephone transmitter in a normal
tone at a distance of two or three incles
from the transmitter. The power of the
sound waves generated by such normal
talking is of the order of millionths of a
watt. How ridiculously small this clergy
is may be realized when it is said that
the power delivered to the ordinary elec-
tric lamp is five million times as great
as that of the sound waves generated by
rormal talking. This minute amount of
energy in the sound waves is transmitted
by the motion of the air to the diaphragm
of the telephone transmitter. The actual
motion of the air is likewise minute, prob-
ably of the order of millionths of an inch,
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or if we lean towards the optimistic, of
the order of hundred thousandths of an
inch. This small motion is transmitted
to the telephone transmitter diaphragm
which then moves in unison with the mo-
tion of the air. Due to the construction
and mechanism of the telephone trans-
mitter this small power of ten millionths
of a watt of sound energy is converted
into clectrical energy having power of the
order of a thousandth of a watt, so that
in this instrument only, we have already
magrmified the originally minute sound
wave energy about one hundred to one
thousand times,

However, this available power is not
sufficient to enable the transmission of
intelligence via radio, It is, perhaps, suffi-
cient to transmit intelligible speech over
a telephone line for about 20 miles.
But in the transmission over a telephone
line all the energy is confined to a limited
path, namely the two copper wires con-
stituting the telephone line and none of
the energy leaks out appreciably., In the
case of radio the energy is diffused over
enormous space, hence this energy must
be still further amplified. For further
amplification it is now essential to call
into play the vacuum tube which is able
to amplify speech energy without appre-
ciably distorting the speech. In order to
obtain the total amount of amplification
required, it is necessary to divide this
process into a number of steps, that is,
grade the amplification. The first step
consists in amplifying the above small
amount of speech energy to the level of
about five watts. This may be accom-
plished by one tube, or by a number of
tubes, but the net result is the same,
namely energy of the order of about five
watts is now obtained. Thus in this step
the energy has been amplified from ap-
proximately one one-thousandth of a watt
to about five watts, giving a total energy
amplification of five thousand times ap-
proximately.

The next stage in the amplification pro-
cess is that of raising the available energy
to the order of 50 watts, This again may
he accomplished by one or several tubes,
but the end result obtained is the same,
namely, the tube amplifies the five watts
of speech energy put into it, to about 50
watts, Finally in the last step these 50
watts are amplified to the order of 500
watts, this being the power of the average
broadcasting station.  Thus, in these last
two steps we have amplified the five
watts to 500 watts, a total of 100 times,
and these 500 watts are launched into
the ether by the broadcasting antenna.

A broadcasting station starts out with
specch cnergy in the form of sound
waves, of the order of ten millionths of
a watt, or about one five-millionth of
the power required to light an ordinary
lamp, and ends up with about 500 watts,
or enough power to light about 10 lamps.
The original energy has been amplified
by no less than 50 million times! In
spite of this enormous amplification the
total power launched into space is rela-
tively small, only 500 watts, as compared
to power transmitted for lighting houses,
or driving  motors, This  relatively
small amount of power is not confined to
a narrow channel or definite limited path,
but is distributed in all directions, which
will explain why the power falls off so
-apidly as we move away from the broad-
casting station.

LOSS OF ENERGY IN SPACE

Fower equal to 500 watts is therefore
impressed on the cther in the immediate
vicinity of the broadcasting antenna, this
power being in the form of electro-mag-
netic waves, waves similar to light waves
in their properties, but tremendously
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larger in length. These waves carrying
the transmitted or broadcast intelligence
travel away from the antenna in all di-
rections, giving up some of their energy
Lo every antenna in their path, But the
energy extracted from the waves by the
antenna is but a very small part of the
energy lost by the advancing waves.
Most of their energy is lost in a natural
diminution as they travel farther and
farther from their source, the antenna,
Just as light becomes dimmer and dim-
mer as we recede from the source of
light, so the electric waves become weaker
and weaker as we recede from the source
of the waves. Furthermore these electric
waves meet with numerous obstacles which
extract large portions of the electrical
energy uselessly. Thus the steel girders
in modern buildings are consistent thieves
in this respect, the energy of passing
waves being absorbed by such girders
and wasted in them. Also electric waves,
being similar to light waves in their prop-
crties, are reflected and refracted when
the . properties of the medium through
which they pass change appreciably. The
net result of all this is that the electric
waves lose the greater portion of their
energy wastefully, and only a very small
percentage of the total wave energy is
utilized in actuating receiving sets. As a
result the energy actually arriving at a
receiving antenna is reduced to practi-
cally the same order of magnitude as the
energy of the original sound waves,
namely, the power of the receiving aerial
is of the order of millionths of a watt.
The actual power varies, of course, with
the distance from the broadcasting sta-
tion, the nearer the receiving station the
greater the power received. But when ap-
preciable distances are under. consideration,
say 25 to 50 miles or more, this state of
affairs exists. Thus our original power
of the order of a millionth of a watt was
amplified several million times until it
was increased to 500 watts, only to be
reduced after its travel to the order of
the original millionth of a watt again.

This power of a few millionths of a
watt is sufficient to actuate the mechan-
ism of the ear if only the ear could re-
spond to the high radio frequencies em-
ved.  Since the ear cannot be actu-
=d directly by such high frequencies it
is necessary to reconvert this energy back
o its original form, namely, to audible
speech to which the ear does respond.
The detecting device, the vacuum tube
again, does this. But before it can do
this the detecting tube itself must have
sufficient power to actuate it efficiently,
and so the receiving energy of the or-
der of a millionth of a watt or less is
amplified and then detected. When the
energy finally emerges from the detector
tube it is in the form of electric currents
of audible frequency, and the power of
these currents is of the order of thous-
andths of a watt, an amplification of the
order of a thousand times. This electrical
power of a thousandth of a watt or so is
what moves the diaphragm of the tele-
phone receivers, which moves a distance
of the order of millionths of an inch.
This motion of the receciver diaphragm
is then transmitted finally to the air with
a loss of energy. The thousandth of a
watt in the telephone receivers is con-
verted to the order of a millionth of a
watt of power when transferred to the
air, and this is sufficient to actuate the
mechanism of the ear which now hears
the original sounds as spoken in a broad-
casting studio.

The illustration shows graphically how
the energy level varies throughout the
entire procedure; how we start.with un-
believably small amounts of p&wer of the
order of a millionth of a watt, magnify it
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several million times to 500 watts: how it
diminishes, as it travels, to its orginal
level of millionths of a watt; how it is
then amplified again to the order of
thousandths of a watt, and then finally
diminished again to millionths of a watt,
its original microscopic value, but suffi-
cient to actuate the sensitive human
ear, even at distances of thousands of
miles,
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Frequencies of Stations
(Continued from page 905)
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Special attention is being given by the
Bureau to the stations which do main-
tain such standards, and an announce-

ment will he made Iater stating the degree
of constancy that has been observed, so
that persons may utilize the transmis-
sions from these stanons as a standard
for the calibration of apparatus.

The method used by the Bureau in
measuring the frequency of distant sta-
tions involves the use of a local radio-
frequency generator. This is adjusted to
the same frcquency as the received wave
from the transmitting station, this adjust-
ment being c.etermmed by receiving both
frequencies in a receiving set and varying
the local generator until a zero beat note
is obtained. The frequency of the local
generator is then measured with a wave-
meter,

Further details of the method are given
in the Bureau of Standards Letter Cir-
cular 92, “Radio Signals of Standard Fre-
quency and their Utilization,” A limited
number of copies are available at the Bur-
eau and can be obtained by those having
actual use for this information.

RIS

The Radio Pollce Car

(Continued from page 870)

But radio now interests Mr. Wootton
more than the systems that he has per-
fected. His office has all the ear-marks
of an amateur wireless station. By re-
moving the apparatus from a chair and
holding it in his lap he is able to make
room to sit down. No one should inter-
pret incorrectly the use of the term “ama-
teur” in this connection. It is the desig-
nation made sacred by the American Ra-
dio Relay League, by whom it is never,
never, never applied to listeners-in, folks
who copy local stations, or that kind of
people. Mr. Wootton is one of those
amateurs who apply the term “profession-
al” to the next grade in a descending ser-
ies. He knows where each little electron
is and what it is planning to do next.

“Are the American amateurs having
much success with the Armstrong super-
regenerative circuits?” he asked, picking
up a small suitcase.

It hurt me to do it, but I told him the
truth.

“This Armstrong set looks crude, but
it works all right up to a radius of 15
miles,” he said, opening the bag.

The first part of the statement was
correct and I took his word for the rest.
No one could doubt anything Mr. Woot-
ton said, even if he wanted to, he is so
conservative and careful not to over-state
anything. He would make a very poor
newspaper man.

Out in the Yard is his wagon, the auto
that runs 40 miles an hour while a cop
inside chats with headquarters in the city,
stations in the field, an airplane overhead



