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—Used by owver 500,000

HE so-called amateur in radio is, in fact, an expert.

Experimenting is the very breath of life to hinr.
When it comes to the radio headset, however, you
can’t experiment. The headset requires precisional
manufacture in every detail and painstaking study of
acoustics to assure the matched tone quality in both
receivers. A Brandes Matched Tone Headset can be
depended upon as a basic requirement of successful ex-
periment in getting radio from near and far distances.

q] Send ten cents in stamps for the “Beginner’s Book of Radio.” It explains
radio in terms that anyone can understand.

Distributors in Australia and New Zealand : Internatiorial ETectric Co., Wellington, N.Z.
Made in Canada and England by Canadian Brandes, Limited, Toronto and London.
Distributed in Canada by Perkins Electric, Limited, Toronto— MONTREAL—Winnipeg.

C. Brandes, Inc., 237 Lafayette St.,, N. Y. C.
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EACH TECHNICAL QUESTION THAT WE ANSWER COSTS US 88 CENTS

Here is a picture of our Technical Editor, Laurence M. Cockaday (left) and his
newes! assistant, Albert G. Craig, studying some of the hundreds of inquiries that

pour in from our subscribers.

Wirtn this issue Popurar Ranio celebrates
its first birthday.
* * *

Duning its eventful first ycar it has grown
in bulk exactly 100 percent. Its advertising
patronage has grown 785 percent. And its
circulation has grown from nothing to some-
where about 100,000 copies a month—which
represents a percenlage so high that the Editor
does not know exactly how to compute it!

* * *

GRATIFYING as is this remarkable evidence
of material success—a success that has been
made possible only by the friendly advice and
co-operation of radio fans throughout the
country—nevertheless the Editor is equally if
not more concerned with the position of au-
thority which PorurLAr Rabpro has attained in
the world of sciente. How do the world’s
greatest scientists look upon us?

* * *

THE most conclusive answer may be found
in Porpurar Rapio’s list of contributors—
probably the most distinguished group of
scientists ever assembled in any one magazine
in J‘_so short a period. The list speaks for it-
self:

Sir Oliver Lodge, Gugliclmo Marconi. Prof.
James A. Fieming, Dr. Lee De Forest, General
George Q. Squier, Dr. Charles P. Steinmetz,
Dr. Elihu Thomson, Dr. Henry Smith
Williams, Prof. J. H. Morecroft, John V. L.
Hogan, Paul Godley, Laurence M. Cockaday,
Hudson Maxim, Dr. E. E. Free, Hiram P.
Maxim, Nikola Tesla, Edwin H. Armstrong,
Dr. Henry D. Hubbard, Dr. E. E. Slosson,
Waldemar Kaempffert, John Hays Hammond,
Jr.—to mention those that first come to mind.

And among its contributors of non-scientific
articles are numbered authors wlhose names

If your inguiry is somewhere in this pile, you will
now tinderstand why it is not answwered by return mail.

BuT IT WILL BE ANSWERED!

are known to magazine readers throughout
the world.
£ % %

To its rapidly growing number of sub-
scribers, contributors and advertisers, whose
essentially practical endorsement of the maga-
zine has made its success possible, the Editor
extends not .merely thanks but congratulations.

* * *

AcmN the flood of questions submitted to
our Technical -Editor by our readers is get-
ting heyond control. Gratifying as this evi-
dence is of the value of our Technical Editor's
advice, nevertheless the accumulating mail is
presenting a serious problem. How can the
Technical Editor answer it all?

* * *

WE are answering this question in part by
adding to our technical staff another radio
expert, Mr. Albert G. Craig, with whom many
of our readers are already acquainted. Mr.
Craig graduated from Purdue University as
an electrical engineer, and has had wide ex-
crience in important research laboratories.

e is a member of the A. I. E. E,, and a con-
tributor to radio textbooks here and abroad.

* * *

Don't put aside your radio set just becouse
sunmer 1s nicar! In the next issue we will tell
you how to use your set on your vacation—and
give you specific, practical information on the
subject, together with actual hook-up diagrams
and photographs of successful installations.

V4 8

Editor, PoruLAR RablO

ORI
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Distance—Selectivity —Ease of Adjustment

CARDWELL RADIO APPARATUS is being used by the
United States Navy, United States Signal Corps, and Burean of
Standards. The same rigid rules of manufacture and inspection
are enforced in the production of amateur apparatus as in our
Government and commercial work.

Cardwell Products include

Receiving Sets Transformers—Audio
Amplifiers Transformers—Radio
Condensers Couplers

Descriptive Catalogue Mailed on Reqguest.

—THE IDEAL RADIO FREQUENCY HOOK-UP—

This will be sent free of charge to those who wish to build an exceptionally
fine set. Anexceptionally good hook-up embodying long range and selectivity.

OUR INSTRUMENTS STAY SOLD

The Allen D. Cardwell Manufacturing Corp.

81 Prospect Street BROOKLYN, N. Y.
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LOUD
SPEAKER

has the very quality yvou
have wanted for so long.

s

[ts tone, scientific con-
struction, and individual-
ity of appearance are the
result of 20 vears of tele-
phone manufacturing ex-
perience.

Coryphone “Loud
Speaker” plugs in like a
headsct—no external bat-
tery is required.

It has an adjustable feature to com-
pensate for individual conditions and
can be used with dry cell and storage
battery receiving scts.

AT THE LOWEST $
PRICE ITsS
QUALITY

PERMITS

Other Cory Quality Radio Telephone Equipment

CORYPHONE ‘*MASTERTONE’ SPEAKER, $22.00
CORYPHONE ““RADIO”’ HEADSETS CORYPHONE ‘“RADIO’ HEADSETS

DOUBLE RECEIVER TYPE SINGLE RECEIVER TYPE
3200 OHMS, $9.50 1600 OHMS, $5.00
2000 OHMS, $8.00 1000 OHMS, $4.25

CORYJACKS, 60¢c, 70c, §0c; CORYPLUGS $1.00 Each

SOLD BY ESTABLISHED DEALERS EVERYWHERE

If Your Local Dealer Cannot Supply You Order Through
Him or Send Order and Remittance Direct to Us

ILLUSTRATED LITERATURE ON REQUEST
PHILADELPHIA CHAS. CORY & SON, Inc. SAN FRANCISCO

THE BOURSE 183-7 VARICK ST., NEW YORK, N. Y. LR R
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Tnderwood & Thderwood

. RADIO WILL HELP THE CHURCH
“THERE is, | know, a good deal of controversy as to just what effect radio
15 having or will have on chwrch attendance. Judging from such letters as
come to my desk from our invisible audience, I am led to belicve that the
cffect will be favorable rather than unfavorable to church atiendance.”

@5@«%&%

Pastor, West Exp CaURCH, NEwW YoORK



From a FHoogragd) by Hoeppe, London

The First Man to Create a Stream of Electrons
in a Vacuum Tube

While S1R WiLLiaM CROOKES wwas experimenting with his own invention. the Crookes

tube, i 1876 he noticed for the first time a glow discharge that “flew away from the

cathode in radial lines.” His inwvestigations of this phenomenon led to the discovery

of the X-ray by Roéntgen in 1895 and ultimately to the acceptance of the clectron
theory by scientists throughout the world.

T

324



Vorume 11

MAY, 1923

NuMBER 5

Thoughts that Shake
the Ether

~ Radio signals never come to an end. Scientifically,
Do they go on forever. So does every physical and mental

impulse that we create.

Ether makes us, in fact,

immortal—as this article by a distinguished inventor
points out with startling vividness.

By HUDSON MAXIM, DS.C.. LL.D.

'HIE most marvelous and the most

mysterious thing in the universe, so
far as man can conceive it, is the ether.
From the ether all the worlds have been
quarried and from the ether all life has
sprung: The commandeering of the
ether in the radio service is a thing so
wonderful and so masterful as to make
the ghosts gaze. .

If, inh telephoning. by wireless from
New York to San Francisco, the voice
should travel at .merely the speed of
sound, more than four hours would be
required for the first word to reach the
ear of the listener; whereas, by radio,
the voice is transmitted at the speed of
light, (186,000 miles a second) so that
there is no appreciable lapse of time in
the transmission of the voice to any dis-
tance on the earth’s surface.

If, however, it were possible to estab-

lish radio communication with the
nearest fixed star, Alpha Centauri, it
would take four years, even by radio
speech, to cross the gap. With merely
the speed of sound, it would take four
million years for "speech to reach the
Centaur. 4

If one of our amateurs should pick up
a radio message sent out to us from some
planet that is circling a sun on the far
frontiers of the Milkky Way, he would
know that the sender of the message
lived and died more than twenty-five
thousand years ago, and that the mes-
sage had been on the way all that time—
and this, too, coming at the speed of
light. For the light by which we see
such a star left there 25,000 years ago,
when the Cro-Magnons inhabited Europe,
along with the saber-toothed tiger, the
hairy mammoth, and the wooly rhino-

325
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ceros. From that time twenty thousand
years had to pass before Egypt appeared
on the far horizon of history. Babylon,
Greece, Rome, also rose and fell during
the five thousand years niore before the
message would reach the inhabitants of
the earth, and also before the inhabitants
of the earth would have the skill and
knowledge to receive the message, and,
perhaps, to translate it.

Time-honored sound is slow-paced
compared with the speed of ether waves;
still sound, too, has its marvels.

For example, on a quiet summer eve-
ning, one with keen ears can hear a katy-
did half a mile away. This means that
that little insect, by rubbing its legs and
wings together, is able to shake a cubic
mile of air. .

How much does a cubic mile of air
weigh?  Does it weigh a hundred
pounds, a thousand pounds, or several
tons? What do you think?

A cubic mile of air weighs more than
six million tons—and that little katydid
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sets all that six million tons of air in
rapid vibration!

A little chick-a-dee with its song’
thinks nothing of shaking up six millon
tons of air!

The ether about us is in a constant -
state of vibration of inconceivable in-
tensity, but the ether of space fills up the
gaps between the atoms of our body and
so the vibrations pass through the space
we occupy as freely as though it were a
vacuum and, consequently, we are un-
conscious of the presence of them.

It would require a solid steel cable
with a diameter equal to our earth, and
having a tensile- strength of 80,000
pounds to the square inch of cross sec-
tion, to tether the earth to the sun, as
the ether does by the force of gravita-
tion. .
Dr. Charles F. Brush, the great elec-
trical inventor, of Cleveland, QOhio, has
made some important discoveries upon
the subject of gravitation. He has made "
some determinations, for example, which-
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HOW HEAT FROM THE SUN IS MADE TO RUN AN ENGINE

By micans of these massive concave wmirrors, the solar rays are concentrated upon o
pipe that contains water; the heat thus obtained furnishes sufficient power to operate

a low-compression engitte.

The “furnace” of its power plant 1s, in reality ~

¢6,000,000 miles away!
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WILL WE RECEIVE RADIO MESSAGES FROM DISTANT PLANETS?
Radio impulses travel at the same speed as light—186,000 miles a second., A signal
sent fo us from some planet on the frontiers of the Milky Way, to be recorded today,

" would have had to start on 1ts journey twenty-three centuries before Christ!

are most convincing, that gravitation is

a ‘push instead of a pull; that the im-

pingement of ether vibrations tends to
push’ all masses of matter. toward one
another, because a body casts an ether
shadow in proportion to its mass toward
another body to which it is apparently
attracted. He has also further deter-
mined that there is a difference between
weight and mass of certain bodies, for
the reason that all bodies do not resist
the ether exactly according to their

mass, with resultant proportionate gravi-
tative force.

If gravitation is a push instead of-a.
pull, then, when on the side of the earth-
away from the sun, we are under an
ether pressure of forty tons to the square
inch and do not know it.

The intense agitations of the ether do
not interfere in the least with the trans-
mission of our radio messages, for there
is room down in the regions of the ulti-.
mate for many different agitations to
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B
Browu Bros.

ONE SMALL KATYDID CAN MOVE 6,000,000 TONS OF AIR '
When this inscct creates sound-waves that are audible half a mile qway, he is sclting
in wibration a cubic wmile of air. And air has weight that can be measured by wmeans
of the mistrunicnts of science.

abide together without interference.
There are spaces which are relatively as
enormous between things infinitely little
as there are between the starry magni-
tudes of the heavens.

All of the suns in the universe have
for all time been pouring their light and
heat into space, which have heen ab-
sorbed by the ether in the shape of vibra-
tions which move onward and outward in

all directions = forever. . Consequently,
with time enough—and there has: been
time erfough—the suns must of necessity
have created an intensity of vibrations in
the ether equal to that which exists on
the face of a blazing sun. But all those
vibrations do not exist as visual light and
heat that can be sensed.

As a matter of fact, the latest dis-
coveries in science indicate that not only

-
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do the suns pour their light and heat into
the ether, but also that the ether recipro-
cates by restoring to the siins their lost
light and heat, through. the intense bom-
bardment or hammering of their masses
by etheric vibrations. Professor Jeffries,
of Cleveland, Ohio, a noted scientist, has
reached the brilliant conclusion that it is
the ether that keeps the suns hot.

Let us take one more look at the ether:

Every particle of matter on the earth
is in a state of intense vibration. All
living things on the earth are, by reflected
light, sending their images out into the
ether, where they will go on for ever.
Even every thought we think shakes the
ether.. We may die, but the impressions
which- we make on the ether are im-
mortal.

If we could fly out from the earth
with a speed sufficiently great, we would
overtake the rays of reflected light which

-

Press Illustrating Service

left the earth thousands and millions of
years ago. If we were possessed of in-
finite vision, we could, as we ‘went, look
back and see the history of the earth un-
ravel. \We could see all of our cities
fade away into the primal forest. We
could see man return to the hill-cavern,
and ~then back to the ape-like animal,
swinging on the trees of a tropical jungle.
Farther back still to the lemur, and back
—away back—to a little agile lizard in
the reptilian age, flitting about and living
by its wits among the giant saurians,
which we should see ‘wallowing in the
ancient ooze. .

We should see our ancestry unwind
back to the fish, from whose fins the
mind has forged the human hands. And
from the fish we should finally see evo-
lution devolve back to the moneron, a
little speck of protoplasm, the parent of
all life, plunged in the azoic sea.

P
i

“WE MAY DIE, BUT THE IMPRESSIONS THAT WE MAKE
ON THE ETHER ARE IMMORTAL"

So Hudson Maxim expresses in a phrase the scientific hypothesis that the impulses
that our bodies originate wwver come to a final (mathematically speaking) rest. This
picturc of the distinguished inventor of Maximite shows him at work in his
experimental laboratory at Landing, New Jersey.
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HIGH VOICES HAVE MORE INTENSITY

Consequently the sopranos and tenors are placed farther from the niicroplioue thon
the contraltos, baritones and basses, in order to give proper walues to the transmsision.

Mixing Music in the Microphone

How the modern radio impresario is overcoming the "
mechanical difficulties that arise in the broadcasting
of ensemble music in which each voice and each
instrument must be blended into an harmonious whole

By-C. L. LE MASSENA AND WILLIAM H. EASTON, Ph.D.

NY new invention that becomes
popular too suddenly, before its de-
tails have been thoroughly worked out,
is apt to run foul of unexpected difficul-
ties. Such was the case with the auto-
mobile, the submarine and the airplane.
And such likewise has been.the case with
radio.
Urged onward by a too eager public,
hundreds of  broadcasting  stations
started operations with little knowledge

of either the scientific or the artistic

principles involved; in consequence, the

noble art of music was in danger of be-
ing dragged into disrepute.

‘Musi¢ by radio presents many different
and intricate scientific problems, such as
the proper selecting, arranging and
handling of the various elements that go
to make up a musical production.

Radio broadcasting began with the
phonograph, the player-piano and vocal

330
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solos. © Then came a rush of vocal and
instrumental duets, trios, quartets, bands,
orchestras and choruses.
of vocalists and instrumentalists, large
and small, cannot be handled at random.
In the concert hall the several divisions
are carefully placed in accordance with
the experience of many years, and be-
cause the sound waves have ample room
to expand and travel to the ears of the
audience, excellent results are obtained.

But in ‘the broadcasting studio the
space is small. There is no audience,
only the microphone, and all tones have
to reach this- single point with exactly
the right intensity. Nor are the instru-
ments played in the same plane. Double-
bass players stand, all others sit. The
violin and viola are held under the chin,
the -cello between the knees. Flutes,
fifes, trumpets and bugles are held high.
Other - wind instruments are kept low.
Moreover, the players sit behind music-
stands;, so that the sounds are deflected
upward ‘from the music sheets. Finally,
the characteristics of the average micro-
phone are quite different from those of

Now, groups

the human ear. It responds to certain
voices much more readily than to others.
In consequence, a grouping in the studio
that would be satisfactory to a person
who stands at the microphone might not

“be at all pleasing when heard by the

radio audience.

Phonograph recording difficulties were
overcome because the records could be
studied before marketing them. - Mis-
takes by singers or a wrong grouping of
an orchestra were mere matters of detail.
Poor molds were destroyed and new ones
made until a satisfactory one was secured.
But this is not the case with radio.
Sounds, as originally emitted, go at once
to the public. They cannot be recalled.
Radio music must attain perfection
through open experiment. The studio
managers of all the better broadcasting
stations listen in on radio receivers con-
stantly, in order to check the character
of the performances, and many stations
have official outside critics who phone in
comments and suggestions. Such ar-
rangements are valuable at all times, but
to put entire dependence upon them

IMT/ICROLPHONE

PIANO
(C/osed )
-‘-‘—\_-\_\_\-@_-J_

DOUYBLE QUARTET
VOCAL I

THE CORRECT POSITION FOR A DOUBLE QUARTET
The basses and baritones (indicated by A) should be placed nearest to the microphone,
f The contraltos (B) come next; then the sopranos (C), and then the tenors (D). The
arrangement takes into consideration the 1mf~or!ance of the parts sung as well as
the tone values of the wvoices.
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A Correct Grouplng

-

Here the wviolin, saxophone and baujo—the wiore quict instrumcifs fhai carry Hw
tnclody—are placed in the forcground, while the peictrating brasses’ and the -loud
percussion instruments, such as the piano and d’rﬁms are plarnd in the rear.

means too much public experimentation.
Hence, accurate standards, that can be
apphied in advance,
needed.

In order to develop such standards in
transmission of music, the Westinghouse
Company assigned the task to A. G.
Popcke, one of its engineers, who is also
a musician. He spent months at the
work, studying the radio qualities of
every kind of sound and every possible
combination of sounds.
was assisted by the “modulation meter,”
an instrument specially developed by the
Westinghouse Company for the purpose.
This instrument, which resembles an
ordinary ammeter, is connected in the
microphone circuit and indicates the
strength of the currents controlled by the
sounds that reach the microphone. It
has a scale from 1 to 100. Sounds pro-
ducing currents below 10 on this scale
are too weak to hear, while those pro-

have been sorely.

In this task he

Ty
ducing currents above 90 are.so- strong
as to cause blasting. Consequently, by
watching this instrument, the modern op-
erator obtains exact. mformatlon as to
the values of the seunds that are actually
being broadcast.. f '

If the modulation meter registers too
high during a selection, the amplification
of the microphone current is reduced, or
the microphone is moved away from the
musicians, until the sounds are softened
sufficiently to be properly transmittéd. If
the meter registers too low, the amplifica-
tion is increased or the microphone is
brought nearer. In a similar manner,
the radio intensity of ‘each particular
voice and instrument can be determined,
thus giving exact data for groupings.

Some of Mr. Popcke’s conclusions are
at variance with what might he expected.
Thus, for solo work, a bass singer must
stand nearer the microphone than a tenor
or a contralto, while a soprano must

h" " g ime
2 B
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Westinghouse

—and a Wrong Grouping

Loud instruments placed ncar the microphone tend to “blast” the transmission and
to drozon out the weaker-voiced tnstruments in the background. The drums are
special offenders, and often suin the broadcasting of orchestral ensembles.

stand farther away than any other
singer. In a well-balanced mixed quartet,
the contralto and bass are nearest, the
soprano and tenor at greater distances.
With an orchestra, the cello and double-
hass are nearest, and the violins and
violas are ranged in a semicircle behind
the cello. The flute and clarinet occupy
the next rank, the brass instruments
next, and the drums are placed in a far
corner. Singers of comic songs must
stand closer to the microphone than
singers of classical music, because the
words of comic songs are the most im-
portant part and must be heard distinctly,
whereas in classical songs, words and
music are equally important. Where in-
struments and parts are duplicated (as
with two violins, mandolins or saxo-
phones) the players must play in exact
synchronism or the sounds will become
blurred.

The studio must be so constructed and

draped that all echoes and reverberations
are eliminated. There are different ways
of doing this. In the WGI studio at
Medford Hillside, Mass., the walls and
ceiling are treated with a special acoustic
felt, after the method that is employed in
record-reproducing studios. The floor
is covered with a heavy carpet, The
WGY studio at Schenectady has a large
rug on the floor and the windows are
draped with loose, light curtains. In the
Navy Department studio, NOF, at
Anacostia, special sound-damping de-
vices and paraphernalia are rigged up on
the walls, ceiling and floor so as to pre-
vent reverberation of sound waves and to
insure good reproduction. In the West-
inghouse studios the practice varies. At
KDKA, Pittsburgh, and WBZ, Spring-
field, shirred burlap covers the walls and
ceilings and heavy carpets cover the
floor. The Newark studio, W]Z, 1s
specially constructed of sound deadening
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material, but experiment showed that the
room was so long that echoes were
formed. It was necessary to hang cur-
tains across the middle of the rocom to
eliminate this difficulty.

The result of these precautions is that
to one speaking in a properly constructed
studio his voice feels dead. We are
used to hearing reverberations when we
speak and the suppression of them seems
unnatural. The absence of all outside
noises helps to emphasize this effect.

The piano is, as always, a special prob-
lem. When used for accompanying
singers, it must be distinctly heard but
must not drown the noises. Careful
study was therefore given to the relative
positions of microphone, piano, and
soloists, and also duets, quartets and
choruses. It was found that the greater
the number of voices, the greater must
be the intensity of the piano music at
the microphone. Groupings were there-
fore worked out for each combination
of singers. Mr. Popcke has reduced his
findings to a series of charts, two of
which are reproduced. These charts are
used by the studio managers of the
four Westinghouse stations—KDKA,
Pittsburgh, WJZ, Newark, N. J,, KYW,
Chicago, Ill, and WBZ Springfield,
Mass. Thus, all stations operate‘ac-
cording to the same standards. Other
stations are likewise experimenting along
these lines. For example, at the General
Electric station, WGY, at Schenectady,
more than one transmitter is used for
the broadcasting of a church service
where the choir, the minister and the
organ are in three different places, not
in close proximity. In this instance,
three microphones are used in parallel.
Three microphones are used in broad-
casting WGI programs from Medford
Hillside; two are used exclusively for
musical entertainments, orchestral con-
certs, choruses and solos and one is used
for speaking.

The NOF station at Anacostia, D. C.,
is engaged in experimental work along
lines of reproduction of speech and

music, under the direction of the Bureau
of Engineering, Navy Department. Much
progress has been made in efforts to re-
produce accurately and with correct in-
tensity all sound waves. By means of a
special microphone = which is non-
resonant to frequencies below 3,000
cycles, together with the proper adjust-
ment of the vacuum transmitter circuits,
sound waves of all frequencies below
3,000 cycles are reproduced well with re-
spect to intensity and frequency. While
this station has no fixed activities, it
broadcasts band concerts twice weekly as
part of the effort to solve one of the
major problems under consideration, viz.,
the quality of tone modulation. When
one to three artists are singing or play-
ing only one microphone is used, while
in the case of an orchestra two are used.
The instruments are placed at various
distances from the singers or players ac-
cording to the nature of the instruments
and the classes of singers who ‘are per-
forming.

The acoustics of a studio represent a
problem in three dimensions.

Suppose, for example, high C is struck
on the piano. On exploring every cubic
foot of the studio’s interior, a point will
be found where, due to the various echoes
and reflected sound waves in the room,
that note will be received at its best
value. Now strike a deep bass note, and
the chances are that that particular note
will be best received at some other point
because its waves will be echoed and
reflected in a different manner. Obvi-
ously, therefore, the location at which a
piano selection as a whole is best re-
ceived will be a compromise; that is to
say, will be the point where only the
majority of the notes will best be re-
cetved. Conditions are, of course, still
worse when an orchestra is playing.

The consequence of this situation is
that before using the charts the acoustic
properties of the particular studio must
be thoroughly known. The microphone
must be placed in the best spot for the
particular music to be broadcast and the
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HOW AN ORCHESTRA SHOULD BE ARRANGED
The first and second violins (Vr, 172} and the melody saxophone (SM) are placed
close to the microphone; farther away are placed the saxophone that plays the accom-
paniments (SA), the flute (F), and the clarinet (CL), Im the background are the
cornet (CT), the trombone (TB), the drums (D), and the banjos (BJ).

musicians then arranged in accordance
with the chart. However, if the studio is
perfectly echoless and reflects no sound
waves whatever, then all points within
it will be equally good for reception. This
degree of perfection is probably impos-
sible to secure, but evidently the better
the sound-proofing the less the distor-
tion and the bhetter the artistic results.
KDKA’s new studio, for example, has
sound-proof walls; the walls, ceiling, and
floor are covered with a heavy layer of
felt and the walls and ceilings are draped
and the floor has a thick carpet. The
result is that the room is practically
echoless, and the music hroadcast is
notably excellent.

During the pioneer days of radio there
was no precedent to follow and little ex-
perimental knowledge to guide; there-

fore guesswork was inevitable, In
broadcasting the Mozart opera, The Im-
presario, from W]JZ last winter, the five
singers were rehearsed before a dummy
microphone, and were shifted so as to
bring each singer before the recording
mstrument in turn. When several sang
together, their heads came in close
proximity. Today this arrangement
would not be employed. The groupings
would follow the new scientific method
as described, unless one of the artists
possessed an unusually powerful voice, in
which case proper adjustment would
have to be made.

Much more difficult than broadcasting
music from the studio is the broadcasting
of grand opera from the opera house.
The pioneer work of this kind was done
by the Chicago Westinghouse station
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KYW which transmitted practically-
every performance of the Chicago Opera
Company during the 1921-22 season.
For reasons that are obvious, no. single
microphone could handle soloists, chorus
and orchestra. - Several microphones
were therefore installed in various parts
of the stage and house. These were con-
nected to a little switchboard in the
wings, and an operator connected in first
one and then another in accordance with
the character, volume and location of the
music and singers. The results, while in-
teresting from an experimental stand-
point, were not all that could be desired
artistically.

The same may be said of attempts to
broadcast symphony concerts where a
large number of musicians are employed
with but a single microphone and no sci-
entific grouping of the instrumental
bodies.

To get the best results, operas should
be performed in specially . designed
studios and with specially selected

T e 0T
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AN “UNDRESS PERFORMANCE” OF A PLAY

forces. Not every opera is suitable for
this purpose. William Wade Hinshaw,
producer of Mozart’s The Impresario,
claims that only the lighter forms, where
solo singers do most of the work, can be
broadcast.

Many new problems have to be solved
in order to obtain an operatic per-
formance by radio of the highest artistic
character. Large orchestras or choral
groups are just as much out of place in
a ‘broadcasting studio as they are in a
phonograph recording laboratory, be-
cause the fewer the combinations em-
ployed, the better is the effect. Scientific
grouping and selection is therefore im-
perative. Soloists, chorus and orchestra
must be arranged so that each group can
function independently or conjointly as
occasion demands. All of these things re-

_quire further artistic and scientific inves-

tigation and experiment until a modus
operandi is devised that can cope with
grand opera requirements. Then radio
music will have fulfilled its possibilities.

The broadcasting of a theatrical production from a studio (in this case from WGY)
not only permits the actors to appear without costume and make-up, but cnables

each performer to advance and talk directly into the microphone. The director listens in
with padded carphones and coaches his cast by means of instructions written on cards.



FOUR WAYS TO GET GOOD

MODUILATION

PART 1

The four standard ntethods may be listed as (1), the use of the
microphone in the antenna circuit for low-power transmission;
(2), the use of a magnetic transformer; (3), grid modulation and

(4), Heising modulation.

The first two of these methods are here

described by one of the foremost autharities in this field—

PROF. J. H. MORECROFT

we breathe quietly' the lung pres-

F
I sure forces air in and out through

the throat in a fan-]y uniform stream,

but if we talk or sing the air emerges
through the throat chambers in a series
of puffs. A delicate mechanism for in-
dicating air pressure placed near the
mouth would show that the air pressure
varied periodically above and below its
normal value.
pressure variation is determined by the
pitch of the voice and the intensity or
strength of the voice determines the
amount by which the pressure of the air

The frequency of this

varies from its normal value. If the
pressure-indicating device were so ar-
ranged, we might connect to it a light-
weight pencil, and this, through a suit-
able system of motion-magnifying
levers, would enable us actually to draw
the form of the air-pressure waves.

Typical curves which might be thus
obtained are shown in Figure 1; curve
a is for a comparatively weak violin note
about one octave above middle C of the
piano, while curve b is for a more in-
tense note, of more complex quality, with
a pitch of about fifty a second.
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The problem in radio telephony is to
let these pressure waves of the voice act
on the apparatus at the broadcasting sta-
tion in such a way that a simple re-
ceiving circuit will send off pressure
waves from the diaphragm of the head
phones which are sufficiently like those
actuating the transmitter for the voice
to be clear and recognizable. If the
pressure waves at the transmitting and
receiving stations were actually drawn
by an instrument of the kind I have sug-
gested, the eye would probably not rec-
ognize them as the same, yet so wonder-
ful an insti.ment is the human ear that
it, in combination with the brain proc-
esses by which we are made conscien-
tious of sound, would interpret them as
the. same.

The waves shown in Figures 1A and
1B are periodic waves; that is, the wave
forms are repeated many times with ap-
proximately the same shape. This is the
kind of wave given off when.a vowel
sound is sung, or a violin string bowed
or a simple note on a wind instrument is
sounded.

The voice contains many sounds, how-
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FIGURE 2

The most simple scheme for modulation. The
microphone is connected in the ground lead.

Q9 SEC.

FIGURE 1A

A graphic record of a high musical note of o
wviolin, one octave above middle C. Compare
this record with that on the facing page.

ever, which are not periodic; sounds in
which the wave forms do. not repeat
themselves. In this class fall all the
consonants—the explosive sounds of the
voice, such as p, k, t and s. The periodic
or vowel sounds of the voice are much
easier to reproduce by radio than are
these consonants, in fact, practically all
the improvement which will be made in
the quality of radiophone transmission
will come about by changes in the ap-
paratus, at transmitter and receiver, to
“get through” more of these consonant
sounds. The next time you listen in with

a loud speaker, try to analyze the sounds °

you hear and estimate how many of the
consonants are coming through with
their proper relation to the vowel sounds;
you will be surprised to find how few
of the consonants you actually hear.
What you really hear is a series of vowel
sounds ; the brain generally “injects” the
consonants to a sufficient extent to make
the speech intelligible; when it doesn’t
do so you do not understand the speech.
There may be plenty of noise there but
when you listen to it carefully you will
find that it is actually made of sounds
that are practically nothing but vowels.

At the broadcasting stations it is nec-
essary to generate and radiate high-fre-
quency, electromagnetic waves from the
antenna, the frequency of which shall be
essentially constant but the amplitude
or intensity of which shall vary in a man-
ner corresponding to the form of the
pressure waves of the voice. The fre-
quency of the waves sent off from the
antenna must be very high (say of the
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FIGURE 1B
A graphic record of a low noic of a wiolin, of less than 30 vibrations a second.

order of one million a second), or else
not much._power will be radiated and the
resulting signal at the receiving station
will be correspondingly weak. The task
of the radio engineer is, therefore, to
generate at the station plenty of high-

" frequency power and arrange the gen-
erating apparatus in such a way that the
minute power of the voice, measured pos-
sibly in the thousandths of a watt, can ac-

“curately control its activity. This mi-
nute power of the voice must be able to
control perhaps a horsepower of elec-
trical oscillations and control .this power
so decisively that it changes fromi prac-
tically nothing to a horsepower or more
hundreds and thousands of times a sec-
ond.

In some of the experiments in trans-
oceanic telephony this extremely small
power of the voice controlled the flow
of energy from a two hundred kilowatt
generator—not only made this tremen-
dous amount of energy to flow and cease
flowing into the antenna hundreds of
times a second but made the form of
this periodic fluctuation in energy flow
conform closely to the pressure wave of
the voice.

We shall consider some of the schemes
by which this voice control of the antenna
power is brought about.

The most obvious scheme and that
first tried, is to put the microphone di-
rectly in the antenna as indicated in Fig-
ure 2. The high-frequency power for
radiation from the antenna is supplied
from some kind of a machine to the an-

tenna through the coupling transformer
shown.

The microphone consists essentially of
a mass of closely packed carbon granules
through which the current flows. Prac-
tically all of the resistance of such a mass
of granules is at the points of contact
of the various particles and this contact
resistance varies greatly with the amount
of pressure exerted on the granules. The
metal diaphragm of the microphone,
against which we talk, presses lightly
against the mass of granules; hence it
follows that by varying the pressure on
the diaphragm the resistance of the
granule contacts may be greatly changed.

When the voice waves impinge on the
diaphragm it alternately presses and re-
leases the carbon granules and so varies
the resistance of the microphone as a
whole.

With an arrangement like that given
in Figure 2 the amount of high-frequency
current that flows in the antenna depends
directly upon the antenna circuit resist-
ance and this is affected by the resist-
ance of the microphone, because what-
ever current flows in the antenna must

- evidently flow also through the micro-

phone. Hence the amount of antenna
current, which determines the signal
strength at the distant receiving station,
fluctuates according to the voice waves
that impinge upon the microphone dia-
phragm.

This arrangement has the advantage
of simplicity and it was used in practical-
ly all of the early attempts at radio.tele-
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phony; it has many undesirable charac-
teristics, however, and is seldom used
today. Comparatively small amounts of
power can be controlled in this fashion,
as the microphone can carry only small
currents without overheating.  The
scheme is very inefficient; 50 per cent or
more of the high-frequency power sup-
plied to the antenna is used up as heat
in the microphone itself, and the ampli-
tude of the antenna current does not di-
rectly follow the voice-wave pressure on
the diaphragm of the microphone so that
the variation of antenna current does not
truthfully represent the voice wave; the
modulation is imperfect.

Another scheme which has been used
to some extent at both small and large
radio transmitting stations is that in-
dicated in Figure 3.

The high-frequency power is supplied
as before from a machine or tube through
the magnetic coupling as shown, but in-
stead of placing the microphone in the an-
tenna circuit,an iron-core coil is so placed.

This iron-core coil is fitted with two
windings, one connected in the antenna
circuit and the other carrying a continu-
ous current; the fluctuation of this con-
tinuous current follows the voice waves
because the microphone is placed in series
with this winding, as shown on the
diagram.

The modulation in this scheme is ac-
complished by detuning the antenna. To
absorb considerable amounts of power
from the power supply the antenna must
be accurately tuned to the frequency fur-
nished by the power supply; any de-
parture from this tuning will at once
cut down the amount of power supplied
to the antenna. Due to the magnetic
properties of the iron core the amount
of inductance of the coil depends up-
on the amount of current flowing in
winding B so that the tuning and de-
tuning of the antenna follow the fluctua-
tions of the continuous current in wind-
ing B and this in turn, depending upon
the resistance of the microphone, fol-
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FIGURE 3
Another system for modulating in the antenna; it is called “magnetic modulation.”
This is accomplished by a special type of transformer which varies the tuuning of the
antenna circuit in accordance with the voice waves that are impressed upon
the microphone.
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FIGURE 4
This curve shows the variation of the antenna current ploited against the variation of
the microphone current, A change in the microphone current causes a change tn the
antennag current; in this way the radio waves are shaped into the form of voice waves.

lows the pressure of the voice-wave.

The variation of antenna current with
the amount of continuous current in
winding B is about as shown in Figure
4; the workable part of the curve is that
shown in the full line. With an amount
of continuous current equal to A the an-
tenna is tuned to the power supply; so
the antenna receives a maximum of
power; for currents greater than A the
antenna current proportionately de-
creases. Normally the antenna current
is equal to OC and the amount of cur-
rent in the winding B of the coil is OB.
As the pressure on the microphone in-
creases the current through B increases,
thus decreasing the antenna current and
if the pressure on the microphone de-
creases, thus increasing the resistance of
the microphone the continuous current
through B decreases and the antenna

current as a result of this increases
proportionately.

When this scheme was actually used
for controlling the large Alexanderson
alternator at New Brunswick. it was
found necessary to use several condensers
suitably connected and the continuous
current through coil B was not controlled
directly by the microphone but was con-
trolled by some large vacuum tubes, the
grids of which were actuated by the
microphone.

As the iron core is subjected to high-
frequency magnetic reversals, because of
the antenna current through coil A, it
is necessary to build the core of thin
sheet steel plates and these plates must
be carefully insulated from each other.
The plates used are generally not more
than two or three thousandths of an inch
in thickness.

“What Is the Best Kind of Modulation for My Set?”

In the next article of this series Prof. Morecroft will point out the way to
answer this question. Specifically, he will describe the grid modulation
(adapted for single-tube receiving sets) and the famous Heising modulation
—the most efficient of all, and adapted to all amateur transmitting stations.
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. THE INVENTOR GIVES A DEMONSTRATION

When 3. Edouard Belin of Paris recently arrived in New York, he exhibited his
latest device before a group of scientists. In the above picture the inventor is the fifth
man from the left.

Secret Signals by Radio

Up to the present. time all signals transmitted by radio have been regarded
as “broadcast,” to be picked up by any receiving station within the trans-

mitting station’s range,

The ngenious apparatus described in thiz article

shows how the transmitted signals can be recorded intelligibly only by special
receiving sets—thus opening up the possibilities of regtri.ctmg the messages
or pictures within any desired lhmits.

By PAUL McGINNIS

HIE chances of intercepting radio

messages sent by the “crypto’” are so
small that Edouard Belin, its inventor,
knows no French shrug of the shoulders
which will describe them. It is mmpos-
sible to eavesdrop on its messages—if
anything is impossible in radio.

The new device with which the noted
French inventor has surprised American
scientists in his visit to New York is
nsed with his invention for transmitting
photographs and written messages both
by land wires and by radio which he is
introducing in-this country.

Six adjustable disks control trans-
mission, and their combination 1s as diffi-
cult to guess as the combination of a lock
on a bank safe. They split seconds for
the transmitter. The transmission itself
is an invention of world fame. It is able
to transmit signatures accurately enough
to be acceptable to banks. By it photo-
graphs and messages have been sent suc-
cessfully from Paris to Bar Harbor, Me,,
and also from Beirut, Syria, to Paris.

The picture or photographed message
to be sent is transferred to a brass cylin-
der and treated with chemicals so that it

342
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dissolves and leaves only the emulsion.
As the cylinde_t_‘ turns' it makes electrical
contact with a small point of metal rest-
ing upon the €mulsion. The current that
flows through the cylinder and the point
of metal is varied according to the resist-
ance of the light and dark parts of the
emulsion.

The current, with its variations caused
by the light and shade of the photograph,
is then superimposed upon a carrier wave
and sent out in the usual manner em-
ployed to broadcast speech and music.
The common modulation transformer is
employed for this purpose.

The photographic message is received
upon a sensitized cylinder similar to that
used in transmitting. The two cylinders
are timed to synchronism by a trans-
mitted sound -much like that of the metro-
nome used for teaching rhythm in piano
playing.

When the broadcast photograph is
caught by the ordinary antenna and
vacuum tube receiver, its pulsating cur-
rent is led to an oscillograph where a loop

of fine wire suspended in a stfong mag-
netic field bears a mirror about the size
of a pin-head. This small loop of wire
moves back and forth as the current be-
comes stronger or weaker and changes
the direction of an intense beam of light
reflected by the mirror.

The beam of light moves over a glass
slide which varies from opaqueness at one
end to transparency at the other. After
the light has passed through the slide, a
lens concentrates it upon the sensitized
revolving cylinder and reproduces there
a small strip of the picture at each revolu-
tion.

With these comparatively simple in-
struments, the picture can be intercepted
and taken from the air by anyone, but
with the addition of the crypta_the task
of listening-in becomes hopeless. One
small strip of the picture or message sent
out by one revolution of the transmitting
cylinder might be received perfectly, but
as the interval between revolutions is con-
stantly changed the strips would not
coincide.
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HOW THE TRANS/I/ITTING
PERIOD /S VARIELD

HOW THE RADIO SIGNALS ARE “SCRAMBLED”

Ficure 1: This chart shows how the “crypto” scrambh’s a picture or message trans-
mitted by radio and makes it practically impossible for another receiver that is not

equipped with it to solve or unravel !

otherwise meaningless jumble of signals.
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HOW THE DEVICE WORKS

Ficure 2: The transmitting cylinder nwpon which the picture is made ‘in bas relicf

varies an electrical current which is transmitted to the crypto and sent out over a

telephone wire or by radie. At the recciving end the current is led into the recon-

verting apparalus (as shown above) and is changed into a light wave, of warying

intensity, which is traced upon another cylinder, thus reproducing the picture. A

crypto 1s used al both cnds to scramble and unscramble the transmitted impulscs and
the two devices are run synchronously.

I{ each revolution of the cylinder re-
quires 2/3 of a second, there will be an
interval of 1/3 of a second during which
time the cylinder does not revolve or
transmit. It is this inactive interval
which is made use of to insure secrecy.
This is done by distributing it in various
combinations, part before and part after
the given revolution.

As shown in Figure 1, the first revo-
lution occupies 2/3 of the first second,
after which there is an interval of 1/3
of a second. Since a different combina-
tion is used in the second revolution, the
1/3 of the first revolution is added to the
1/6 which precedes the second revolution,
making a total of 1/2 second between the
transmission of the first and second
strips of the messages. The combined
interval between the second and third
strips is 5/12 of a second; between the
third and fourth it is 13/36.

Unless the receiving apparatus re-
sponds exactly to these delicately timed
intervals, the received message will be
nothing but meaningless lines of light and
shade. :

The crypto controls the intervals by
means of its six adjustable disks which
move in synchronism with the revolving
cylinder. TEach disk bears the figures
from O to 9, and can be adjusted to any
figure in a moment. The six disks may
be combined in 999,999 different ways.
The chance to intercept the message,
therefore, even with the aid of another
crypto, is one in a million,

Ordinarily an inventor might be con-
tent to call such a machine a secret in-
strument and let it go at that, but, Belin
has gone one step farther. He has con-
sidered the possibility of an ear or an in-
strument sensitive enough to detect the
intervals. To eliminate this he has dis-



POPULAR RADIO 345

guised them. What are called “parasites”
or unintelligible signals are automatically
sent out during the intervals. When they
are transcribed, they form a meaningless
strip of light and shade, but they are so
much like a part of the message that any
listening in would be unable to tell where
the message stopped and the “parasite”
began.

The device has its shortcomings when
used with radio, but it is a large step in
the direction of secrecy and so far it is
the only invention which completely foils
the eavesdropper.

Both static and interference from other
stations will alter the current received and
consequently affect the picture or mes-
sage photographed on the receiving cylin-
der. But with added equipment, the

invention is considered to be practical.
A loop antenna will reduce interference
from transmitting stations and from
static almost half, and the methods of
Marconi and others in sending uni-
directional waves will reduce other ob-
jectionable features by another large
fraction.

Marconi’s beam of waves, sent out by
an antenna shaped like the reflector of an
automobile headlight,* cannot be inter-
cepted by any station not directly in their
narrow path. They may easily be ap-
plied to the crypto.

Belin's apparatus is now being in-
stalled to transmit press photographs in
the United States. This is only the be-
ginning of its service.

*Sec PoPuLAR Rabio for March, 1923,

© Underwood & Undorwood
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A UNIQUE RECEIVER IN A FOUR-INCH BOX

This midget set contains a dry-cell tube rheostat and a tuning transformer,
and is capable of picking up signals from distant stations without the use of
amplifiers. This recetver enables its designer, Dr. R. S. Piper, to hear broad-
cast programs from all over the United States grom. his homeein Chicago.

It is certainly one of the most powerful and e

ective receiving sets of so

small a size and compact arrangement that has yet been constructed.



ALL YOU NEED IS A RULER, A PENCIL AND A PAIR OF HANDS
By means of the table on the opposite page the amatcur who builds his owen apparatus

may calculate in an instant the design for a condenser that will have a pre-determined
capacity, or find out the capacity of a condenser that is already built.

MEASUREMENT CHARTS

FOR DETERMINING THE CAPACITY OF A CONDENSER
ARTICLE No. 8

These remarkable charts have been developed especially for PoruLar Ranio
by the inventor of the famous ‘“radio slide rule.” They not only insure
accuracy in calculations, but save an enormous amount of time. The fol-
lowing article tells how to use the accompanying chart for determining the
correct sizes of condenser plates that are designed to obtain
any specified capacity.

By RAOUL J. HOFFMAN, A.M.E.

BOTH the engineer and the amateur
often have cause to make or to use
condensers of a certain fixed capacity
in testing out a new radio circuit. Some-
times they have a number of fixed con-
densers of unknown capacity on hand.

The condenser is an electrical device
which has two or more conducting
sheets that are separated by some in-
sulating material (a non-conductor of
electricity) in order to store up elec-
trostatic energy. The capacity of such a
condenser, which is usually measured in
microfarads (mfd.) depends entirely
upon the active area of the plates or
sheets of conducting material, the dis-

tance separating them, and the kind of .

material (dielectric or insulator) which
is used to separate them.

The formula for the capacity of a
condenser follows:

A K .0000002248

T

where
A =the area of .the plates in square inches
K = the dielectric constant of the insulating
material (given below)
T = the thickness of the insulating material,
in inches
and

C = the capacity of the condenser in mids.

The dielectric constants for various
materials are:
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USE A COMMON RULE ON THIS CHART FOR FINDING OUT
THE CAPACITY OF YOUR CONDENSER

FiGURE 1: To obtain a condenser of a certain capacity, connect the value of capacity
on scale No. 4 with the diclectric constant for the kind of insulating material you
wish to use, on Scale No. 3, with a straight line. Then connect the thickness of the
mswlating material you want to use (on scale No. 1) with the point where the first line
crosses the reference line, and carry this last line over to scale No. 2. This will give

you the correct area for the conducting plates.
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This diagram showes how to determine the different dimensions that are nccessary to

know in twsing the chart shown in Figure 1, for designing a condeuscr.

Notice that

the effective arca of the plates is the overlapping arca.

Material................ Constant (K.)
Air (standard)............ 1
Paper voveven . 1.5-2
Paper (Paraffin)........... 3
Shellac .....oviiviveanns. 2.5-3.5
@ ) A 2.5
MiCa . vveenriiiier i, 6-8
Glass ..oovvviiiinaniinnnn. 4-10

To enable the radio man to det:rmine
the capacity of a condenser which is al-
ready built, or to determine the size of
a condenser which he intends to build
that shall have a certain predetermined
capacity, the chart in Figure 1 has been
prepared, which incorporates the formula
given above.

To use the chart to determine the
capacity of a condenser, let us consider
the example:

A condenser constructed as shown in
Figure 2, contains two sheets of tinfoil
conductor, which have an effective (over-
lapping) area of (2 by 1)=2 inches.
The thickness of the mica insulator sheet
is .0135 inch. Connecting .0135 on scale
No. 1, with 2 on scale No. 2, with a
ruler, and then connecting the reference
point (where this line crosses the refer-

ence line) with the dielectric constant for
mica (about 6) on scale No. 3 we find
the continuation of this line crosses the
scale No. 4 at .0002 mfd. which is the
capacity of the condenser. Lt

To determine the area of 2 condenser
which will have a certaiin capacity,, the
process is reversed. |

Example:

To construct a condenser with a capa-
city of .0002 mfd., using a mica dielectric
of .0135 inch thickness, we proceed in
the following manner:

Connect, on scale No. 4, the capacity
desired (.0002) with the dielectric con-

stant (6) on scale No. 3. Now connect

the point of intersection (of this line
with the reference line) with the thick-
ness of the dielectric to be used (.0133)
and extend this line over to scale 2,
which will give the effective (over-
lapping) area of the plates to be used.

This chart will certainly be a time-
saver for the amateur and will give him
assurance that he is getting the most out
of his experimental circuits by the use
of the proper-sized condensers.

Preserve These Hoffman Charts for Reference!

They will save you time and insure accuracy when you build your set. Pre-

vious charts have told how to calculate wavelength of antenna circuits, series

circuits and circuits in multiple, and how to calculate coil design for obtaining

any value of inductance. Following articles will include charts for calculat-

ing the characteristics of the antenna, charts for the design of loop antennas,
and charts for the design of C. W. transformers.

et



Tratfic Cops
How “Daddy” Cadmus Checks Up the Good and
the Bad Boys of Radio

of the Ether

The task of keeping tab on wavelengths used by transmitting stations and
of running down offenders on one hand and of heiping amateurs to tune up
their sets and to get a license on the other is taking up more and more time

of Uncle Sam’s radio inspectors.

This article tells how one of

them

facilitates his duties with his ingenious “radio chariot.”

By HENRY M. NEELY

NCLE SAM is a kind and indul-

gent relative to all the good little
boys in radio. But all of the little boys
in radio are not good little boys—and
Uncle Sam has to keep a watchful eye
on the bad ones to see that they do not
interfere with the pleasure of the good
ones.

It was hard enough in the past to do
this when there were only a few ama-
teur sending stations and when they in-
terfered with other amateurs who were

usually skilful enough to tune them out.

But, with millions of beginners hooking

up all sorts of inefficient sets to receive
the modern broadcast programs and with
the beginners even more inefficient than
their sets, the amateur with the transmit-
ting station has to comply strictly with
all of the laws that Uncle Sam has made
or else the inspector in his district begins
to get complaints from the neighbors.
Then there is trouble for somebody.
The radio inspectors all over the coun-
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try are getting wrinkled and gray-haired
as these complaints come pouring in.
Oddly enough, most of these men are
old “hard boiled hams” themselves and
they agree with the amateur that the
fuzzy growl or high-pitched shriek -of
the dot and dash code is the sweetest
music in the world. But they are officials
sworn to uphold the law and their per-
sonal sympathies have nothing to do with
the case. If they find that an amateur
against whom complaints have been
lodged is exceeding his legal wavelength
or is stepping on the gas too hard in
the matter of power input or has not
even a flirting acquaintance with that
charming mystery of radic known as
“Logarithmic Decrement,” they have to
walk in on him, pull back their coat lapel,
show their badge and say gruffly, “Will
you come quietly or shall I put the
bracelets on?”

It remained for the inspector in the
Third District to combine his hobby with
his duty and thus reduce his worries by
about 10124 per cent. Lieut. R. Y. Cad-
mus, popularly known as “Daddy” Cad-
mus, lives in Baltimore and has head-
quarters in.the Custom House there. He
is the radio daddy of all the good little
boys who pound a mean fist from the
District of Columbia to Trenton, New
Jersey and all over the eastern half of
Pennsylvania. The automobile is Cad-
mus’ hobby; checking up on the short-
comings of his numerous radio children
is his official duty.

With the rapid growth of amateur sta-
tions, he found it a tremendous job to
investigate all of the complaints made by
the enthusiast of the oatmeal box radio-
phone against amateur transmitters, be-
cause it was necessary to set up a per-
fectly calibrated receiving set within
hearing distance of each station under
suspicion.. And it is no easy job to
shove a wavemeter up against a strange
aerial and take your oath as to the ac-
curacy of the result!

Instruments of this kind are heavy
and cumbersome to carry around any-

POPULAR RADIO

how; the mere problem of transporta:,
tion is enough to make thé average
radio inspector quxt his job. - i

So Daddy Cadmus combmed his auto-
mobiling hobby with hlS calibrating. duty
and installed a complete testing station
aboard his motor car. This is not a toy
by any means, nor is-it one of those af-
fairs that are driven around the streets
for advertising purposes andthat have
to be repaired every night to, undo the
damage done by the jolting of the car
during the day.

This station on wheels is bullt like a
battleship so far as concerns what en:
gineers call its “factor of safety.” It has
a miniature four-wire aerial strung be-
tween a steel mast on the front and an-
other steel mast on the back, and these
masts themselves are supported and
braced by specially fitted steel arms that
would almost do for bumpers if Daddy
Cadmus should choose to try to push a
freight car off the track,

On the back seat of the car is‘mounted
a receiving set with a detector and two
stages of audio frequency amplification,
using the well-known three honeycomb
coil circuit for tuning with variable con-
densers in each circuit.

When he first made this set Daddy
Cadmus took it out in the country out-
side of Baltimore and experimented with
it just to see whether it would be possi-
ble to get long wavelengths on such a
short aerial. He was gratified to find
that the big transatlantic stations came in
like a ton of bricks on 20,000 meters
with the use of 1,500-turn coils.

He then plugged in on the little baby
outfits and found that he could get the
amateurs; in this way he knew that he
had a set that was good for his purpose.
It was then merely a matter of placing a
wavemeter in resonance and from then
on he could read off the wavelengths of
any station with a margin of accuracy
that was astonishingly minute.

As soon as he had proved the success
of his experiment he and his assistant,
L. E. Richwien, of Baltimore (who in
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HUNTING OVERGROWN WAVELENGTHS

By wmeans of this portable apparatus, Inspector R. Y. Cadmus and his assistant,

L, E. Richwien (3XT) traveled about in the Third District and in a little over

twco wecks checked up as many stations as would normally occupy their time for
fen times that perind. '

his unofficial moments signs off “QTC
nil nw OM 73 .CUL GN de 3XT"),
started on an inspection tour to see how
much ground thev could cover. There
are not many so called “efficiency ex-
perts” in business houses who can point
to such a saving of time.

With this traveling station, Daddy
Cadmus and Richwien checked up, in a
little over two weeks, as-many stations
as they had been able to check up in bhe-
tween five and six months without it.

Cadmus admits that he did not observe
union hours on this expedition. The two
men spent their days flying from one sta-
tion to another, personally inspecting
each bit of apparatus; and they spent
their nights at some advantageous lo-
cality outside of different cities listen-

ing in on all of the DX work and all of
the plain key pounding going on in the
ether about them.

First Richwien would put the receiv-
ing set and the wave meter on the run-
ning board and wear the phones while
Daddy Cadmus stole a feiw hours’ sleep
on the back seat; then Daddy Cadmus
would relieve him and Richwien would
take the inspector’s place among the blan-
kets. In seventeen days these two men
managed to spend three nights of sleep
in their own heds at home.

Who wants to be a radio inspector
now ?

Although it has nothing to do with this
traveling check-up station, Daddy Cad-
mus had some things to say about radio in
general when I saw him on this trip.
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. THE RADIO SLEUTH ON THE TRAIL

With this essentially serviceable antenna system, the Inspector is enabled to pick up
signals from transmitting stations ranging from the greatest transatlantic giants to
the smallest of the amateur pygmies.

“Nobody can realize,” he said, “the
condition of chaos in an inspector’s of-
fice with the present radio bill still pend-
ing before Congress. Every license that
we issue now is for three months only
and- is marked provisional beécause no-
hody knows what Congress is going to
do in the matter of technical require-
ments for transmitting stations and we
cannot give a ‘regular two-year license
until the details are determined upon.
Consequently we have been giving
licenses good for only three months. This
would not be so bad if we were permitted
at the end of that time merely to write
the word Eatended across the face of the
license. But we are not. We must for-
ward new . application - blanks to each
stationt and each station must go through
all ‘of the detail of filling out a complete
description of its set, in duplicate, while

we have to go all through once more the
process of entering and filing and tak-
ing the oath and stamping and everything
connected with the issuing of a new
license. This applies not only to the
amateur stations but to the broadcasting
stations as well, so you can imagine the
kind of job we have. In my district alone
there are three clerks who have to work
overtime every day on nothing but this
matter of licenses.

“The past few months, remarkably
enough, have shown a decrease of some-
thing like 40 per cent in the number of
amateur transmitting stations that have
applied for licenses, either new ones or
renewals. This might seem to indicate
that the interest in radio is dying out but
my investigations show that the very
contrary condition is the cause of it.

“Prior to a year ago, Sonny could lock
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himself up in his own room and spend
the whole night in perfect bliss ‘chewing
the fat’ with his fellow hams within
hearing distance of his spark gap. Father
was probably away at the club and
Mother was in the kitchen washing the
dinner dishes and Sister was probably
fox-trotting around the parlor with a
dude in a high collar ]ust home from
college.

“But is Sonny allowed to have any
such joyous evenings by himself these
days? He is not.

“As soon as the good radio- weather
came in in the fall, Father stayed home
from the club and Mother let the dinner
dishes go until next morning and Sister
brought the dude upstairs and introduced
him to the family and the whole crowd
took Sonny’s favorite chairs in Sonny’s
room and insisted on Sonny tuning in on
the nearest 360-meter broadcasting sta-
tion and putting it on the loudspeaker. By
the time the concert was over it was time
for Sonny and everybody else to go to
bed.

“Then they heard about improvements
that could be put on these receiving sets
and they had to have radio frequency
and audio frequency amplification and
the money that Sonny might have put in
a new motor generator or a 500-cvcle

rotary gap went for apparatus that would
make enough noise so that “Uncle,”
two blocks away, could hear the howling
of the oscillating bulbs even if he could
not make out any of the music.

“After about six months of this, Sonny
simply shuts down his set in disgust be-
cause Father and Mother and Sister and
the high-collared dude have all learned
to twist the knobs, and Sonny is lucky
if he is allowed in the room at all. Con-
sequently when his transmitting license
expires it is not worth while for him to
apply for a renewal. All of the apparatus
in his old set has gotten rusty or is fall-
ing apart and the money that he might
have used to repair it has been spent on
the family receiving set.”

That does not sound as if Daddy Cad-
mus’ idea of a perfect evening was listen-
ing to a broadcast concert, does it? Well
it is not.

Daddy Cadnius is a “hard-boiled ham”
himself and there is no music in the
world to him quite so sweet as a good,
clean fist, shooting code at something like
25 to 30 words a minute on a 500-cycle
note.

Maybe that is an old-fashioned view to
take of radio but there are a lot of us old
timers, fast dwindling into a pathetic
minority, who still feel that way about it.

How to Use Your Radio Set

on Your Vacation

In the next number of PoruLAr Ranio My, William
F. Crosby will tell in specific and helpful dctail just
how to rig up vour receiver in your camp by the
water or in the twoods, and how to install it on your
motor car. The author is one of the most crpcﬂenced
men in the country om installations of this kind, and
his article will be fully illustrated not only ..mih ntt~
merous hook-up diagrams but also with photographs of
actual—and successful—vacation scts in practical use.
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A SCIENTIST WHO DEMONSTRATES HIS THEORIES BY
PRACTICAL EXPERIMENT
The importance of cotls in both recciving and fransm:ttmg sets can hardly be
overestimated. In this article the d:stmgmshed English scientist, Sir Oliver Lodge,
gives the results of his laboratory mves}agatwns that are of incalenlable value to the
radio amateur.

HOW TO GET THE MAXIMUM INDUCTANCE IN YOUR

COILS

Third of 'a Series of Articles Written for POPULAR RADIO by—
SIR OLIVER LODGE, F.R.S, D.Sc, LL.D.

HE conditions under which a coil

can have maximum self-induction
(inductance) for a given length of
wire seem to have been laid down by the
great mathematician Gauss, in or about
1865, but in what form that can have been
then done I do not know. Anyhow,
Clerk Maxwell, in his great treatise pub-
lished in 1873 gives a number of com-
plete formulas for inductance, and clearly
specifies the condition for its maximum.
He evidently paid great attention to the
subject of mutual and self-inductance,
probably in connection with his deter-

mination of the absolute value of the ohm
(or “British Association Unit,” as it used
to be called then). '
The first condition is that the winding
should be as compact as possible, so as to
bring every part of the wire as close as
possible to every other part, so that as
many as possible of the lines of force,
due to each, may thread the others.. That
will be achieved by making the cross sec-
tion of the winding on the coil either
round or square, not oval or oblong.
That much is obviocus, because that is the
most compact shape: but it is not at all
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obvious how big the diameter of the coil
should be. in proportion to the size of the

channel which contains  the winding.
That is what has to be worked out
mathematically.

Aithough the working out may be con-
sidered complex, the result can be stated
with great ease. Taking the channel for
the wire as square, the outside diameter
of the coil must bear, to the inside diam-
eter, the ratio 47/27, which for all
practical purposes is the same as 7/4, or
134. Hence the shape of the coil which
gives maximum self-induction is as
drawn to scale in the diagram (Figure
1), the breadth and depth of the wind-
ing being '3, the internal diameter 8, and
the external diameter 14. For the pres-
ent, we may take that as granted; and in
this shape, no matter whether the turns
are packed close together or not, the
coils employed in radio ought to be
wound (though they seldom are). That
is the best and most efficient shape; and
by adhering to this shape—other things
being equal—the deleterious capacity and
resistance in the coil are reduced to a
minimum,

It need not be supposed that the shape
must be very precisely adhered to. It is
a common property of maximums and
minimums that a slight fluctuation on
either side makes but a small difference.
This shape is the ideal to aim at, but some
variation is allowable.

For instance, suppose (having made
one coil), we want to put another along-
side of it, and in series with it; the in-
ductance will be immensely increased by
an amount which is quite well known if
the positions are given. But the shape
will no longer be the best. Still, the dif-
ference is not very important ; and some-
thing like the best shape can be restored
by having four coils instead of two, and
putting them in pairs side by side, with
one pair big enough to fit over the other,
as indicated in the diagram (Figure 1).
Numbering the four coils 1, 2, 3, 4, it
will be best to connect them together in
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that order, so that the extremities of the
wire, at which the greatest difference of
potential will occur, are as far separated
from each other as possible. The con-
nection 1, 2, 4/3, or 1, 3, 4, 2, is slightly
less desirable.

The effect of putting one coil outside
of another, instead of side by side, is that
the mean radius of the whole winding is
increased somewhat: otherwise the ex-
pression for the inductance is the same
in the two cases. It is as broad as it is
long, so to speak. Or rather, whether
the length exceeds the breadth, or the
breadth exceeds the length, makes no dif-

ference. That is not obvious, but so it
=== | [+][~
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THE BEST SHAPE FOR COILS

Ficure 1—.d4t the left is shown the dimen-
sions for a smgle coil; at the right is shoum
the arrangement of a number of coils that
can be conmecled in series, and that will
still keep the best shape for inductance. For
maximum results and to insure the lowest dis-
tributed capacity thev should be comwnected as
they are numbered: 1, 2, 3, 4.
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A THREE-LAYER COIL

This coil 1s tapped so that various in-
ductance values may be used to facilitate
changes in wavelengths ranging from
150 meters up to 3,000 meters. It will be
noticed that this coil complies rather
closely with the wmaximum inductance
conditions so far as its shape is con-
cerned.

A FIGURE-EIGHT COIL

This special type of coil has the wires
run in the form of e figure eight. It is
usually used i cases when some form of
looscly coupled coil. is suitable. The
coupling between two such coils may be
varied by simply revolving one of them
upon its axis throughout o revolution of
ninety degrees. )

A HONEYCOMB COIL
This coll, which is widely used here in

America, adheres. closely to the idenl for
maximum inductance. ‘With this type of
-apparatus it is easy to ‘obiain fairly close

coupling by placing two coils side by side.
The coupling is varied -merely-by draw-
ing the coils farther apart.

comes out from the formula, which is
symmetrical as regards length and
breadth of cross section.
"~ The advantage of a combination of
coils, like this, is that it enables the wave-
length to be easily changed; that is to say,
it enables a coil to be selected which shall
give approximately the order of wave-
length required, fine adjustments being
done by means of supplementary variable

S

condensers, or by a separate variable in-
ductance, or ‘both. But we will not
trouble about these tuning details, which
are quite well known and understood.
Although I have emphasized the value
of a maximum inductance shape, such
considerations must not be allowed to
override practical convenience; and, in-
stead of packing coils into a square sec-
tion, it is usually much more convenient
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A TRANSMITTING HELIX

This type of coil is made of edgewise-
wound copper strip instead of wire. The
epil is held in shape by means of in-
sulating spacer-rods which are slotted to
fit the copper strip. The main advantage
of this form of coil for transmitting les
in the large conductive surface area
which is offered to the passing currents.

A BANK-WOUND COIL

In this coil the litzendracht wire is
wound around a sort of circular ladder.
This formation eliminates a large amount
of wusecless insulating wmaterial from
within the magnetic field of the winding,
and cuts down the “hysterisis” losses in
the imsulation,

ANOTHER FORM OF MULTIPLE-
LAYER COIL

Each layer of the winding of this coil
is separated from the next consecutive
layer by a snake-like layer of wire which
is interposed between the main layers.
All of the wire in the cotl is connected
in the circuit, however, which makes this
coll exceptionally efficient,
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to arrange  them either side by side, or one
outside the other. That is to say, to ar-
range them so as to form either a cylinder
or adisc. And again, such an arrange-
ment has an advantage; for, though the
inductance will be less than it might be
with a given length of wire, the terminals
are thereby kept far apart, and the ca-
pacity is-therefore also diminished. Hence
I' do not-propose to consider any arrange-

ment except one or other of these plans
for the construction of multiple coils.

When we are dealing with the single
coil, however, there is no question but
that the best shape is as stated before,
that is to say, one with an external
diameter of 14, and an internal diameter
of 8.

Further details about this we will con-
sider in a succeeding article.

-
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How the Radio Frequency

Amplifier Works

By LAWRENUE M., COCKADAY, R E.

SIMPLE “HOW?" ARTICLES FOR THE BEGINNER—No. 9
A beginner’s first vacuum tube sct uswally includes simply a tuner and one

vacuum tube as a detector.

When he has mastered this set, his next

thoughts are directed toward methods for amplifying the reccived signals;
at this point it is alivays a gquestion in his mind whether to use radio

ar audio frequency amplification.

This article (sce also “How the Audio

Freguency Amplifier Works” in PopuLArR Ravio for February, 1923) tells
not only hoiww the tiwwo methods work but also their particular uses and
advaniagces.

N the last article of this series we stated

that cascade amplification of radio
signals could be divided into two classes,
as follows:

First, audio frequency amplification.

Second, radio frequency amplification.

Audio frequency amplification is cas-
cade amplification of the rectified im-
pulses which are flowing in the plate cir-
cuit of the detector tube. These impulses
are of an audible frequency and the suc-
cessive stages of amplification are coupled
together with “audio frequency amplify-
ing transformers,” which step up the
voltage of the audio frequency impulses
and supply them to the grid circuit of
the next tube.

Radio frequency amplification is cas-
cade amplification of the impulses of

radio frequency current received from
the antenn~. circuit of a receiver before
they have been rectified by the detector
tube. The successive stages are coupled
together with radio frequency trans-
formers.

In the article “How the Audio
Frequency Amplifier Works” in the
February issue of this magazine, we
studied the functioning of this type of
apparatus fairly thoroughly; those read-
ers who have read this article should
understand its fundamentals clearly.

Before we take up the subject of how
the radio frequency amplifier works,
however, let us learn of one of the dis-
advantages of audio frequency amplifica-
tion.

The detector tube receives radio fre-
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'q.uency oscillations and turns them into

pulses of direct current. But the im-
pulses must be of a certain strength be-
fore the detector will respoud to them.

Let us consider the case of a receiving
set that emiploys a vacuum tube detector
and two stages of audio frequency ampli-
fication. The set is installed in a city.
Signals from stations located in the city
were detected and received with such
volume as to be unbearable. This 1s be-
cause the detector delivered a fairly large
impulse to the amplifiers and they further
strengthened them to an enormous value.
Signals - from stations, say 500 miles
away, were only just audible with the
detector alone, but when the amplifiers
were used they were comfortably audible;
the amplifiers took the feeble current
from the detector and strengthened it.
Signals from-across the other side of the
country, hbwever, were too weak to be
detected by the detector tube and so the
amplifiers were supplied with no current;
thus no signal was heard.

This difficulty of the audio amplifier
may be summed up in the following
statement.

The audio frequency amplifier will not
function on a signal unless the signal is
of sufficient strength to operate the detec-
tor tube and thus supply an audio im-
pulse to the amplifier. This is true no
matter how many stages of amplification
are used. Audio frequency amplification
has its use, however, as it is the most
efficient method for getting a loud signal
when the initial signal is strong enough
to operate the detector tube.

Radio frequency, on the other hand,
has just the opposite characteristics; by
its use, weak distant signals are amplified,
but they cannot be increased by this
method to a value strong enough to
operate a loudspeaker satisfactorily.
Radio frequency amplification strength-
ens the feeble oscillations received from
the antenna circuit until they are strong
enough to be detected by the vacuum
tube detector.

In other words radio frequency amplifi-
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cation takes place before the signals are
rectified by the detector and audio fre-
quency amplification takes place after
they are so rectified.

So much for the general explanation.
Let us now see how the radio amplifier
works.

In the diagram (Figure 1) is shown
a conventional circuit with two stages of-
radio frequency amplification, . and a
vacuum tube detector, that employs a
loop antenna. The tuning elements con-
sist of the loop inductance and the vari-
able condenser VC. The first stage of
amplification consists of the tube V1;
this 1s coupled to the second stage tube
V2 by means of the radio frequency
amplifying transformer T1. The second
stage is coupled to the detector tube V3
by means of a second transformer T2,
which is started by a condenser VC,,
and ‘which supplies the amplified radio
frequency impulses to the detector tube
for rectification.

A weak impulse {much too feeble to
operate a detector tube, let us say) is re-
ceived by the loop and tuned by the con-
denser VCI. This high frequency im-
pulse flows through the input circuit I
and impresses a tiny voltage wave A on
the grid of the amplifier tube V1. The
relay action of the tube reproduces this
wave form in its plate circuit II and
causes a current B to flow through the
primary winding of the transformer T1.
(This type of transformer is unlike the
audio frequency transformer in that it
has an air core and readily passes high
frequency currents through its windings,
whereas the audio transformer has an
iron core and passes only low frequency
currents.) The voltage of the impulses
is stepped up by the transformer T1, and
supplied by its secondary winding to the
grid of the tube V2 in circuit No. IIL
This voltage is shown at A’; by com-
parison with A it will be seen that it has.
been increased considerably. The tube
V2 then responds to this voltage A" and
a current wave B’ flows in its plate
circuit IV, through the primary winding
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FIGURE 1

Y
~

This diagram ana chart show how
the successive stages of amplification
increase the minnte voltages and cur-
rewds of radio frequency cnergy until
even the weakest signals are reinforced
“enongh to be detected by the vacutm
tube detector. This awmplification is
done BEFORE the signals are detecied,

of the transformer T2. Com-
parison of B and B' will show a
great increase in the current
value. The transformer T2 then
steps up the voltage of the impulses
and impresses a voltage A’ on the
grid condenser GC which passes it to
the grid of the detector tube V3 in
circuit No. V. Compare Voltages A
and A”. A’ is very much stronger
than A, °

If A had been supplied to the de-
tector tube direct, it would have been
too weak to be detected by the tube
V3 and there would have been no
response in the plate circuit VI, How-
ever, the weak impulses shown at A
have been amplified by the radio fre-
quency amplifier until they are
strengthened as shown at A”, when
the tube V3 is able to detect them, or
in other words, rectify them as shown
at B’ in circuit VI. This current B”
flows through the bypass condenser C
and the voltages on the condenser
cause a low frequency current, as in-
dicated by the dotted lines in B”, to
flow through the telephones T -thus
producing audible sounds.

It must be borne in mind that the
impulses on the grid of each tube
oscillate about its free grid potential,
and to secure maximum results the
potentiometers R1 and R2 are pro-
vided as means for adjusting this free
grid potential with respect to the fila-
meit.

By means of radio frequency amplifi-
cation, then, distant signals may be easily
heard without the use of audio frequency
amplifiers, that could never be heard with
any number of stages of audio frequency
amplification if radio frequency amplifi-
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cation were nof used to strengthen them.

This same sensitivity of the radio
frequency amplifier makes it suitable for
use with the loop antenna, which collects
only an extremely small amount of
energy, where the audio frequency ampli-
fier alone would fail.

The use of radio frequency amplifica-
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tion with a loop antenna for building up
the strength of the feeble impulses so
that the detector tubes can detect them,
combined with the use of the audio fre-

quency amplifier to increase these audible |

impulses to sufficient strength to operate
a loudspeaker, makes an ideal set for
listening to broadcasting. And not the
least of its virtues is the fact that it may
be assembled complete in a case similar
to that of a phonograph, with batteries,

tubes, loop and all; no outside connec-
tions are necessary,

In summing up, the use of audio fre-
quency amplification is limited to signals
which are strong enough to be detected,
when this method will increase the
volume tremendously. The use of radio
frequency amplification is for increasing~
the strength of feeble impulses that are
not strong enough for a detector to pick
up alone.



THE PARTS OF THE
BUZZER TEST ARE— D)6

A is the wire that should
be connected to the
ground wire of the re-
ceiving set; B is a simple
push button switch; C is
a couple of dry balleries;
D is the adjusting set 5
serew,; E s the arma-

tire; F shows the mag-

nets; G is a small piece
of cardboard, and H is a
rubber band.

™

How to Make a

Simple Buzzer

Test at Home
By RICHARD LORD

HE amateur who has had trouble

with his crystal detector will wel-
come this word of practical advice from
an experienced New Jersey fan; it tells
how the trouble can be eliminated:

Aside from the fact that the buzzer test
aids the amateur considerably in locating
sensitive spots on a crystal, it is a real help’
in preventing the fading out of signals;
merely by pressing the test buzzer switch

* the signals may be brought back to their
former strength. One theory offered in ex-
planation of this phenomenon is that a slight
film of oxidation forms between the cat-
whisker and the crystal, thereby reducing
the strength of the signal. The pulsations
of current from the test buzzer secem to
break down this film and to permit betier
contact.

For the dyed-in-the-wool fan who must
have the best of everything, there is on the
market a high frequency buzzer which gives
an especially clear, even, and pleasing note
in the phones. However, the cost of this
buzzer i1s heyond the reach of some of us;
for these an ordinary buzzer can be made

- to serve admirably. A piece of cardboard
or folded paper placed between the heavy
iron armature and the contact spring (as
shown_ in the diagram on this page) pro-
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duces a fairly high and even tone.. A rubber
band placed as indicated in .the didgram
will also be found advantageous in obtaining
a high note. After the buzzer is obtained
it is connected in series with some kind of
a switch, and one or two dry cells. One of
the most convenient switches, in the writer's
estimation, is nothing more than a simple
electric push button,

An examination of the buzzer discloses a
little adjustable screw, which makes contact
with the vibrating armature. ‘To this one
end of a wire is fastened; the other end is
connected to the ground wire of the receiv-
ing set. In some types of loose-coupled sets
it will be found that this type of connec-
tion will not give satisfactory results; if
such is the case, connect the latter end of
the wire directly to one side of the detector,
rather than to the ground lead. This con-
nection will invariably work.

It is advisable to place the buzzer in a
small box, so as to eliminate mechanical
noises as far as possible. Fill the box half
full of absorbent cotton and place the buzzer
on this cotton. Then fll the box entirely
full of cotton and put the cover on, leav-
ing, of course, the leads projecting out.
This box may then be suspended from un-
der the table; it will be found practically
impossible to hear the buzzer while in
operation.,



From a photograph made for POrtLan Rabio

This detector with a light spring adjustment, which uses etther galena or iron pyriies,
ronsists of (A) the base and adjusting arm, (B) the cup which holds the crystal, and
(C) the upright upon which the cup is mounied.

How to Make a Light-Contact Detector
By LEROY WESTERN

VERY true experimenter in radio at
some time or other has used a crys-
tal detector, for as a beginner he started
out with a crystal receiving set. Those
who are now starting out on their radio
experiments will be interested in the de-
tector here described; the time spent in
its construction will be fully compen-
sated for by the ease with which it may
be adjusted.

The first consideration is the crystal.
There are many kinds which can be used
in connection with this detector, such as
galena, iron pyrites (ferron) and silicon,
to mention but a few. Galena is prob-
ably the best known and the most fre-
quently used, but a little experimenting
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will show the amateur that some of the
others are just as good, certain ones in
some ways better. For instance, sen-
sitive specimens of iron pyrites, while

considerably more difficult to find than

sensitive galena, give equal results and
retain their sensitiveness for a long
period of time. This crystal is gener-
ally used with a stiff phosphor bronze
spring, the end of which is pointed.

In the construction of the detector
first select a base of hard wood, or bet-
ter still, hard rubber or bakelite, 4 inches
long by 214 inches wide. Drill four holes
in this base, as shown in the diagram.
Get a brass ball 14 inch in diameter:
drill a hole through the center of it which
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will make a snug fit for a Y4-inch brass
rod. Next procure a piece of }4-inch
brass rod 2 inches long, and thread each
end for half an inch.  Screw onto one
end of this rod a suitable knob and pass
the other end through the brass ball.
Screw two nuts on the threaded end and
fasten a coil spring of phosphor-bronze
wire between them as shown. A stand-
ard for holding the ball is then made
- of brass in the form of a square U as
indicated.

Now make another standard from a
brass strip 14 inch thick by 4 inch wide
in the form of an L to support the de-
tector cup.

For the detector cup obtain a brass
cup, 134 inches in diameter, either with
or without a mounting screw. If the cup
has no mounting screw it will be neces-
sary to drill a hole in the center of the

cup and pass the screw through it. A
quantity of soft metal for mounting the
crystal may be made by dissolving as
much tin foil as possible in one ounce of
mercury. Knead the mass together thor-
oughly and heat. -When it becomes
molten, pour it into the cup and press
several crystals of various kinds into its
surface.

It is important not to heat the ‘metal
any more than is necessary to melt it, as
otherwise injury to the crystals may
result.

Several pieces of various kinds of min-
eral may be mounted in the detector cup
and their various receiving qualities thor-
oughly tested against each other. A
phosphor-bronze wire spring will serve
for most types of crystal, but a gold wire
is superior as its point will not easily
oxidize.
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This diagram shows the dimensions for the wni-
versal joint of the adjustmment arm (at top) and
the manner of smounting the crystals (at bottom).

This diagram gives the side view (at top) and
the top view {(at bottom)}, together with the
dimensions of parts of the dctector.



I consider this Four-Circuit Tuner the most important
contribution to the equipment of the radio amateur since the
invention of the Super-Regenerative Set.

—Epitor

From a photograph made for PopvLanr Ranio

The set as it appears in actual use—small enough to keep in a bureau drawer.
The demonstrator is the inventor, Laurence M. Cockaday (2XK).

HOW TO BUILD THE NEW

FOUR-CIRCUIT TUNER

A sew and unusual development in wvacwiom tube conirel circuits that is

cxceedingly selective, simple to operaie, highly sensitive (it has a verified

C. W. range of 3,200 miles and a telephone range of 2,400 miles)—and that
Cax BE BuiLT For Less Tuan $40.001

By tiie TECHNICAL EDITOR

HE ideal receiving set should have
the following five qualifications if it
is to meet the needs of the discriminating
radio amateur:
A-—absolute elimination of interfer-
ence;

B-—unlimited distance range;

(C—ease of tuning;

D—truthful reproduction;

E—low cost.

A, B, and C are dependent upon the
method of tuning used and the system of
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detection. D-and E depend more closely

_upon the type of amplification that is

used.

In designing this set we have had these
goals in view.

First, therefore, we have determined to
use extremely loose coupling to insure the
quality A; looser, in fact, than used in
any other type of receiver. The step-up
voltage ratio of the receiving transformer
is 65 t0 1. This insures an extremely
high grid voltage even from weak signals.

Second, to insure a maximum distance
range, and at the same time secure sim-
plicity of tuning, and to hold the cost of
construction to a minimum, we have de-
cided to use the regenerative method of
amplification as the closest approach to
the ideal yet disclosed.

The main shortcomings of the standard
regenerative circuit are well known ; they
may be summarized as follows:

a. A change in wavelength makes neces-
sary a change in the regenerative control
to keep the regeneration at a maximum.

b. It is extremely difficult to keep the cir-

. cuits “stable,” so that they will stay at
the maximum amplification point. This
is due to the fact that changes in the
constants in the antenna circuit react on
the grid circuit and throw the circuits in
and out of resonance so that they oscillate

for a few seconds and then cease, causing
signals to come in strong for a while and
then to die out, and also causing squeal:-
ing at intervals.

Third, therefore, we have chosen amore
simple method for controlling regenera-
tion ; it consists of an inductively-coupled
stabilizer circuit whose function it is to
vary the effective A. C. resistance of the
grid circuit of our tuner. This circuit is
electrically isolated from all the other
circuits in the receiver, but it is placed
directly within the magnetic field sur-
rounding the grid coil. 1t consists of a

Jow-resistance coil shunted by a variable

condenser which when it is rotated
varies the reaction between the grid cir-
cuit and i®s own circuit.

It is well khown that the vacuum tube
in a circuit will produce sustained oscil-
lations when the negative resistance of
the system equals the positive resistance
of the system. The standard regenerator
accomplishes this result by varying the:
negative resistance upward to the cor-
rect value.

This new circuit we have evolved,
however, accomplishes the result by vary-
ing the positive resistance, downward, to
the correct value. In the new method
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DIAGRAM OF THE FOUR-CIRCUIT TUNER

Ficure 1: Here are showen the exact electrical conncctions for the apparatus used in
the new circuit; the parts arc designated by the same letters that appear in the text.

O e v R RGN
bo bbb bbbd & bbb

AN INSIDE VIEW OF THE RECEIVER

Ficure 2: This picture gives the prospective builder of the Four-Cirenit Tuner a clear
tdea of how the instrunients should be arranged in the proper positions. Notice that
all of the inductances and transformers are placed well to the rear of the sct, so that
body capacity is climinated while the set is being tuned. The mechanical drawings on
the following pages give in greater detail the proper spacings and
positions of the instruments.
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(above) %] L k. i
This diagram gives the exact ,\'?T Eb qé_ - ‘;:3_ -
dimensions for the main o 2]

panct P it also gives the
drillisig details for the holes
for mounting the instruments.

FIGURE 4
(Gf ﬂ'ght) @ @

Here are shown the exact

dimensions of the shelf panel 5_’!;

and of the brass and phos- I
phor-bronze brackets that are 1)

used for supporting the T e

various parts of the set.
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A WORKING DRAWING FOR ASSEMBLING THE SET
FIcure 5: A wiew of the sct from above, showing the cxact positions for the coils,

condensers, transformers, tube sockets, suntches, rheostats, and control dials.

If the

twe pancls used in the set are made as shown in Figures 3 and 4, the instruments will
fit (as shown herc) in a compact and ¢flicient layout.

no variometers, variocouplers, feedback
coils, or tuned plate circuits are neces-
sary. No variations of coupling are
necessary, and the regeneration can be set
and it will stay put over the entire wave-
length range.

Another advantage of the system is
that the constants of the antenna system

make little or no difference on the other
circuits; in other words, the set can be
tuned on one antenna of totally different
characteristics from another antenna and
the two antennas switched with the sig-
nal still remaining tuned in. When re-
ceiving C. W. signals, the hands may be -
placed on the bare antenna wire without
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detuning the signal; in fact, the hands
may be placed across the antenna and
ground terminals. -The antenna may be
taken off or the ground lead taken away
with signals still remaining tuned in but
shightly weaker.

Fourth, to insure truthful reproduc-
tion we have added to the two-stage
audio frequency amplifier a control for
eliminating tube noises and for clearing
up music and vaice signals. This device
makes music sound just as if it were be-

VO ® ©

ing played in the room where it isreceived.

The set has, during the last few
months, on all kinds and types of an-
tennas, picked up about three quarters of
all the broadcasting stations in the United
States on a loudspeaker, and amateus
stations in all the nine districts of this
country and-amateurs in other countries
of this continent and in Europe.

The set as here described is not sensi-
tive to body capacity and does not have
to be externally shielded.
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SIDE VIEW OF THE SET—FROM THE RIGHT

Ficure 6: This diagram shows how the rhcostats, tube sockets and jocks are fastened
to the main panel, and how the amplifying transformers are-hung from the shelf panel

in the rear.

The condenser H is hung divectly under the last socket and is supported

by the connecting wires.

The electrical circuit diagram is shown
in Figure 1,

The Parts Used in Building the Set

In all the diagrams in this articlie each part
bears a designating letter. In this way the
prospective builder of a receiver may easily
determine how to mount the instruments in
the correct places and connect them properly
in the electrical circuit. The same designat-
ing letters are used in the text and the list of
parts below. The list of parts includes the
exact instruments used in the set from which
these specifications were made up; however,
there are many other reliable makes of in-
struments which may be used in the set with
excellent results. If instruments other than
the ones listed are used it will necessitate only
the use of different spacing of the holes
drilled in the pancl and shelf for mounting
them,

A—primary winding, consisting of a single
turn of tinned copper bus-wire, 1/16 inch
square ;

B—secondary winding, consisting of 65 turms
of No. 18 S. C. C. copper wire:

C—reaction-stabilizer winding. consisting of
34 turns of No. 18 S.C.C. copper wire;
{Coils A, B and C are wound on a com-
position tube, the dimensions of which are
shown in Figure 8.)

D—antenna tuning-coil, consisting of 43 turns
of No. 18 S.C.C. copper wire. double bank-
wound, on composition tube; (See Fig-
tre 8.)

Bl and Cl1—Tait 3%%-inch knobs and dials;

E and F—Se-Ar-De' variable condensers, 17
plates, approx. .00035 mid:;

G—Dul()iilier micadon- fixed condenser, ,00025
mid.;

H*Dlégilier micadon fixed condenser, .002
mfid.;

I—tubular grid leak, 1 or 2 megohms.;

J—Se-Ar-De -combination sockets and rheo-
stats;

K—De Forest socket;

L—Jenkins vernier rheostat;

M—Pacent or Federal jacks, one double-cir-
cuit and one single-circuit;

N—Jefferson amplifying ‘transformers, small
type;

O—Fada binding posts;

P—composition panel;

Q and R—Haydon-Fenton switch lever and
knob;

S—switch points;

T—Haydon-Fenton vernier controls;

U—Dbrackets for mounting the De Forest
socket;
V—phosphor-bronze spring contacts for

mounting the grid leak:

W—composition shelf panel;

X and X2—brass brackets for mounting shelf
panel ;

Y—detector tube, preferably a UV-201, or
C-301 or a De Forest tube;

Z—amplifier tubes, preferably two C-301a’s or
two UV-201a’s;

one cahinet, dimensions as shown in Figure 9;

connecting wire, 1/16-inch square tinned cop-
per bus-wire;

screws and nuts to fit.
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SIDE VIEW OF THE SET—FROM THE LEFT

FIGURe 7: In this diagram is shown the method of attaching the tuning condensers to
the main pqncl, and of' attaching the coils A, B and C to the shelf panel. The antenna
tuning coil D is suspended between the other coils and the condensers.

How to Construct the Set

After- -procuring all the instruments for
building the receiver, the amateur should set
about preparing the panel P (shown in Fig-
ures 2, 3, 5, 6, and 7). :

First of all, the panei should be cut to the
correct size (534 by 17 inches) ; then the edges
should be squared up smoothly with a file.
The centers for boring the holes (which are
necessary for mounting the instruments)
should be laid out on the panel as shown in
Figure 3.

The holes outlined here with a double circle
should be countersunk so that the flathead ma-
chine screws used for fastening the instru-
ments will be flush with the panel. All the rest
of the holes in this panel are straight drill
holes. Sizes for the diameter of these holes
have not been given, but the builder will readily
decide what size hole is necessary by measur-
ing the size of the screws and shafts of in-
struments that have to go through the holes.

When the panel is drilled, it may be given
a dull finish by rubbing lengthwise with smooth
sandpaper until the surface is smooth, then
the same process should be repeated except
that light machine oil should be applied during
the rubbing. The panel should then be rubbed
dry with a piece of cheese-cloth, and a dull,
permanent finish will be the result. Or the
panel may be left with its onriginal shiny-black

- finish, if care is exercised so that it is not

scratched: during drilling.

Next, the condensers, E and F, should be
fastened to the panel in their respective places,
as shown in Figures 2, 5, and 7, and the dials

Bl and ClI should be affixed as shown. These
dials are fitted with a chuck which centers and
holds fast to the shafts of the condenser with-
out the use of set screws. This insures even
running of the dials when they are revolved
and eliminates wobbling.

The two combination sockets and rheostats
J, should be mounted on the panel (two screws:
to each instrument) as shown in Figures $
and 6.

The detector vernier rheostat L should also
be mounted in its proper place by means of
two screws (see Figure 5). The detector
socket K will require two brass brackets U,
for attachment to the panel, and these should
be of the dimensions given in Figure 4. The
two grid leak phosphor-bronze springs V
(shown in Figure 4) are mounted on these
brackets, underneath the socket. Two holes
will have to be drilled in the socket, one on
each side (as shown in Figures 2 and 5) for
fastening with brass nuts and bolts to the
brackets U. The grid leak springs are held
by the same bolts.

The three rheostat knobs should now be
connected to the shafts of the rheostats pro-
truding from the front of the panel.

Place the switch points S in the proper,holes
drilled for them and fasten with small nuts
on the rear of the panel as shown in Figures
2, 3, and 5. Insert the two switch levers O
and R and make fast in the proper manner
with the nuts furnished with the apparatus.

Mount the two jacks M, the double-circuit
Jack at the left and the single-circuit jack at
the right, as shown in Figures 2, 5, and 6.
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HOW TO MAKE THE COILS

Ficure 8: Here arc shoion the disnensions for the coils and the method for connccting
the single turn of wire 4 to the cotl D and to the taps S. The positions of these coils
in relation fo cach other should be observed strictly.

It will be noted that _the two jacks should
be mounted “back to back,” as the space is
limited. (There is really no bencfit derived
from using: a jack in the first stage because
the same results can be obtained by burning the
two amplifier tubes at a low filament teinpera-
ture and thus getting the same results as from
one stage. This will save the tubes as they
will last longer, burning dimly, than one that
burns brightly.)

The last job on the main panel is 10 mount
the two vernier controls T, for the condensers
E and F (see Figures 5 and 7). These are
necessary on account of the sharpness of tun-
g in this set.

Next, cut and drill the shelf panel W, as
shown in Figure 4 and prepare the two mount-
ing brackets X1 and X2, shown in the same
diagram. These are fastened to the shelf panel
and also to the main panel P, as shown in
Figures 5, 6. and 7. The straight bracket is
used at the left side of the set. The irregular
shaped bracket X2 is used at the right side of
the set, and the reason 