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Loudspeaker

MODEL |
100

Getthe boom of bass notes.

Get the clear sweetness of
high overtones Give your =
set rare tone quality with |
this RCA Loudspeaker. Iris [
particularly adapted to sets

that use the new power
Radiotrons.

Radio Corporation of America

New York Chicago
San Francisco

RCAW Loudspeaker
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The Best in Radio Equipment o 1

The staff of Brandes
* experts, with their
. background of ex-
perience in acoustics
since 1908, welcomes
the opportunity of
collaborating wicth
the technical staffs of
set manufacturers.

" ‘The Perfected Cone
- Beautiful, Too

Anyone éio ‘c(laim "pefféction" but in this case the verdict of super-
quality is bestawed upon the new Brandes Cone by a highly critical
-audience of distributors, dealers and public. "Any comparison is in-
stant proof that it takes -experts like Brandes to achieve both satis-
fying reptoduction”and a beautiful cabinet. The ever increasing
demand for the Brandes Cone is the final indication of its perfection.

eA cou;ti_c_s by ;

* Brandes

- means the ultimate in reproduction

All apparatus advertised in this magazine has been tested and approved by POPULAR RapIO LABORATORY
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The Best in Radie Equipment 3

I¢ is written:

“‘To see onesell is Jo
be clear-sighted!”

Theclear-sighted
sec past the beauti-
ful exterior of the
Synchrophasetothe |
true virtue within.

C&efa«/ﬂ{e\

- ioley

For Those Who Understand and Appreciate Quality
—in Reception
—in Construction

THE appearance of the inside of radio receivers reveals
little or nothing to the uninitiated. But men who are

N “radio-wise” see a vast difference in set construction.
- N\ By the former the ear only can be used in judgment; to the
Exclusive ldtter, the eye tells almost as much as the ear.

Grebe Developments:
Look inside a Grebe Synchrophase. Your eye will be as de-

Grebe lighted with the quality of construction as the ear will be
«Colortome” | ~ satisfied with the superior receptivity, which this construction
not only makes possible but maintains.

Ask your dealer to demonstrate.

"A. H. Grebe & Co., Inc., 109 West 57th Street, New York
Factory: Richmond Hill, N, Y.
Woestern Branch: 443 So. San Pedro $t., Los Angeles. Cal,

Binncular Coils
Rer. U. 5. s O,

e

This company owns and oper:
ates stutions WAHG and

L4 and . ot :
a g wa i alip fnw.wave ree

e lé?:;::;:\ brnadcasting stations, mobile
r’ ' Clreuirs WGMU and marine WRMU.

o

Ask how and why they
krnakf: Grebe reception so

+

Fl
] }\ ‘ RED
superior and dependabte.

. TRADL HARS granted and pendimg.
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PAGES WITH

THE avalanche of letters and questionnaires
that have descended upon the Editor as the re-
sult of his appeal (published in this depart-
ment of the February number) for opinions
on the relative merits of the various editorial
features that appear in PorULAR Rabpio have
given incontrovertible evidence of -the extraor-
dinary personal interest that our readers take
in the magazine,

* * *

WHILE the personal contact between read-
ers and members of the staff of PoruLar
RApi¢ have always been many, never before
have such a large number written in at.one
time to give us t%e henefit of their suggestions
and opinions.” The staff is still struggling to
handle the correspondence that has, during the

past few weeks, literally piled into the sanctum.

*® *® *

BoTtH the questionnaires as well as the letters
that accompanied them are of very great value
indeed in determining the plans and policies of
PoruLAR Rapio. For it is obvious that the
more closely in touch with the -readers the
editors can get, the better can the editors learn
the desires and needs of the readers—and con-
sequently the more efficiently may the demands
of the public be met.

Photo by Clarence White

THE DESIGNER OF THE POPULAR
RADIO MEDAL FOR CONSPICUOUS
SERVICE

Walter D. Teague, one of the foremost design-

ers in America, was for two years president of

the Artist’s Guild and has twice been awarded

the covetéd medal by the Art Direciors Club
for decorative design.

THE EDITOR

To the hundreds of friends and critics who
took the time and trouble to express their
opinions, the gratitude of PopurLar Rabio is
here extended. That their efforts have not
been made in vain will be demonstrated in a
practical manner .in the future issues of the
magazine. S
* * ®
BrciNNING, for example, with the very next

number !
: * * *

Wit the coming issue of PopuLar Rabpio.

—the May number—this magazine will cele-
brate its fourth birthday with a big special
Anniversary ‘Number.

* * *

THE happy occasion will be observed not
only by an issue that. will .centain .a much
larger amount.of reading matter and larger

_illustrations than have ever appeared in the

magazine, but by a permanent increase in the
page size from the present “standard” size (634
by 10 inches) to the “flat” size (814 by 1114
inches). . .

E

THI1S increase in the page size of PopuLar
Rapio, aside from the opportunities it gives
for reproducing the circuit and constructional
diagrams and charts on -a larger scale, also
makes it possible to print the magazine on
presses that print in colors.

* * *

BEGINNING with the May number, therefore,
PopuLAR Rapio will be printed in colors.
* * *

THis innovation will permit the reproduction
of the more important constructional diagrams
in blue-print form and the facsimile reproduc-
tion in color of graphs—an improvement that
will be appreciated particularly by the experi-
menter who makes practical use of these es-
sentially practical illustrations.

* * *

WitH this issue the first formal announce- -

ment is made (on page 363) of the institution
of the Popular Radio Medal for Conspicuous
Service-—a form of recognition to amateurs

. which PopurLar Rabpio has long had in contem-

plation and preparation.
* * *

THE enthusiastic response that PopuLar
Raplo met when it first advanced the idea of
instituting such a medal can be no better evi-
denced than in the character of the personnel
of the Committee of Awards and of the Ad-
visory Committee, which include some of the
foremost men and women engaged im public
service, in scientific work and in the radio art.

* * *

READERS are not merely invited but urged to
notify the Committee of Awards of anyone
who, in their belief, is entitled to the recog-

(Continued- on page 6)
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The Best in Rddio Equipment

Power Amplification
--without “B’’ Batteries

Dubilier Filter Condensers are used
in the Laboratory Model of the new
Power-Pack Amplifier, designed by
Albert G. Craig, because of the
unusually high voltages developed
in this circuit. '

These condensers are especially
designed for use in filter circuits.
‘They will give permanent service at
their rated working voltages and life-
time satisfaction to those who use
them as specified.

For the filter'circuitsin ““B” : 1 1hi
battery eliminators use only Insist on gettlng Dubilier ﬁltel‘
Dubilier Filter Condensers. condensers. If your dealer cannot

supply you, write directly to us.

Dubilier

CONDENSER _AND RADIO CORPORATION

4377 Bronx Boulevard., New York, N. Y.

All apparatus adverlised in this mazazine has been tested and approved by POPULAR RADIO LABORATOR-Y
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PAGES WITH THE EDITOR

(Continued f}’oarr page 4)

nition that the award of the Popular Radio
Medal for Conspicuous Service will confer.
: : * * *

“Having read the latest issue of PorULAR
Rapio from cover to cover, I have come to the
conclusion that .simple language is used
throughout, and that all of the articles are
‘written so clearly that a person who doesn’t
know a thing about radio can readily under-
stand them. . . . PoruLar Rapio is certainly
one of the ontstanding radio publications of the
‘present time.”

—WirLiay D. Suape, Brookiyn, N. V.

¥ % *

WHo among our readers have observed the
effect of radio reception on wild animals? Nu-
merous experiments have been made on animals
in captivity with conclusive results, but here
is a letter from a reader who is an experienced
deer hunter and who suggests a unique use af
radio as a lure for wild game:

From a photo made for PoruLar Rabpio

TESTING THE ACCURACY OF THE WAVELENGTH SCALE

]
i

“A4s a rcader of PorurLar Rabio [ would like
to advise my hbuntsmen friends, through your
magazine—particularly those who go deer huni-
ing cwvery season—io ‘instruct their guides to
set up radio receiving Sets in their favorite
luting grounds once or twice a week, and lo
twine in during the night. They may be swr-
prised to learn that every sedson the male deer
(with three-inch horns) will follow these radio
concerts, and will leave other districts for mules
and miles around.

FrepERICK W. KERTEL,
Hunter in the Adirondacks.

“p. S. ]t is not against the law to coax the

game away from ether districts”

L

ON A READY-MADE RECEIVER

Intensive experimental work in the POPULAR RADIO LABORATORY furnishes the malerial for

many of the series of articles which are published in the magaszine under the tille “"How lo

Get the Most Out of Your Ready-made Receiver." Here Mr. Taylor is engaged in oblaining
data on the Ferguson set which will appear in the next number—for May.

6
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Keering your “B” batteries full of " pep,
without frequer.t renewals, is simply a matter
of using the right size Evereadys for your
particular set with a “C” battery*.

The rule which determines the right size
“B" batteries to use is simple, and once learned

definitely settles the question of “B” battery .

service and economy.
On 1 to 3 tubes— Use Eveready No. 772.
On 4 or more tubes—Use the Heavy
Duty “B” Batteries, either No. 770, or
the even longer-lived Eveready Layerbilt
No. 486.
On all but single tube sets — Use a
“C” battery.

“Your radio is always top
What do you do

to keep 1t so full of pep 2’

770’s or 2 Eveready Layerbilts No. 486—looks
at first glance like an economy because of lower
first cost. But in a few months the 772’s will
be exhausted and have to be replaced. After
the same length of time the Eveready No 770’s
or the Eveready Layerbilts No. 486 will still

be good for many more months of service.

We have prepared for your individual use

a new booklet, “Choosing and Using the

Right Radio Battcrles,” which’ we will be

glad to send you upon request. This book-

let also tells about the proper battery equip-
ment for use with the new power tubes.

*Nore: In addition to the in-

. reased lif

‘When following these “c Batie?y?:rc:é Y y.-.q‘;"reIr s
; o batteries, it 1 add a quality of
nﬂes{) No. 7721'1 (in 1 fto LerT-No. 4886. reception unobtainable without it,
3 tube sets,_ will last tor {:'b:;""';';“’s'; Manufaciured and gusranteed by
. a year Oor more; and ) NaTionat CarsonN Co., Inc.
o Heavy Duties, on sets of S New York San Francisco

4 or more tubes, for 8 eady Dry Cell Canadian Natlonsl Carbon Co.,

: Redio* A" Bat- Limited, Toronto, Ontario
months or longer. tery, 1% volts.

- These life figures are L Cetod g el
= based on the established through ‘the following stations:
- wEAT-New York waAl-Cineinnati
fact that the average year- wiasR—Providence  wwan—Clevelond

. wEEI—-Boston wwJI—Detroit
round use of a set is 2 wTAG-Worcester  WaN—Chicago
hO 5 5 da ::l-!;mﬂlla?alphia woo-Davenport
» R—Bulicio 4
\A 1 fYE dv N Radl o B atte es WOAE~Pittsburon Y OO0~ gt.ni‘"nul
o pair ot Lveready iNo. ll s8¢, Louts
772's for a 5-tube set in- ~they last Jonger g -
h ast, Ever rogram
stead of 2 Eveready No. . Ea0—8an Prancisco, 8 f0 9 P. M.
All apparatus advertised in this magazine has been tested and approved by PoPULAR RADIO LABORATORY
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" T'he Best in Radio Equipment

Complete, nothing else to buy. Supplied

in two models, one for Direct and the

other for Alternating Current.

A.C. Model, price . . ., . $12.50
$ 9.75

Unconditionally Guar-
anteed to be equal or
superior to any Elimi.
nator on the market, re-
gardless of price.

FERBEND ©

ELIMINATOR

Operates at a maximum efficiency
at all times. Noiseless—no hum.
Taps at 22}2—45—90 volts.

Maximum voltage, 100. (for 135
volts, simply add a 45 volt “B”’
battery.)

A. C. model gives Full Wave
Rectification. Cost of operation
less- than 50c a year. Lasts in-
definitely.

All parts are specially designed
and manufactured by us for this
purpose only.

Unconditionally Guaranteed
to be equal or superior toany Elimina-
tor on the market, regardless of price.

Ferbend Electric Co.

419 W. Superior St., Chicago

O Send at once. Payment enclosed.

0 Send C. 0. D. 0 Send Literature.
O Send A. C. Model. O Send D.C. Model.

Superior Results!

Now you can get
FERBEND permanentandeffi-

mg/uyg, cient ‘‘B’’ current
o supply direct from
your electric light
- socket at a price
scarcely higher
than new ‘‘B’’
batteries. Ferbend
has succeeded in
combining results with first-cost econo-
my, for your benefit. Equip your set
NOW with this wonderful new instru-
ment and be convinced.

Ask Your Dealer or Send Direct

If you prefer, we will make shipment
direct to you upon receipt of price, or
C:0.D. if desired. Remember, superior
results are guaranteed or your money

back. USE THE COUPON NOW!

FERBEND ELECTRIC CO.
419 W. Superior St., Chicago, 1.

Ferbend “Maxmuin

This company aleo mans
ufactures the famous
Ferbend WAVE TRAP
—the instrument which
has been widely imi-
tated but neverequalled.
It is the only original
and genuine. .

All apparatus advertised in this magazi ne has been !ested and approved by POPULAR Rapio LABORATORY
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Always Something Worth While in
Popurar Rapio
“WHEN [ open PoruLar Raoio [ always find some-
thing in it worth while.”

L N QA=

PRESIDENT, INTERNATIONAL UNION
OF SCIENTIFIC RADIO TELEGRAPHY

Tl -

____,_...——-‘x_, il —
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From u photograph made especially for PoruLar Rapto by Campbell-Gray, London

The Fastest Projectiles on Earth

By special apparatus electrons can be separated from the aloms to which they belong and shot

oul in streams, as is being done in this special vacuum tube demonstrated recently al the

Science Exhibition at Wembley, England. The lighter stréak.on the while, phosphorescent

screen shows how-the path of the electron stream is bent by the magnet which the operator holds. .
The speed of electrons in such streams may exceed a million miles a minute.

&‘_ v,.-d‘):&'ﬁ\m_ _=w F
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VoruMme IX

APRIL, 1926

NUMBER ¢

- 1,000,000 Miles a Minute

Radio waves are the speediest thing in the universe.
Only slightly less speedy are some of the tiny electrons
which fly about inside the atoms of matter. The inter-
action of the radio waves with these electrons, for
example, when a wave reaches a receiving antenna,
introduces us to an astounding new world of vast speeds
and of infinitesimal time units—a world which this
article describes.

By E. E. FREE, PH.D.

F you leave a silver dollar on your
work table over night, and if you are
reasonably lucky in your house com-
panions, the silver dollar will still be

there in the morning. In any event it -

will not have run away all by itself.

But if you leave the family cat on
the work table the result will probably
be different. Kitty’s whereabouts in the
morning are beyond prediction.

That is the difference between motion
and an apparent lack of it.

The cat possesses a mechanism of
muscles and nerves and whatnot which
makes him self moving. The silver dollar
—as it seems—does not. " :

‘Nevertheless it would be a great mis-
take to assume that the silver dollar was
motionless. In fact, it contains a stupen-
dous amount of motion—millions of
times more than that exhibited by a
jumping cat. All this motion is internal.
It is locked up, under ordinary condi-

tions here on earth, inside the atoms .of
silver in the metal.

All atoms are believed to consist, you
remember, of two kinds of very tiny
separate particles. One kind are elec-
trons, the same electrons which operate
our vacuum tubes and energize our an-
tennas and are so generally useful and
indispensable in radio. The other kind of
particles are the positive electric particles
or protons. The simplest known atom 1s
that of hydrogen gas. This has only two
particles; one electron and one protomn.
The proton is at the center of the atom
and the single electron revolves around
it, much as our earth revolves around the
sun. Other atoms are constructed sim-

_ilarly, but are more complex. The silver

atom, for-example, has a clump of some
one hundred and seventy protons and
electrons for its atomic sun. Around
this revolve forty-seven electron plan-

ets, each in its own orbit. -There are
’ 303
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atoms still more complicated. One of
them, uranium, contains nearly five hun-
dred protons and electrons, 92 of the
electrons being planetary ones and re-
volving in a system of orbits so compli-
cated that we do not yet understand it
at all.*

The speeds with which these electron
planets traverse their orbits inside the
atoms are so enormous that it i1s virtu-
ally impossible to comprehend them.
The fastest of them are believed to be
two which occupy the inmost orbits in
the atom of uranium. Their speed- has
been calculated as nearly 125,000 males
a second.

*For an outline of modern atomic theory sce:
Porurar Rapio for January, 1924, pages 41-48; for
April, 1924, pages 319-327; for Decemher, 1924, pages
546.553. Sir William Bragg's articles on the atom in
PoruLar Rapto for August and September, 1925,
January, 1926, and in this issue, may be consulted
also. One of the best popular books on_atomic theory
is “Atoms and Rays,” by Sir Oliver Lodge, George
H. Doran -Company, New York City, 1924,
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FASTEST ELECTRON , URANIUM,

SLOWE E?T SIIN/ER ELECTRON -13,000 MILES A SECOMD

SLOWEST KNOWN ELECTRONR -HYbQQGEN = 3300 MILES A SECOND

POPULAR RADIO

Even the slowest of all known electron
speeds, that of the single electron of the
hydrogen atom, is believed to be over
1,300 miles a second. In the atoms of
the silver dollar the speeds range from
about 12,000 miles a second up to over
64,000 miles a second. A million miles
a minute is slow in atom land. The
uranium electrons reach three hundred
times as much.

These figures are as meaningless to
most of us as is the difference between
a billion dollars and a trillion dollars.
We never hope to see either of them.
But let us try—for the case of the speeds,
not of the dollars—some comparative
illustrations.

Suppose that you have a family cat

" who is a great jumper and suppose that

by some magical gland food or something
you activate the cat to still greater
prowess. Suppose he grows able to

Q00 MILLES A SECOMD ‘

bl — o

S UL

| ~WIDTH OF THIS LINE TO SCALE,
1 [a] E F AN IN .
w :um BE a= OF AN INCH

\).." sy e

SPEED OF FARTH IN TS ORBIT - 19

,-L/wu)TH OF THIS,!..'INE ,TO SCALE ,
! wOULD 356-571750 OF AN INCH.

| S »

From a drawing by Arthur Merrick for Poruran Rapio

MUZZLE VELOCITY OF BULLET - 2640 FELT A SECOND |

RADIO’S NEAREST RIVALS IN SPEED
The length of the wavy line al the top represents the speed of radio waves and of light, which

are the fastest things in the known universe.

Below are a few cleciron speeds, all represented

to scale. Ordinary speeds, like that of a rifle bullet, are very slow in comparison, as is indi-

caled on the botlom line.

]
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Erown Bros.

THESE FLYING SHELLS ARE REALLY SLOW
Although the shell leaves a big gun at a specd which makes it totally invisible except to the
most rapid of instantancous cameras, this speed is so much slower than the speeds of radio
waves that an ordinary radio wave can pass back and forth along an antenna more than two
hundred thousand times whilc the shell 15 movingasfar from the gun mouth as you see it above.

jump as fast as those speediest electrons
in the silver dollar, those which move at
the rate of 64,000 miles a second or
more. Of course, such a cat would not
remain very long on earth, for one good
jump would take him off beyond the
other side of the moon.

Suppose that this activated cat and

the silver dollar are both resting on your
work table and suppose that the cat, as
he jumps, knocks off the silver dollar
so that it falls to the floor. Every one
knows that it takes no great time for the
dollar to fall. For most people, it falls
too rapidly for muscular motion, no
matter how quick, to catch it.

But the dollar falls far more slowly
than the cat jumps. If all this happens
in New York City and if the cat jumps

west, kitty will be passing San Francisco

* smashed.

when the dollar has fallen about nine
inches of its way to the floor. If the cat
is speeded up a little more, so that its
speed equals that of the fastest electrons
in the atom of uranium, he will be on the
other side of the moon before the clock
ticks twice. If a man fell toward the
center of the earth with the speed of
these atomic electrons he would go
.clear through to China while an ordinary
individual was falling down on a slippery
pavement .

Other comparisons are possible on the
basis of the amount of energy in the
motion. A speeding locomotive, for
example, is a very energetic thing. If
it hits a solid obstacle like 'a wall or an-
other locomotive, a vast amount of
energy 1s set free. Everything is -
It would take many men ex-
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erting energy with sledge hammers for
days to break up the iron and steel of
an engine as thoroughly as it is broken

up in a second or two by a really first

class wreck.

Motion means, then, that much en-
ergy is involved. The motion of the
atomic electrons is no exception. Know-
ing the speeds of the flying electrons in
a silver dollar, it is possible to calculate
without difficulty the energy that they
possess. This turns out to be actually
more than the energy involved in the
speeding locomotive. It is, in fact, over
four hundred times as much.

A full sized railway wreck, with two
heavy locomotives and trains of cars hit-
ting each other head on, will set free
only about as much energy as is con-
tained in the motions of the electrons in
ten cents’ worth of silver.

Needless to say, if one suddenly

gy -

From a photograph made especially for PoruLar Rapio by Campbell-Gray, London

stopped this electronic motion in silver
or in any other metal, the energy set
free would be so vast that the entire
atomic structure would probably dis-
integrate. If some magician spoke to
your silver dollar the fatal word that
stopped its motion suddenly, that dollar
would instantly evaporate into white
hot gas. It is just as well, perhaps, that
today’s scientist-magicians do not know
this magic word or are likely, in the
present state of atomic knowledge, to
discover it. .

But what, you ask, has all this to do
with radio? Granted that the electrons
inside a silver dollar are executing a very
speedy imitation of a whirling derwvish,
granted that the energy contained in
them is vaster than a railway wreck and
that their motion i1s comparable in agil-
ity to that of an imaginary thousand-
league cat; what of it} Does this help

SPEEDY ELECTRONS BREAK UP ATOMS

In this apparatus, exhibited recently at.the Science Exhibition, at Wembley, England, a

stream of high-speed free electrons is passed through nitrogen gas in the plass tube in the

center. The aloms of nitrogen are hit by the electrons and disrupled. As they return to their

usual forms light is produced. The observer is walching this light through the spectroscope.

This photograph and that used as the frontispiece are published by special permission of the
= 2 British Empire Exhibition Commiliee of the Royal Society.
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From a drawing by Arthur Merrick for PoruLar Rapio
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ELECTRON SPEED WOULD REACH PACIFIC IN AN INSTANT

Suppose that a cat could jump as fast as an electron docs in the atoms of a silver dollar. And

suppose that the cal jumped just as a dollar fell off a lable.
cisco before the dollar had fallen a foot toward the floor.

The cat would pass San Fran-
This gives you some faint idea of

the tremendous speeds which exist inside an alom. .

us to detect radio waves any better or
to reach out for longer distances with
our new short-wave transmitters?

Not yet, perhaps. But the last word
in radio has not been said. There are
still worlds to conquer. The answer of
the future concerning the value of study-
ing atomic speeds and atomic time units
may be very different to the answer
one might be tempted to give today.

It1s really this matter of our time units
which i1s most important. We humans
live in a world for which ‘a ‘second

o5e¢ems a short time and a million years

a very long one. Yet there exists, we
know, the greater universe of the stars,
in which a million years is a very short
time indeed. The age of even so young
and transient an astronomic body as our
earth is reckoned in billions of years and
the age of a really vast sun in hundreds
of billions.

Just so there exists a tinier world of
atoms in which..the time units are far
shorter, “ini * comparison’. ‘with ours,

than ours are in comparison with the
times which mark the lives and deaths
of stars. Our fundamental time unit is
the day, the time of one revolution of
the earth about its axis. The fundamen-
tal time unit for a hydrogen atom may
be taken, perhaps, as the time in which
its single electron revolves about the
atomic nucleus. This time is approx-
imately one six-quadrillionth of a sec-
ond. Over six million billions of these
revolutions occur in each of our seconds.
Were this hydrogen-atom time unit
taken as equivalent to a day, the time
measured by a terrestrial second would
stretch out, in comparison, for nearly
eighteen trillion years; an even vaster
difference, you notice, than exists be-
tween our human time-scale and what
i1s now believed to be thé time-scale of
the stars.

When their time units are considered;
radio waves and the still shorter ether
waves that constitute light and X-rays
and gamma rays belong to the realm of
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the atoms rather than to the time-world
which is familiar to us.  Ether waves
move with the greatest speed now
known. They probably possess the
greatest speed which is possible to any-
thing inside our universe. They are

faster, even, than the speediest electrons.

in the speediest atom of uranium.
A radio wave will move from Chicago
to New York in a little less than one

- less time than it takes you to hear a re-
volver shot fired within a foot of your
ear. This same radio wave will pass
along the length of a usual one-hundred-
-foot antenna in about one ten-millionth
of a second. If it arrives at right angles
to the antenna. wire, the time which it
has to influence the electrons in the
wire ‘is still shorter, probably substan-
tially less than a billionth of a second.

Like all the other figures which one

rattles off glibly when atoms or ether

.waves are under discussion, these state: -
ments mean nothing whatsoever to the

. POPULAR RADIO

average human mind. They must
be visualized by comparison. The time
occupied by a rifle bullet in leaving the
gun barrel when a gun is fired is usually
about one five-hundredth of a second.
This is two hundred thousand. times
longer than the time which a radio wave
takes to pass along the length of an an-
tenna. While the bullet is leaving the

. gun there is time for as many back-and-
two-hundredth of a second, which is

forth reflections of a radio wave (or of
a light beam) in a one-hundred-foot
antenna as there are individual letters
of printed type in this issue of PopuLar
Rapjo. -

But, short as is the time which a radio
wave spends thus in dalliance with your
antenna, the times of the atomic rota-
tions are far shorter still. Each of the
atoms of copper in an antenna wire
possesses 29 planctary electrons. ,The
speediest of these electrons moves with a

“velocity of~about 40,000 miles a second;
the slowest has a’speed of a little less

than 10,000 miles a second. Th_e times

HOW ELECTRONS PRODUCE ETHER WAVES

The white curves represent some of the orbits which may be occupied, in turn, by the single
electron of an atom of hydrogen. Ordinarily, the electron revolves, with tremendous speed, in

one or the other of these orbits.

Under some circumstances, however, it may jump from one

orbit to the other, as'is indicated by the black lines. Such a jump sends out a pulse of ether
energy in the form of light. ’
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AN ATOMIC PICTURE OF A SILVER DOLLAR

L]
Tius diagram gives a rough 1dea of the structure of an atom of metallic silver. Each of the
while curves represents the normal orbit of one clectron. In all, there are 47 of them. One of
the orbits extends much farther out from the center of the atom than do the others, and liiis fact
15 responsible for some of the peculiar chemical properties of silver. The actual atom is much

.

v'
needed for one revolution are, respec-
tively, about one five-sextillionth of a
second, for the fastest electron, and
about sixteen times as long for the
slowest electron. Again, the figures so
transcend human experience that they
mean nothing. - Let us compare them,
however, with the time needed by the
radio wave to pass the antenna.

This time, we have just seen, i1s about
one ten-millionth of a second. It is one
two-hundred-thousandth of the time
which a bullet needs to be fired out of a
gun. Yet this short interval is over
three hundred million times longer than
the revolution time of even the slowest
of the clectrons in the copper atom.
While a radio wave is passing once along
the length of an ordinary antenna each
of the electrons in the copper atoms will
revolve from three hundred million times
to over five thousand million times, de-
pending upon whether one considers the

more complicated than this simplified diagram.

slowest of the electrons or the fastest of
them.

Let us put this conception, also into
more familiar 1mages. Imagine a vast
line of airplanes arranged, one behind
the other, in a_field. Imagine the pro-
pellers of all of them spinning at the
rate of six thousand revolutions a min-
ute, which is quite fast evén for an air-
plane propeller, easily fast enough to lift
the plane off the ground. But the planes
are imagined held down somehow, each
propeller spinning. Let these typify
the spinning atoms of copper in the
antenna wire.

Now let us imagine a projectile of
some sort fired past all these spinning
propellers, or through them, to represent

the moving radio wave which comes

along and traverses the antenna. How
fast will this projectile have to move
to bear the same speed-relation to the

revolving propellers that thé radio wave-
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bears to the fast revolving atoms?

The answer is a surprise. The speed
of this projectile need not be more than
one third of an inch a day. The slowest
snail would be bored were he compelled
to travel no more rapidly. Even mo-
lasses in January flows faster than this.

In fact, then, radio waves are not so
fast after all, when they are compared
with the astounding number of revolu-
tions made by the electrons in the atoms.
. This does not mean, of course, that the
speeding electron actually moves through
space faster than the radio wave does.
That, we have said, is probably impos-
sible. What happens is that the atomic
orbits are so small that the radio wave is
in the substance of the antenna long
enough for a vast number of individuat
atomic rotations to occur; a number
which could be represented, with any
adequacy at all, only by enough air-
planes to fill the whole earth.

The practical point is that the speed
of radio waves and the speeds of atomic
rotation belong to the same order; they
are parts of the same time-universe, the
universe whose proper unit is a billionth
of a second or less, instead of the day-
unit or the year-unit which we find more
convenient. As science progresses in the
study of the interaction between ether
waves, and the atoms and electrons of
matter we shall have to devote more and
more attention to this inconceivably
rapid and short-timed universe ‘where
billionths of a second ate long.

This interaction of matter and radia-
tion constitutes the greatest present-day
problem of physics. If ether waves did
not affect the atoms of matter at all we

POPULAR RADIO

would have no way of knowing that such
waves exist, for we ourselves are com-
posed of matter. Light is an example.
A fire consists of a vast assemblage of
atoms in trouble. Because of intense
chemical reaction or perhaps merely be-
cause of heat, these atoms are losing and
gaining electrons very rapidly. Such
electronic shifts produce ether waves of
light. These waves fly off with their
tremendous speed of 186,000 miles a sec-
ond and come, some of them, into a
human eye. Here they meet atoms, the
atoms of the retina. They do something
to these atoms. No -one knows just
what they do but many scientists now
believe that they cause the emission of
electrons from these atoms, just as light
rays do in the photoelectric cells now
coming into use in the radio transmission
of pictures. Whatever happens in the
retina, the ultimate result is an electric
message to the brain. The owner of
the eye sees light.

There is involved, you perceive, a suc-
cession of interactions between the atoms
in the fire, the ether waves and the
atoms in the eye. Similarly, the longer
radio waves affect in some manner
the electrons in wires, so that radio re-
ception becomes possible. All these in-
teractions, so vital to almost everything
in the universe, occur in very tiny
spaces, spaces belonging to the size-scale
of the atoms. They occur, too, in very
tiny times, times of the order of bil-
lionths of a second or less. In the time
while a silver dollar is falling from your
work table to the floor whole lifetimes
of atomic changes may have come and
gone.

““Master-Lessons’’ Broadcast

“AMONG our 25,000,000 school ch

to 1,000,000 School Children

ildren in the United States, there are

probably 1,000,000 who are studying approximately the same subject at the

same time. Were there a radio

set in every school, it would be possible to

. broadcast master-lessons in various subjects which would be rich in sugges-

© tion. . .

. Geography could be made an adventure by introducing frequent

talks by men and women who had recently visited areas which the children

were studying.
bilities of using this
advancement of popular intelligence
the middle of the 15th Century.”

. . . Every state school system should investigate the possi-
new tool—probably the greatest contribution to the
since the invention of movable type at

—Joy ELMER MORGAN



Are you tempted to join the army of 17,000 transmitting

amateurs?’

If so, this article will tell you how to do it

——

From a photograph made {or POPULAR RADIO ]
HOW TO LEARN THE CODE
The man in the picture is sending himself code letters on a busser which he hears

in the headphones.

This is one good way to practice the receiving speed required

for an operator's license.

HOW TO GET
/in Operator’s “Ticket”

What you must kndw about radio to pass the Government’s
First-grade Operator’s examination—and how you can pre-
pare for it

By HOWARD S. PYLE

HE embryo amateur, enthusiastic

over the prospect of actually own-
ing and operating radio equipment for
talking back to those he hears, is of two
classes.

Foremost are those who enter .any
project in which they become interested
with a whole-souled enthusiasm that
closely approaches foolhardiness. " These

rush madly into the amateur game and

purchase many dollars worth of trans-

mitting equipment, and after confidently

“assembling it, they write a letter, or call

in person at the office of the Supervisor
of Radio for their district and request
“a license, please!” And here they meet
their first brick wall, for no amount of
battering will break down the necessary
formalities of obtaining a license to
operate their equipment.

The second class of enthusiasts about
to enter the amateur field are those who

311
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proceed cautiously and methodically in
any project which they undertake. They
discover almost immiediately, generally
through conversation with some local
amateur, that Uncle Sam insists on a dem-
onstration of their telegraphing ability be-
fore the dreaded Omnigraph, or “infernal
machine” as it is often called. He will
also inquire further into their knowledge
of radio through the medium of a com-
prehensive written examination. Our
seeker for an amateur license then, will
as his next step, endeavor to gain some
information on what to study and on
just what points to prepare himself for
such an examination. And here he meets
his brick wall!

_Obviously, the question sheets of the
Department of Commerce are not public
property in the sense that they are not
promiscuously distributed to those who
express a desire for them. On the con-
trary, they are carefully guarded in the
Radio Supervisors’ offices. There is, of
course, no objection to the general gist of
such papers being known, for it serves
as a guide to enable concentration of
effort along the proper lines, to a
prospective applicant. For instance, it
would be extremely foolish for a student
to laboriously master the fundamentals
and circuits of arc transmitting equip-
ment in preparation for an examination
where such material would be foreign.
But nevertheless, an intelligent and help-
ful guide to preparedness for the ama-
teur examination is practically impos-
sible to secure.

This article tells the requirements for
the amateur, first grade, radio opera-
tor’s license.

The Department of Commerce, in
drawing up the examination questions,
had certain points in mind. Foremost,
of course, was the ability of the applicant
to use the telegraph code. Obviously,
it would be useless, as well as actually
dangerous, to issue a license to a man
who had an excellent theoretical knowl-
edge of radic communication, but who
could not distinguish the characters of
the International telepraphic code, He

T o R T e L . . ap ekl rreiEeE - T R e e |

could cause untold damage by operating

‘his equipment in times of distress, thus

causing interference with important
communication. A vessel in grave peril,
sending an SOS, would be greatly ham-
pered in securing aid or might even
sink in the event that her distress sig-
nals were so interfered with as to pre-
vent their reception’ ashore. It was
therefore decided that amateur radio
operators must be familiar with the Con-
tinental code to the extent that they could
recognize distress signals sent slowly and
repeated ‘a number of times.

An arbitrary speed of' five words a
minute was originally agreed on as
sufficient, but experience proved it to
be too slow. The rate. was accord-
ingly increased to ten words a minute,
counting five letters, numerals or other
characters to the word. An applicant
is really offered five opportunities to
demonstrate his ability to translate sig-
nals at this speed. Straight, readable
matter, containing no numerals or punc-
tuation is sent him during a five minute
period. He is required to copy but ten
consecutive words (fifty letters) to se-
cure a passing grade, from the fifty
words (250 letters) sent him. It is
assumed, however, that he will put
down a reasonable portion of the bal-
ance, in addition to the required number.

Up until a few years ago, no attention
had been paid to an operator’s ability to
transmit the code characters. It was
assumed that anyone capable of receiv-
ing the code, could satisfactorily transmit,
for mastering the handling of the key
is popularly supposed to be extremely
simple. Large numbers of operators,
notably at sea, were later found, on
observation, to have extremely poor
“fists”” as their sending hand and style
is termed in radio phraseology. Some
really good operators fell into the rut
and developed what they were pleased to
call, “individual style” in their sending.
Oldtimers will recognize this as what
is often referred to as the “Lake Erie
Swing” on the Great Lakes and by
stimilar descriptive names on the coasts.

L
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Underwood & Underwood

A RADIO “CODP” CHECKS UP ON RADIO “PIRATES”

If an amateur operates without a license or “jumps” his wavelength, a Federal
inspector will catch him with the direction-finding apparatus_shown i the picture.

It is true that practically all experi-
enced operators have some individualism

in their sending, but it has come with

experience, naturally; not through mis-
spent effort to develop a radical style.
It does not necessarily mean that the
formation of the characters is mmpaired;
rather, it is often an improvement on the
mechanical sending of automatic devices
~ which reproduce the characters pre-
cisely and automatically. _

This practice of purposely chopping
up the dots and dashes, as well as lack
of training in sending, led the Depart-
ment of Commerce to inaugurate a
transmission test, and now all radio
inspection offices are equipped with keys
and buzzers, as well as tape recorders,
and an applicant must show up equally
well in his transmitting ability as in his
receiving speed.

It is required, in the case of amateur

applicants, that they transmit fifty well

formed characters (ten words) con-
secutively, without error, from a group
of two hundred and fifty letters (fifty
words) supplied them for copy. A
speced of ten words a minute must be
maintained throughout. A tape record
of their transmission, as well as a copy
of their receiving test, is filed with their
application as part of their record.
Before you appear for your exarhina-
tion, you should be able to copy from
13 to 15 words a minute under ideal
conditions, that is, from your own set
at home with no interference, cither
extraneous noise or radio interference.
You are bound to lose your ability
slighfly, due to a natural nervousness,
when you appear for examination. The
same applies .to your transmission, al-
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though not as a rule in the matter of
speed. - Formation of your characters
has a great deal to do with your suc-
cess, and you should therefore devote
much of your time to proper spacing
of letters and words, rather than to ac-
quiring great speed; that will come
with practice. Learn to grasp your key
firmly, and eliminate the tendency to
nerve sending, by allowing your entire
forearm to rest on the table.

The majority of amateurs use vacuum-
tube transmitters and oscillating re-
ceivers. The forms are wide and varied,
but the underlying principles and the
theory of operation are identical. But
to just the same extent do they differ
from commercial types of transmitters;
marine and shore stations. The theory
involved is the same, but beyond that the
two have nothing in common unless it be
the use of vacuum tubes. Naturally, in

appearing for your examination, for an.

amateur class of license. the Government
is not interested in what you may know
of commercial installations. It wants to
be assured that you know enough ahout
your own equipment to handle it intelli-
gently, and to determine this point, the
entire series of questions is based on
your own transmitter; not on one you've
seen on a steamer or in a broadcast sta-
tion, but the one that is actually on your
own operating table!

You can hold an operator’s license
even if you own no transmitter, but in
this event, you are required to answer
your questions covering the transmitter
you propose to operate, which may be
that of a friend, or one you are now
building. The first point in connection
with *your station which will demon-
strate your knowledge of your apparatus,
is the method in which it is connected.
Just like your more advanced brother,
you are required to show a complete
diagram of the transmitter, receiver,
antenna and source of power. This
must be complete in every sense of the
word; each part being properly named
and d brief description of its use let-
tered on the diagram! The examiner

can therefore tell by a glance at your
first sheet, about your fundamental
knowledge of radio circuits.

. A brief and sketchy description such
as you are permitted to make on the
diagram to illustrate the wuse of each
device, does not mean that you under-
stand its theory and functioning. In
order to deternfine this, the Government
will ask you for a complete description
of the operation of your transmitter and
receiver. This does not mean that you
are to say, ‘I throw my antenna switch
to the transmitting position; cut in my
power and work my key.” What is
wanted is something like this:

“Using the alternating current of the
house lighting circuits, through the
medium of a step-down transformer. the
filament of the vacuum-tube oscillator is

brought to incandescénce, thus emitting’

an electronic stream, which is caused
to flow to the plate by reason—"

Carry out this description through
your entire transmitter and receiver, ex-
plaining how oscillations are generated,
how controlled and how the circuits are
tuned. Do not be too brief, for you
will be marked in exact accord with
knowledge your answers show.

An extremely important requirement
of the Federal law is that your trans-
mitting wavelength be maintained within
proper limits. General amateurs are at
present allotted the wavelengths bhe-
tween 150 and 200 meters for regular
use, and if your apparatus has a coupled
antenna circuit and is capable of pro-

ducing what is known as a pure continu- .

ous wave unmodulated by voice, buzzer,
chopper, commutator ripple or alternat-
ing current hum, you can request per-
mission to operate on either 75 to 80
meters, 40 to 43 meters, 20 to 22 meters
or 4 to 5 meters. It may be readily seen
that is it therefore important that you
know how to measure your emitted wave,
as well as what apparatus is used to
effect such a measurement. You will be
questioned on these points, and it is best
to gain a rather comprehensive knowl-
edge of these measurements before you
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From a photograph made for PorurLar Rapio
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“BRASS POUNDERS” TAKING THE GOVERNMENT TEST

Besides answering technical questions about transmitting, recetving and radio

awxiliary apparatus, the “ham” must take down Morse Continental code messages.

An examiner in an adjoming room sends the dots and dashes which the license
applicant hears in the headphone he iwears.

appear before the Federal examiners.

While a knowledge of the Tederal
wavelength requirements and methods
of measurements is essential, there are a
number of other laws hearing both di-
rectly and indirectly on amateur sta-
tions that are extremely important. A
good bit of your examination will be
based ‘on the essentials of such legisla-
tion. Let us consider then, the high
lights in the present radio communication
laws, where they affect amateur stations
and operators.

When you are issued your station li-
cense, the Supervisor of Radio will in-
clude with it a small card bearing ex-
tracts from the law regarding the secrecy
of messages and false signalling, with
the penalties therefor. You should

fanuliarize yourself with these provisions
so that no little detail escapes you.

You will find that no message, regard-
less of its contents or its apparent sur-
face harmlessness, may be divulged other
than to the person to whom addressed; a
station engaged in relaying such com-
munication, or to a court of competent
jurisdiction. Of course, as in all things,
there are exceptions. If the message
bears the address: “To all ships and
stations” as Government weather re-
ports generally do, then the information
1s meant to be public property. The
signal “QST"” (meaning, “General call
to all stations”) has the same meaning,
and such information may also be safely
dispensed. But be sure that the address
clearly indicates the message to be public
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From a photographh made for PoruLar Rapio

HOW TO LEARN THE CODE IN PICTURES

Oue amateur memorised the code by painting it on the wall of his bedroom.

Each

letter in the picture ts built up of hcauv dots and dashes which are the outline of

a particular leiter.

is the code symbol for the letter.

property; otherwise you are subject to
a rather heavy fine or imprisonment!
Familiarize yourself with these penalties
as well as the provisions of the para-
graph. Talse signalling—fraudulent dis-
tress calls and similar matter are ecx-
fremelv serious offenses. The fine and
imprisonment for violation. are particu-
larly severe. Be sure that you know this
law as well.

You will find, specified in your sta-
tion license, a clause to the effect that
you can use power ‘‘—not to exceed one
(or one half) kilowatt input.” This
means that if you are in the general ama-
teur class,
nautical miles from a military or naval
station, that your maximum power con-
sumption in the plate circuit of your
transmitter must not exceed one thousand
watts. Should you be within the re-

“A” for instance s dot dash.
and the dash is the line that connccts the two lcgs of the letter.
“S” for cxample, has three dots.

power

which means five or more.

The dot is at the top of the “A”
Below ecach letter

stricted class (or five mile circle) this is
reduced to five hundred watts. How-
ever, this is specified as the mavimum
power allowed you for any communica-
tion. It will be found by reference to
the communication regulations, that you
are required to use the least amount of
to cover the required distance.
In other words, if your transmitter has
a normal full power range of five hun-
dred miles, you are violating the law if
you use such power for local communi-
cation. It must be reduced to the least
amount necessary to insure the reliable
exchange of signals. If every telegraph-
ing amateur followed the law, much inter-
ference would be eliminated.

The present radio communication laws
were drawn up twelve years ago. They
have been amended since, but they are
still essentially the same. This is true
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of both our own laws and the draft of
the London Convention, which regulates
practically all of the radio activities of
the world.

At the time such legislation was en-
acted, there were few stations, and fewer
trained operators. In order to provide
the operators with sufficient “practice” to
keep them in form, as well as to enable
instruction of new men, practice “over
the air’” was permitted where it did not
interfere with other radio communiga-
tion. Twelve years ago this was easily
possible. The law remains the same to-
day, but the effect is entirely different.
for there are probably but a scattered
few places on the earth where practice
carried on in the air would not cause
interference with some other station.
At any rate, within the territorial limits
of the United States. it is safe to say
that to follow the strict letter of the law
means that practice is really prohibited.
The same holds true for superfluous sig-
nals and “service talk.’

The rest of the “exam’” is based on
the Radio Communication Laws of the
United States and on the International
Radio-telegraphic Convention. Coniplete
drafts of both documents will be found
in the Dbook entitled “Radioc Commu-
nication Laws of the United States,”
which may be obstained {from the Super-
intendent of Documents, Government
Printing Office, Washington, . D. C., at a
cost of fifteen cents.in currency (stamps
are not accepted). The writer cannot
urge too strongly that every prospective
amateur secure a copy of this publica-
tion and hecome thoroughly versed in the
paragraphs bearing on amateur equip-
ment. There are not many, and it is not
necessary to memorize the wording; but
satisfy yourself that you have a good
understanding of the meat in each para-
graph. In addition, learn the ahbrevia-
tions commonly known as the “Q” sig-

‘day set aside for this purpose.

nals, which can be obtained from almost
any radio. book. They will also be found
in the rear of the Government publica-
tion above mentioned.

Examinations for the amateur grade
of radio operator license are held on
regular schedules in the various radio
inspection ofhices throughout the country.
Usually ‘each supervisor has a special
In the
LLighth District, with headquarters at
Detroit, Michigan, for example, “Ama-
teur Day” is Saturday. The examinations
are usually scheduled for 10.00 A.M.
and it is wise to appear promptly at that
time, for the examining officer dislikes
to be compelled to run the code test
again for late-comers. Should you not
be located convenient to one of the dis-
trict offices, and a fixed day would there-
by inconvenience you, a special appoint-
men can generally be made. Communi-
cate with your supervisor in this respect.
To those who are really remote from an
inspection office, a temporary permit, in
the form of an amateur’s second grade
license may be issued, upon receipt of
answers to a questionnaire accompanied
by an affidavit attesting your code ability.
The holders of such temporary permits
are then required to appear for personal
examination when a Radio Inspector
conducts such tests in your district.

The amateur game is one of the most
satisfying and productive hobbies avail-
able. To young men and boys it opens
a field for experimentation that cannot
be equalled in any other art. 1t has an
excellent influence on a growing boy and
tends to keep him from the companion-
ship of questionable -characters. Today
amateurs are counted in six figures.

Let the aspiring applicants to the

“ “blue ticket” of the full-fledged amateur

be encouraged and may the great fra-
ternity remain foremost among the coun-
try’s youthful experimenters!

“Fifteen Ways to Reduce Static”

—ill appear in the nexi issne of PorULAR Rapio—for May
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AN ORDINARY TUNED XNTENNA CIRCUIT

* FIGURE 1:
part of the circuit exterior to the cosl.

This is an example of a luned circuit which has the voltage introduced in a
Broadcast receivers generally make use of an untuned

antenna circuil.

What a Straight-line Frequency
Condenser Really Is

If you want to know all that goes into the production of a condenser with

true straight-line-frequency characteristics, what value a low minimum

capacity has—or has not—and what straight-line-frequency really means,
read this article by—

HERBERT J. HARRIES

IT isn’t so very long ago that the
“sacred angle” of the coils in the
neutrodyne was the principal -subject
of discussion whenever two or more
dyed-in-the-wool radio enthusiasts met at
luncheon. At any rate, each was certain
that he had the right “dope” on the exact
number of degrees, and tenths of a de-
‘gree, necessary to make the thing “neut”
properly.

But now the sacred angle is forgotten
and the straight-line-frequency condenser
has become the favorite topic. Opinions
concerning its -virtues, and vices, seem to
be nearly as much at variance as those
concerning the proper angle for neu-
trodyne coils.

One gathers, from what one hears, and

reads, that the straight-line-frequency
condenser— .
(a) is the perfect panacea for all the
ills to which a radio set may be
subject, not excluding de-thori-

ated filaments and exhausted “B”

batteries ; -

(b) is “all the bunk,” and a darned
clever idea to sell more condensers
to an unsuspecting public;

(c) theoretically cannot be designed
but in practice can be approxi-
mated by a cut-and-try process;

(d) can be designed with mathematical
exactness and manufactured with
any reasonable degree of pre-
cision.

Presumably in all these contradictions
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WHAT A STRAIGHT-LINE CONDENSER REALLY IS 319

there are some whole truths, some half-
truths and some un-truths. At any rate,
manufacturers are making and selling
something they «call straight-line-fre-
quency condensers.

At this point a pertinent question is:

What and why is a straight-line-fre-
quency condenser ?

Taking up first the zohy part of this
question, we must consider some regula-
tions made by the Department of Com-
merce. :

In the early days of radio communica-
tion it was customary to say that a sta-
tion transmitted on a certain wavelength.
This usage was continued when broad-
casting was inaugurated, and even to this
day stations are listed according to their
wavelengths. However, it has been found
that wavelength is an inconvenient stand-
ard and it is being replaced hy another
standard, the frequency.

The reason for this is that, to prevent
interference hetween stations, it is neces-
sary to separate them according to a defi-
nite rule. This works out in such a man-
ner that KYW (536 meters) must trans-
mit about ten meters below KSD (546
meters) to prevent interference, whereas
the separation between W]JJD (303
meters) and WPG (300 meters) need
be only a third as much for satisfactory
transmission. As we go farther down
the meter scale the required separation
hecomes less.

Experiment has shown that if the fre-
quencies of the transmitting -stations dif-
fer by exactly ten kilocycles no inter-

£ C 7
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THE MOST COMMONLY USED
TUNING CIRCUIT

FIGURE 2: In this common circuil of the radio

receiver the vollage (represenled by E) is induced

in the coil itself. The coil L will have some dis-
trilnded capacity.

C | —ﬂ
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A CIRCUIT EQUIVALENT TO THAT
OF FIGURE 2
FIGURE 3: In this circust L is a pure inductance
and its distributed capacity is represented as Cl.
C2 is the tuning condenser.

e,

ference is experienced. Consequently,
the Department of Commerce has allo-
cated frequency bands to the broadcast-
ing stations. KSD is permitted to use
the band between 545 and 555 kilocycles
and the frequency of its carrier wave 1s
maintained at 550 kilocycles. KYW is
required to maintain its carrier wave at
a frequency of 560 kilocycles, just ten
kilocycles higher. In a like manner
W]JJD uses a frequency of 990 kilocycles
and WPG uses ten kilocycles more, or
1,000 kilocycles. Thus, it is seen that at
every ten kilocycle division along the
broadcasting frequency range there is a
broadcasting station.

The what part of this question now is
clear. We wish to have all these sta-
tions distributed uniformly over our dials
so we use condensers in which the plates
are shaped so as to give that uniform
distribution. In other words, we wish
to get uniform separation of frequencies,
rather than uniform separation of wave-
lengths. As a matter of fact, the term
wavelength, used in connection with
broadcasting stations, is obsolete, and the
sooner it is dropped the better.

The next question is: Is it possible to
design and manufacture condensers
which will give to the circuit in which
they are used a perfectly straight-line-
frequency tuning characteristic; that is,
perfectly uniforin separation of the sta-
tions on the dials. or are there reasons
why such a design is theoretically or com-
mercially impossible and which make it
necessary to dccept a design only approxi-
mately giving the desired characteristic?
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It is not necessary to have an elabo-
rately equipped laboratory at one’s serv-
ice to investigate this question, for it is
simply a matter of effecting a compromise
between a mathematically perfect design
and one which is commercially accept-
able. Therefore, let us look into it first
from the purely mathematical viewpoint,
and then from the commercial viewpoint.

As a preliminary measure let us recall
some of the facts we know concerning
coils and tuned circuits.

In the first place, we know that a coil
has two values df inductance, its pure
inductance, and its apparent inductance.
If it were possible to wind coils that had
no distributed capacity we should have
only the pure inductance to consider. But
every coil has some distributed capacity,
and under certain conditions that capacity
leads us to think the inductance is more
than it really is. We call this observed
value the apparent inductance.

Also, we use two kinds of tuned cir-
cuits. In one the voltage is induced
somewhere in the circuit exterior to the
coil. An example is the antenna circuit
of Figure 1.

The coil L is in series with the variable
condenser C and the source of voltage E.
In the other the voltage is induced in the

POPULAR RADIO

coil itself. An example of this type of
circuit is the usual tuned circuit shown in
Figure 2 where the voltage is induced
within the coil as indicated.

When considering the circuit of Figure
1 it is somewhat simpler to calculate the
change in the apparent inductance with
the frequency, according to a formula
available for that purpose, and use those
values in circuit calculations. This is
because the coil and its distributed ca-
pacity, shown as a dotted condenser in
Figure 1, are in series with the variable
condenser. When considering the cir-
cuit of Figure 2, it is simpler to disregard
the apparent inductance entirely. The
capacity of the coil is in parallel with the
capacity of the variable condenser, so we
use the constant value of the pure induc-
tance and add the coil capacity to the
condenser capacity to determine the total
capacity in the circuit. The equivalent
circuit is shown in Figure 3 where L
is the constant pure inductance, C, the
constant distributed capacity of the coil,
and C, the adjustable capacity of the con-
denser.

The circuit of Figure 1 is of compara-
tively little interest to the builder of
broadcast receiving sets, since an untuned
antenna circuit is in almost universal use.

THE HYPERBOLIC SPIRAL THAT DETERMINES THE SHAPE

OF THE PLATES
Such a curve gives the outline of the plates for a straight-line-frequency con-
A section of this curve which gives a variation in capacily proportional to the

freguency range to be covered is chosen.

Fi1GURE 4:
denser.



WHAT A STRAIGHT-LINE CONDENSER REALLY IS 321

A SECTION OF THE HYPERBOLIC SPIRAL

Fi1GURE 5: This section of the original curve is correct for tuning in stations thal have a
2:1 freguency ratio. That is, it would tune in a series of stations between 500 and 1,000

kilocye

So we may confine our study to the cir-
cuit of Figure 3.

The frequency to which this circuit is
resonant; that is, the frequency at which
the reactance of the coil becomes equal
and opposite to the reactance of the con-
denser, and thus neutralizes it, is given
by the formula

j1 2 159200
LG+ Gy

Hence, knowing the frequency of any
station desired, and the inductance and
distributed capacity of the coil, we can
calculate the value C, must have to tune
that station in, :

An important point which we must not
overlook is that we are not interested in
what value of the inductance or capacity
of the coil may be, nor in the manner
in which the capacity of the condenser
varies as the dial is turned. What we
are interested in is the result of the com-
bination of those factors; that is, we are
interested only in the frequency to which
the circuit becomes resonant as the dial
is turned.

It is evident, therefore, that in designing

a condenser to give the circuit a straight-
line-frequency tuning characteristic we

es or any other series whose maximum lo mintmum frequency has the ratio of 2:1.

must consider, in order, the frequency
range we wish to cover, the inductance of
the coil we wish to use, and the distrib-
uted capacity of that coil.

The problem confronting the condenser

manufacturer, therefore, is that of pro-
viding a condenser wherein the capacity
varies in such a manner that it will tune
the circuit to a range or frequencies uni-
formly distributed over the dial.. For
example, if the desired frequency range
is 500 to 1,500 kilocycles, the condenser
capacity should be proportioned so that,
using a coil of given inductance and dis-
tributed capacity, a 600 kilocycle station
will tune in at 10, a 700 kilocycle station
at 20, a 1,000 kilocycle station at 50, and
SO on. ' :

The exact manner in which the con-
denser capacity varies to accomplish this
is not of interest. The only considera-
tion of interest is the variation in the

resonant frequency of the circuit as the -

condenser dial is turned.

Neglecting the coil capacity for the
moment, and considering the total ca-
pacity of the circuit to be concentrated
in the condenser, it is apparent that it
must vary inversely as the square of the
frequency, that is, the outline of the

- ——y
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plates must be a hyperbolic spiral. Such centrated on fifty to seventy-five percent

a spiral is illustrated in Figure 4.

It 1s evident we can select a portion of
this curve which will give us a variation
in capacity proportional to any frequency
range we wish to cover. This brings up
another consideration, the frequency
ratio, which is simply the ratio of the
highest frequency to which we wish to
tune to the lowest.

For the range 500 to 1,000 kilocycles,
a ratio of 2:1, we would use that part
of the curve proportional to that ratio,
that is, the portion included between 'r
and 2r, as in Figure 5. For the range
500 to 1,500 kilocycles, a ratio of 3:1, we
would use that portion included hetween
m/2 and 3n/2, as in TFigure 6 Tor the
range 500 to 2,000 kilocycles, a ratio of
4:1, we would use that portion included
between /3 and 47 /3, as in Tigure 7.
If we wished to cover a very narrow
range, such has 500 to GOO kilocycles, a
ratio of only 6:5, our plates would be
very nearly circular and we would use
that portion between 57 and 6w, as in

- Figure 8.

It is apparent, by this time, that the
factor which determines the curvature of
the plates, is the frequency ratio. Also,
the curvature is different for different
ratios, if we do not want the stations con-

of our dials.

Plates shaped according to these curves
would give the circnit a perfectly straight-
line-frequency tuning characteristic over
the desired frequency range if the coil
had no distributed capacity.
pensate for the capacity of the coil, it is
necessary to modifv the outline of the
plates so that, in the final design, the vari-
ation in condenser capacity is not in in-
verse proportion to the square of the fre-
quency. It is such, however, that the
variation in the total circuit capacity is
inversely proportional to the square of
the frequency. !

We can consider this question of de-
sign from a different angle by considering
the circuit of Figure 3. Using the for-
mula given previously it is a simple matter

to calculate what values €, must have

at any setting of the dial to give the cir-
cuit a straight-line-frequency tuning char-
acteristic when used in conjunction with
a coil. - v

Suppose, for example, we decide we
wish to cover the range 500 to 1,500 kilo-
cycles.  Let us assume that the minimum
capacity of the condenser is 15 mmid,
which is a fair value, and that the distrib-
uted capacity of the coil is 10 mmfd.
Then the minimum capacity of the cir-
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THE SECTION OF THE SPIRAL FOR BROADCAST FREQUENCIES

FIGURE 6: This section of the curve giz:és the platc shape for obtaining a 3:1 frequenc
ratto. It would tunc in stations having frequencies between 500 and 1,500 kilocycles, whic
s approximately the broadcast range,
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A SECTION FOR COVERING A WIDE FREQUENCY RANGE

FIGURE 7: This section of the curve has been selected lo cover a 4:1 frequency ratio. Plates
of this shape would spread a band of siations between 500 and 2,000 kilocycles uniformly
over the tuning dial.

cuit is 25 mmfd. and the inductance re-
quired to tune to 1,500 kilocycles is

1592002 1592002

= = = 4 * - X
e CFG) ~ 500 x 25 = ! microhenries

L

Using this value of inductance we find
that to tune to 500 kilocycles

1592002 1592002
2L T 500% x 451

and C, =225 — 10=215 mmfd.

We could determine the maximum ca-
pacity required in the circuit in another
way. The required capacity ratio equals

G+ C) +

+ 225 mmfd.

the square of the desired frequency ratio.
We wish to cover a 3:1 frequency ratio
so the required capacity ratio is 9:1, that
is, the maximum capacity required in
the circuit is 9 X 25 = 225 mmfid.

Consequently, with a coil of 451 micro-
henries inductance and 10 mmfd. distrib-
uted capacity, and a variable condenser of
215 mmifd. maximum capacity and 15
mmfd. minimum capacity we can cover
the desired frequency range, but only un-
der certain conditions.

The formula we have employed pre-
sumes an ideal condition, and the pres-
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A SECTION OF THE SPIRAL FOR A NARROW FREQUENCY BAND

FIGURE 8: This section of the curve shows the plate shape for covering a 6:5 frequency ratio.
A condenser of this type would place stations between 500 and 600 kilocycles o uniform
distance apart on the tuning dial.
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ence of other apparatus may bring about
other than that ideal condition. For ex-
ample, a primary coil coupled rather
closely to our secondary would cause a
considerable reduction in our frequency
range and we should find it necessary to
increase the inductance of the coil and
the capacity of the condenser.

However, we may consider that our
coil is a loop excited directly by the
broadcast wave and thus consider that
the ideal condition exists without affect-
ing the validity of whatever conclusion
we may reach.

If our condenser is calibrated into one
hundred divisions, the relation of fre-
quency to dial setting is as shown in Fig-
ure 9 and it becomes a simple matter to
calculate the capacity needed in the cir-
cuit at every tenth division, say, to obtain
this straight-line-frequency tuning char-
acteristic.

if we plot (C, 4+ C,) against the fre-
quency on logarithmic co-ordinates, as in
I'igure 10, we find that we get a perfectly

capacity is a straight-line-frequency vari-
ation. But when we plot C, against the
frequency also, we find the curve is not
a straight line, that is, the change in con-
denser capacity is not a straight-line-fre-
quency variation. What law of variation
it actually follows 1s of no interest, but
the variation 1s different for different
frequency ratios.

Now let us consider what happens when
we attempt to use this condenser over
another irequency range with a different
frequency ratio.  Suppose we wish to
cover one of the amateur ranges, 1,500 to
2,000 kilocycles, say, a frequency ratio of
4:3. A little calculation shows that we
must use not less than 254 microhenries
inductance and further calculation gives
us values which, when plotted, give us
curve A of Figure 11.

We see that the straight-line-frequency
tuning characteristic of the circuit is not
impaired, but the frequency range we
wished to cover is crowded into the upper
thirty-cight divisions of the dial, as in-

straight line, that is, the change in circuit = dicated by the solid portior ~ the curve.
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CoNVDENSER DIAL
THE STRAIGHT-LINE-FREQUENCY TUNING CURVE

FIGURE 9: This chart shows the curve for a tuned circuil which has the correct capacity to
spread the frequency bands uniformly over the one hundred divisions of the condenser dial.
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THE CAPACITY-FREQUENCY CURVE
FIGURE 10: The total circuit capacity (CI + C2) has a straight line variation with fre-

quency when plotted on logarithmic paper.

But when the distributed capacity of the cosl

CI is subtracted from the total circuit capacity we find that the desired tuming capacity C2
does not have a straigh! line variation with the frequency.

If we go to the other extreme and use
the largest inductance that will permit
us to tune to 1,500 kilocycles we get
curve B of Figure 11. The straight-line-
tuning characteristic of the circuit still is
unimpaired but the dial is crowded worse
than before and the frequency range we
wish to cover is concentrated into only
seventeen divisions.

By using any value of inductance be-
tween the minimum and the maximum
we can place the solid portion of the cali-
bration curve on any sector of the dial
we wish, and, depending upon the value
of the inductance used, it will include
some number of divisions between seven-
teerr and thirty-eight, which .represent the
maximum and minimum © eondition of
crowding for this particular frequency
range.

Also, these curves bring out a fact
which is true of any type of condenser
but which is sometimes overloocked. That
is, the frequency ratio cannot be greater

‘than the square root of the circuit-ca-

pacity ratio, assuming a constant value
of inductance. In the cases we have been
considering the circuit-capacity ratio was
9:1 and the frequency ratio in each case
was 3:1 as can he seen by referring to
Figure 9 and Figure 11.

Since no tuned circuit is complete with-
out a coil, it seems that we are led logically
to the following conclusion:

A condenser intended to afford
the circust in which it is used a
straight-line-frequency tuning char-
acteristic, with the stations within
the desired frequency range spread
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over the whole of the dial, should
be designed for a pre-determined
frequency ratio, and for use with a
coil of known inductance and known
distributed capacity.

So far we have considered this ques-
tion only from the mathematically per-
fect viewpoint. Now let us look at it
from the commercial point of view, not
forgetting that commercial considerations
frequently are just as important, and
sometimes more so, than mathematical
perfection.

As a manufacturing proposition the
215 mmifd. condenser we have been con-
sidering is well within commercial limita-
tions, for 15 mmfd. is a reasonable mini-
mum value. There is no reason why we
cannot design dies with which we can
punch out plates that will conform to
curve C, of Figure 10 within very close
limits. When used with the coil we

POPULAR RADIO

considered the tuning characteristic of
the circuit would be a perfectly straight
line so far as we could determine with
any instruments otdinarily available.

The next question is: Would this con-
denser be satisfactory for use with coils
of more, or less, distributed capacity?
Ubpon investigating this phase of the mat-
ter for coils of 5 and 15 mmfd. distrib-
uted capacity we get the curves of Figure
12.

It is plain to be seen that neither the
5 mmfd. nor the 15 mmifd. curve is a
straight line. However, the degree of
curvature is comparatively slight, and,
for all practical purposes, each may be
considered to be straight. We may con-
clude, therefore, that a fifty percent in-
crease, or decrease, in the distribited ca-
pacity of the coil does not impair the
straight-line-tuning characteristic of the
circuit to any material extent.

We should not overlook the fact that
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CONDENSER LIAL

THE RESULT OF USING A 3:1 FREQUENCY RATIO CONDENSER ON A
NARROW FREQUENCY BAND

FiGure 11:

Curve A shows the result when the condenser is used on a 1,500 to 2,000 kilo-

cycle band with minimum inductance to cover this range while curve B shows what W
when the condenser is used with maximum inductance to cover this band. The do! ines
represent the unused parts of the dials.
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CONDENSER DIAL
THE RESULT OF VARYING THE DISTRIBUTED CAPACITY OF THE COIL

Ficure 12:

The central curve s for a condenser designed to give straight-line-frequency

tuning when used wilh a coil having a disiribuled cahp;acity of 10 micro-microfarads. A

coil having 5 micro-microfarads capacity will extend (

frequency range, while one having

15 micro-microfarads will limit it below the range desired.

the frequency range changes with a
change in coil capacity. In the case of
the 5 mmfd. curve the minimum fre-
quency is 505 and the maximum 1,675
kilocycles. In the case of the 15 mmfd.
curve the minimum is 495 and the maxi-
mum only 1,370 kilocycles. Thus the
reduction in coil capacity crowds seven-
teen percent more stations on the dial,
whereas the increase in the coil capacity
reduces thhe number of stations by twelve
percent.

It is apparent that a condenser of this
size would be inadequate to cover the
frequency range if the upper broadcasting
limit should be raised to 2,000 kilocycles.
In that event, the smallest condenser that
could be used would have a maximum
capacity of somewhere near 375 mmid.
Also, a different portion of the hyper-
bolic curve would be used to determine
the curvature of the plates.

The next consideration of interest is

e

in connection with the design of a 500
mmifd. condenser where we encounter a
problem that differs from any we have
considered vet.

Let us figure on covering the same
frequency range as before, 500 to 1,500
kilocycles. If the maximum condenser
capacity is 500 mmfd. and the coil ca-
pacity is 10 mmfd., the maximum circuit
capacity is 510 mmfd. and the minimum
circuit capacity required is one-ninth of
this or 57 mmifd. Subtracting the coil
capacity, the minimum capacity required
in the condenser is 47 mmfd. Also, the
required inductance is 200 microhenries.

From these values we can calculate the-
required condenser capacity at each tenth
dial division and obtain the solid capacity
curve of Figure 13. We note that the
minimum condenser capacity is very high,
some three or four times the minimum
usually found in condensers of this size.
If we wish we can build coridensers with
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this high minimum which will afford the
solid calibration curve of Figure 14. But
if we consider it necessary to cater to the
demand for a very low minimum capacity
we can modify the curvature of the plates
so as to give the capacity curve shown at
A in Figure 13, or at B, as we prefer.

If we decide to use curve A, then our
calibration curve changes as shown at
A in Figure 14, and we find we have ren-
dered twenty percent of the dial useless.
If we decide to be conservative and only
modify the plates a little so as to cor-
respond with capacity curve B (Figure
13), the calibration curve becomes that
at B in Figure 14 and only ten percent
of the dial is unused.

The reason for this change in the cali-
bration curve, of course, lies in the fact
that the capacity ratio no longer equals
the square of the frequency ratio by
which the curvature of the plates was de-
termined. Whereas the outline of the
plates was such as to correspond to a
frequency ratio of 3:1, or a capacity ratio

POPULAR RADIO

of 9:1, the actual capacity ratio has be-
come (500 4+ 10) / (15 4 10) or about
20:1. The corresponding frequency
ratio is approximately 4.5 = 1, which
is the only frequency ratio for which a
condenser with these maximum and mini-
mum capacities can be designed to give
the straight-line-tuning curve shown at
D in Figure 14 if we wish to use the
whole of the dial range.

Should the upper limit of the broad-
casting frequency range be raised to 2,000
kilocycles, it is apparent that a 500 mmid.
condenser modified according to either
curve A or curve B would cover the com-
plete frequency range, but the calibration
curve would. be far from straight and
the stations between 1,500 and 2,000 kilo-
cycles would be badly crowded. It would
be necessary to shape the plates accord-
ing to that portion of the hyperbolic spiral
(Figure 7) included between =/3 and
4r/3 to give the straight-line-tuning.
curve shown at C in Figure 14,

Incidentally, another bad effect of low-
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CONOENSER LIRL

THE CAPACITY CURVES FOR A 500 MICRO-MICROFARAD CONDENSER

FIGURE 13: .
frequency ratio. Note the relatively

The solid line is a curve for a strasght-line-frequency condenser having a 3:1
igh minimum capacity. Curves A and B show

methods of modifying the capacity curve to get a low minimum, but they only use 80 and 90
percent of the dial respectively.
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CONCENSER DIAL

THE TUNING CURVES FOR THE CONDENSERS OF FIGURE 13

F1GURE 14: The curves A and B show that the capacily curves cover a much greater fre-

quency ratio than 3:1 and that they are no longer straight-line-frequency curves when they

are modified to obtain a low minimum capacity. Curve D is the only straight-line frequency
variation belween the maximum and the modified minimum.

ering the minimum capacity in this man-
ner is that the resistance of the condenser

at the low capacity settings is increased -

an astonishing amount over what it would:
be with a high minimum capacity.

In conclusion, then, it seems that the
frequency ratio is the principal factor to
be considered in determining the proper
curvature of the plates, that the distrib-
uted capacity of the coil may vary within
reasonable limits without affecting the
straight-line-tuning characteristic of the

~ circuit to a serious extent, but that it

may reduce the frequency range consider~
ably, and that the inductance of the coil
has no effect upon the straightness of
tuning curve but determines to what ex-
tent the stations desired are crowded into
a small sector of the dial. Also, it would
appear that ‘the general practice of cater-
ing to the demand for a very low mini-
mum condenser capacity serves no use-
ful purpose and is a detriment in that it
distorts the tuning curve and increases
the condenser resistance at low capacity
settings. : '
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WHERE THE WATCH IS KEPT

Hour after hour during the long broadcasting programs this operator listens in for the
call of distress that may come at any moment from the sea. -

“S. O. S

What Happens When a Call for Help Is Picked
Up During Broadcasting Hours - |

HEN you hear a sudden “Signing
off, account of an S.0.S.” come
from your loudspeaker in the midst of a
program and then find that every other
broadcaster has suddenly become silent,
what is really happening behind the
scenes? _
In every broadcasting station there is
a receiving set which is constantly tuned
to 600 meters. At most stations an
operator keeps constant watch for the
““S.0.8.” call, which means that a ship is
in distress and that human lives are in
danger.
The moment the listener hears that

call he signals to the control room of the
station to stop broadcasting. The ether
must be cleared at once; there must be

‘no chance that the ship’s cry for help
‘may be interfered with.

In the control room, as the listener

signals, a tiny light on the panel in front

of the operator flashes its warning that
an '$.0.5.” has been received. In a
moment he throws over a switch on the
panel which halts all transmission.

In this way the program is immedi-
ately cut off and there is complete silence
until the ship’s message has gone through
to those who can bring aid.

330




Kadel & Herbert

e -THE OPERATOR CUTS OFF THE PROGRAM
- When the tiny light af the right of the panel flashes a warning, the control room operator
- knows thatan''S:0:-8." call-has been-heard by the listener-in and he calls “*signing off,
account of an S.C. 8.” and. cuis off all transmissions uniil he knows that the distress. call

has been heard and answered. )

ol

Kadel & Herbert

WHEN THE “S. 0. 8.” CALL IS ANSWERED
Rescue scenes such as this are the rewards of the silent listeners for the fateful call signal. In
this instance the entire crew of the Italian freighter ' Ignacio Florio" was saved by the crew of
the ‘‘President Harding," as a result of the vigilance of the little company of men who
always stt at the radio receivers—Iiistening,
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THE COMPLETE THEORETICAL CIRCUIT DIAGRAM

FIGURE 1: The hook-up for the “'Power-pack’ amplifier and “B" current unit.

Ail the

symbols for the instruments bear designating letters which are used consistenily in the list
of parts, text and tllustrations.

HOW TO BUILD THE

POWER-PACK AMPLIFIER

This new unit gives to experimenters and radio fans for the first time a reliable
power amplifier that uses a high voltage on a power tube and a plate-supply
unit for any radio set that it may be used with. It will give reproduction of
a large orchestra with the same quality and strength as that produced by the
orchestra itsglf. It supplies the “A,”” “B" and “C" voltages to the high power
amplification in the last stage direct from the alternating current lighting lines.

By ALBERT G. CRAIG

Cost oF Parts: Not more than $94.00

THE PARTS USED IN THE LABORATORY . UN1T—

A—Amertran power transformer, type PF-52;

B, C and D—Amerchokes, type 854;

E and G—Dubilier filter condensers, type 769,
2 mfds., (working voltage 400 volts D.C.);

F and L—Dubilier filter condensers, type 770, °

4 mfds., (working voltage 400 volts D.C.);
H, I, J and K—Dubilier filter condensers, type
'gi% 2 mfds., (working voltage 160 volts

M—Ward Leonard vitrohm resistor unit, size C
or Aerovox Craig resistor, type 980—

Both of these resistance units are lapped as follows:
step 1—12000 ohms; step 2—3500 ohms; step
3—I500 ohms; step 4—I500 ohms; step §—

50 ohms.
N—RBradleyohm No. 25, 25,000 to 250,000 chms;
O and P—Pacent single-circuit jacks, No. 61;

Q—Amertran De Luxe audio-frequency trans-
former for second stage; :

'R and S—Benjamin push type sockets, No. 9040;
; ':I‘—béke.lite sub-base,- 7.inches by 21 inches by

| M-inch;. -
U—bakelite bindirig post: strip, 7 inches by 1
. inch by ¥-inch; -°
V—angle brass reinforcement strips for sub-
base; (see Figure 6);
W—angle brass for holding binding post strip;
(see Figure 6);
X—brass brackets for mounting resistor unit M,
(see Figure 6);
Note—These brackets are not required for the
Aerovox Craig resistor;
Y—brass strip for mounting filter condensers;
(see Figure 6).
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For the benefit of our readers in any locality, in the United Stales or
abroad, who are unable to oblain parts thal are necessary to make up these
model receivers, the POPULAR RADIO SERVICE BUREAU will undertake
to supply the desired parts and have them forwarded C. 0. D. If any
reader cannot obtain any necessary part from his local dealer, he miay
send in liis order to the POPULAR RADIO SERVICE BUREAU, 627 West
43rd Street, New York, which will have it filled for him and thus help
him to obtain parts as promptly as possible.

HE first demand of the listener in

after the novelty of radio reception
has worn off is for a better quality of re-
production. But this desire for good
tone quality with reasonable volume has
rarely beern gratified, largely because of
the ease with which the last audio-fre-
quency amplifying tube is overloaded in
most present-day receivers.

To remedy this condition and to sup-
ply either large or small volume with
excellent quality this power amplifier
has been designed. The “power-pack”
amplifier described in this article uses
the UX-216, one of the new power tubes
which have recently been placed on the
market for the purpose of transmitting
a much larger amount of energy to the

"

A REAR VIEW OF THE DEVICE

FIGURE 2: This illustration- shows the general location_of the transformer, tubes, chokes.
: condensers and resistances.
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A FRONT VIEW OF THE UNIT

F[GURE 3: The bank of conidensers, the rectifier tube and the power lransformer with ils
Yon'' and "off" switch that also gwes three power ranges are shoun here.

loudspeaker without distortion; and it
operates directly ~ from = the  110-volt
alternating current lighting mains.

This power tube. uses several hundred

volts on the plate; and this. makes the
cost of ““B’’ batteries prohibitive. Con-
sequently a plate or ‘'B” current supply
has been incorporated in the power unit
to furnish this high voltage.

In addition, the plate current supply
has béen demgned to furnish ‘“‘B’’ current
at several lower voltages for ‘all of the
other tubes in the recéiver which is used
with this unit. This entirely eliminates
the “‘B"”’ batteries.

The apparatus available for the con-
struction of ‘“B’’ eliminators has im-
proved very much in the last year. All

of the parts which are used in this power
supply, such as the transformer, the
rectifying tube, the choke coils and the
resistor will handle a direct current out-
put of 60 milliamperes without overload;
and the condensers will stand a direct
current working voltage of 400. This is
quite an advance over the use of 201-a
tubes for rectifiers and of audio-fre-
quency transformers for choke coils.
The use of a stage of power amplifica-
tion on the dry-cell set is worthy of
special mention. Ordinarily the dry-cell
set will not handle great volume with good
quality because of the limitations of the
last tube. Now, ‘in practically every
case, all of the tubes except the last
audio amplifier, are functlomng nor-

J:&pgﬁj@ﬁﬁﬂp,@pm@a\ m;zzr.mf:.,
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THE WORKING DRAWING FOR CONSTRUCTION

FIGURE 4: This diagram gives the correct dimensions and spacing for mounting all af the
component parts of the power-pack amplifier.
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A VIEW OF THE POWER-PACK UNIT FROM THE RIGHT

FIGURE 5: Thq unit with the Ward Leonard resistor in place. Notice the input and output
Jacks and the binding posts which supply the voltages for the set that the umit is used with.

mally without overload. This means,
in short, that the dry-cell set will give
as great volume and as fine quality as
any other set if the “power-pack’ am-
plifier is plugged in after the first audio-
frequency stage of the receiver.

The Theory of Operation
A brief outline of the theory of operation of
the power unit mav be of interest to the pros-
pective builder: Refer to Figure 1 in tracing
through the operation of the unit.
First, note that the power transformer, A,
has a secondary winding for lighting the filament
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of the power tube, R, and another secondary
winding for lighting the filament. of the rectifier
tube, S. Connections to these two filarhents are
made through center taps of the secondary wind-
ings to nullify the effect of the alternating current
which is used for filament lighting. For in-
stance, if a connection was made directly to
either side of the filament of the power tube, R,
a decided hum in the loudspeaker would result.

The third secondary winding of the power .

transformer furnishes 550 volts of alternating
current, which isitectified by the rectifier tube
S, to give a pulsating direct current. :

Next, the filter system comprising the choke
coilsTB and C, and the condensers, .E, F and G,
smooths out the pulsating current so’‘that it the
end of the filter a steady direct current flows
through the resistor, M, and also through the
choke coil, D, to the plate of the power tube, R.

The extreme lower end of the resistance, M, is
negative; and the voltage along it increases to
approximately 375 volts at the top. By connect-
ing the grid return of the power tube, R, at the
bottom of the resistance and by tapping off the
filament of the power tube at the correct distance
up on the resistance, as at binding post No. 1,
the filament is made positive with respect to the
grid or in other words-a negative bias 1s obtained
on the grid. Going further up along the resist-
ance, M, to binding posts No. 2. and No. 3,
two detector Voltages of 18 and 40 volts are ob-
tained. At binding post No. 4 an amplifier
voltage of 80is available; and this may be used
to supply the “B” current to all of the remaining
tubes of the receiver with which the power am-
plifier is to be-used. The by-pass condensers H,
I, J and K are connected across the taps of the re-
. sistance, -M, to provide lower resistance paths
for the audio-frequency currents.

The resistance, N, is shurted across the 80-volt
tap of the main resistance, M, to keep the load
on this amplifier tap constant. With no amplifier
load on tap No. 4 or with a small radio receiver,
the resistance, N, can’ be made low so that it will
draw a heavy current. When a large set 1s con-
nected to tap No. 4 more current ‘will be drawn;
but the total load current on this tap may be

made the same as before by increasing the value

-~
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of N and decreasing the current through it.

The direct plate current to the power tube, R,
is supplied through the choke coil, D. This
direct current is too large and the voltage is too

high to apply directly to the loudspeaker, so,

the audio-frequency current {which produces the
sound) is provided with a shunt path from the
plate through the condenser, L, and the loud-
speaker jack, P, back to the filament of the
power tube. ) '

The input to the power unit is made through
the ‘jack, O, and the audio-frequency trans-

- former, Q.

Parts Used in Building the Power Unit

In all of the diagrams in this article each part
bears a designatifig letter so that the prospective
builder of a set may easily determine how to
mount the instruments in the correct places
and to connect them properly in the electric
circuit.

The same designating letters are used in the
text and in the list of parts at the beginning of
the article. .

q The list of parts there given includes

the exact tinstruments used in the set
from which these speci fications were
made up. The experienced amaleur,
. however, will be able to pick out olher
reliable makes of instrumenis which
may be used with equally good results.
But we recommend that the novice fol-
low the list, as the diagrams in this
article will tell him exactly where to
bore the holes and exactly where to
place the connections.

[f instruments other than the ones listed are
used, the only chauge that will be necessary will
be the use of different spacings for. the holes
that are drilled in the sub-base for mounting the
instruments.

How to Construct the Power Unit

Start the construction work by making the
miscellaneous small parts shown in Figure 6.
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DETAILS OF THE CONNECTION BLOCK, BRASS STRIPS AND BRACKE’I:S

FIGURE 6: This drawing gives the necessary data for making the insulgting strip on which

the binding posts are mounted. It also gives the dimensions for the reinforcing angles and

the small brass brackets which are used to fasten the condensers, the connection block and
the resistance in place.

L
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ANOTHER RIGHT-END VIEW OF THE UNIT

Fi1GURE 7: This picture shows the instrument with the Aerovox resistor installed. This

resistor fits in the same place as the one shown in Figure 5 and the connections are brought

out to taps with similar resistance steps. The binding posts, as before, supply the voltages
for the receiving set that it is used with,
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THE DIAGRAM OF THE RESISTOR

FIGURE 8: The conslruction and laps of the special resistor which is shown in Figure 7
with the resislance stages numbered in accordance with the dala given in the list of parts
at M may be-clearly seen in this drawing.

First, cut to size the bakelite binding post .

strip, U, and drill holes for two mounting screws,
two jacks and four binding posts.

Next, -cut the two angle brass reinforcement
strips, V, for the sub-base to length.

Make the two brass angles, W, for holding the
binding post strip, out of Y-inch by I4-inch
strlif) brass. ) '

sing the same strip brass material, make the
two brackets, X, for mounting the resistor unit,
M. If the Aerovox resistor is to be used it will
not be necessary to make these brackets as
mounting brackets are attached to the resistor.

Finally bend to size the brass strip, Y, for
mounting the filter condensers.

When these small parts are completed begin
the mounting of the apparatus by locating the
brass angles, W, for the binding post strip, as
shown in Figure 4.

The same brass machine screws which hold
these brackets may be used to fasten one end of
the angle brass reinforcement strips, V, under-
neath the sub-base.

% ea :

It should be noted from Figures 2, 3 and §,
that these reinforcement strips are fastened
underneath the sub-base with the vertical side
flush with the edge of the sub-base. The method
of fastening these reinforcement strips was to
drill a clearance hole through the sub-base for a
flat head 6-32 brass machine screw and to tap
the machine screw into the brass strip. One
machine screw about an iach from the end of
the sub-base and two others spaced centrally
should be sufficient.

Mount the two jacks, O and P, on the binding
?ost strip, U. Mount the four binding posts
rom left to right in the following order: B bat-
tery minus (—), B detector plus (4-), B detector
plus ( +) and B amplifier plus (4). Then fasten
the binding post strip in place on its brackets.
(See Figures 4, 5 and 7 for this assembly.) .

Withtwo 4-36'brass machine screws fasten.the -
Bradleyohm: to the sub-base with the terminals
to the rear of the power unit, as in Figure 4.
(The front of the power unit is the long side
on which the bank of condensers is mounted.)
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FIGURE 9: AWl of the instrumenis have been drawn in their approximate
heavy black lines show the exact way to run the wires for connecling wup |

THE PICTURE WIRING DIAGRAM FOR CONNECTING UP THE
- INSTRUMENTS

ic'sitians. The

nstruments,

( Full-scale blueprints for assembling and wiring this device may be obtained by sending
in $1.00 to POPULAR RADIO SERVICE BUREAU.).
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THE AUTHOR TESTS OUT THE UNIT

P

In this picture, Mr. Craig is shown with the unil installed in conjunclion with the
new S-C receiver. For installation in the home, the unil itself should be placed inside of the
radio cabinet in the place generally occupied by the “'B” balteries.

Next fasten the two sockets, R and S, to the
sub-base with round-head brass machine screws,
placing the plate and grid terminals toward the
rear of the unit. (See Figures 2, 3 and 4 for the
exact locations.)

Fix the audio-frequency transformer, Q, in
position, as shown in Figures 2 and 4, with the
plate and “B” plus (+) terminals toward the
binding post strip.

Now mount the three choke coils, B, C and D,
with their terminals toward the binding post
strip, as shown in Figures 2 and 4.

Use round-head 8-32 brass machine screws for
the heavy power transformer A and locate it
according to Figures 2, 3 and 4 with the switch
at the rear of the power unit.

Place the condensers E, F, G, H, I, J, K and
L in order, beginning near socket S, and secure
them to the sub-base with the brass mounting
strip, Y. - -

Using brackets X, mount the Ward Leonard
resistance unit, M, with the long untapped por-
tion near the front of the set. (See Figures 4
and 5.) R : :

If the Aerovox resistor, M, is used fasten it
in place with the soldering lugs toward the
binding post strip, as shown in Figure 7.

This completes the mounting of apparatus for
the power unit. .

How to Wire the Po'zber Unat

_In connecting up the unit, refer to the wiring
diagram which is given in Figure 9.

Connect the top terminal of the input jack, O,
to the plate terminal of audio-frequency trans-
former, Q, and the bottom or frame terminal of
jack, O, to the B plus(+) terminal of the trans-
gormer. Then join the grid terminal of the trans-
former, Q, to the grid binding post of the socket,
R. )
Connect the plate binding post of the socket,
R, to the near side of the condenser, L, and to
the front binding posts of the choke coil, D.

Connect the two outside yellow filament leads
of the transformer, A, to the filament binding
posts of the socket, S. Join the central yellow
filament lead at the transformer to the red high
voltage lead below and to the right of it. Run
the three black filament leads of the power trans-
former, A, along underneath the choke coils,
B, C and D; and connect the two outside black
gads to the filament binding posts of the socket,
Connect the plate terminal of the socket, S,
to the rear side of the condensers,-E, F, G, H,
I, J and K; and continue the same wire to the
filament terminal of ‘the audio-frequency trans-
former, Q, and to the outside terminal of step
5 of the resistor, M. '

Connect the central black filament lead of the
power transformer, A, between step 4 and step
5 of the resistor, M, to one side of the Bradley-
ohm, N, to the B battery minus (—) binding
%st, No. 1, to the front terminal of condenser,

, and to the bottom or frame terminal of the
output jack, P. ,

Join the top terminal of the output jack, P,
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to the rear terminal of the filter condenser, L.

Connect the “B" detector plus (+) binding
post, No. 2, between steps 3 and 4 of the resistor,
M, and also to the front terminal of the con-
denser, J. Connect the “B’" detector plus (+)
binding post No. 3, between steps 2 and 3 of
the resistor, M, and also to the front terminal
of the condenser, I. Conne¢t the ''B" amplifier
plus {+4) binding post No. 4, between steps 1
and 2 of the resistor, M, to the front terminal
of the condenser H, and also to the remaining
terminal of the Bradleyohm, N, )

Connect the red left-hand high voltage lead of
the power transformer, A, and also the front
lead of the condenser, E, to the rear binding post
of the choke coil B. Join the two front leads of
the choke coils, B and C, and connect them to
the front termina! of the condenser, F. Join the
two rear terminals of the choke coils, C and D,
and the front terminal of the condenser, G; and
continue this wire to the outside end of step 1
of the resistor, M. For the distribution of the
resistance steps of the Aerovox resistor, see
Figure 8.

Complete the wiring by grounding the cores
of the transformer, A, the choke coils, B, C and
D, the audio-frequency transformer, Q, and the
metal cases of the condensers, E, F, G, H, I, ],
KandL, to the "B” battery minus (—) binding
post, No. 1. The ground wirés may be conven-
iently run from one mounting screw to another
beneath the sub-base.

How to Install the Power Unit

First find out the voltage of the AC lighting
supply with which the unit is to be connected.
This may be done by noting the voltage marked
on two or three electric light bulbs. Set the
switch of the power transformer, A, on tap No.
1 for 120 volts, tap No. 2 for 115 volts or tap
No. 3 for 110 volts. This switch should be set

® or ~e for the correct voltage; and it should not be
used for turning the power unit on and off.

Insert a UX-216-b rectifier tube in socket S,
and a UX-210 tube in socket R. Then screw
the Bradleyohm, N, down tight.

To test the power unit insert the attachment

plug in an electric light socket.

POPULAR RADIO

Both tubes
should now light to approximately the same
briliancy as those in an ordinary receiving set;
and the resistor, M, should heat up noticeably in
a few minutes. If all steps on the resistor show
some heating effect (even though the amount
of heat may wvary) the power unit is probably
working all right and supplying high voltage
direct current.

Disconnect the power unit from the electric
light socket. Plug the loud speaker in output
jack P and, using a cord with a plug on each
end, connect the input jack, O, to the first stage
jack of the receiver with which the unit is to be
used.

Now reconnect the power unit to the electric
light circuit and it should give power amplifica-
tion of excellent quality. Try reversing the in-
put leads to the jack, O, for the best results.

With these connections the {)ower unit is being
used as a.stage of power amplification only. To
use it also as a “B"’ battery eliminator first dis-
connect the unit from the electric light socket,

.then remove the “B’’ battery (—) lead of the re-

ceiver from the ‘‘B" batteries and connect it to
the *‘B” battery (—) binding post, No. 1, of the
power unit. Remove the *B" detector (+) lead
of the receiver from the "B’ batteries and con-
nect it tothe **B”’ detector (+) binding post, No.
2, of the power unit if you are using a soft de-
tector tube or to the B’ -detector plus (+)
binding post, No. 3, if you are using a hard de-
tector tube. Remove the “B” amplifier plus
(+) leads of the receiver (either AF or RF or
both) and connect them to the ‘B’ amplifier plus
( +) binding post, No. 4, of the power unit. The
grid-bias which is used on the amplifier tubes
should be 3 to 44 volts. _

Plug the power unit back in the electric light
socket and it will function both as a stage of
power amplification and as a “B" batter elim-
mnator. .

The Bradleyohm, N, should be adjusted until
+he detector voltage is correct. In general it
will have to be unscrewed further for multi-
tube sets. i

Always turn off the power unit when making
adjustments.

How to Build the New Power-pack

IN POPULAR RADIO for May—next month—will appear an arlicle
that gives complete constructional delails on the new Raytheon * Power-
pack” that furnishes plate current for any type of radiz set now in use
.for broadcast reception. This Power-pack will supply a te voltage
up to 170 volts for the last stage, and jgg‘ resisiance-con amplifiers;
it will supply voltages varying between 60 volls and 125 volis for radio-
frequency work or for low-power audio amplifiers; and it will supply
vollages ranging between 10 and 50 volls for use on the plate circuils of
detectors. This new development is a great improvement over the old
style of Raytheon Plate-supply Unit, in which only one variable vollage
can be obtained. Order your May issue from your wewsdealer loday. .
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A Radio Patfol of the_Seas

Over 1,500,000 words were transmitted by radio last year from Uncle
~Sam’s Coast Guard vesscls that have been designated as the ‘‘Inter-
‘national Ice Patrol,' to warn shipping of the shifting locations of ice-
-bergs. These lonely scouts of the sea are equipped with the latest and
=t most approved type of radio apparatus, as the uscfulness of this
unique service lo mankind rests entirely upon communication that only

radio can make possible.
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West Inghouse

A HUGE RADIO TUBE AND THE TINY CRYSTAL WHICH HOLDS TH
STATION ON ITS WAVEBAND . . :
Here is one of the large water-cooled trangmitting tubes, the small object to the right
is a small quartz crystal which is used in a crystal oscillator to control the frequency
of the generator current that keeps the station transmitting on its exact wavelength.

The New “Crystal Pilot”
. for hqld;ing broadca.site'rs ?o their wav-ele.ng_zks

That peculiar whistle which bothers every radio fan when he tunes in on
distant stations that operate on nearly the same wavelengths is caused by
the distortion of radio waves that collide with each other—because one of
the stations “slides off” the waveband assigned to it.'- This fault is-now
being checked with the aid.of a tiny crystal oscilator—which thus becomes
an object of vast importauce to all broadcast listeners. .~~~

LA N]

By THOMAS L. BAYARD.

«“/TVHERE’S a good programi on XYZ .,ther dials of his receivirig set. “I usually
tonight,” observes the = visitor. ~get it right here,” he explains.

“*“Can you pick up that station well from Whereupon the loudspeaker emits a
here ?” too-familiar whistle.
“Sure!” replies the confident host. “I =~ The fan makes a further adjustment
often tune in on XYZ.” And he turns of a dial. Music can be faintly heard—
342

-



aﬁ*— '!- Y ]
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but the whistle still remains. - He turns
another knob—*‘turning back the tickler,”
he calls it—hut the whistle continues at
the same pitch at which'it was first heard.
The music is a queer medley of sounds;
it appears to be a mixture of two selec-
tions from different stations.

“They come in that way sometimes,”
the radio fan mutters apologetically as
he works at the dials. “I can’t under-
stand it.”

And in spite of all the fan can do,
the whistle stays at the same unbroken
pitch.

The Whistle and Its Cause

The fan “‘can’t understand it” because
he believes his receiving set is at fault.
But the whistle in this case is caused not
by the receiving set; it is caused by inter-
ference between the two stations. This
interference in turn is caused by one of

Undenvood & Underwood
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~ the stations—or possiblv hy both—be-

cause they are off their assigned wave-

. lengths.

The American broadcasting stations
now are assigned wavelengths or fre-
quencies that are separated from each
other by exactly 10 kilocycles. That is,
there is a difference of 10,000 cycles a
second between the frequencies of the

different stations. These two stations,
which are being received at the same

time by the fan, instead of being separated

by the 10 kilocycles which is presumed

to intervene between them, actually may
be separated at the moment by only half
or a third of that number.

The oil condenser used by one of the
stations, for instance, may have become
hot. This condition often results in a
wide shift in the frequency of the wave
that is transmitted. If the oil used for
filling the condensers of this type—a type

¥ & LNDEHRW
WA NG TN

HOW QUARTZ CRYSTALS ARE STANDARDIZED

The exact frequency at which quarts crystals of different sizes will oscillate is here

being determined in the Bureau of Standards bv means of a sonometer. When the

exact point of oscillation has been determined these ervstals may scrve as freguency
standards for broadcasting stations.

-
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Westinghouse

A CRYSTAL OSCILLATOR IN OPERATION

The operating panel of the crystal control circuit that keeps the whole transmitter of

a broadcasting station functioning at the proper frequency is shown above. The

quartz crystal is mounted on the panel just to the.left of the hands of the chicf
- ' operator of the station, who is adjusting the control.

that is used on many of the American
transmitting sets—is not of exactly the
right quality,” it is apt to become hot
under operation and cause the frequency
of the transmitted wave to rise as much
as three or four kilocvcles. If the wave-
meter used by the station 1s not accurate
—many of them are not—and the oper-
ating staff is not especially alert, it is
possible for as great a shift as three or
four kilocveles to occur without being
noticed by the staff. Other factors may
cause the shift, a detail as seemingly triv-
1al as a fluctuation in the plate voltage
supplied to the transmitting set, or the

swaying of the antenna in the wind.

Whatever the cause, the frequency of
station X YZ has shifted and is heterodyn-
ing the wave of the station which is next
to it in the broadcasting band. This
heterodyning is causing, in the receiving
set of the listener-in, a whistle. The pitch
of the whistle is constant and is estab-
lished by the difference in frequency be-
tween the two stations.

How the Whistle Is Produced

The radio amateur understands what
this heterodyning is because it involves a
principle used in one of the most widely
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known and most selective radio receiving
sets.

For those who do not know what het-
erodyning is an analogy,may be drawn
of a man and a boy walking together
across a bridge. If the man takes six steps
to cross the bridge while the boy requires
nine, they will be out of step part of the
time and in step part of the time. If
another person is under the bridge listen-
ing to their footsteps, he will hear a
patter of light footfalls when the two
pedestrians are out of step. But he will
hear, when the pedestrians tread on the
bridge at the same instant, a single foot-
fall approximately twice as loud as the
others. .

This loud--footfall will occur three
times while the men are crossing the
bridge, which, it should be noted, is the
difference between the man’s six steps

" and the boy’s nine. If the man and boy

7 are running instead of walking these three
loud footfalls will be heard by the person
under the bridge as a sharp- “rat-tat-tat”

“that is independently of the rest of the

~ footfalls.

This serves to illustrate how the beat
note is caused when two transmitted radio
waves are picked up in a receiver at the
same time. When the waves are in step
or “in phase,” their strength is combined
and when they are “out of phase” they
tend to neutralize each other.

So when radio waves are in step and
their strength is combined, the resulting
signal is considerably stronger than when
they are out of step and therefore neu-
tralizing each other.

This quick rise and fall in the strength
of the radio signals as the two waves
alternately are in phase and out of phase
may be several hundred times a second—
so rapid that it sets up in the receiving
set an audible tone or whistle that has its
own pitch.

The frequency or pitch of this tone is
the difference between the frequencies of
the two original waves. The pitch of this
tone, it also should be noted, is constant,
and- it cannot be made to vary by any

manipulation of the receiver, as can an-
other kind of whistle which will be noted
later.

It commonly happens that when the
listener-in hears this interfering beat note
or heterodyne whistle, he may also hear
the music or speech from two different
stations jumbled together, with the sounds
from one station perhaps louder than
those from the other. Or if the two sta-
tions cannot be heard at the same dial
setting, the listener-in may find that while
he hears only one station, he is troubled
by the" interfering beat note caused by
the wavelength of a neighboring station
which is too close to the one he hears.

The listener-in who is getting this in-
terference whistle in his set can tell, if
he cares to do so, whether the two inter-
fering stations are as close together as
four kilocycles. He can do this by com-
paring the pitch of the whistle with the
notes of a piano. If the stations are four
kilocycles apart (4,000 cycles a second)
it is about the- frequency of the last key
to the right C, in an 88-key piano. If the
stations are three kilocycles apart, the
beat note frequency, 3,000 cycles, will be
about that of the highest G of the piano.
If the stations are as close as two kilo-
cycles. the pitch of the whistle will be
about that of the C which is next below
the highest C and which vibrates 2069
times a second. If they are separated by
only one kilocycle the pitch of the whistle
will be approximately that of the next C
below the one just mentioned.

The Hunt for a Remedy by Means
of Crystals

Radio engineers and the United States
Bureau of Standards have been working
to eliminate this interference. The Bu-
reau of Standards has been helping the
stations keep to their assigned wave-
length by checking their wavelengths peri-
odically, as it has been a difficult matter
for the stations to measure accurately a
wavelength that is radiated at perhaps as
high a frequency as a million cycles a sec-
ond. To assist the stations to gauge this
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‘Underwood & Underwood
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UNDERWOOD & UNDERWOOH
T .

ANOTHER USE OF THE PIEZO-CRYSTAL AS A EREQUENCY
STANDARD

A set-up for a piczo-crystal oscillator and an auxiliary generator design for the
standardisation of wavemeters which is tn use at the Burean of Standards in Wash-
ington. Great accuracy may be obtained by the use of the crystal itself in a wavemeter.

frequency, the Bureau also has devised
a wavemeter to be used by the station.
- Constant vigilance on the part of the staff
of a station that uses one of these wave-
meters may reduce this frequency fluctua-
tion very materially, yet the station that
stays within two or three kilocycles of its
assigned frequency is doing very well.

The engineers of the Westinghouse
Electric & Manufacturing Company, in
their search for ways of maintaining a
constant frequency
broadcasting stations, investigated the pos-
sibilities of an automatic control of this
frequency. They had known that certain
crystals, called piezo-crystals, had the
property of vibrating when electrically ex-
cited. So they investigated the possibility
of using these crystals to control the
frequency of a transmitting set.

It was known that the vibrations of
any given piece of piezo-crystal were re-
markably constant and that the size and

in the company’s.

]

shape of the crystal governed the fre-
quency of these wvibrations. Several
nonth’s experimental work on the KDKA
short-wave transmitting set established
the fact that the vibrations of the crystal
could be amplified and radiated by the
powerful short-wave transmitting set, at
its normal energy output, without a
change in frequency.

The short wave set has been constantly
operated under crystal control since July
and shows none of the shifts in wave-
length to which the American broadcast-
ing stations as a.rule are subject. Not
only will the ordinary causes fail to pro-
duce a change in the frequency of this
set, but even deliberate efforts on the part
of the operating staff will not cause it to
change. The amount of energy radiated
will drop if the transmitting circuit is

thrown out of tune, but the frequency

will remain constant.
So satisfactory has the crystal control

~~
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proven under the exacting. conditions on
the KDKA short wave set that the com-
pany is equipping all of -its. broadcasting
stations, (KDKA, KYW, WBZ, and
KFKX), with the crystal control. One
of the specially designed transmitting cir-
cuits has been built for the KDKA as-
signed wavelength set, and it is now be-
ing used during all of the regular broad-
casting periods. A few other stations
have also adopted the crystal control.

How to Tell If a Station Employs the
“Crystal Control”

The listener-in who has a regenerative
receiver of the coupled circuit type will
be able, by means of a simple test, to tell
whether any given station has adopted
crystal control of its transmitting set.

In this test a whistle is produced—a
whistle that sounds something like the one
caused by interference between two sta-
tions but which must not be confused with
it. This new whistle is the one that is
caused by an oscillating receiving set that
is heterodyning a broadcasting station, and
its pitch may be changed by turning the
tuning dial. To produce it, the amplifica-
tion dial or “tickler” must be turned on
until the. set begins to oscillate, and the

set tuned very closely to the station which
is being tested. When this is done, the
whistle will be produced.

If the listener-in is not certain whether
he has the right whistle, let him turn his
tuning dial slightly; if the pitch of the
whistle changes as the dial is turned, he

has the right one.

Now let the listener-in take his hands
away from his set and listen to this
whistle.

If the whistle is a steady, even, unvary-
Ing tone, it is safe to assume that the
station is uding crystal control. If, how-
ever, there is a change or driftin the tone,
it is safe to assume that no crystal is being

- used.

This change or drift in tone, if one
occurs, will be easy to recognize. The
change may be so rapid and regular that
the whistle will sound like the siren on a
fire engine that is answering an alarm, or
it may be slow, like a singer warbling ir-
regularly up and down the musical scale,
a tone at a time,

The change in this tone is caused by a
change in frequency of the broadcasting
station, which is impossible when the sta-
tion which 1s transmitting is controlled
by means of a piezo-crystal.

Changes in the List of
Broadcasting Stations in the U. S.

These corrections and additions lo the list whizh was publiehed in the March, 1926, issue of PoPULAR R ADIO
make 1t correct as of Fébruary 20, 1926. Further chonges will be published each month in this magazine.

STATIONS ADDED

KFYO Texarkana, Tex. 200.7
KwUC Le Mars, la. 252
WAEB Harrisburg, Pa. 204
WATT Boston, Mass. 243.8
WCOA Pensacela, Fla. 222.1
WHBY West de Pere, Wis. 250
WIBR Omro, Wis. 2271
WQAC Amarillo, Tex. 234.2
WSAU Chesham, N. H. 229
CHANGES IN CALL LETTERS
KFCF Walla Walla, Wash., should be changed to KOWW
KFDJ  Corvallis, Ore., should be changedto KOAC
KFMQ Fayetteville, Ark., should be changed to KUOQA
KFXC  Santa Maria, Ca)., should be changed to KSMR
WDBR  Boston, Mass,, should be changed to WSSH
WEBK  Grand Rapids, Mich., should be changed fo WG0O0D
WEPI  Newark, N. J., should be changed to WBPI
WIBP  Buffalo, N. Y., should be changed lo WSsVS
WIBQ  Lewisburg, Pa., should be changed (o wWJBU
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STATIONS DELETED

KFGH Stanford Uriv:rsity, Cal. 270
KFQJ Moberly, Mo, 242
WDCH Hanover, N. H. 256
WGBK Johnstown, Pa. 248
WIBC 5t. Petersburg, Fla. 222
WIBN Sycamore, 111, 256
WRAK Escanaba, Mich. 256
WTAC Johnstawn, Pa, 268
CHANGES IN WAVELENGTHS
KFAU  Boise, Ida., 282.8, should b changed to 280.2
KFBC  San Diego, Cal., 224, should be changed to 215.7
KGTT  San Francisco, Cal. 234, should be changed to 206.8
KOAG  Cotvallis, Ore., 282.8, should be changed to 280.2
CHANGES IN LOCATIONS
KMOX  St. Louis, Mo., should be changed to Kirkwood, Mo.
WHBL  Logansport, T1l., should be changed to Chicago, lil,
WIOD  West Palm Beach, Fla., should be changed to Miami

Beach, Fla.
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HOW TO BUILD AND OPERATE

A Low-power Transmitter

For the radio experimenter who has reached the stage when he feels the urge

to step from the listener class into the exclusive transmitter class, this low-

gower transmitter is recommended—not only because it is easy to build and

ecause the parts may be obtained for only ahout §25.00, but also because the
set has a daylight range of about 500 miles.

By GORDON FRASER

L1sT oF ParTts USED 1N THE LABORATORY SET

*Al—General Radio Model 127C hot wire
ammeter, range O to 1 ampere;

*A2—General Radio Model 127A hot wire
ammeter, range 0 to 1.5 amperes;

Ci—Sangamo fixed condenser, .0015 mid.
capacity;

C2 and C3—Sangamo fixed condensers, .003
mfd. capacity;

C4 and C5—Sangamo fixed condensers, .002
mfd. capacity;

L1—20 turn coil (see text for constructional’

details) ;

— N i T e R N T ey e

1.2—15 turn coil (see text for constructional
details) ;

L3—Choke coil (see text for constructional
details) ;

*MA—Weston Model 301 DC milliammeter,
range 0 to 100 milliamperes ;

R1—Bradleyolim No. 25 variable resistance,
range 25000 to 250,000 ohms;

St—Barkelew antenna switch, single pole,
double throw;

VC1—Cardwell variable receiving condenser,

with a capacity between 00025 and 0005
mfd. :

348
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THE SCHEMATIC DIAGRAM OF THE TRANSMITTER

Fi1GURE 1: This drawing shows the complete hook-up of the low-power transmatter, together
with the power supply equipment which was described in the January issue of POPULAR
Rap10o. The circutl employed here is the coupled Hartley with shunt feed.
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VC2—Cardwell variable receiving condenser,
00025 mid. capacity;

VT-—Pacent Universal Isolantite socket.

*These meters may be all the same make. In the
model of this transmitter the author used the meters
that happened to be at hand at the time. The impor-
tant cousiderations in selecting the meters to use are
that they have the proper range, as given above, and
that :ney he of the type mentioned, ie., hot wire
meters in the case of Al and A2, and DC meter in

the case of MA.

The list of parts here given includes the exacl instruments used in the unit from which
these specifications were made up. The experienced amateur, however, will be able
lo pick out other reliable makes of instruments which may be used with equally good
results. Bul we recommend that the novice follow the list, as the exact arrangemeni

of instruments as shown in the tllustrations may then be used.

If any substitutions

are made i 15 well o remember that high voltages are being dealt with and that the
substitule instrurients which are used must be selected accordingly.

ITH the popularization of short-wave re- -

¥ ception many radio fans, whose knowl-
edge of the subject has previously been confined
to broadcast ‘reception, are heginning to ecvince
a decided interest in amateur short-wave trans-
mission. This is natural enough since it is a
short step from experimental reception to the
field of transmission.

There is no hetter way to obtain a thorough
practical krowledge of radio than by “going on
the air” with a low power transmitter. High
power broadcasting has to some extent elimi-
nated the necessity for high efficiency in broad-
cast receivers and caused, perhaps, a certain
amount of carelessness in construction; but in
the case of a transmitter using low power the
utmost efficiency is absolutely necessary. Andit

is this necessity that forces upon the experi-
menter a better understanding of the funda-

‘mental principles of radio and what constitutes

real efficiency.

The transmitter that is here described is truly
a low power transmitter inasmuch as the total
power input to the transmitter is considerably
lower than that which is put into a single elec-
tric light hulb. Using a UX-210 power tube,
which has a rated output of 7'4 watts, the
power input is between 20 and 25 watts.

To the non-transmitting amateur it may seem
almost unbelievable that a transmitter using
such low power can actually provide a re-
liable means of communication with other
amateurs half way across the country. As a
matter of fact, such transmitters have been

LNy
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heard thousands of miles away, and it is not
uncommon for an American amateur, using
power as low as this to-be heard in European
countries, although these feats are usually the
result of exceptionally favorable conditions.

The small transmitter described here has a
reliable night-time range of somewhat in excess
of a thousand miles. Greater distances have
been covered, but not consistently,

This transmitter was designed for use on the
short-wave amateur bands around 40 and 80
meters, because these are considered to be the
most practical working bands for amateurs.
Daylight transmission on 40 meters compares
favorably with night transmission on the higher
wavelengths. It has a consistent daylight range
of over 500 miles on a 40 meter wavelength.
Two-way communication between this trans-
mitter in New York City and amateurs in Chi-
cago has proven to be quite consistent during
the forenoon. '

It will be noted from Figure 1 that the cir-
cuit and construction of this transmitter are
much like that of an ordinary regenerative
short-wave receiver. More than this, a-Aiumber
of the instruments used, such as the variable
and fixed condensers, are the same as those
which are used in receivers.

The coils, in which lies the main difference be-
tween this transmitter and a receiver, are home-
made. The constructional details are shown in

L .- ! . |I'-||. b I
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Figure - 4. The foundation for the two neces-
sary coils consists of radion tubing 4 inches
in diameter and 4 of an inch thick. On this
tubing 8 strips of radion of the same length
and 3/16 of an inch square are laid lengthwise,
equidistant around the circumference of the
tube. '

It is well to fasten these strips to the tube to
hold them in place during the winding process.
This may. be done by drilling small holes
through the ends of the strips and tubing and
twisting pieces of wire through these holes, The
coils, which consist of 25 gauge copper ribbon
%4 of an inch wide by 1/64 of an inch in thick-
ness, are wound on top of these square strips.

Thus each turn is supported at 8 points but™ - -
between points is in contact only with the air.
To prevent turns from slipping indentations
may be made, as illustrated, through the copper
ribbon and into the rubber strips with a center
punch. After completion of the windings the
superfluous ends of the rubber strips may be
cut off.

The closed circuit coil L2, which is shown in
Figure 4, consists of 15 turns spaced 1/16 of
an inch apart. L1 has 20 turns. Used in con-

junction with the variable condenser VC2, coil
L2 will easily cover the 80 meter amateur bhand,
and of course may be tuned down by means of
lt:)}w.dclips and the condenser to the 40 meter
and.

A FRONT VIEW OF THE TRANSMITTER
This llustration gives a good idea of the layout and si:cing of the instruments.

FIGURE 2:

The designating symbols shown correspond exactly with those in ¢
The coil L2 is fastened to the baseboard by means t;{ screws run

list of paris given gbove.

other figures and in the

through from the bottom of the baseboard into the coil mounting blocks.

4
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AN END VIEW THAT
SHOWS THE COIL MOUNTING

The method used to mount the outer end of coil L1 is illustrated here. By
means of the slide on which it is placed cotl L1 may be moved towards or away from L2 to

FIGURE 3:

provide the necessary degree of coupling.

It is the antenna inductance that presents the
main problem inasmuch as its size will depend
a good deal upon the antenna with which it
is used, However, 20 turns should be ample.

After the coils are wound, a lug is soldered
on each turn so that contacts may be made by
means of flexible leads and clips. See Figure 4
for details. The mounting blocks are then also
attached. : )

The only other item of the equipment to be
constructed by the builder is the choke coil,
L3, which consists of 146 turns of No. 28 wire
wound in a single layer on composition tubing
-2 inches in outside diameter. It is important
that this_coil should not be larger than specified
because the choke coil should have a natural
period somewhat lower than 40 meters if the

transmitter is to be worked on that wavelength..

Otherwise its effectiveness will be decreased.

The blocking condensers C4 and C5 really
serve as a single condenser. The voltage to
which they are subjected is somewhat in excess
of the rating of the small type of receiving
coridenser, and for that reason two of these
condensers were used in series in constructing
this transmitter. If desired, a single transmit-
ting condenser of .0015 may be used in place of
the two specified. For the grid condenser, Cl,
and the filament by-pass condensers, C2 and C3,
the ordinary receiving condensers are entirely
satisfactory.

Space does not permit a detailed description
of the layout of the baseboard and instruments.
However, the illustrations give sufficient in-

Complete details are shown in Figure 5.

formation to permit the builder to. follow this
without trouble.

The hot wire ammeter, A2, is used to indicate
the current flow in the filament circuit of the
tube. A meter with a range of 1.5 amperes is
suitable because the UX-210 or VT2 type of
tube filament current requirements are within
this range. In addition to this meter two others
are used as indicated at A1 and MA in Figure 1.
The former is used to measure the current flow
in the antenna circuit so that it indicates when:
the antenna circuit is tuned to resocnance with the
closed circuit.

The reading of this meter, however, gives

no final indication of the operating efficiency of
a transmitter. In general, the best antenna cur-
rent reading that can be obtained af a given
wavelength indicates the greatest efficiency. And
differing antenna current readings at different
wavelengths do not necessarily indicate that the
operating efficiency of the transmitter has risen
or fallen. The fact is that a change in the
characteristics of the antenna circuit is reflected
in a change in the antenna ammeter reading
just as readily as a change in the efficiency of
the transmitter.
. The meter MA measures the current flow
in the plate circuit of the tube. This meter is
not essential but its use is advised since it helps
to indicate the efficiency of the transmitter on
a given wavelength. This efficiency increases
as the plate current, needed to maintain the an-
tenna current reading at the highest obtain-
able, decreases.
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The meters Al and MA may be permanently
mounted in the transmitter if desired. How-
ever, most amateurs do not have many spare
meters and it is a good plan to arrange things
so that the meters can be quickly removed for
other temporary use if desired. Thus these
two meters are not mounted in the model de-
scribed here.

The Antenna

The transmitting antenna should, of course,
be as efficient as possible. It should be kept
clear of trees and buildings in so far as this 1s
possible. If iron pipe masts are used to sup-
port the antenna, the antenna wire should be not
closer than 10 feet to the masts or guy wires.
It is advisable to insert insulators in the guy
wires about every 15 feet. Otherwise it is pos-
sible that these wires might have a natural
wavelength near that of the transmitter, in
which case the guys would absorb some of the
transmitted energy. [Excellent insulation for
the antenna is quite essential.

Pyrex insulators serve very well for this pur-
pose, but at least two should be used in series
at each end of the antenna and at any other
points where insulation is needed. Glass towel
bars about 18 inches’ long and having a glass
knob on each end are inexpensive and make
first-class insulators for this purpose.

The antenna should be as high as possible,
and should be higher at the end farthest from
the transmitter. A single wire is all that is
needed, and this may well be single strand
enamel insulated wire of No. 12 size. The lead-
in is taken  off at the end nearest the trans-
mitter.

The counterpoise if one is used should be Just
as carefully constructed as the antenna. It is

LENGTH OF TUBING Ly =8 "l g =&™

usually placed directly under the antenna, but
if this is inconvenient may be placed almost
anywhere. In any event, it should be kept as
far below the antenna as possible. It is best
to construct it with two or more wires which
either radiate in the form of a fan from the
transmitter or are spaced at least four f{feet
apart on spreaders. In a pinch a single wire
may be used for the counterpoise. In any case
the counterpoise should be at least as long as
the antenna, or longer if it can be conveniently
arranged.

The antenna, counterpoise and lead-in wires
should all be stretched taut. This is impera-
tive, for if it is not done the transmitted sig-
nals will swing badly during windy weather—
so badly as to make it impossible for anyone
to read them.

The usual practice at the experimental sta-
tion, where this transmitter was in use, is to
tune the closed circuit of the transmitter to
40 meters and to tune the antenna circuit to
120 meters. Thus in transmitting on 40 meters
use-is made of the third harmonic of the an-
tenna circuit.

The results obtained, using this method, seem

' to be somewhat superior to those obtained with

a smaller antenna tuned to 40 meters. In this
same way it is possible to use the fifth harmonic
of the antenna. In that case of course the an-
tenna will be tuned to 200 meters.

The use of the even harmonic of an antenna
has not, however, been found practical. In
other words, it is not advisable to tune an an-
tenna to 80 or 160 meters if transmission is to
be carried on at 40 meters.

If the antenna system is sufficiently small to
have a natural wavelength in the neighborhood
of 40 meters it would be necessary to use a
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HOW THE COILS ARE WOUND

FiGUuRrE 4: Cotl L2 with its winding and mounting blocks is shown in this lustration,

which gives the constructional details of the coils. Note that each turn of ribbon is punched

lo prevent it from sliding along the strips. The ends of the windings are secured by bending

them through slois in the tube. These slols may be conveniently made by drilling sevcral

small holes as close together as possible and then culting out the material between by means
of a knife or small rat-tail file.
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THE CONSTRUCTIONAL DETAILS OF COIL L1
FIGURE 5: The ouler end of the cotl L1 rests on a slotted strip of hard rubber. When the

thumb nut s loosened it permits the coil to slide freely along the entire length of the siot.

" This provides a wide range of cauﬁmg between the lwo coils.
r as possible 1 inch from the end of the strip. The

four 3-16-inch holes as close togel

malerial between the holes should then be cut owt. A hac
to finish the slot.

large: loading coil in the antenna circuit if
it were desired at times to transmit on
meters. - Inasmuch as such a large loading coil
is 'not considered prattical the better-plan is to
put up an antenna with a natural wavelength
somewhere in the neighborhood of 80 meters.
If this is done 80 meter transmission can be
carried on using the antenna series condenser
VC1 and only a few turns of the antenna in-
ductance L1.

To transmit on 40 meters with such an an-
tenna, the antenna series condenser is cut out
of the circuit and one of the clips moved along
L1 to provide the necessary inductance to bring
the antenna circuit up to 120 meters. Further
information on this is given later,

The two inductance coils described here were
found to be a good practical size for use in
conjunction with an antenna system consisting
of a single wire antenna 65 feet long and 30 feet
high, and a single wire counterpoise of the
same length placed directly under the antenna
and. 20 feet below it.

Connecting up the Transmitter

The power supply equipment, key, antenna
and counterpoise are connected to the trans-
mitter as shown in Figure 1. If the meters MA
and Al are not mounted in the transmitter
they should be connected in the leads from the
positive high voltage supply and the antenna,
respectively.

A complete description with constructional
data for the power supply equipment was pub-
lished in the “In the Experimenter’s Labora-
tory” department of the January, 1926, issue of
Porurar Ranio. .

The rectifier and filter for the high voltage
plate supply are not absolutely essential, but

The slot is cut by drilling
sow blade may then be inserted

their use is strongly advised for the reasons
explained in the January issue. - -

It will be noted that in Figure 1 the antenna
is connected to L1 through the antenna am-
meter Al, the antenna switch S1 and the vari-
able condenser VC1. It is important that Sl be
connected between the antenna and the meter
and that the meter be between S1 and the con-

denser. - In other \gord:s these instruments
should appear in the circuit in the order shown
in Figure 1.

All of the leads to the coils should be of
flexible wire with clips at one end to facilitate
connection to the coil taps. All other connect-
ing wires in the transmitter should be plain
copper wire or bus wire, anywhere from No.
18 to No. 12 in size. No. 12 bare, single strand
copper wire was used in wiring up the model
transmitter for the sake of greater rigidity.
The connecting wires of the power supply
equipment, and the wires from this equipment
to the set should all be insulated wire such as
is used for house wiring.

Operation of the Transmitter

Unless one has had previous experience with
transmitters, it is suggested that a more ad-
vanced enthusiast be called in to help get the
set started. This will save much time and ex-
perimentation. If one is not acquainted with an
amateur who owns a transmitter he can prob-
ably get in touch with one through the nearest
radio club. If even this is out of the question
the builder will have to go his own way. This
is not particularly difficult and in the end will
be good experience,

A wavemeter consisting of a variable con-
denser, a coil and a small flashlight lamp will
be extremely useful not only in putting the



1f the transmitter is not oscillating, the fiash-
light bulb will not light up. In that case the
filament lead to the coil L2 should be moved
around one turn at a time until oscillation is
secured. The wavelength to which the closed
circuit of the transmitter is tuned can be deter-
mined by the setting of the wavemeter dial when
the two are tuned to resonance.

By means of the variable condenser VC2
vary the wavelength of the closed circuit until
it is somewhere in either the 40 or 80 meter

bands. In making this change it may be neces--
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A SIMPLE RESONANCE INDICATOR
OR WAVEMETER

FIGURE 6: This device works on the energy
absorption principle. If it 15 tuned to resonance
with a nearby oscillating circuit it will absorb
energy from the oscillator. Thus if headphones
are attached o a receiver which is-tuned to a given
wavelength, and the wavemeter is brought close by
and tuned to the same wavelength, it will absorb
enough energy to stop the oscillation in the receiver.
This will be indicated by a click which may be

heard in the phones. A wavemeter may be cali- .

* brated by means of this method from a calibrated
fecetver.

_ transmitter into operation, but later. The hook-
., up of a suitable wavemeter is shown in Figure
"6

The leads from the grid, plate and filament
center tap to the closed circuit coil should all be
flexible and equipped with clips to slip on the
lugs on the coil winding. Connect the grid
lead to the first tap (nearest the antenna coil)
of the coil L2. The plate lead is connected to
the tenth turn and the filament iead to about
the fourth turn. For the time being the two
leads to the antenna coil should be left uncon-
nected.

The power switch may be turned on. If
everything is properly connected the tube fila-
ment will light up when the rheostat R2 is
turned on (if one is used).

The -rheostat should next be adjusted to pro-
vide the proper filament current specified by the
manufacturer’s instructions which accompanied
the tube. This current flow will be indicated
by the meter A2. When the key is pressed, the
high voltage plate current will flow and will
be registered on the meter MA.

However, the transmitter may not be oscil-
lating. This may be checked by means of the
wavemeter, With the transmitter key depressed
the wavemeter coil is placed about five inches
or perhaps less from the coil L2 and the wave-
meter dial is rotated slowly. When the wave-
meter is tuned to resonance with the closed cir-
cuit of the transmitter the flashlight bulb will
light up, because of the energy absorbed by the
wavemeter coil when in resonance with the os-
cillating circuit.

sary fto move the filament clip again. When
this circuit is tuned to a suitable wavelength
connect the antenna coil into its proper place
with, say, 10 turns in the antenna circuit.

Then vary VCI1 until there is a deflection of

the needle of meter Al. If no deflection occurs
place the clips to the antenna coil closer to-
gether, leaving fewer turns in the antenna cir-
cuit. Again rotate VC1 until a deflection of
the meter is. obtained. During all this time the
two coils should be placed fairly close together
—perhaps an inch- apart.
* Now with the two circuits tuned to resonance
and current flowing in the antenna as indicated
by the antenna ammeter try readjusting the
various parts of the circuit in an effort to obtain
a higher antenna current reading. Try using
more turns of L2 and a lower setting of VC2,
moving the filament lead as needed. Also try
more or fewer turns of L1, readjusting VCl to
keep this circuit in resonance with the closed
circuit.

The amount of coupling between L1 and
L2, regulated by sliding L1 toward or away
from- L2, is an important factor as well. 1f
these coils are too close together it is probable
that oscillation will be unstable.

As resonance between the two circuits is
approached the antenna ammeter needle will
climb and then may suddenly drop to zero.
This indicates that oscillation has stopped. Or
the needle may climb to a certain maximum
point while the key is held down but when the
key is released and again pressed the meter
reading will be lower. In either of these
cases, coupling between the two coils should be
decreased by moving them farther apart. The
antenna reading may then be lower but oscilla-
tion will at least be steady, and stability of os-
cillation is absolutely essential if your signals
are to be heard and understood. When proper
coupling has been obtained the thumb nut on
the mounting of L1 is tightened to hold this
coil firmly in place.

So far, so good, hut it is not known defi-
nitely whether the closed circuit is tuned to
resonance with the antenna circuit or with one
of the harmonics of the latter. If tuned to
the second harmonic of the antenna, for in-
stance, efficiency would be low. It is important,
therefore, that the operator familiarize himself
with the approximate adjustment of each cir-
cuit for a given wavelength. This can be done
by tuning the closed circuit to somewhere
around 100 meters. This wavelength is suffi-
ciently high so that when the antenna is tuned
to resonance you will know that it must be
the fundamental of the antenna circuit that is
in resonance, not one of its harmonics.
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If the antenna circuit cannot be brought to
resonance, set the antenna circuit adjustments
for maximum wavelength (using all turns of
coil L1). Then vary the wavelength of the
closed circuit until it' is in resonance with the
antenna.

When the two circuits are in resonance tune
the closed circuit down to one half of this
wavelength, There may or may not be a de-
flection of the antenna ammeter at this setting.
Readjust both circuits slightly if there is no
antenna current reading. In most cases a slight
defiection of the antenna ammeter needle can
be obtained at this second harmonic of the an-
tenna.

Then go on down to one third of the wave-
length with the closed circuit, leaving the an-
tenna circuit tuned to 100 meters as before.
At this setting a fairly substantial current flow
should be indicated by the antenna ammeter.
Now, if the transmitter is to be operated on
40 meters, using the third harmonic of the an-
tenna system, tune both circuits up gradually
keeping them in resonance as you go along.
When the closed circuit wavelength reaches 40
meters then the antenna circuit will, of course,
be tuned to 120 meters.

If the antenna is too small to be tuned as
high as 120 meters it may perhaps be tuned as
low as 40 meters. In that case the use of. har-
monics for 40 meter transmission will be un-
necessary. However, it may not be possible to
tune such an antenna up as high as 80 meters
without considerable loading inductance in the
antenna circuit.

It will be seen that there a little experi-
mentation may be required bhefore the right
length for the antenna is found. It would be
a good plan to try out a small antenna of
about 30 feet in length which can be tuned
down to 40 meters or up ta 80 meters, and
then to try a longer antenna such as the one
mentioned earlier in this article, which can he
tuned to 80 meters and up to 120 meters so that

its third harmonic may be used for 40 meter
transmission. Then for the permanent installa-
tion the antenna which proves to be best for
the wavelengths on which it is desired to work
may be used.

After the antenna and counterpoise are
erccted and the transmitter is in operation, it
is well to try a water pipe or other form of
ground in place of the counterpoise. In some
cases the use of antenna and ground will give
superior results, while in others the antenna
and counterpoise will prove better. It is even
found best in some installations to use both the
counterpotse and ground, connecting them to-
gether at the transmitter.

Before a station is put into operation it is
imperative that the government rules and regu-
lations on amateur transmission be learned.
For instance, the use of radiotelephony on
wavelengths lower than 150 meters is prohibited
at all times. So is the use of any modulated
form of transmission, as when buzzer modula-
tion is used. If raw AC is used for the plate
supply or if half-wave rectification is used
transmission is not permitted between the hours
of 8 P.M and 10.30 P.M. daily, or during the
broadcasting of regular church services on Sun-
day. Where the power supply is put through
a full-wave rectifier, such as the one described
in the January issue, transmission is permitted
at any time desired providing no interference
is suffered by neighboring broadcast f{ans.
your transmitter does cause interference, the
quiet hours mentioned above must be observed
regardless of the type of rectification used.

Above all, it s necessary that an amateur
station license be obiained from the Depart-
ment of Commerce before any amateur trans-
miller can be put into operation. And an ama-
teur operator’s license is also required. Full
information regarding thesé licénses and how
to obtain them may be - had by writing to the
radio inspector of your district, or to the De-
partment of Commerce, Washington, D. C.

ONE OF THE WORLD'S LOVELIEST BROADCASTING STATIONS

No wonder this tiny strip of land off Miami, Florida, is called “The Wonderful
Isle of Dreams.” Omn it is located station WIOD.
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EXPERIMENTING WITH A “C” BATTERY IN THE LC-26 RECEIVER

FIGURE 1: The effect of a “'C" baltery connected in the grid circuil of the last stage of the
. LC-26 receiver was carefully studied. An improvement in tone quality and. greater ccon- .
omy in "B batlery consumption were oblained, as explained in this article. ]

Helpful Hi’nts for Operating |

the LC-26 Receiver . &

This additional information on the proper operation of the LC-26

receiver, together with some new data on methods of reducing plate
L current and improving tone quahty on’ exceptionally loud signals,

is of special interest to those radlo fans who have installed this
type of receiver in their homes. LT

By S. GORDON TAYLOR

T was the intention of the author to
call this article “Trouble Shooting
in the LC-26 Receiver,” but so few
troubles seem to have been encountered
by readers in constructing and operating
the receiver that there seems to be little
o ‘“‘shoot.”
A number of cases in which readers
have reported trouble with their LC-26
receivers have been investigated person-

ally by the author; and in every case but

one the trouble was found to be outside

of the receiver itself, or else in the
method of operating the set. The one
exception was a case where the owner
had taken one of the instruments apart
to see what it looked like inside and had
reassembled it incorrectly.

In several of the cases which were
investigated defective batteries caused
the trouble; in one the loudspeaker was
at fault; in another a defective tube
prevented reception of distant stations
with satisfactory loudspeaker volume

356
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Two pointers were picked up, how-
ever, which may be of interest to owners
of this receiver.

The first is that it is not ahsolutely
essential that the detector B’ battery
voltage be limited to 1614 or 18 volts.
Some of the so called ‘“soft” detector
tubes, such as the UV-200, UX-200 and
C-300 require 19}, 21 or even 2215
volts for proper operation in this re-
ceiver. If the detector voltage is too
low the tube will not oscillate and the
receiver will therefore not provide max-
imum volume, especially in receiving
distant stations.

The test for oscillation is to turn the
rheostat about two-thirds on, in a clock-
wise direction, and then to rotate the
main tuning dial from zero to 100.
Whistles should be heard as this dial
moves past the settings for the broad-

casting stations which are in opeération

at the time. In other words the ‘“‘car-
rier waves” of the stations should be
heard. If none are heard it is an indi-
cation that the detector is not oscillating
and the process should be repeated again,
this time with the detector rheostat
moved about three-quarters on. In
making these tests be sure that the knob
of the Bradleyleak is turned in only
part way, or to a point where no pres-
sure is felt. To find this adjustment
turn this knob to the right until a slight
pressure is felt, then turn it back about
half a turn.

A slight click should be heard at the
correct adjustment.

If the whistles are still audible, the de-
tector tap on the small “B” battery
should be moved from 1614 to 18 volts,
and if there are still no results, on up
to 19J2 or 21 wvolts. These higher
voltages should certainly give results
unless the tube is defective. 2214
volts are rarely needed, and higher
voltages never.

Several cases have appeared where
builders have complained that they were
unable to obtain the volume and dis-
tance which they expected, although
locals were received with excellent qual-

ity and the more powerful stations were
received with good volume. Investi-
gation disclosed the fact that these
fans were afraid to turn their rheostats
more than half way on for fear the
detector tube filament would burn out.
There is no danger in turning the rheo-
stat two-thirds ‘““on,” or even three-
quarters. Where it is necessary to do
this to make the detector oscillate it is
probable that the Bradleyleak knob is
screwed down too far or else that the
detector ‘B’ battery voltage is too
low.

Turning the detector rheostat on two-
thirds does not mean turning it until
the arrow points to 66 on the panel.
It means turning the knob until the spring
contact lever at the rear of the rheostat has
traversed two-thirds of the rheostat wind-
ing. Incidentaily, it is well to attach the
knob to this instrument’ in such 4 way
that its arrow is parallel with the spring
lever. Then the operator can tell at a
glance just where the lever is in relation
to the winding.

The second point is that the receiver
is designed to use the UV-200 or C-300
(the “X’’ tubes of the same numbers are
the same as the “UV" and “C” except
that they have the new standard bases)
as the detector in this circuit. Other
tubes such as the 201-a may be used but
they will not produce as good a tone
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THE PROPER ELECTRICAL LOCATION
OF THE “C” BATTERY

FIGURE 2; This drawing shows only the circuit of

the last tube as no advantage is gained by the use of

a "'C” battery in the preceding stages. The symbols

used here are the same as those in the original dia-

gram on page 497 of the December, 1925, issué of
PopuLar RaADIO.
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quality; and.detector oscillation will be
hard tg control. In an emergency, a
tube of this type may be used; but in
such a case the detector “B" battery
voltage should be reduced to probably
as low as 414 or. 6 volts. Even then
there will be distortion caused by too
much oscillation. =" By all means use a
soft detector tube regardless of any advice
to the contrary.
Body Capacity in Tuning

There is no noticeable body capacity
effect in tuning this receiver. The hands
may be placed on the-dials or anywhere
on the cabinet or panel without affecting
reception in thé least. ‘In -every case
where  this comiplaifit - has been investi-
gated it has been found that the trouble
has been caused by having the loud-
speaker or the loudspeaker cord within
a few inches of the operator. In that
case there will be a shrill whistle or hiss-

POPULAR RADIO

ing when the hand is placed on the tun-
ing dial. The obvious remedy is to
keep the loudspeaker and cord a few feet
away from the body of the operator.

" The above suggestions seem to clear
up all of the “trouble shooting’’ data to
date. - More irregularities may develop
in time; and in that case they, together
with their remedies, will be brought to
readers’ attention in a later article, or
in the ‘‘Experimenter’s Laboratory” de-
partment of later issues.

Constant experimental work on the
LC-26 receiver has been carried on by
Mr. Cockaday and by the author in an
effort to attain an even higher degree
of perfection than that reached by the
original model as described in the
December, 1925, issue of PoruLARr Rabio.
Much of this work has been confined to
the receiver itself while some has also
been devoted to the accessories. The
suggestions which are offered in this

THE “C" BATTERIES INSTALLED IN THE CABINET

FIGURE 3: A small wood shelf is mounted directlly on the rear wall of the cabinet.

teries are placed on this and are held in place by a piece of Mg by Yé-inch brass sirip, bent lo

proper shape. A small battery clip may be used conveniently lo make an easily adjustable
negative connection.

The bat-
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A PICTURIZATION OF THE CHANGE SHOWN IN FIGURE 2
FIGURE 4: A section of the original diagram which was printed on page 505 of the Decem-
ber, 1925, issue of POPULAR RADIO, showing the changes which must be made in connecting

the “*C"" battery into the circuit.
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article are a result of these experiments;
and each one offers some advantage in
improved reception, added convenience
or greater economy.

The Addition of a “C”’ Battery

The use of a “C” battery of proper
voltage with the LC-26 receiver has been
found to provide advantages in added
economy of operation and in improved
tone quality on loud signals. The
universal comment on this receiver since
its introduction last December has laid
especial emphasis upon its exceptional
tone quality. In this respect there
seemed little hope for further improve-
ment.

However, in carrying on experimental
work in the Laboratory in an effort to
reduce ‘B’ battery ‘consumption by
means of “C" batteries, it was found
that the “C"” battery not only reduced
“B" battery consumption considerably
but actually improved the tone quality
of loud signals to a noticeable degree.

When no “C"” battery is used, the
“B’" battery current consumption of
the LC-26 receiver is no higher than that
of other five-tube receivers, in spite of
the fact that the total “B’’ battery
voltage used is 15714 volts. Ordinarily
the amount of current drawn from the
“B” batteries increases with an increase
in battery voltage but the use of resist-
ance-coupled amplification in this re-
ceiver keeps the current drain well
down. :

It is assumed here that a 201-a type
of tube is used in the last audio stage of
the receiver. If a 112 type of tube is
used the current drain from the “B”
batteries will be higher; but this is to be
expected in view of the greater volume
produced by this tube.

The use of the proper “C’ battery
voltage when the UX-112 tube is used in
the last stage more than compensates
for the added drain on the “B" batteries
which results from the use of this tube.
In fact the total current drain of the
receiver can be cut in half. Actual
measurements which have been made

POPULAR RADIO

show a current drain of 20.5 milliamperes
per hour for this receiver with a 112 tube
in the last stage, but without a “C”
battery. Using 9 volts of “C’’ battery,
connected as shown in Figure 2, the
current consumption is cut to 10 milli-
amperes. In terms of “B” battery life
this means that without the “C” battery
a set of ““B” batteries would last approxi-
mately 170 hours if the receiver were
used an average of two hours daily.
With the 9-volt “C"” battery in the cir-
cuit the life of the ‘B’ batteries is
extended to approximately 400 hours
under the same conditions of use.
Where a 201-a tube was used in the last
audio stage the average ‘B’ battery cur-
rent drawn by the receiver was 14
milliamperes. A 6-volt “C” battery
reduced this drain to 9.5 milliamperes.
The life of the “B’" batteries without a

“C"” battery would, in this case, be

approximately 286 hours as compared
with a life of 420 hours if a 6-volt “C”
battery were used.

The exact voltage for the “C’* battery
will vary somewhat, depending on varna-
tions in tubes and other factors-in each
receiver. For this reason it is impracti-
cal to recommend the exact voltage to
use. In general it should be about the
same as mentioned in the preceding
paragraphs. If a milliammeter is avail-
able it may be coniiected in the negative
lead to the “B" battery and used to
determine the correct “C’’ battery volt-
age. With no “C” battery it will be
noted that the hand of the meter fluc-
tuates downward with modulations of
the received signals. When a “C" bat-
tery is inserted in its proper place in the
circuit this downward fluctuation ceases.
If the “C" battery voltage is too high
the fluctuation will be up instead of
down. The most efficient action of the
audio amplifier is that obtained with
practically no fluctuation of the hand of
the meter. .

If no milliammeter is available it will
be necessary to judge the proper “C"
battery voltage by the sound of the
signals. Starting with 1} volts of
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“C' - battery, a broadcasting - station
should be tuned in with moderate
strength. The ‘“C” battery voltage
should be added, 114 volts at a time,
until a point is reached where the
volume starts to decrease, or the tone
quality becomes impaired. It is advisa-
ble to use the highest “C” battery volt-
age which will still maintain the best tone
quality ‘and volume.

After the set has been operating for

. some time the voltage of the ‘‘B" bat-

tery will drop; and when this occurs the

“C” battery voltage should be decreased -

also. For this reason it is well to ex-
periment with the voltage of the “C”
battery from time to time to make sure
that it is-being kept at the best value at
all times. It might be said here that
there is practically no current consumed
from the ‘“‘C" battery and its life should
therefore be somewhere in the neighbor-
hood of a year.

The diagram in Figure 2 shows how
the “C" battery is connected in the cir-
cuit of the last tube only. Nothing is
to be gained by connecting it into the
other circuits. This is convenient as it
requires only one changed connection
in the receiver to install this additional
battery whereas a good deal of rewiring
would be required if the “C’” battery

were to be connected in the circuits of
the other tubes.- :

Probably the most convenient location
for the “C"” battery is in the receiver
itself as shown in Figure 3. The Bur-
gess No. 5540 “C” battery shown in
Figure 3 is handy for this use because of
its compact size. Each of the small
batteries shown has a voltage of 714,
tapped at every 114 volts. Thus with
two of these blocks secured on the inside
of the cabinet it is possible to obtain a
biasing voltage of anywhere from 14
to 15 volts, in steps of 134 volts.

The electrical location of the “C” bat-
tery is in the grid return of the last tube,
between the grid resistance, M2 (see
Figure 1, page 497, December, 1925, issue
of PopurLar Rapio) and the “A”
(negative ‘“A”") line. The wire which
connected these two points is removed
and the “C” battery is inserted in its
place, with the negative terminal of the
“C’' battery connected to the resistance,
M2, and the positive terminal connected
to the ‘“A”-line. This change is in-
dicated in Figure 4. ‘It is a good plan
to fasten a small battery clip on the end
of the connecting wire which leads to
the negative terminal of the ‘“C” bat-
tery. This will make it easier to vary
the voltage.

. Wifie World

being made in other fields of apparatus developed by radio.

A LOUDSPEAKER WITH A SEVEN-LEAGUE VOICE
One of the indirect effects that radio is having wpon our civilization lies in the use thaits

Here, forexample, is a giant

loudspeaker that was heard by a crowd of 50,000 people assembled in a stadium in France.
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Darratt’s, I:o;:don .
AN OVERSIZE VARIOMETER
The stecring wheel of a wmotor car has been
appropriated to operate the huge wvarigble
coupling of this large antenna coil.

Two Unique Features
of a New Station

NTENNA coils which are so huge that they

must be tuned with the steering wheel of

an automobile and ground systems so exten-

sive that they surround acres of meadow are

two of the unique features of the new super-
power broadcaster at Daventry, England.

The coupling of the antenna inductance coil
(shown above) is opcrated by means of a
shaft to which s attached a large wheel. A
small dial which indicates the position of the
coils encircles the shaft at the panel

The large zinc plate shown  at the right
is only a small part of the comprchensive
ground system devised by Captain Round, the
well-known English radio engineer. Twenty-
four plates, each approximately a yard square,
are embedded in the earth in a circle about
the buildings which house the apparatus. From
each of these plates insulated wires are led
to .posts standing behind them. From insulators
on the tops of the posts the wires converge to the
transmitter house. )

: ¥ .I- 'y :
Barratt’s, London
BURYING AN UNUSUAL “ROUND”

' GROUND
A zinc ground plate, over a vard square, being
placed in position, it forms part of the ground

system designed by Captain Round for the new
high power station at Dawventry.
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The obverse of the medal; this original
is two-and-one-half inches in diameler.
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The reverse; the name of each recipient
will be engraved in the space provided.

THE POPULAR RADIO

Medal for Conspicuous Service

TO every radio amateur; to every amateur experimenter and broad-
cast listener, who is instrumental in alleviating human suffering or
saving human life, directly or indirectly through the medium of radio,
recognition will hereafter be extended in the form of a medal that shall
be known as ‘‘The Popular Radio Medal for Conspicuous Service.”’

This medal 1s unique within the realms
of radio in that it shall be awarded, not
for scientific achievement or invention,

.but for service to humanity; for bringing
aid'in time of peril, within the territorial
confines of the United States and its
possessions and in its waters.

It shall be awarded without discrimi-
nation to all amateurs—men, women or
children, of any race, nationality, color
or creed—through whose. prompt and
efficient action radio is utilized to per-
form an essential part in rescue work.
The awards shall be restricted to non-
professionals only.

To insure a fair and unbiased con-
sideration of .all claims, a Committee
of Awards has been appointed that
includes five distinguished citizens of
international fame.

To assist this Committee of Awards,
an Advisory Committee- has been ap-

pointed that numbers among its mem-
bers some of the most eminent citizens
of the United States, including represen-
tatives of many of our most distinguished
institutions. = These gentlemen have
been carefully selected not only because
they themselves are interested in public
service, but also because many of them
represent important bodies and are con-
sequently in positions to know of the
activities of individuals within their
spheres and to make recommendations
that are based upon personal knowledge
of the achievements of candidates for
the medal.

The Popular Radio Medal for Con-
spicuous Service has been designed by
the well-known artist, Walter D.
Teague. It is two and a half inches in
diameter in size, and is cast in monu-
mental bronze.

The conditions under which the medal
will be awarded are here specified:
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1. The medal shall be known as the Popular
Radio Medal for Conspicuous Service.

2. The medal shall be awarded, without dis-
crimination as to sex, age, race, nationality,
color or creed, to those radio amateurs, radio
experimenters, broadcast listeners and other
non-professionals through whose prompt and
efficient action radio is utilized to_perform an
essential part in the alleviation of human
suffering or in the saving of human life within
the termtorial confines of the United States
and its possessions, or in the waters thereof.

3. The medal shall be awarded by a Committee
of Awards that shall not exceed five in num-
ber. No member of this Committee shall be
an employee, officer or stock holder of
PoruLAarR RabIO, INC., nor shall any such
cmployee, officer or stockholder have a vote
in the deliberations of the Committee.

4. An Advisory Committee, which. shall co-
operate with the Committee of Awards and
which shall be particularly charged with the
resporisibility of making recommendations for
awards of this medal, shall be. made up of
men and women who, because of their
interest in the public -welfare or because of
their connection with institutions that are
consecrated to public service, are in positions
to bring to the attention of the Committee

of Awards the exploits of candidates who are
within their own special fields of activity.

5. The medal will be awarded for services
rendered since Armistice Day, November 11,
1918,

6. Recommendations for awards may be sub-

mitted to the Committee of Awards at any
time and by any person. Every recommenda-
tion must contain the full name and address
of the candidate, together with a detailed
account of the accomplishment on which
the proposed award is based, and must be ac-
companied by corroboratory evidence from
persons who have first-hand knowledge of the
circumstances and whose statements may bc
verified to the satisfaction of the Committee
of Awards. '

7. The medal will be awarded to as many indi-
. viduals as qualify for-it.and at such times as
the Committee of Awards may authorize.

8. All considerations. not specified herein shall
be left to the discretion of the Committee of
Awards.

All communications to the Commuitlee of Awards
may be addressed to—

THE SECRETARY 'OF THE COMMITTEE OT
AWARDS, POPULAR RADIO MEDAL FOR CON-
SPICUQUS SERVICE, 6277 WEST 43rd STREET.
NEW YORK.

The Commuittee of Awaréis.

of the Popular Radio Medal for Conspicuous Service

Hiram PERCY MAX-II\;I, President of the American Radio Relay

League.

E. F. W. ALEXANDERSON, Chief Consulting Engineer of the Radio

Corporation of America.

Major GENERAL CHARLES McK. SarrtzmaN, Chief Signal

Officer of the Army.

REArR ApMmIraL W. A. MorrerT, Chief of the Bureau of Aero-

nautics, U.. S, Navy.

Dr. Joun H. FINLEY, publicist and journalist.
Secretary: Dr. E. E. Free.

Advisory Committee

SENATOR JaMEs W, WADSwWORTH, Jr., of New
York,

HoN. JouN BarTON PAYNE, Chairman, American
Red Cross.

ApOLPH LEWISOHN, publicist.

Juoce BEN S. LINDSEY, of the Juvenile and
Family Court, Denver, Col.

Dr. J. McKEEN CATTELL, President, American
Association for the Advancement of Science.

Dr. J. H. DELLINGER, Past President, Institute of

Radio Engineers. ] ) )
FarLey Oscoop, Past Prestdent, American Insti-
tute of Electrical Engineers.

A= ¢ ey gAge =

C. S. GRUNSKY, President, American Society .of

© Ciwnil Engineers. 1

Dr. Davton C. MILLER, President, The Ameri-
can Physical Society. :

W. L. ABBOTT, President, the American Society
of Mechanical Engineers.

W. ]. HoLLAND, President, Carnegie Hero Fund

ommission,

GEorGE K. BURGESSs, Director, Bureau of Stand-

ards.

CoLiNn H. LivINGsTONE, President, Boy Scouts
of America.

Danier C. Bearp, Chairman, National Court
of Honor, Boy Scouts of America.

-
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Miss SaraH Loulse ARrRNoOLD, Presideni, Girl
Scouts.

Dr. W. D. HAGGARD, President, American
Medical Association.

K. A. BICKEL, President, United Press Associa-
tion,

KEenT CoorER, General Manager, the Associaled
Press.

H. P. Davis, Vice-President, Westinghouse
Electric & Manufacturing Company.

Dr. VErRNON KELLOGG, General Secretary,
National Research Council.

JEssE LyncH WILLIAMS, Past President, Authors'
League of America.

W. D. TerRreLL, Chief Supervisor of Radio, U. S.
Department of Commerce.

ProrEssor GEOrRGE B. PEGrAM, Depariment of
Physics, Columbia University.

Proressor H. H. SHELDON, Professor of Physics,
New York University.

Wi, Hawrey ATweLL, Grand Exalled Ruler,
Order of Elks.

Proressor Epwin B. WiLson, Harvard Uni-
versity, National Academy of Science.

W. E. HARENESS, Vice-President, American
Telephone & Telegraph Company.

WiLLiaM L. SauNpERrs, President, United Engi-
neering Sociclies.

Bric. GEN. J. R. Quice, Commander, the Ameri-
can Legion.

Jorx H. Moss, President of Kiwanis Interna-
tional.

From a photograph made by Borgens, Oslo, Norway, especlally for PorrLak Rapio

WHAT EFFECT DOES THE AURORA BOREALIS HAVE ON
RADIO RECEPTION?

Among the distinguished physicists who are seeking the answer lo this imporlant guestion

is Prof. Lars Vegard of Norway, who is shown above with the apparatus used to obtain the

- green speciro line of the aurora from frosen nitrogen gas. What has already been learned
about this subject of interest to all radio fans will be told in PorUuLAR RADIO for May.



Conpuctep BY Dr. E, E. FREE‘

IN THE WORLD’S
[ ABORATORIES

Have ‘‘Brain Waves'’ Been
Discovered?

THE scientific world, to say nothing of that
part of the world which remains blissfully un-
conscious of science, continues to nurse the hope
of identifying some kind of human radiation,
some ‘‘ray’’ which may be correlated with the
mysterious phenomenon of thought and which
may be used, perchance, to providea reasonable
basis for the supposed and cherished instances of
thought transterence or ‘‘telepathy.’’ Radio
has been invoked many times as the medium of
this transference.- Biit, as the properties 6f radio
waves become better. understood; *this  con-
tinues to” seem less and less probable.r The
current idea, nowadays, seems to be that there is
some unknown kind of radiation lurking some:
where in the less explored parts of the ether-

»

wave spectrum. Even this, it must be con- *

cluded, is extremely doubtful.

In a recent series of papers, M. Francis Marre,
of Paris, summarizes the claims made for the
reality of some such human radiation.* In
England, Mr. C. Russ (not to be confused with
Dr. Sidney Russ, the well-known biophysicist of
London) has made some stir by announcing his

* supposed (but very doubtful) discovery of an

instrument which can be deflected by the power
of the human eye. Much more important than
this is the fact that Dr. Ferdinando Cazzamalli,
Professor of Nervous Pathology in the University
of Milan, Italy, has obtained what he believes to
be experimental evidence of the ‘‘broadcasting”
of radio impulses by the human brain, especially
in states of extreme emotion and in abnormalities
of the “psychic’’ vartety.t

Whether or not one agrees with the conclu-
sions reached by Dr. Cazzamalli, it is necessary

*Essays on the Radiation of the Organism’’ (in French},
by Francis Marre. Radio-Electricité (Paris). vol. 6, pages
306-307 (August 25, 1925), pages 322.323 (September 10,
1925}, and pages 342-343 (September 25, 1925). See alsv
an earlier contribution by M. Paul Lambert. under the
same title, to which M. Marre acknowledges indebtedness.
which was published originally in L'Electricité pour Tous
{Brussels), January 15, 1925, and republished by Radio-
Electricité. vol. 6, pages 463-484 (December 25. 19265).

Dr. Cazzamalll’s experiments were announced last sum-

to applaud the care and seriousness with which
he has attempted to obtain unmistakable experi-
mental evidence of radio emanations from the
brain. The experiments were conducted inside
an airtight room, built of carefully soldered
sheets of tern plate (sheet iron covered with a
lead alloy). This room contained a cot for the
patient, a chair and the radio detecting appar-
atus. Air was provided through filters composed
of iron filings and grounded. The metal sides
of the room were thoroughly grounded also. If
necessary, food could be introduced through a
two-compartment metal trap, also grounded.
These_precautions were. necessary in order to
keep ‘out’ stray electromagnetic disturbances.
.That they were successful was indicated by the
fact that a radio receiver inside the sealed room
picked up no disturbance whatsoever, not even
any static,

The radio devices used in the experiments were
of several types, ranging from a simple crystal
detector- to vacuum-tube receivers provided
with two stages of audio-frequency amplifica-
tion. . From the viewpoint of the radio engineer,
Dr. Cazzamalli's descriptions are not very com-
plete; but it appears that none of the receivers
employed would have possessed extreme sen-
sitivity. Nevertheless, sounds were heard in
the receivers whenever the patient, inside the
metal room, entered any abnormal or emotional
mental state. There seemed to be certain cor-
respondences between the nature of the mental
state and the character of the sounds, although
‘Dr. Cazzamalli is properly conservative in assert-
ing this as a definite conclusion.

This is, undoubtedly, an important and valua-
ble experiment. It appears to be the first time
that a human being and a radio receiver have
been isolated together inside a thoroughly

-————

mer in the Reoue Metapsychique (Paris) and were no

the American newspapers during the week beginning Aug- -

usz 16,1925, His paper has now been translated into Eng-
fish by Mr. J. Malcolm Bird. assisted by Mr. Austin é
Lescarboura, as radio éxpert. It appears as: *'Telepsychic
Phenomena and Cerebral Radiations,™ by Ferdinando Caz-
zamalli. Journal of the Society for Psychical Research (New
York), vol. 20, 1-17 (January. 1926). Popurar
RADIO 18 indebled to Dr, Cazzamalli for some additional
information concerning . his-experiments.

r - .
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g’rbunded cage. There is now no doubt that un-

er these circumstances disturbances of some
kind can be picked up by the receiver. Dr.
Cazzamalli has indubitably done this. But can
we be so sure that the disturbances are ‘“‘brain
waves?'' .

All nerve action, it is true, is certainly of
electric character. It is probable that it sends
out, as do all electric changes, some variety of
ether-impulse; possibly some kind of wave, pos-
sibly some  quickly.damped impulse more 'like
that created by a sharp and transient electric
spark. With these conclusions all physicists
and physiologists will agree. But, unfortu-
nately, these electric reactions in the nervous

. tissues, including the brain, are not the only

electric changes which go on in the living human
body. Every beat of the heart causes an electric
change. That is how the familiar medical in-

strument, the electro-cardiograph, operates. The.

corpuscles of the blood are electrically charged.
Every time that a muscle contracts, including

- the involuntary and unconscious contractions of

the-muscles of the stomach and of other internal
organs, an electric change occurs. An ether
impulse of some kind is sent out, undoubtedly,
into the surrounding space. It seems quite pos-
sible that it was some of these bodily reactions
which Dr. Cazzamalli's apparatus detected, not
any “thought wave' from his patient's brain.
The difficulty in detecting the possible “human
radiation’ by radio is not that none exists, it is
that too.much exists; too many kinds of impulses

o

S

are coming out all the time from the living, active

human body. This is no criticism of Dr. Caz-
zamalli. He has taken an important first step. -
It is to be hoped that the experiments will be
continued and extended as rapidly as possible,
both by Dr. Cazzamalli and by others.

What is needed, of course, is not more sensi-
tive receivers but more selective ones. Proba-
bly any good radio receiver, properly shielded
from outside interference, will duplicate what
Dr. Cazzamalli has observed. The problem is
to sort out the impulses of different’ kinds, to
separate the heart-waves and the stomach-
waves and the muscle-waves and so on, from any
possible brain-wave that may be there. The
plight of the present brain-wave searcher is like
that of a man with an untunable crystal receiver
set up in some radio bedlam such as our great
cities have now bescome.

Radio Ills from Sunspots

IF there remained any radio experts who
doubted the effects of the condition of our sun on
terrestrial radio, they must have been. convinced
during the International Radio Tests of the
week of January 24, 1926. It happened that
at that time there were two active groups of
spots on the sun. These were easily large
enough to be seeri by the naked eye, protected,
of course, by a bit of smoked glass. During
that same week the aurora was unusually active

From a photograph made especially for POPULAR RADio by Cawpbell-Gray, London

MEASURING ELECTRIC CURRENTS FROM THE HEART BEAT

One of the chief difficulties about detecting electric waves from the brain is that every muscle

© in the body, including that of the beating heart, produces electric changes. The instrument

shown here is the electro-cardiograph, used to detect these changes. - The girl's hands,

dipped into bowls of salt water, make the conlacts by which the heart’s electricity is com-

municated to the recorder on the table. This photograph is published by special permission
of the British Enipire Exhibition Commitlee of the Royal Society.



U. -8. Coast and Geodetle Survey

. A DIP CIRCLE

This is a delicate magnetic compass, so arranged
that its needle measures the inclination of the

earth's. magnetism to the horizontal. This inclina--

tion, colied the 'dip,” changes during the magnetic
storms which so disturb radio.

~.which means the normal

POPULAR RADIO *

and - severe magnetic storms occurred: That
-‘week marked, also, the practical failure of the
International tests. Radio transmission across
the Atlantic'-was consistently worse than in
many weeks in the spring and fall.

The fact that an unusual number of spots was

“appearing on the sun became obvious in the

first week of November. The group then
visible disappeared around the edge of the sun
on November 20 and did not reappear. By
mid-December, however, another large group
had appeared and the sun.remained unusually
bespeckled after that time. At the time of the
total eclipse, on January 14, the observers in
Sumatra reported. both sunspots and promin-
ences as unusually and unexpectedly numerous.
Terrestrial symptoms began on Deceémber 27
and 28, both of these dates being marked by

--magnetic disturbances of moderate intensity.

These disturbances continued at intervals until

_January 26, on which day occurred one of the

most violent magnetic storms on record, with
corresponding deterioration of radio communi-
cation.

By ‘'magnetic storm” is meant an occasion on
which the elements of the earth's magnetism
show sudden and relatively violent alterations.
The direction in which the compass needle points
may swing to the east or to the west by a whole
degree, or even more. The angle of ‘dip,”
inclination of the
magnetic lines of force to the surface of the
ground, may alter also. The intensity of the

_earth-magnetism, as. measured by a magneto-

meter, suffers simultaneously from ‘the same:
disturbances.* That these magnetic symptoms

. *An admirable general discussion of the earth’s magnatic
field, its variations and the means of measuring its elements
is contained in "The-Earth’'s Magnetism,” by Daniet L.
Hazard, 52 pages:-1925; publistied as Special- Publication
number 117 of the United States Coast and Geodetic Sur-
vey and obtainable for fifteen cents from the SuJ?ennter_:dent
of Documents, Washington, D. C. Every radio fan inter-
ested”in” the effects of earth magnetism on radio should
obtain and read this document.
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From Epecisl Publfcation No. 117. U .8. C. & G. 8.

A MAGNETICALLY QUIET DAY AND A STORMY ONE
Curves are given for two days, a quiet day above and a disturbed day below. The three curves
for each day indicate, respectivély, the magnelic declination, tke' intensily of the magnetic
frrce and the inclination of this force lo the earth's surface.
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DISTURBERS OF THE INTERNATIONAL RADIO TESTS

This picture shows the remarkable‘ sun spots of January 24, 1926. The largér spol was

vast enough*to have jngulfed a dezen whole.earths. Magnetic disturbances connected with

the violent solar storms creating these spots causéd severe inierferences with the internalional
4 broadcasting tests late in January.

-

are merely results of a more widespread electro-
magnetic disturbance as indicated by the simul-
taneous occurrence of powerful stray currents
in long telegraph lines and similar wires, suffi-
cient, in many instances, to paralyze telegraphic
communication for minutes or even for hours.
Just how these terrestrial magnetic effects are
related to what is going on in the sun is not
known, although a gencral correspondence in
time between the terrestrial magnetic storms and
an unusual frequency of sun spots has been
recognized for many years and is universally
admitted. A sun spot consists, the astrono-
mer’s believe, of a vast whirling storm in the sun.
It is much like a terrestrial cyclone, although far
larger. We know, too, by actual observation
of the light from sun spots, that vast magnetic
forces are at work in them, forces great enough
to modify the light-giving power of the atoms
caught therein. Possibly these magnetic (and
undoubtedly electric) forces in the spots send out
electromagnetic waves of some kind which
affect the magnetic field of the earth. Or per-
ha.ps the messengers are streams of electrons or

16ns, shot out from the solar atmosphere when -

this atmosphere is so tremendously disturbea
as it is by a vast sun-spot storm perhaps a hun-
dred thousand miles in diameter.

Whatever the mechanism, it is beyond ques-
tion that spots on the sun mean trouble for teleg-
raphers and for radio listeners here on earth.

Radio transmission is dependent, we now know,
upon the electric condition of the atmosphere and
upon the nature and intensity of the earth's
magnetic forces.* Both of these are affected,
very powerfully, by the disturbances, whether
electronic or radiant, which are sent out from a
stormy sun. OQur dependence upon the sun for

‘light and heat and power and food is well known.

It is now apparent that we are dependent on it,
also, for the good or bad quality of radio,

*For the effects of the magnetic forces of the earth on
radio transmlssmn see: “How Earth Magnetism Affects
Radio Waves,” by H. W. Nichols and J. C. Schelleng,
PoruLar RADIO for October, 1925, pages 309-316; also,
"Alexanderson's Theory of 'I‘w1stmg aves,’ POPULAR
Rap10 for November, 1925, pages 461-463.

Trailing Noises With a Radio
Apparatus

ONE of the latest services of radio science to
other scientific inquiries is the apparatus, re-
cently developed and applied, by which the loud-
ness of noises of any kind may be meastired and re-
duced to definite quantitative units. This appara-
tus was applied some months ago to the measure-
ment of the amount of noise produced by a mov-
ing -automobile. More recently, the appa ratus

“has-been used to make a ‘‘noise survey' of the

streets of Manhattan and of Brooklyn.
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The development began with the audiometer,
an instrument devised by Dr. Harvey Fletcher,
of the Bell Telephone Laboratories, for the
purpose of measuring the hearing abilities of
the human ear, especially in cases of partial
deafness.® This audiometer consists of a com-
bination of vacuum-tube circuits capable of feed-
ing into a telephone receiver notes of certain
given audio frequencies and with any desired
intensity, from zero to a tone which is louder
than most people can bear. Having perfected
this instrument, Dr. Fletcher then devised a
smaller, portable form, which does not produce
pure tones each of a definite frequency, but
merely a single buzzer note, designed to contain
most of the audio frequencies present in ordinary
sounds and important in hearing. This buzzer
note may be attenuated, by a potentiometer, so
that any desired intensity, over a considerable
range, may be fed into a standardized telephone
receiver and thence into the ear which is under
test. .

Forthe testing of the percentage of hearing re-
maining to a person who is partially deaf, all that

*See POPULAR RaDIO for December, 1924, pages 620-622,
For a full account of the audiometers, their theory and uses
see: “Audiometric Measurements and their Uses.”" by
Harvey Fletcher, Transdctions of the College of Physicians

of Philadelphia, 1923, 13 pages; and ‘'Physical Measure-
ments of Audition and_their Bearing on the Theory of

Hearing," by Harvey Fletcher, Journal of the Franklin
Institute (Phlladelggm). vol., 186, number 3, (September,
elephone

1923), 38 pages; both reprinted by The Bell
Laboratories, In¢., New York.
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is necessary is to determine the attenuation of
the buzzer note which can be introduced without
making the note inaudible. If even the loudest
note is unheard, the deafness is considered com-
plete. If the note can be heard at its lowest
intensity—the most complete attenuation—hear-

- ing is considered perfect.

To measure noise with this device a modifica-
tion is introduced. Instead of an ordinary
telephone receiver, fitting closely against the ear,
a receiver is employed which has an offset, so
that there is a small space between the receiver
and the side of the head. Noise from the sur-
roundings enters the ear through this space.
Simultaneously, the tone from the receiver enters
the ear. The latter tone may be adjusted in
intensity, as just explained. The operation
consists, therefore, in adjusting this buzzer-note
intensity until the noise from the surroundings
just masks it; that is until the buzzer note just
cannot be heard against the noise. The note and
the noise are then assumed to have the same
intensity, an assumption which is found correct
by actual test, provided only that the noise being
measured is substantially similar in character (as
to its component frequencies) to the tone sup-
plied from the buzzer.

This method of measuring the intensity of noise
has been applied to automobile noise by B. J.
Lemon and H. Clyde Snook and to the general
street noise of New York City, in the investiga-
tion already mentioned, which was made by the

HOW STREET NOISE WAS MEASURED IN NEW YORK

The buzzer circuit of the audiometer is inside the larger wooden box.

The smaller box,

resting on the lid of the larger one, is the potentiometer, used to attenuate the buszer note,

as in an audibility meter.

The telephone receiver, pressed to the operator's ear, permils the

sirect noise to enter the ear together with a note of known intensity from the bugzer circusl.
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THE MOST COMPLETE FORM OF AUDIOMETER

. This instrument, devised for the lesting of hearing, uses vacuum-tube oscillating circuits to
produce tones of fixed pitch and known intensity. The patient, seated at the right, records

the intensity which she can just hear.

Thus the sensitivity of the ear for various pitches is

determined. Standing behind the patient is Dr. Harvey Fletcher, of the Bell Telephone
Laboratories, who perfected the audiometers, including the one used for noise measurement.

Forum, a magazine of that city.*} The apparatus
and its use for noise measurement were described
by Mr. Snook before the Society of Automotive
Engineers in June, 1923, and again before the
New York Electrical Society, February 3, 1926.

"The most striking conclusion from the noise
survey of New York City is that .practically all
of the city noise is produced by the traffic on
the streets, with the automobile truck ranking as
the greatest contributor. As might have been
expected, the noise is local in distribution; the
back rooms of a house may be very quiet, even
though the house fronts on a very noisy street.
In terms of physical units, the quietest places in
the city have an average noise intensity of
approximately 001 dyne per square centimeter;
the noisiest places reach an average of about
20 dynes per square centimeter, a variation of
twenty thousand times. The noise of 20 dynes
per square centimeter means, in terms of human

#*Seec the important paper ‘'Automobile Noise Measure-

ment,” by H, Clyde Snoog‘.z Journal of. the Society of Auto-

motive Engineers, vol. 17, number 1 (July. 1925), 29 pages.

réeprinted by Bell Telephone Laboratories, Inc.. New York
iy,

t“How Noisy js New York,” by E. E. Free, The Forum
{New York). vol. 75, number 2, pages xxi. xxii and xxiv of
the illustrated section (February. 1926), Newspaper ac-
counts, with some additional data. were published in the
New York Herald-Tribune for January 15, 1926, and iri the
Brooklyn {(New York) Eagle for*January 21. 1926.

hearing, that about half the normal sensitivity
of the human ear is lost where that level of noise
prevails,

The most interesting feature of these new
methods and tests (for the radio engineer, at
least) is what they suggest for the future. Noise
is increasing in our cities; it is increasingly an-
noying.
noiseless automobiles, noiseless offices, quieter
houses, machinery that is less ear-splitting.
One can scarcely doubt that there will be, before
many more months, 2 new profession of noise
engineer. The tools of this professior will be
radio tools; its technique will be, essentially, the
technique of the radio engineer. It will merely
be audio-frequency work instead of radio-fre.
quency work. The path blazed by the Bell
Telephone Laboratories, in the persons of Mr.
Snook and Dr. Fletcher, will be followed, we
may be sure, by many of the radio fraternity.

We must not forget, however, an important
caution. The science of sound has been a back-
ward one for a generation. Other sciences haye
outstripped it. Many of its basic facts are
unknown or are known only imperfectly. These
facts are being discovered or corrected quite
rapidly. They will soon be available, just as the
facts about city noise have become available.
In the meantime, guessing is dangerous. The
fact that acoustic engineering is likely to call for

There ‘is more and more demand for- -
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men and for answers should not induce ill-
prepared enthusiasts to rush into it too rapidly
or to promise or attempt too much.

A New Radio System for
Locating Ships

AN ingenious combination of sound waves and
radio waves has been perfected by the United
States Coast and Geodetic Survey in order to
locate the exact position of a survey ship off the
coast, even when the coast line is hidden by fog,
haze or the smoke of forest fires ashore.* Under
normal conditions the location of a vessel en-
gaged, for example, in making precise soundings
for shoals and reefs, is determined by taking the
direction of two or more visible points on the
shore, so that the ship's position may be fixed
on the chart by what surveyors call “‘triangula-
tion.” This requires good vision of the shore
stations. When they cannot be seen the use
of this method is impossible.

The new method obviates this difficulty.
Visibility of points on shore from the surveying

*The method was mentioned by Commander N. H.
Heck, of that Survey, in an address before the American
Association for the Advancement of Science, at Kansas
City, Missouri. on December 29, 1925. lnformation for
the present note has been kindly supplied especially to
PoPULAR RaDIO by Director E. Lester Jones. of the U. S,
Coast and Gecdetic Survey, Washington, D. C

ship is not necessary and only a stiff gale will
cause the suspension of the survey work. ‘‘The
measurement is made,” says the Survey, ‘by
recording the speed of a sound wave from ship
to shore and then converting it into distance,”' a
conversion which is quite easy when the speed
of sound in sea water is known. ‘'The sound'is
produced,” the Survey’'s statement continues,
“by the detonation of a time-fuse bomb of
T. N. T., which is dropped from the vessel while
under way. The sound of the explosion is
picked up on board ship by a hydrophone (a
microphone for under-water service) which con-
verts the pressure variations of sound waves into
variations of electric current. These varia-
tions are amplified to operate a relay, through
which the instant of explosion is registered on a
strip of moving paper. The ticks of a chronom-
eter are also recorded on this strip.

“The sound wave from the explosion is also
picked up on shore by a hydrophone planted on
the bottom of the sea and connected to the shore
station. The sound impulse is amplified to
operate a relay, which, after a predetermined
interval, starts a radio transmitter to sending

out a code message for that particular station..

Reception of this message on the vessel is
recorded on the chronograph strip. After the
known lag at the shore station is subtracted, the
travel time [for the sound wave in the water] is
converted into distance. * * * * Coast and
Geodetic Survey vessels have worked success-
fully 206 miles off shore by this method.” If

U. B. Coast and Geodetic Survey

HOW RADIO AND SOUND WAVES FIX A SHIP'S POSITION
A bomb is dropped from the ship and explodes under water. Sound waves travel through the
waler, affeciing the hydrophones on the sea boltom near shore. This starts the radio frans-
miller atl the shore stations. Their signals are picked up on the ship, thus fixing the time
needed for the sound wave lo travel from ship to shore. The distance can be calculated
rom this lime. 5

<)
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Courtesy of The Scientific Amerfcan

THE RECORD OF A SUPPOSED CREATION OF MERCURY

In this series of spectra, photographed by Professor Smits, the lines due to lead become weaker

and the lines due to mercury become stronger from the top of the series downward, this cor-

responding to the length of time that-the molten lead had been exposéd to electric action in

the lamp. Professor Smits believes that this change indicales o transmutaiion of the atoms
of lead 1hto atoms of mercury. 3

desired, the velocity of the sound wave in.the
sea water of that particular locality may. be
determined by exploding bombs -and taking the
radio records at times of clear weather, when
visual ¢hecks on shore stations are possible.

Another Alchemist Appears

REaDERS of PorurLar Rapro wil remember
the claims made two. years ago by Professor
Adolf Miethe, of Berlin, that he had succeeded
in the age-old quest of the alchemists and had
transmuted the element meércury—common
quicksilver—into gold. " A little later; Professor
Hantaro Nagaoka, of Japan,.claimed to have
accomplished the same feat. = Unfortunately,
these claims did not stand unchalienged. - Some
of Professor Miethe’s own colleagues, in Berlin,
reported against his claim.  Professor H. H.
Sheldon and Mr. R. S: ‘Esfey, of . New York
University, repeated the experiments, exactly as
described by Miethe, but obtained no: gold.*
Nagaoka's experiments do not seem to. have
been repeated critically; but they are similarly
under suspicion in well-informed scientific circles.

Now appears another scientist who believes
that he has accomplished the transmutation of

#See “The New Alchemy Fails to Make Gold,” this De-
p%;tmfgt of PoruLar RaDpi1o for December, 1923, pages
577-578.

‘one atom into another. Gold is not. involved,
the transmutation being of. lead atoms into
thallium atoms and, 'ultimately, into mercury
atoms. The scientist is Dr. Arthur Smits, well-
known and respected Professor of Chemistry in
the University of Amsterdam, Holland.t . The
method ' is“'similar to that wused by Miethc.
Pure lead is put into a quartz tube and heated.
Through the vapor of. lead thus produced in the
tube  powerful -electric currents are passed,
usually in tre form of intermittent heavy sparks.
The ‘spectrum. of "the :light is photographed.
In the beginning, this spectrum shows the lines
of Tead. " As the sparking goes on, the lead lines
grow weaker, while lines of thallium and of mer-
cury appear and. grow stronger. It is assumed
that lead atoms are being converted into thal-
lium or mercury atoms. 4
Professor Smits’ report is straightforward and
impressive, However, the scientific world, once
bit (however unintentionally) by -Professor
Miethe, is twice shy. The Amsterdam claim
does not seem to have met with very general
acceptance. Except for. one rather doubtful
chemical test, the evidence of the formation of
mercury is purely spectrographic, and spectra
have a way of performing unexpected tricks.

T Transmutation of Elements” by A. Smits, Nature
(London), vol. 117, pazes 13-15 (January 2, 1926), and
“The Transmutation of Elements.” by A. Smits and
A. Karssen. The Scientific American (New York), vol.
134, pages 80-81 (February, 1926).
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ConpucTeDp BY HucH S. KNOWLES

IN justice to aur regular subscribers a nominal fee of $1.00 dper guestion 1s charged to non-subscribers

lo cover the cost of this service, and this sum must be inclose

with the letter of inquiry. Subscribers’

inguiries should be limited lo one question or one subject.

The Use of Silver Wire for
Bus Wiring

QuEsTION: I am rebuilding my receiver
and want to make it as eSicient as pos-
sible. I have used the best parts avail-
able throughout and want to spare noth-
ing to make it as fine a set as may be
built. I understand that sterling silver
is a better conductor than copper.
Would you advise me to use it in con-
necting up the set?

SAMUEL BIRD.

AnsweRr: This is a common question; it in-
dicates that some set builders have consulted
a table of specific resistances, The conductivity
of annealed electrolytic copper is about 95 per-
cent that of pure silver. Sterling silver is not
pure silver but an alloy that contains consider-
able copper. Its conductivity therefore, is less
than that of pure silver. Aside from this con-
sideration however, and even assuming that pure
silver is used, the difference in conductivity does
not warrant the additional expense. It would
be just as logical to use silver wire in the loop and
this would be very expensive. The slight dif-
ference in conductivity can be compensated for
by using wire a size larger,

The Use of a Wave-trap with
Loop Receivers

QUEsTION: There is a powerful station
about two miles from my house that is
very hard to tune out. I am using a
standard type eight-tube superhetero-
dyne with a loop. Can a wave-trap be
used with a loop antenna? Would it
help to eliminate this interference?

HaroLp FiELDING

ANSWER: When the received wave differs suf-
ficiently from the interfering wave, a wave-trap
may be used advantageously with any type of
antenna. The wave-trap is nothing but a par-
allel resonant circuit designed to offer a verv
high impedance to the frequency to which it is
tuned. Increasing the resistance of this circuit
decreases the impedance to this resonant.fre-
quency so a good coil and condenser should be
used.

As in the case of an outdoor antenna the wave-
trap may be used either by connecting it directly
in series with the loop or by coupling it to a
small coil connected in the loop circuit. In
practice this latter arrangement is generally to
be recommended since its reaction on the loop
circuit may be controlled more easily.

How to Test Large Condensers

QuesTION: I have a few bypass con-
densers ranging in capacity from .1 to
1 mfd., which I use in making up sets.
I have tried testing them with a headset
and battery but they all give a pro-
nounced elick which I inderstand should
indicate that they are defective. Is there
any more accurate method of comparing
any two condensers to determine which
has the higher resistance, that is, which
is the better to use in a set?"

WiLLiaM CLARK.

ANsWER: The usual phone and battery test is
unsatisfactory for condensers of this type. This
is due both to the high. capacity and to the
relatively low resistance of this type of con-
denser.

High capacity condensers possess a large
initial current which will produce a loud click
in the phones, while condensers with a low resist-
ance will discharge rapidly enough so that sub-.
sequent tests also give a click in the phones.

There is a simple method which may be used
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to get a relative idea of the resistance of several
condensers.

Charge the condensers with fairly large ca-
pacities by means of a single dry cell. For small
capacities of the order of .0005 mfd. more voltage
should be used. (The charge on a condenser is
equal to the product of the capacity and the
applied voltage:)

The battery should be connected directly
across the condenser for a period of from five to
thirty seconds or possibly even longer. The
reason for this is that the charging time should
be the same for all of the condensers compared,
and it is somewhat easier to measure a Jong pe-
riod of time aceurately than a short one.

Wait a few minutes (which should be timed
not estimated) and connect the phones across the
condenser. Unless the condenser is a poor one
there should be a pronounced click, thus show-
ing that the condenser is not completely dis-
charged.

Charge the condensers again and increase the
time before testing until there is a barely per-
ceptible click. The condenser that requires the
longer time to discharge to this point is the
better one, as it has the higher resistance.

It must be remembered that this system 1s
satisfactory only when condensers of the same
capacity are to be tested or compared. The
relation between the time required to discharge
and the resistance is a complicated one and the
fact that one condenser takes twice as long to
discharge as another does not necessarily indicate
that it has half the resistance.

"How to Insert a Crystal Detector

in the Four-circuit Receiver
Question: I have a Cockaday four-

circuit receiver which was built from the
description given in the October, 1924
issue of PoPULAR Rapio. I have heard
that a crystal detector gives better qual-
ity than a tube detector, so I should like
to experiment with it, even though this
set gives very good ‘quality. If I could
use it on local stations it might operate
satisfactorily and save the heavy “A”
battery drain of the UV-200.
Epwarp CARrSON.

ANSwWER: This change may be readily made as
may be seen from Figure 1.

You will need a single pole donble throw switch
such as the Yaxley No. 30. Disconnect the “B"’
plus lead to the audio-frequency transformer
from the transformer and connect it to one of
the stationary springs of the switch. Connect
the transformer binding post just disconnected
to the moving spring of the switch. Connect
the other lead of the switch to one side of the
cyrstal detector and the other side of the detector
to the outside lead of coil B as shown.

Make the leads to the crystal detector as short
and direct as possible and space them as far as
possible from the plate leads. If the change from
one type of detector to the other is to be made
frequently you may find it convenient to put the
switch on the panel over the Dublwundr. This
necessitates rather long leads and we suggest
you mount it on a small brass bracket on the
baseboard just back of the first socket.

The letters on the various parts are those used
on the original diagram of this receiver.
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THE FOUR-CIRCUIT RECEIVER WITH A CRYSTAL DETECTOR
FiGurg 1: This schematic diagram shows how the change from a vacuum tube to a crystal
detector may be made in the Four-circuit recciver. All the lettering in the drawing 1s identical

with that emploved in the original diagram of the recetver.
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A SCHEMATIC DIAGRAM OF THE ULTRADYNE

FIGURE 2: The delailed hook-up of the Ultradyne superheterodyne recetver which is de-
" scribed below. The letlering of the apparatus in the drawing corresponds with that in the
- printed list of parts.

How to Build the
Ultradyne Superheterodyne

QuesTioN: I have heard a great deal
lately about the Ultradyne, and as I

still have a set of intermediate frequency

transformers together with most of the
other parts I once used in a nine-tube
superheterodyne, I want to build a set
using this circuit. Since coils for this
receiver cannot be bought locally I would
appreciate your giving me the specifica-
tions for them as well as the circuit of
the set. Will you kindly give me the
necessary information as well as a com-
plete diagram that will help me in
wiring up?
HeNrRY BAINBRIDGE.

ANsSWER: The circuit of this receiver is given
in Figure 2.
You will need the following parts:

RFT1—Intermediate frequency transformer,
tuned input;
RFT2 RFT3 and RFT4—Intermediate fre-
quency transformers, untuned:
VC1—Variable condenser, .0005 mfd.;
VC2—Variable condenser, .0005 mfd, vernier;
C1—Condenser, fixed, .0005 mfd.;
C2—Condenser, fixed, .006 mfd.;
C3—Condenser, fixed, .002 mfd.;
C4—Condenser, fixed, .5 mfd.:
GC—Condenser, grid, .00025 mfd.;
GL—Grid-leak, 2 megohm;
P—Potentlometer. 300 to 400 ohm;

R—Rheostat, 2 ohm, 2 to 2.5 ampere ca
pacity;

AFT1 and AFT2—Audio-frequency trans-
formers, first and second stage respectively;

n and J2—Double circuit jacks;

L1—Oscillator inductance (57 turns of No. 22
DSC or DCC wire on a 3-inch tube tapped at
28134 turns);

L2—150 to 300 mili-henry choke, small and
connected close to plate;

Loop—This should be made by winding 15
or 16 turns of No. 18 wire (preferably stranded
or fixture wire for mechanical reasons) on two
slotted cross arms. The outside turn should be
two feet square with turns spaced about }{-inch,

The necessary battery voltages are indicated
in the diagram.

As the first tube has no plate voltage other
than the alternating current voltage supplied
by the oscillator, the oscillator must %e operated
so as to give a larger output than is usually nec-
essary. %{ou may find that the voltage of the
first ““B" battery block shown in the diagram
will have to be as high as 90 volts. As this volt-
age is also applied to the intermediate frequency
amplifier, in this way considerably increasing
the B’ battery drain, it may be advisable to
connect the oscillator plate to the second block
in order to secure the necessary voltage without
increasing the amount applied to the interme-
diate frequency amplifier.

When an oscillator is operated at large out-
puts there is considerable wave form distortion;
that is, considerable energy is present at har-
monic frequencies. This is due to the tube
characteristic. Consequently you may have
trouble with harmonics from the "oscillator as
well as a few repeat points, particularly on local
stations. This trouble may be minimized by
using a larger tube of the semi-power type
and by employing some negative bias on the

grid.

@

&

(g



WHAT READERS ASK 377

&
<Im
‘Icl

ﬂ

—L—— 00000 )

LQ%
1
==

—

T

{
i

Y3 Ty

.

%I »
(

ol

R
|
(14

_

o —L

By

The Use of a Loop or an
Antenna Coupler

QuestionN: I have just built one of
the McLaughlin single control super-
heterodynes. I have been unable to
obtain one of the loops specified for this
receiver. I have been using a Korach
loop and the results have been very satis-
factory, but I would like to dispense with
loops altogether if possible and use my
antenna. Can you suggest a means of
doing this?

ARTHUR WILLIAMS

AnsSwer: Although this can be done rather
easily it is not altogether satisfactory and
should not be resorted to except when a loop
cannot be used. The loop has the advantage of
giving a higher signal to static ratio, directional
properties, greater selectivity {due partly to the
former) and of more nearly giving a straight-
line-frequency curve over the portion of the con-
denser that is used. This last characteristic is
important where single control is used, due to
the fact that there has to be a constant fre-
quency diffcrence between the oscillator and
loop or input circuit.

Where an antenna coupler .is used the
curve deviates from that obtained with the
loop due to the reaction of the antenna circuit
on the secondary circuit through the coupling
which must ‘necessarily exist between the two.
To minimize this effect and to improve se-

lectivity the coupling between the primary and
secondary should be loose.

To make an antenna coupler to use with this
receiver sixty turns of number 20 DCUC or DSC
wire should be wound on a 3 or 314 .inch com-
position tube. Space an inch and wind eight
turns of the same wire for the primary. The
four binding posts for ‘he primary and secondary
can be mounted directly on thé tube. To im-
prove the looks of the unit it can be mounted
in a small cabinet and the binding posts
mounted on the panel. The two phone tips
supplied with the “Imp” jacks should be sol-
dered to two short leads and connected to the
secondary of thé coupler.

If the antenna is large it may be necessary
to connect a .00025 fixed condenser in series
with one of the primary leads. Where neces-
sary the selectivity may also be improved by
removing turns from the primary.

To place the unit in operation connect the
antenna and ground leads to the primary and
the two leads from the loop jacks to the sec-
ondary binding posts. This should be done
while the lid of the set is open so the con-
densers can be adjusted. Set the midget con-
denser so that half of the rotor plates are en-
gaged. Tune the receiver while using the head-
phones until a station is heard. One of the
set screws on the coupling connecting the two
variable condensers should. then be loosened
and the oscillator condenser (the rear one)
should he rotated slightly until the signal is
loudest. The set-screw should then be tight-
ened. The capacity variation which can be
gotten through adjusting the midget condenser
will compensate for any frequency difference
hetween the oscillator and the loop circuits,

The Menace of the Radio “Press Notice”

“Dreaded censorship will certainly come wnless the broadcasters wake
up to the realization that only clean. wholesome material has any right

in God's air.

National advertisers will learn that they are causing a feel-

ing of antagonism only when they force their sales talk into the homes

of the people.”

—Dr. Lee D Forest

[



atlonal Cathedral Foundation

BROADCASTING AN OUT-DOOR CHURCH SERVICE
Not only does the Reverend Microphone appear in the pulpit during divine worship held on
on the grounds of the Cathedral of :St. Peter and St. Paul tn Washington, D. C., but ampli-
Jiers are employed (as shown above) for carrying words and music to the assembled multi-
tudes which constitute but a tiny fraction of those who listen in.

T'he BROADCAST LISTENER

Comments on radio programs, methods and technique
—from the point of view of the average fan

By RAYMOND FRANCIS YATES

The Squealing Receiver Is a
Social Nuisance

OuUR international tests have been the subject
of splendid newspaper articles; but the results

have heen far from satisfying.” As a matter of

fact, they have beeh so bad as to bring the whole
thing pretty close to a downright fiasco, Each
night at the appointed hour the air was found
writhing like a-mass of worm sgueals and howls
of every imaginable degree of frequency. To
tune into a mess like that in hope of enmeshing
a foreign wave was nothing but the shearest
folly. Yet thousands upon thousands who,
ordinarily could not get beyvond the bounds of
their state line, strained and struggled to catch
one flecting note of the foreign stations. It
was all very sad and very disappointing.

In our rash judgment of the thing, we must

not overlook the loads and loads of real sport
had by the Radio Boy Scouts. The distance-
eaters were as happy as Elks at a_carnival. So
after all, the trans-Atlantic tests were not the
dismal failure they might have.been.

In reviewing this trans-Atlantic test business,
it is interesting to note that the only thing that
prevented complete and glorious success was_the
presence of the squealing receivers. The car-
rier waves of all o? the British broadcasters were
easily heard and it was only the wild shrieks
of the unsatisfied tickler coils that niade of the
whole thing a somewhat grotesque display of
the evil spirits of the air.

Is there not some way of making the owner
and user of a squealing receiver realize his obliga-
tion to his fellow listener? Is there not some
way of impressing him with the fact that he is a
social nuisance? Then; too, we often wonder if

378
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the manufacturers who supplied; such contrap-
tions to the public in the early days, do not feel
just a little sting of compunction? If -they
don't, they should.

. * * *
How To Listen In

WE came to thinking the other day that we
had in a measure failed to fulfill our ‘obligation
to the hundreds of-thousands of our faithful
readers who mob the newsstands on the 20th of
each month that they may share the wisdom of
this philosopher. Here we have been whittling
out these clever little items for over a year now
and. not once have we given the listening public
the real inside dope on radio reception. It'sa
pretty raw deal when you come to think it over;
but we hasten to make amends; and now, for the
first time, our faithful followers will be given
full instructions, which, if followed, will turn
every evening at the radio into a period of
Alice-In-Wonderland pleasure.

In giving dut these secrets of reception, we are
naturally assuming that you are that type of
bedy who would much rather listen to a har-
monica solo from a local station than to listen to
Paderewski at distance of 2,500 miles. Some
very dear friends of ours would, strange as it
may seem, much rather listen to a harmonica
solo at a distance of 2,500 miles than to listen to
Paderewski at a’ distance one mile. ~That, of
course, is one of the great mistakes of listening
in and we want to warn you -against it right
now.  The real secret of radio broadcast recep-
tion is to keep in your own back’yard as far as
possible.

And what is the second great secret of perfect
reception?  Perhaps we shouldn't tell you, but
we feel that we owe it to posterity and once
you convince yourself that you owe anything
to posterity, you ought really to giveit up. The
second great secret of perfect reception (clearing
of the throat) is the simple matter of planning
your own program from the material listed at
the several nearby stations that supply your
nightly entertainment. If you will cultivate the
habit of reading the programs with a No. 2 read-
ing glass and if you put your ear right down close
to the page of the newspaper, you will be able to
detect the best items on each bill. The mere
application of a red pencil finishes the job and

‘then you are ready to sit down and enjoy a pro-

gram that you have in a measure planned your-
self. As a practical example of this scheme we
are having printed below a copy of a New York
program. The features bearing the X were
marked at the beginning of the evening. They
afforded us not only vanety but practically unin-
terrupted entertainment:

NEW YORK

492—WEAF—610.

45-7:45 A. M.—Setting-up exercises.

45 A. M.—Morning prayer service.

:45 A. M.—Home service talk.

05 A. M.—Anna Frevola, piano; talk.

:30 A. M.—Columbia Univerity lecture.

:00 M.—Market and weather reports.

:30 P. M.—Government Club meeting; Mrs.
George Owens, President.

»

. M.—B. Gorden, tenor; talk.

:00 P. M.—Ritz-Carlton Orchestra.
. M.—Waldorf-Astoria dinner music.
. M.—Columbia University lecture.
. M.~—Iris Torn, piano.

. M.—“Lullaby Lady"’; songs.

. M.—*Pop Concert."

. M.—"Coal Miners' Trio."”

. M.—-Talk, “Louis Pasteur.”

. M.—Gypsy Entertainers.
M.—“Norma." .

2:00 P. M.—Bernie's Orchestra.

455—WJZ—660.
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1:00 P. M.—Park Lane Orchestra.
2:00 P. M.—News.
3:30-4:30 P. M.—Helpful talks.
4:32 P. M.—S8herry's Trio.
5:32 P. M.—-Market closings and summary.
x7:00 P. M.—Commodore dinner concert.
7:55 P. M.—Talk, John B. Kennedy. . .
8:00 P. M.—Arion Male Chorus.
x9:00 P. M.—F. F. French dinner: Hadley's

Philharmonic Orchestra; Fred F. French,
speaker; Mary Garden, soloist.
10:30 P. M.—Waldorf-Astoria Orchestra.
316—WGBS—950.

10:00-11:00 A. M.—Timely talks; music.
1:30 P. M.—Scripture reading.

R A

Eadel & BHerbert

THE FIRST RADIOPHONE BOOTH ON
A GERMAN EXPRESS TRAIN

Uninterrupted telephone service while you travel

along al a rate of sixly miles an hour is the latest

convenience which is offered to travellers on the
Berlin-Hamburg express in Germany.



380
1:35 P. M.—Interview, Helen MacKellar.
1:45 P. M.—Piano ducts; songs.
3:00 P. M.—Interview, William Harrigan.
3:10 P. M.—Virgil Forrest, piano; Adele Her-
man, recitations; Women Voter’'s hour.
6:00 P. M.—Uncle Geebee.
6:30 P. M.—Royal Balalaika Orchestra.
7:00 P. M.—Bankers' Association talk.
7:10 P. M.—Premier Club Orchestra.
J41—WMCA—8R0.
6:00 P. M .—Vail's String Ensemble.
6:30 P. M.—Golden's Orchestra.
x7:30 P. M.—Karnival Kings.
2:00 P. M.—Terminal musicale.
9:00 P. M.—Christian Science lecture.
10:15 P. M.—Messner Quintet.
10:45 P. M .—Barclay musicale.
11:00 P. M.—Manhattan Serenaders.
11:30 P. M.—Frivolity Orchestra.
259—WRNY—160.
12:00 M.—Piano; songs.
1:30 P. M.—Studio recital talks.
4:00 P. M .—Studio recital.
7:00 P. M.—Biography sports; commerce.
7:15 P. M.--Songs; entertainers.
x7:45 P. M.—Studio recital; talks.
9:00 P, M.—Piano rccital; poems.
9:55 P. M.—Ferrucei’s Orchestra,

r
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Temperament in The Studios

THE stories of the temperamental displays of
some of our radio artists (and others) are all but
incredible. Some of them match the classical
example of Mme. Blank who, falling in swoon
near the wings at the Metropolitan, required
that an attendant be present with a large and
effervescent schooner of beer. DMadame abso-
lutely and flatly refused to go through this par-
ticular opera unless she was permitted to takeon
liquid refreshment at this particular moment.

Something that comes pretty close to’ this
high record of subnormal tommyrot occurred
some time ago at WEAF. A young lady who had
evidently made a very close study of tempera-
ment and who felt that she could duplicate the
performance of the best of them, decided, at the
last moment, that she could not sing unless she
was standing squarely upon a piece of sheet
metal about half the size of a box car door. Nct
being much of a metallurgist, she left the choicc
of the metal to the house, but it had to be about
half the size of a box car door. Now, setting
out to find a piece of metal about half the size
of a box cardoor, with one minute to work in is no
easy job. It happened on this occasion that such
a piece of metal was found in the control room.
It was not exactly half the size of a box car
door so the studio boys really put one over on

=TT

MEN WHO MAKE RADIO

This piciure, which shows perhaps the most distinguished body of radio experts ever assem-

bled in one group, was taken especially for PoPuLAR RADIO at the Convention of the Institu-

tute of Radio Engineers which was recently held in New York. Reading from left to right,

this picture shows Messrs. W. H. Hubley, F. C. Conrad, J. V. L. Hogan, C. W. Horn,

D. McNicholl, A. H. Grebe, J. H. Dellinger, J. FI. Morecroft, A. N. Goldsmith, G. W.
Pickard, R. H. Marrioit and E. F. W. Alexanderson.
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STATION JOAK WELCOMES A PRINCESS WITH A BRASS BAND

The sound of saxophone and clarinet broadcast from the radio station in Tokyo by the band
of the Toyama Military Academy recently announced to the waiting people of Japan that a
daughter—instead of ¢ san—had been born to their Crown Princess.

the young lady. She might have gone into
hysterics.had.she known that she had:sung on a
piece of metal that was not exactly half the size
of a box car door.

There is another story told about one of
Roxy's pianists who insisted that the studio
temperature be exactly 70 degrees and that he -
should be screened off from the rest of the gang~
while doing hns stuff.

SttlI ‘that is not so ‘bad when one recalls that
even Pa.derewsk1 carries on tour a woman who is
purported to be the only laundress who can
starch his cuffs to right degree of hardness.

* * *

$25,000 for One Radio Performance

IT was rumored a few weeks ago that the great.
fiddler Mr. Fritz Kreisler had asked for $25,000
for a single radio performance. - That - Mr.
Kreisler should ask such a large sum for so small
an effort is none of this department'’s business and
consequently we shall refrain from expressing our
private opinion in the matter.-

We often wonder how long it will be before our
musical artists will, like the literary aspirants
who storm the editors of the Saturday Evening
Post,be eager and happy to perform for nothing.

‘duce himself to the world.

“There are but two important factors in the mak-
ing of an artist. :
public recognizes as genius, must be present.

Genius, or at least what the

Once a musician masters his art he must intro-
What greater oppor-
tunity for lasting and quick introduction could
one. ask for compared with the radio? ‘What
other medium with one maj estic sweep can please
the ears of a whole nation.in an insignificant

‘fifteen minutes of time? Within a few years’

time the concert tour will become a waste of
time and effort; radio will find its own geniuses,
train them and introduce them.  Those haughty
mrtuosz of the present—the younger of them—
may some day be on the waltmg list of our
second-grade studios.

Radio must simply bide its time. The activi-
ties of many thousands of ambitious home

tinkers ‘to say nothing of work of dozens of

hinky-dinky manufacturers of radio receivers
has kept radio from being a real serious rival
of the congert stage. Iighty percent of the
receivers in use today are just about on a par with
the early American phonograph with the morning

‘glory horn. Before radic can dominate in

music jt must do justice to the work of those who
entertain. And when it doesP—well here’ s a
little prayer for the Fritz Kreislers!

In the next number will appear the first announcement of the
PoruLAR RaDp1o MEDAL FOR CONSPICUOUS SERVICE.

-
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PrACTICAL Jpainters from experimenters and broadcast listeners.
ellow fan? Readers are invited to address their letters lo the edilor of this Department.

your

LISTENING IN

What helpful hints can YOU offer to

CoNDUcTED By Lrovp JACQUET

How I Marked My Battery
Terminals

InsTEAD of the usual color scheme of wiring,
I have devised a simple and inexpcasive way of
marking the battery terminals of a radio set.

First, it is necessary to obtain from a sta-
tionery store some metal-edge cardboard tags,
cither of the round or square variety. The
round ones are about one inch in diameter.

Then print on both sides of the tags, with india
ink, the various indications, such as ‘A’ BATT;
“B" BATT; GND; ANT; and any others which
may be required.

A hole should be punched below these mark-
ings, in line with the top hole which is already
provided. This lower hole should be so located
that it will not obliterate the printing.

As soon as the ink is dry, the tags should be
thoroughly shellacked, so as to be moisture and

METAL KiIntEDr TRB

A MARKER FOR BATTERY WIRES

FiGURE 1 How the small metal-rimmed tab is
slipped over your batiery terminals. Thiswill help
Lo prevent costly errors in wiring.

acid-proof. One coat of shellac will be suffi
cient; and it will dry very quickly.

Then, the wires which have been previously cut
to the correct length for the various connections
should be passed through the two holes of the
tag as shown in Figure 1. The tags should be
retained at the ends from which changesin con-
nections will be made. For instance, they
should be placed at the very end of the battery
wires, so that they may be handy when batteries
are changed.

—PETER STEVENS, Brookiyn, N. Y,

* * *

How a Community Radio
Service Is Maintained

In this community there is only one receiving
set.. This is in charge of a competent radio
operator, who is somewhat of an artist as well.
He has installed a powerful radio receiving set
of his own construction, in which some 20
vacuum tubes are utilized.

By means of a master wire, which is 2 No. 9
galvanized iron wire running over fences, trees
and buildings, and under a sewer, the railroad
right of way and bridges, to every section of
our hilly little city, this receiver serves about 200
homes.

None of the "*subscribers’ to this service have
any receiving set, batteries, or horns. The only
attachment is a unit which may be placed on
the phonograph tone arm, and which connects
to the line and to the ground. This is the only
equipment necessary at the home of any listener
in.

We have no tuning to do; and we get our pro-
grams entirely without interruption. The best
programs and the finest stations from coast to
coast are tuned in by our operator, who knows
what to listen for, and gives us the best.

382
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The service is continuous from 8 A.M. till
late in the evening. When special events are

" broadcast, such as baseball games, operas, presi-

dential speeches or Sunday services, all we need
to do 1s to listen, for it will have been tuned in
for us on the instant.

There is a slight inttial imstallation charge and
a monthly fee which is also small in comparison
with the service given. The city council has
passed the idea. Although we welcome: new-
comers on the air, there are very few of them,
because this service is satisfactory. We have no
squeals or noises; and the radiation nuisance is
automatically taken care of. With all the mess
and care of radio taken out, we find that it is an
ideal way to listen in.

‘We believe that this community is the first
one in the country to work out this idea,
which is beyond an experiment at the present
stage. l

—JEsse SHIMP, Mannington, W. Va.

* ] *

How I Am Able to Use Either Dry-
Cell or Storage Batteries with
My Neutrodyne Receiver

WitH the idea of making my neutrodyne re-
ceiver a semi-portable proposition during the
summer months, I installed dry-cell tubes in it in
place of the standard tubes which operate on
storage batteries,

This did not work well, mainly because the

-less thari that of the standard type of tube. As

the tubes make up a part of the neutralizing
circuit, this circuit is unbalanced as soon as the
tube capacity becomes smaller or greater.

To take care of this change in capacity I con-
verted my neutralizing condensers, which are of
the usual construction, into semi-variable ones,
which are so conceived that it 1s easy to shift
from dry-cell to storage battery operation and
vice versa in an instant.

To accomplish this the proper point for the
setting of the movable rod (shown in Figure 2)
which slides into the glass tube is first found for
both types of tubes, and marked. Then, the end
of the rod 1s bent upward and the point nicked so
that it may be automatically set by a spring when
it 15 withdrawn. In this way the conversion of
the neutralizing condenser for dry-cell or storage
battery tubes is simply done.

As more capacity will have to be added to the
circuit when storage tubes are used and as less
will be needed for the dry-cell type, the rod is
correspondingly pressed all the way in, or driven
all the way out to the stopping point.

—MokrTIMER TREADWELL, New York
*

How to Check Your Wavelength

AMATEURS who would like to check-up
the wavelengths of their sets with which they use
more than one antenna or in which they hook in
or out several coils or condensers will find an
innovation of the Bureau of Standards useful to
them. The Bureau's announcement (given below)

internal capacity of the small dry-cell tubes is - tells how the wavelength check-up is conducted:

T. A, D. Andrea

HOW ONE FAN MARKED HIS NEUTRALIZING CONDENSERS

FiGURE 2: This picture shows the movable rod about to be slipped from the proper position
for the storag: battery tubes, as denoted by the letter S, over to the correct position for the
neutralization of dry-cell tubes, as denoted by the letter D,

-
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“The Bureau of Standards transmits, twice
a month, radio signals of definitely announced
frequencies, for use by the public in standardiz-
ing wavemeters and transmitting and receiving
apparatus. The signals are transmitted from
the Bureau's station, WWV, at Washington,
D. C., and from station 6XBM, Stanford Uni-
versity, California,

**The transmissions are by unmodulated con-
tinuous-wave telegraphy. A complete fre-
quency transmission includes a ‘general call,’ a
‘standard frequency signal,’ and ‘announce-
ments.” The ‘general call’ is given at the be-
ginning of the 8-minute period and continues
for about 2 minutes. This includes a state-
ment of the frequency. The ‘standard fre-
quency signal’ is a series of very long dashes
with the call letters (WWV or 6XBM) inter-
vening. This signal continues for about 4
minutes. The ‘announcements’ are on the same
frequency as the ‘standard frequency signal’
just transmitted and contain a statement of
the measured frequency. An announcement of
the next frequency to be transmitted is then
given. There is then a 4-minute interval while
the transmitting set is adjusted for the next
frequency."”

The schedule of standard frequency signals
may be obtained from both the Bureau of Stand-
ards and Stanford Univeristy.

—JaMEs Busu, Washington, D. C.

How the Position of Loudspeakers
Affects Reception

By properly locating my loudspeaker I suc-
ceeded in greatly improving the quality of
reception, .

At first, T used a horn type of speaker. By
locating this instrument in such a way that the
opening of the horn was at about the same
height as the ear of the auditor, noticeably
better results were had than if it is was placed
on a high piece of furniture above his head.

Similarly, I have obtained better results by
placing my horn in one of the corners of the
room, rather than with its back to one of the
walls. If the wall opposite the horn was covered
with drapery, the tones were softened. If the

ki LR Rl codd bl as

horn was not properly placed in a big room,
echoes which marred the quality resulted.
The cone type of loud speaker may be used

anywhere, and in any position. I found it best,

however, to place it in front of a wall covered
with drapery.
—LAWRENCE NEALS, Dayton, O.
* L *

How a Swedish Amateur Built

His Radioc Receiver

It will probably interest my fellow readers of
this department to see how a Swedish amateur
built his set. In the picture (Figure 3) is
shown a back view of a receiver which I con-
structed from one of the “How to Build” articles
published in PopULAR RabIo for April, 1924.

With a few exceptions, the parts of the re-
ceiver, such as the condensers, rheostats, sockets,
binding posts, coils and so forth are all home-
made. The tubes were purchased, of- course.
The radio-frequency stage is equipped with a
UV-201-a, while the detector and audio stages
have Phillips a-310 tubes.

With this receiver I have heard most of the
broadcasting stations in Europe; and it has been
a welcome successor to my former, a whistling,
single-circuit receiver. Unfortunately, this lat-
ter is the most popular type of set here at the
present time.

Needless to say, we watch with interest the
progress of American amateurs, who are well
equipped with parts and apparatus, and who
have the best magazines published. .

—K. A. SVENSsON, Vigge, Juntland, Sweden

What the L-C 26 Receiver
Brought In

THE reference in the February issue of Popu-
LAR RADIO to the results which were obtained in
different sections of the country with the LC-26
Receiver has prompted me to express to you my
great satisfaction in the results which I have
obtained with this receiver which I built shortly
after the publication of the article.

I have been able to receive with loudspeaker
volume nearly all of the principal broadcasting
stations in the country, including Pacific Coast

A “POPULAR RADIO"” RECEIVER BUILT BY A SWEDISH AMATEUR
FIGURE 3: Although this radio experimenter had to build most of the parts for this receiver
he got the results he wanted. It is the Craig receiver, the details of which were published in the

April, 1924, issue of this magazine.
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LOUD OPEAR ERS

I

=LONG WAVEFECEIVER

THE DOUBLE RECEPTION SYSTEM

FIGURE 4:  This stereoscopic receiving system is designed to operate on short-wave and long-
wave signals transmitted by the same station with one receiver especially designed lo bring in
the high notes and the other one designed to bring in the low notes.

stations. On one occasion, the experience was
so unusual that I believe it_is worthy of special
mention.

From two to three o'clo:k, daytime, I tuned
in with loudspeaker volume thirteen stations,
including Davenport and Omaha, and WJZ,
New York. This represents real daylight DX
for this receiver for this location. g

It has been possible for me to tune in the set-
ting up exercises of WLW in the morning. I
held Mexico City during an entire evening with
loudspeaker volume. It is a pleasure to bperate
such a set as the LC-26.

—Leroy H. HABENICHT, Kershaw, S. C.
* * *

Have You Ever Tried Stereoscopic
Reception?

EVERYONE is familiar with the stereoscope, the
device by means of which two similar photo-
graphs which have been taken simultaneously,
but at a different angle, are made to give one the
illusion of relief.

In a similar way a broadcast listener may
obtain the idea of tones and overtones as though
he were sitting in the auditorium itself by means
of what I call stereoscopic reception. '

Two loudspeakers are connected to two re-
ceiving sets which are tuned to a station which is
broadcasting one program, on two different
wavelengths, There are several stations which
are doing this today, such as KDKA and WGY.

One of the receivers is tuned to the long wave
while the other set is receiving the short wave
which is simultaneously broadcast. By placing
the two loudspeakers in one room, about five to

six feet apart, and with both cones or horns
facing a spot which is equally distant from each
an unusual result will be experienced by the
listener, who should be at the spot where the
lines from the loudspeakers converge, as shown
in Figure 4..

By designing the radio sets so that one of them
will bring in the low wave lengths with good low
notes, and so that the long wave set will specially
amplify the high notes, the entire scale will be
covelred and practically perfect reproduction wall
result.

—JACK HALY, Breooklyn, N. V.
*

It's Easy to Simplify Your
Panel Arrangement

As the general trend is towards simplifica-
tion, I decided to simplify the front panel of my

. radio receiver by eliminating some of the controls.

The first ones to_go were the rheostats. I did
not do away with rheostats altogether; but by
removing them from the panel and placing them
behind the panel on a conveniently located strip,
I removed three controls from the front of the
panel.

The rheostats, when they are once adjusted,
need not be regulated for a long period of time;
and if a trickle charger is used, it will hardly be

necessary to change the settings even over a

period of months,

With the straight-line frequency converters
which are equipped with fine verniers, I retained
my old variable condensers, but did away with
the smaller vernier control knobs.

—PAuL MARTON, Cleveland, O.



e ey i~

WHAT'S NEW IN RADIO APPARATUS

=

TH1s department is conducted by PorULAR RADIO LARORATORY for the purpose of keeping the
radio experimenter and the broadcast listener informed concerning the newest inventions and the

approved developments in radio cquipment.

Only such apparatus as has been tested and

endorsed by the Laboratory is noted in these columns.

Apparatus Approved by Popular Radio

This list of apparatus approved by the POPULAR RADIO LABORATORY
will be continued as a part of the WHAT'S NEW IN RADIO AP-
PARATUS department until all instruments, parts and complete
sets have been included. The listing is alphabetical by manufacturer’s

name and the installment in this issue includes only the letters
F through G.

AERIALS
Antenella; Chas. Freshman Co., Inc.

AUDIO-FREQUENCY TRANSFORMERS

Federal transformer: Federal Telgghone Mfg. Corp.
Superiron A. F. transformer: Ford Mica Co.
Audio-frequency transformer; Gereral Radio Co.
Audio-frequency transformer; Gilfillan Bros., Inc.

BATTERIES
Ray-O:Vac “B*' and **C" balleries; French Battery &
rbon Co.

BATTERY CHARGERS AND RECTIFIERS

Balkite trickle charger. Fansteel Products Co., Inc.
Fore battery charger: Fore Electrical Mf%oCo.
Unitron batlery charger; Forest Electric Co.

"FF° battery charger; France Mfg. Co.

France super-charger: France Mfﬁ' Co.

T'ungar batlery charger; General Electric Co.
“Unsipower"; Gould Storage Battery Co,

BATTERY ELIMINATORS
Fansteel Balkite "B plate current supply; Fansteel
Products Co., Inc.
Frfshman Master ' B” eliminator; Chas. Freshman Co.,
ne,

BINDING POSTS
G-K spring binding posi: Ganio-Kramer Co., Inc,
Binding posts: General Radio Co.
Jack binding post; Globe Phone Mfg. Co.

CRYSTAL DETECTORS

Variotector; Foote Radic Co.

Gian! crystal; Foote Radio Co.
Adjustable crystal deiector; Chas, Freshman Co., Inc.
Fixed reflex detector; Grewol Mig.

Grewol 2 in 1 crystal; Grewol Mig. Co.

DIALS

Dial; Chas, Preshman Co., Inc.
Knobs and dials; General Radio Co.
Knobs and dials; Gilfillan Bros., Inc.

Gee-Haw vernier dial; Otte R. Gischow Co., Inc.
Fynur vernier control; August Goertz & Co., Inc.

FIXED CONDENSERS

Micadenser: Ben Franklin Radio Mfg. Co.
Fixed condenser; Chas. Freshman Co., Inc.

GRID-LEAKS AND RESISTANCES
Fixed grid-leak; Chas. Freshman Co., Inc.

HEADPHONES

Frost Fones; Herbert H., Frost, Inc.
Globe phones; Globe Phone Mfg. Co.
“M & K" phones; Goldschmidt Corp.

INSULATORS )
Porcelain: stand-off, and glass insulators; M. M. Fleron

n, Inc.
Insulators; General Radio Co.

JACKS

Federal jacks: Federal Telephone Mfg, Corp.
Frost Pan-Tab jack; Herbert H, Frost, Inc.

KITS

Freshmaon tuned-radio-frequency kit; Chas. Freshman
Co., Inc.

LIGHTNING ARRESTORS

Refillable lightning arrestor; M. M. Fleron & Son, Inc.
Gray lightning arrestor; Gray Products, Inc.

LOOPS

Hand-D-Tena; Frost Radio Specialtth.
Effarsec portable antennae; Fishwick Radio Co.

LOUDSPEAKERS

Farrand-Godley speaker; Farrand Mfg. Co., Inc.

Fibertone horn and base; Fiber Products Co.

“Town crier” loxdspeaker; (Gale Radio Laboratories

"N & K" imporied loudspeaker; Th. Goidschmidt Corp.

GHGd go Majestic" loudspeaker; Grigsby-Grunow-
inds Co.
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MISCELLANEOUS ACCESSORIES
Reddy Hot soldering kit; E. D. Fahlberg Mfﬁ._Cq.
Fahnestock antenna connector; Fahnestock Electric Co.
Fahnestock ground clamp; Fahnestock Electric Co.
Fahnestock elips; Fahnestock Electric Co.
Scidercake; C. de P, Field Co.
“Perfecto” soldering fiuid; John Firth
Fleming jiffy connecior umi; Fleming Mig. Co.
Vernier adiuster; M. M. Fleron & Son, Inc.
Lead-in bushing; M. M. Fleron & Son, Inc.
Loudspeaker extension unil; Four Way Co.
“Fitg.all" head cushion; Francisco Mig. Co.
Radio aerial mast fittings; Freidag Mig. Co.
Frost radio jac-boz; Herbert H. Frost, Inc.
Frosi gréund clamp; Herbert H. Frost, Inc.
Frost radio protecior; Herbert H. Frost, Inc.
Frost extension cord; Herbert H. Frost, Inc.
Kant-Blo signals; Ganio-Kramer Co.. Inc.
Filter; General Radio Co.
Giant ground clamp; Giant Clamp Works.
Batiery mats, spaghetti tubing, hard rubber tube, radio-

phome ear cushion; B. F. Goodrich Rubber Co.

PANELS

Fibroc bakelite panel; Fibroc Insulation Co.
Electrosote radio panel; M. M. Fleron & Son, Inc.
Formica panels; Formica Insulation Co.

Hard rubber radio panel; B. F. Goodrich Rubber Co.

PHONE PLUGS

Federal piug; Federal Telephone Mfg. Corp.

“4-Way' switch plug; Four Way Co.

Frost plug and jack: Herbert H. Frost, Inc.

Frost plugs: Herbert H. Frost, Inc.

Comsco aulomatic “Bull Dog Grip*' plug; General In-
strument Corp.

PHONOGRAPH ATTACHMENTS
“N & K" phonograph snit; Th. Goldschmidt Corp.

POTENTIOMETERS
Potentiometer; Gilfillan Bros., Inc.

POWER AMPLIFIERS
Power amplifier; General Radic Co.

RADIO-FREQUENCY TRANSFORMERS

Falrraud-Godlcy transformer No. 301; Farrand Mfg. Co.,
nc.

Federal transformer; Pederal Telephone Mig. Corp.
“Gen-Win' tuned air-core transformer; General Radio
Winding Co.

RECEIVING SETS

Faraway radio sets; Faraway Radio Co.
Federal receivers; Federal Telephone Mfg. Co?:
Ferguson "Siz"" and "Eight" receivers; Jg B. Ferguson,

Ine.
Flash vest pocket radio; Flash Radio Co?
Freed-Eiseman nenlrodyne: receiver; reed-Eiseman
Radio Corp. .
Freed-Eiseman NR-6 receiver; Freed-Eiseman Radio

p.

Masterpiece receivers; Chas. Freshman Co., Inc.
“Garod'" broadcast receivers; Garod CmX . .
“Voceleste”” portable receiver; General: American Radio

p.

Gilfillan nentrodyne; Gilfillan Bros., Inc.

Gold Medal recesver; Gold Medal Radio Corp.
Pliodyne receivers; Golden-Leutz, Inc.

Grebe broadcast receiver; A. H. Grebe & Co., Inc.
Nightingale Six Speaker set; Guthrie Co.
American Crest receiver; Guthrie Co.

Hansel receivers; Guthrie Co.

RHEOSTATS

Rheostat; Framingham Co.

Frost tube control unit; Herbert H. Frost. Inc.
Frost bakelite rieostai; Herbert H. Frost, Inc.
Frost metal frame rheostat; Herbert H. Frost, Inc.
Rheostat; General Instrument Corp.

Rheostals; General Radio Co.

Rheostat; Gilfillan Bros., Inc.

SOCKETS AND ADAPTERS

Federal socket; Pederal Telephone Mfg. Corp.
Porcelain socket; M. M. Fleron & Son, Inc.
Phonograph adapter; M. M. Fleron & Son. Inc.
Frost sockets; Herbert H. Frost, Inc.

Frost adapier; Herbert H. Frost, Inc.

(eneral Rodio sockets; General Radio Co.
Sockels and adaplers; Gilfillan Bros.. Inc.

V. T. socket; B. F. Goodrich Rubber Co.

SWITCHES

Anti-capacity swiich; Federal Telc;;_]l'none Mfig. Corp.
Frost radio battery swilch; Herbert H. Frost, Inc.
Frost bakelite lo&gle switch; Herbert H. Frost, Inc.
Panel swilches; General Radio Co.

A VARIABLE RATIO VERNIER DIAL

Name of tnstrument: SLF tuning dial.
Description: This dial is designed to opcrate
with an ordinary straight-line-capacity
condenser for obtaining straight-line-fre-
quency tuning. It accomplishes the same
results as using a straight-line-frequency
condenser with an ordinary dial. The
condenser shai‘ is fastened to a plate in
which is cut a straight slot which engages
a ball bearing operating in a spiral cam
stot mounted directly on the moving part
of the dial. Throughout the first lower
settings of the dial, the condenser revolves
much slower_than .the dial itself, but this
ratio of movirent of the condenser and
the dial increases until at the upper set-
tings of the dial the condenser is moving
at an increased rate. The rate of change
of capacity with dial setting is of course
correct for producing straight-line-fre-
quency tuning when used in connection
with the proper coil and condenser.
Usage: In any radio-frequency circuit for con-
trolling the tuning apparatus.
Outstanding features: Converts old sets to the
new style-of -tuning. Equipped with space

for writing in station call letters directly
on the moving dial
(Further details furnished on rcquest)

[ .
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Switch; Gilfillan Bros., Inc.
Doggle-pole. double-throw swilch; Globe Phone Mfg.

S:'ngle'-pole. double-throw switch; Globe Phone Mfg. Co.

TESTING INSTRUMENTS

No. 1 hydrometer set; Francis L. Freas Glass Works

Clearview hydrometer sét; Francis L. Freas Glass Works

Radie "B'" hydrometer sel; Francis L. Freas Glass
Works. o

Battery tester: Francis L. Freas Glass Works.

Laboratory insiruments; General -Radio Co.

Ammeier; General Radio Co. ’

Wavemeter; General Radio Co.

.TOOLS AND EQUIPMENT

Franklin ¢cil winder; Franklin Coil Winder
Windham wire former; Goyer Co.

TUBES

Magic-Tron Vacuum tube, type z01-a; F. & C. Corp.
Gem z01-a tube; Gem Tube Co.
Gotd Seal tubes; Gold Seal Products Co.

TUNING INDUCTANCE UNITS
Variocoupler; Federal Telephone Mfg: Corp.
Ferbend wave-trap; Ferbend Electric Co.
Fischer coupler; G. H. Fischer & Co.
Veariometer; G. H. Fischer & Co.

Coest cotl: Foote Radio Co.

Heliotor (torosd coil); Geo. A. Freeburg Co.

Maslerpiece coil and condenser; Chas. Freshman Co.,
Inc. -

Variometer; General Radio Co-

Variocoupier; General Radio Co.

Lour-loss coils; General Radio Co.

"Gen-Win™ low-loss tuner; General Radio Winding Co
"Gen-Win'' variometer, variocoupler, reflex coil, Master
lcu(;:mg. cotl, neutorflex coil; General Radio Winding

“Gen-Win'' ‘Cockaday unit; General Radio Winding Co.
Variocoupler; Gilfillan Bros.. Inc.

Variometer; Gilfillan-Bros-, Inc.

Globe-low-loss tusier; Globe Radio Equip. Co.
Short-Wave iuners L: W. Goodman

Varionteter forms; B. F, Goodrich Rubber Co.

Grebe clarifier; A. H. Grebe & Co., Inc.

VARIABLE CONDENSERS

Variable condenser; Federal Telephone Mfg. Corg.

Crafisman condenser; Fett & Kimmel.

Variable condenser; Chas. Freshman Co., Inc.

Furnell taper coil condenser; Furnell Mfg. Cor}:l.

"anh'ulemai" vernier condenser; Gardiner & Hepburn
0., Inc.

“Unitrol™ condenser; Gardiner & Hepburn, Inc.

Separator; Gardiner & Hepburn, Inc.

Garod straightline condenser; Garod Corp.

Allen dial vernier; General Eng. & Model Works.

Concentric S. L. F. condenser; General Instrument Corp.

Multiple condenser; General Instrument Corp.

‘Tandem condcnser; General Radio Co.

General Radio straighl-line wavelength condenser; Gen-

eral Radio Co. ’

Air condenser; Gilfillan-Bros., Inc.

Vari-grid: Grewol Mfg. Co.

"!\iol-loss" variable condenser; B. Grosser Sons Co.,
nc.

WIRE
Rubber covered wire, metal shielded; Herbert H. Frost,
Inc.

Henry Milter

RADIO SETS FOR COMMUNICATING UNDERGROUND

While miners pursue their work far beneath the earth's surface, radio apparatus such as

this is employed lo maintain constanl communication with the outside world.

The ap-

paratus shown here is employed by the Bureau of Mines in tests which aim to perfect this
tvpe of communication. :

L




o — ——— —— = -

o, o

‘-—m—-m S

IN THE EXPERIMENTER’S LABORATORY

Conpuctep BY LAureNcE M. Cockapay

- ““More About the McLaughlin

. Superheterodyne’’

ONE of the.questions most frequently asked in
regard to the singlz-control superheterodyne
receiver (described in the October issue of
PorULAR RaDIO) is “Do I absolutely have to
use the D.T.W. loop with my single-control?"

Yes, it is absolutely necessary to use the
D.T.W. loop with this set. This is so because
of the balance which should exist between
the oscillator and the first detector circuit
(frequency-changer).

. The inductance of this particular loop, with
its distributed capacity, has a fundamental equal
to the oscillator coil with approximately half the
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From a photograph made for PupoLal Rapio

capacity of-the midget condenser. If another
make of. loop:is substituted, this balance is
destroyed',,thuﬁ forfeiting. all possibility of the
complete synchronization of the tunable circuits,
Differently, designed loops possess distinct and
varying electrical characteristics.

The Litzéndraht (high-frequency cable) has
not proven satisfactory in coil design due to the
breaking of strands generally caused by undue
haste in production. In the face of this, it is
noteworthy that when two loops of the same
physical dimensions and electrical characteristics,
one the D.T.W. loop (using Litzendraht), the

—

—— . -

A REAR VIEW OF THE SET WHICH SHOWS THE ADDITIONS

FIGURE 1: This picture shows the location of the added switch and condenser which must be
used on a tapped loop for reception on lower wavelengths.
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other wound with ordinary loop wire, were
successively connected to the identical receiver,
the D.T.W. loop produced a considerable
increase in signal strength over that of the other
loop. Laboratory tests are now being con-
ducted to ascertain what percentage of increase
the D.T.W. loop accomplishes over that of the
loop using the so-called loop wire. This in-
crease proves itself on reception from both local
and distant stations.

Many persons deplore the fact that the set will
not tune below 250 meters and write to ask
whether or not they have made some mistake
in construction or whether the design was
intentional in this respect. The guiding motive
in the design of this receiver was to gerfect an
instrument which would receive good broadcast-
ing and accomplish realistic reproduction.

To every individual who listens to a class A
station one will find a hundred or more who will
choose a class B station when they want an
honest-to-goodness program. Be it under-
stood, however, that poor reception below 250
meters is not always due to poor transmitting
equipment or to unwisely selected programs, but
is generally caused by the congestion which exists
in this frequency range and by harmonics of
stations operating at lower frequencies whose
fundamentals are twice or three times that of the
stations whose programs are being received.

A loop receiver can be made to function more
efficiently over the class B range than over the
two ranges together. In this set the loop used
has considerably more inductance than common
practice permits. A loop that has higher
inductance exposes more area to incoming
oscillations, which resuits in more current being
collected by the loop, i.e., greater signal strength.

*
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But in cutting down the turns of the loop or
inductance, we will reach those lower wave-
length stations which we do not want after we
have them. In other words, we sacrifice recep-
tion on the lower wavelengths for better receptio~
on the higher ones.

Inasmuch as we have intimated that it would
be far better not to listen to broadcasting on the
lower wavelengths, we feel sure that there will
be many fans who will go exploring. To them
the following information is offered:

If the tuning condenser across the loop is
connected across but half the loop the tuning
range on this circuit would be changed. So in

" the oscillating circuit; if we connect the tuning

condenser across half the coil, its tuning range
will also be changed. This change is of the same
value as the change in the loop circuit. If such
is the case, then in order to get to our lower
wavelength stations, we need only to change the
positions of our condensers electrically.

This is shown in Figures 1 and 2.

A Yaxley No. 60 or a Carter No. 6 panel-

switch is neeessary. This may be mounted on
the panel as is shown in Figure 3. The function
of this switch is to change the position of both
condensers across either half the coil and loop or
across all the coil and loop. When the switch is
turned one way the tuning range of the set will be
from 175 meters to approximately 500 meters,
and when the switch is thrown in the reverse
position it will be from 250 meters up to approxis
mately 700 meters. The insertion of this switch
in the circuit will by no means impair the general
efficiency of the set.

An easy way to obtain higher amplification and
better selectivity on .distant stations is to add
regeneration to the first detector. This may be

Fa
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IN THE EXPERIMENTER’S LABORATORY 391

THE WIRING DIAGRAM FOR THE COMPLETE McLAUGHLIN
SINGLE-CONTROL SUPERHETERODYNE
FRuRre 2: The changes in the electrical circuit which must be made in adding the lapped
loop and the vernier condensers and the way tn which the ''C" battery and the filter unat for
the loudspeaker should be included are shown here.
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effected by connecting one side of a small midget
condenser to the plate terminal of the detector
tube, and the other side to the lower terminal of
the loop. ,

Figure 2 shows just how this may be accom-
plished. Condenser M2 must be disconnected
from the circuit in order to obtain the most
satisfactory results. When the best position for
this condenser has been found, it should be un-
disturbed by further adjustments. Changing
this will slightly vary the balance between the
ascillator and loop circuits.

Many have inquired as to the proper way of
coupling the first detector to the oscillator. One
complete turn, in either direction, is looped
around the oscillator coil, near the end of the
windings, with a piece of flexible wire of any con-
venient size between 20 and 16.

Distortion may be noticed on especially loud
stations because the 201-a type tubes, in the audio
stages, are not large enough to properly amplify
the energy received. In order to remedy this
condition the UX-112 Radiotron may be used in
the last audio stage and the No. 112 Amperite
inserted in the negative filament lead to properly
control the filament temperature.

When using the UX-112 tube, slight changes
will be necessary in the filament wiring, and in
fhe “C" and "“B" battery voltages; such changes
befng clearly illustrated in Figure 2. The small
""C" battery must be taken out of the set and
two flexible wires, approximately 12 inches long
or more, must be connected to the terminals
which previously connected the “C" battery.
These connections will go to an external “C”
battery consisting of three of the larger type
“C" batteries connected in series.

To distinguish correct polarity it is advisable

to connect a knot in the positive “C"” battery
lead as shown in Figure 4, ’

Practically no results will be had in reception
unless the receiver is properly balanced. Con-
sequently it is highly desirable to have an intelli-
gent comprehension of the oscillator and fre-
quency-changer circuits.

The function of these contained circuits is to
change the incoming signal to a lower frequency,
at which frequency it is amplified. " The fre-
quency to beamplified, in general practice, is the
difference between the frequency of the broad-
casting station and that of the oscillator. So to
have a one-control superheterodyne, the tuning
circuit of the frequency changing tube (first
detector) and that of the oscillator must be so
designed as to produce a constant difference in
frequency at any setting of the controlling
mechanism. )

In this arrangement, when both the variable
condensers are disconnected from the-circuit, the
design is such that the LC values of both circuits
approximate each other. That is, the induct-
ance (L) and distributed capacity (C) of the loop
equals the inductance (L) and distributed
capacity, plus half the capacity of the midget
condenser (C).

When the condensers are again connected to
the circuit and set at exactly the same capacity
on the controlling mechanism, there should be
exact resonance between the two circuits, from
the minimum to the maximum range. Now,in
order to obtain the desired frequency difference
between the two circuits, the capacity of the
midget condenser is increased which auto-
matically lowers the frequency of the oscillator
circuit,

There is a general opinion that meters on the
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panel of a radio receiver are in no-wise necessary
to intelligent operation; but that they are
employed merely as mechanical embellishments.
to give an appearance of intricacy. The opinion
is erroneous.

A slight increase above normal filament volt-
age, which increase may be detected only by a
voltmeter, will produce a rapid deterioration of
tube life. Going further, there is always a
particular filament voltage for each receiver,
which likewise can be determined only by the
use of voltmeters or lucky guesses. Guesses
may be relied upon if they have sufficed in the
past. Voltmeters are accurate indicators. While
the voltmeter detects an overloading of the fila-
ment, the milliammeter detects an overloading
of the grid-plate circuits.

To obtain reception void of distortion the

From & photograph made for POPULAR RADIO

needie of the milliammeter should not vary from
its normal settings. An overloading of one or
more tubes may thus be detected by a fluctua-
tion in plate-current of the milliammeter. To
obtain satisfactory reception, watch your
meters.

When high plate voltage is used, it is desirable
to keep the DC current out of the loudspeaker
windings by using a good make of cutput trans-
former, or an arrangement, illustrated in Figure 2
which consists of a 100 henry choke-coil and a 1
microfarad by-pass condenser.

It would be useless to build such a receiver as
described and then connect it to an inferior loud-
speaker.

The owner of such a receiver, or any good make
of receiver for that matter, should use a cone-
type of speaker.

THE NEW APPEARANCE OF THE RECEIVER

FIGURE 3: Instead of the usual two ferminals lo the loop there are three now; and they ler-

minate in small panel jacks on the set. An extra switch has been inslalled for changing the

connections to the loop circuit. These are the only changes which are noticeable from the
Jront of the recetver.

‘>
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A VIEW OF THE SET WITH THE CABINET REMOVED

FIGURE 4: The " C" batteries which are connected with the flexible leads have been added o ac-
complish a saving in total "' B’ battery drain and also to improve quality on strong signals.

—ige il

How to Increase the Life of
Your “B’’ Batteries

IN almost any type of multi-tube receiver,
which uses dry-cell “B” batteries for the high-
voltage plate supply, considerable saving can be
made by adjusting the filament rheostats or “B”
battery voltage to provide only the needed
sensitivity and volume.

A superheterodyne receiver, for instance,
usually places a heavy drain on the “B” bat-
teries, and of course provides great sensitivity
and volume. However, when it is desired to
tune in local stations there is no need for this
great sensitivity and it is usually necessary to
cut down volume by means of the potentiometer
which controls the grid potential of the inter-
mediate amplifier, or by cutting down the cur-

rent supply to one or more of the tube fila-

ments.

When volume reduction is accomplished by
turning the potentiometer back from the oscil-
lating point, the “B” battery consumption is
greatly increased: therefore to cut down wvol-
ume in this manner may increase “B” battery
current as much as 25 percent. This is cer-
tainly not a logical procedure. To cut down
volume by reducing the filament current is much
more logical because this also reduces the drain
on the “B" batteries, although not in propor-
tionn to the reduced signal strength. Moreover,
1t 15 necessary to cut the filament current to at
least four of the tubes if any noticeable saving
in “B” battery current is to be effected.

In the majority of cases the most advan-
tageous way to cut down the “B” battery con-
sumption is to reduce the voltage supplied to the
plates of the amplifier tubes, especially the in-
termediate-frequency amplifier tubes. Actual
measurements taken on one superheterodvne
receiver show astonishing prolongation of “B”
battery life resulting from reducing the detec-

tor and intermediate-frequency amplifier, plate
voltages by 2214 wvolts. This particular re-
ceiver was designed to use 45 volts on the two
detectors, 6714 volts on the four intermediate-
amplifier tubes, and 90 volts on the two audio
tubes, When used with 2214 volts on the de-
tectors and 45 wvolts on the intermediate-
frequency amplifier tubes, still retaining 90 volts
on the audio-amplifier tubes, the ‘“B” battery
current consumption dropped to 74 percent of
the original drain, which means that the life
of “heavy duty” “B” batteries would be more
than twice as great as when the original volt-
ages were used.

In receivers of this type a “C” battery is
usually used in connection with the audio am-
plifier, and for that reason the battery drain is
comparatively small and little would be gained
by reducing the plate voltage on the audio-
amplifier tubes.

For long-distance reception results are not as
good with the reduced voltage as with the
original voltages. On local and semi-distant
reception, however, results may be found better
with the lower voltages because the volume of
the output is reduced to more suitable propor-
tions without the usual! necessity for toning the
receiver down, as is usually the case with local
reception with superheterodyne receivers. .Be-
cause of the somewhat decreased sensitivity
when the lower voltages are used, the receiver
is less noisy; it picks up less of the stray elec-
trical disturbance in the neighborhood.

To put this plan into operation the “B—"
leads from the receiver should be connected to
lower taps on the “I” battery as shown in Fig-
ure 5. Try moving one lead at a time. to a
point 22%4 volts lower on the battery. Tt is best
to do this while a fairly powerful local station

o -
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is tuned in so that the effect on local reception
can best be judged. During these tests it is
well to keep the potentiometer adjusted fairly
close up to the point of oscillation.

—S. Gornon TAYLOR

A Glossary of Practical Electrical
Units
By William Fenwick

AmPERE, (am'pér). The unit of current. It is defined as
the unvarying current which will deposit silv er at the
rate of 0.001118 gram per secoad when it is passed
through a solution of silver nitrate of standard specifica-
tions.

AmpERE-HOUR (am’'pér our). A unit of quantity. The
amount of cleetricity transferred by a current of 1
ampere in 1 hour =3600 coulombs.

Amprre-Hours PER KiLoGram (am’pér ours per kil'o-
grim)}. The ratio of the ampere-hour capacity of a
storage battery to the weight of its plates expressed in
kilograms.

AMPERE-TURN (am’pér tdrn) A unit of magnctomotive-
force). The magnetomotive-foree exerted by a current
of 1 ampere flowing through 1 turn.

CourLoms (cu1.16m”). The quantity of electricity trans-
ferred in 1 second by a current of 1 ampere.

CouLoms PER CENTIMETRE (cu-1dm’ per ¢¥n’ti-mé
The unit of electric displacement.

Farap (fAr'id). The unit of capacity. The capacity of
a condenser charged to a potential of 1 voit by 1 eoulomb
of clectricity.

Gu.eert (fil’'bert). The cgs unit of mangetomotive-
force =0.7958 ampere-turns, )

Giurert per CENTIMETRE (81'bert per cin’ti-mé’’-ter).
The unit of magnetising force.

Hexry (hEn-ry). The unit of inductanee. The induct-
ance in which a variation of current at the rate of 1
ampere per second produces a counter electromotive-
force of 1 volt.

ntr

-ter).

HorsepowEr (hors’‘pow-er). A unit of work or power,
cqual to 746 watts.

JouLE (joul). The unit of electrical energy. The energy
expended in 1 second by a current flow of 1 ampere at
an clectrical pressure of 1 volt.

MaXweLL (miks’-w&l). The unit of magnetic fux.
MAXWELL PER Sqouark CENTIMETRE (milks’-wil per skwir
cén’sti-me”-ter). The unit of magnetic inductance.
Muo (md). The unit of conductance. It is defined a
the faciljty for current flow offered by a circuit of 1

ohm resistance.

OsrsTED (8’crsted). The unit of magnetic reluctance,
The reluctance offered when 1 gilbert micromicrofarad
produces 1 maxwell.

Ony (dm). The unit of resistance, represented by the
resistance offered to an unvarying current by a column
of mercury 14,4521 grams in weight, of a constant
cross-sectional area. of 106.3 centimetres in length,
and of a temperaturc equal to that of melting ice.

VoLt (vélt). The unit of electromotive-foree (electric
pressure). It is defined as the electromotive-force which
produces a current of | ampere when it is steadily ap-
plied to a conductor whose resistance is | ohm.

VoL1s rER CENTIMETRE (vOlts per ¢in’ti-mé’ter). The
unit of electrostatic field intensity.

WaATT (wat). The unit of work or power. It is defined
as the expenditure of energy at the rate of 1 joule per
second.

Wart-HOUR (wat our}. A unit of the quantity of clectric-
ity =1 ampere-hour = 3600 coulombs.

As practically all of the units given above may be pre-
fixed to indicate that they are multiplied by 10, 100, 1000
and so forth, or that they are divided by 10, 100 or 1000.
the follomng prefixes are given. Column 1 gives their
names; column 2 contains their abbreviations, and colunn
3 furnishes their meaning.

Pico or mieromicro M one million millionth
micro M one millionth

milli m one thousandth
centl c one hundredth

deci d one tenth

deka dk ten

hekto h one hundred

kilo k one thousand

mega M one million
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HOW TO OBTAIN GREATER ECONOMY IN
SUPERHETERODYNE OPERATION
FIGURE 5: It is possible to effect a greal saving in "B ballery consumption by reducing

the plale vollages of superheterodyne receivers.

In many cases such a reduclion can be

accomplished without in any wav reducing the efficiency of the receiver.

—



Conpuctep By WiLLiam G. H. FincH

THis department will keep you in touch with the lalest inveniions of interest on
which patent righis have been gramted, and which are significant contributions to
radio art.

A New Variable Condenser for
Short Wave Circuits

A NOVEL idea for a variable condenser which
is especially adaptable for high frequency or
short wave radio circuits is described in Patent
No. 1,557,725,
Proctor of Lexington, Mass.

The ideas contained in this invention are
applicable to variable electrical condensers in
genecral, and especially to the high potential
condensers, which are used in radio transmitters
and in power factor lines. However, the claims
of the invention rest more particularly upon
a variable condenser of the enclosed casing type
which has preferably a vacuum dielectric and
which is provided with means for varying the
condenser capacity by relative movements of the
condenser conductors or armatures of opposite
polarity. The. condenser may be constructed so
as to be suitable for use at any desired voltage.

In condensers of the sheet or jar type now in
use, the electrical losses where high voltages are
employed are comparatively great. This results
in a loss of efficiency and also in the over-heating
and ultimate disintegration of the condenser,
especially if it is not properly made. This
heating is partly due to losses in the dieclectric
which apparently arise from dielectric hysteresis
or frictionally impeded movements of the atoms
of the dielectric because of electric flux through
the latter, and partly because of brush or corona
discharges in the medium surrounding this type
of condenser.

An object of the present invention is to provide
a condenser construction in which losses arc at a
minimum. In particular, the invention com-
prises a variable condenser in which the principal
dielectric preferably is a vacuum.

Brieﬂ[\; this condenser comprises a suitable
casing, bulb or tube in which is mounted a con-
_denser made up of spaced metallic plates. The
“air is exhausted from the casing to form be-
tween the plates a vacuum dielectric in which
there is no appreciable loss in use due to gas
ionization or to dielectric hysteresis. Finally,
there are means, operable from the exterior of

which was issued to John A.-

the casing, by which relative movement of the
interior condenser conductors may be effected.

The invention is shown, in perspective, in
Figure 1.

The condenser contains spaced and fixed metal
plates mounted upon and electrically connected
to metal rods. These plates are spaced from
cach other by any suitable means. The rods are
in turn secured to metal end plates.

Movable metal plates are fixed at spaced
distances on a metal shaft and in such a position
as to alternate with the fixed plates. The
shaft is journaled in insulators which are fixed in
the end plates to insulate the two sets of plates
from each other.

The upper portions of the end plates are cut
away in order that the movable plates may be
sufficiently spaced from them. This allows a
wider range of capacity variation, as plates in
the position shown will have very little capacity
effect.

Two springs made of strips of metal are con-
nected to the end plates and engage the side walls
of the enclosing air-tight glass bulb or- casing.
In this way the condenser is yieldingly sup-
ported against any longitudinal movement which
might injure the casing. This casing may be a
bulb or tube as shown and it should preferably be
of glass or some other non-magnetic material.

There are several features of this condenser
which may be pointed out as particularly novel.
(The numerals mentioned correspond to those
which mark -the parts in Figure 1.}). One
terminal (that for the fixed plates, 25) is a con-
ductor, 36, which extends through and is sealed
in the casing, 32a. The terminal is thus con-
nected to one of the two metal springs, 32, which
is connected to the metal plates, 28, which, in
turn, are electrically connected to the fixed

plate, 25.

The other terminal of the condenser (that for
the movable plates, 29} is a conductor, 38,
which extends through and is sealed in the casing,
32a. This terminal is then connected to a
spiral conducting coil, 37, which is connected to
one end of the metal shaft, 30. This connection
1s of flexible wire to allow the free rotation of
shaft, 30, which carries the movable conductors.

395
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The parts of the terminals, 36 and 38, which
extend through the casing, 32a, and are fixedly
sealed there should be of platinum when the
casing 1s of glass. Thus these terminal leads are
independent of the capacity-varying means
which are now to be described.

The left end of the shaft, 30, terminates in a
magnet, 39, which is made of some suitable
magnetic material such as iron, steel or nickel,
and which is supported in a spaced relation to the
end of the tube, 32a. This magnet has poles 40
and 41. The encased condenser is supported
in any suitable manner on the base, 42.

A horseshoe magnet, 43, is located outside the
casing, 32a, is journaled in the support, 42, at
44 and is provided with an actuating knob, 45.
This magnet embraces the end of the non-
magnetic casing, 32a, which is adjacent to the
exterior magnet, 39. As the magnet, 43, is
rotated, this rotation will be communicated
magnetically to the variable condenser through
the co-acting interior magnet, 39.

In this. way means are provided for varying
the capacity of the condenser without any danger
of impairing the high degree of vacuum neces-
sary or, in any instance, without the necessity of
extending a mechanically’ moving part through
the casing, 32a. )

Either of the magnets may have a soft iron or
nickel armature, if this is desired.

The movable plates, 29, are unbalanced on
their shaft, 30, and tend (when their axis, 30, is
honzontal, as shown) to hang down under the
influence of gravity in a position 180 degrees
from that shown in the drawing. Therefore,
the capacity of this condenser may be varied
by rotating the casing, 32a (and consequently the
fixed plates, 25) around the longitudinal axis of

the casing. The movable plates will hang down
by gravity and will remain stationary.

Thus the capacity of the condenser may be
varied with or without the operation of 2 magnetic
field, by a rotation of the entire casing, 32a, in
its supports; and each of the relatively movable
conductors may be moved with respect to the
other.

The order of vacuum or exhaustion which
exists in a condenser which contains a dielectric
such as the one described above should be ex-
tremely high so that no appreciable gas joniza-
tion may take place to cause losses while the con-
denser is in operation.
obtained, for example, by a pressure of the
order of a millionth of a millimeter. Exhaustion
of this order may be obtained by any well-known
means such as a Gaede or molecular pump or by
Langmuir's condensation pump.

All of the materials inside of the casing, when a
vacuum dielectric is employed, should be treated
to remove gases (occluded or otherwise) accord-
ing to any of the well-known processes in use for
the production of high vacuum apparatus. This
treatment may consist, for example, in removing
gases from these materials before -they are
assembled in the casing.

In addition, it is advisable to subject the.con-
tained materials, after they are assembled in the
casing, to further treatment to remove any
residual gases. This final treatment may con-
sist of a bombardment of the materials from a
heated filament which is temporarily located
within the casing.

The gases may best be removed in the first
treatment by the use of the Northrup high fre-
quency electrical furnace. If this method is
used, the entire condenser is placed in-the.field
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A NEW VARIABLE CONDENSER OF UNUSUAL DESIGN

Ficure 1:

This diagram shows how the condenser is rotated by means of the magnetic
altraction between the large rotatable member and the small pole pieces.

This method of

operation makes it possible to mount the moving g;arts of the condenser completely within
a vacuum lube.

This condition may be-

-
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of a coil carrying a high frequency current,
while it is undergoing the process of exhaustion.
This heats the metal parts inside the condenser
casing, and thus drives off all gases which may

be in them before the casing is completely ex- .

hausted and sealed off.

The materials used in these vacuum condensers
should be of such a nature that the gases may be
easily removed by the two processes described
above. Nickel, tungsten, molybdenum or rolled
steel should be used wherever possible in the con-
struction of the condensers.

In the way described above, a condenser in
which the plates 1 and 2 are spaced a centimeter
apart, may be constructed to stand a million
volts. In such a condenser and with a vacuum
dielectric of the order specified, the total loss is
practically zero as it is limited to the minute
Joulean losses in the metal plates and leads, and
to the minute losses in the dielectric surrounding
the terminals and in the supporting dielectric
tnaterial. )

The most important aspect of this invention 1s
that part of its construction and arrangement
which involves the variation of the condenser
capacity by means of relative movements of the
conducting plates inside of the casing where they
are separated from one another by any suitable
dielectric. Another particularly important aspect
of the invention when a vacuum is employed, as
the dielectric, or when the relatively movable
conductors are wholly supported and enclosed
within the casing, is the provision of a means for

Ficure 3: This view of the self-inductance de-
scribed, shows how the wires roll on and off of
the roller cores.
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A SECTION OF THE SELF-INDUCTANCE

FiGure 2: This diagram shows how the convolu-
tions of the coil wind about the three roller cores of
this new variable self-inductance.

causing relative movements of the conducting
plates which does not affect the vacuum seal or
the enclosure of the casing.

Sixteen claims were allowed to Mr. Proctor on
this novel and ingenious invention.

A New Variable Self-Inductance

A VARIABLE self-induction apparatus, which is
simple in operation and in construction, is de-
scribed in Patent No. 1,555,509, which was
issued to Yves Marrec of London.

In this invention an electrical conductor,
which may be a wire or flat metal strip, is fastened
at the middle of its length to a winding element
which is referred to, in the description, as the
middle winding element. The two ends of the
wire or strip are adapted to be simultaneously
wound on two other winding elements, which are
referred to as the end winding elements.

In an arrangement of this sort, the length of
the conductor which is coiled on the middle
winding element has practically no self-induction,
as it is ‘a non-inductive winding, the magnetic
fluxes of which, being opposite, neutralize one
another. On the other hand, the two separate
lengths of single conductor which are coiled on
the end winding elements constitute a coil in
which the self-induction varies with thé length
of the conductor wound on these clements.

It is evident that by wvarying the amount
wound on the several winding elements, the self-
induction of the conductor may be varied con-
tinuously from practically nothing, when almost
the whole of the wire is wound on the middle
winding element, to a maximum when the wire
is entirely unwound from it.

The conductor should usually have a round,
square or rectangular cross-section and it should
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A NEW CONE-TYPE LOUDSPEAKER

FIGURE 4: The construclional details of De Forest's

new cone-lype loudspeaker which may be used in

connection with an electrical sound recetving ap-
paratus such as a telephone receiver,

be wound so as to form helices, in which the diam-
eter and pitch and therefore the self-induction
will depend on the shape and size of the winding
elements. In this case, the winding elements
should be provided with grooves which have been
adapted to receive the conductor. The conductor
may, however, be flat, and wound so as to form
spirals.

The drums which constitute the end winding
elements may be of magnetic material, so as to
constitute magnetic cores. These cores may be
independent.

The faces of the casing in which the spindles of
the winding elements are pivoted may also be of
magnetic material. If they are, they will form
a closed magnetic circuit with the cores.

Figure 2 shows a section of the variable self-
induction apparatus described in this patent.
Figure 3 shows a sectional front view.

The form of the apparatus which is shown has
a case, which may be of any suitable non-
conducting material and three drums, which are
carried in bearings. The spindle on which the
middle drum is carried is extended, as shown in
the diagram and an adjusting knob is fitted upon
it (the knob is not shown),

The strips are made from thin silk; and each
c~rries the conductor on one side and a more or
loss coarse woven mesh on the other side.

The conductors may be of metal foil, in which
case they are bound and stitched at the edges as
shown. However they may be made from
sprayed metal, metallic paint or other materials.

There are two strips which are both pinned to
the central drum and to the end drums. The
non-conducting part of the strip may be con-
tinuous and may be carried under an anchoring
wire on the middle drum.

The two end drums are hollow and contain
springs which keep the strips in tension and
unwind them from the middle drum when this is
turned in the reverse direction.

The spindles of the end drums carry terminals
by means of which a potential difference is
applied to the coatings.

A Cone-type Loudspeaker on a
New Principle

Dr. LEe DE ForesT, the eminent radio pio-
neer, was recently granted patents No. 1,554,794
and No. 1,552,914 for a cone type of loud-
speaker. :

Among loudspeaking devices are those in
which the sound is led from its source into a
second horn or cone of tightly stretched paper,
thin leather or other non-metallic matenal for
transmitting sound waves. Several such horns
are being used, in connection with phonographs,
in which the phonograph needle is located at
the apex of the cone.

It 1s one of the special purposes of Dr. De
Forest's invention to provide a loudspeaking
device that uses this type of diaphragm or cone
but which operates on a different principle and
therefore is made available for use in connection
with an electrical sound receiving apparatus—
such, for example, as a telephone receiver.

Dr. De Forest employs a cone structure shown
in Figure 4. It consists essentially of a spider,
preferably with a comparatively heavy rim,
between parts of which is clamped a non-metallic
diaphragm such as parchment, paper or thin
leather. This diaphragm is stretched prefer-
ably in the shape of a cone. It may be main-
tained in a taut position in any suitable manner,
for example, by means of a rod terminating at
one end in a spider which supports a ring se-
cured to it, which engages it one-half or one-
third of the distance from the apex of the cone
to the periphery. The rod is provided with
serew threads at the opposite end which engage
a nut positioned inside of the hub of the spider.

It will be seen that by varying the position of
the nut which is on the threaded portion of the
rod the tension imparted to the diaphragm may
be varied, thus permitting an easy manner of
maintaining the diaphragm taut under all
conditions of temperature or atmosphere.

The apex of the conical diaphragm iz provided
with a needle point that projects through the
diaphragm. This needle point is placed
in contact with the diaphragm of an ordinary
telephone receiver. It will be seen that the
vibrations imparted to the diaphragm of the
telephone receiver are sent directly to the conical
diaphragm. In this way, the sound, in a greatly
amplified condition, is reproduced in an. undis-

‘torted non-metallic manner.

- -
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Convert your recewer mto )/
A LIGHT SOCKET SET 4

with Balkite Radio Power Units

Now you need wait no longer for a light socket set. Balkite Radio Power
Units —the Balkite Trickle Charger and Balkite “B”—enable you to
make a light socket set of your present receiver.

The Balkite Trickle Charger converts your “A” Battery into an auto-
matic “A” power unit that furnishes full “A” current from the light
socket at all times. Balkite “B” replaces “B” batteries entirely and fur-
nishes “B” current from the light socket.

This popular light socket installation is extremely simple to install,
economical both in initial cost and in operation, and will fitin practically
all present battery compartments. It is composed entirely of units that
have demonstrated their success over a long period of time.

‘Noiseless— No bulbs— Permanent

All Balkite Radio Power Units are permanent, entirely noiseless, have
no bulbs, no moving parts, nothing to break or get out of order. Their cur-
rent consumption is very low. All operate from 110-120 volt AC cur-
rent, with models for 50, 60 and other cycles. All are tested and listed as.
standard by the Underwriters’ Laboratories. . . . At yourdealer’s.

K The Balkite Railway Signal Rectifier is now standard equip-
ment on over 50 leading American and Canadian Railroads

Balkite
Radio PowerUnits

MANUFACTURED BY FANSTEEL PRODUCTS COMPANY, INC.,, NORTH CHICAGO, ILLINOIS
Sole Licensees in the United Kingdom: Maessrs, Radio Accessories Lid., 9-13 Hythe Rd., Willesden, London, N. W. 10

All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY
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AmerTran Power
Transformer

‘Type PF-52

AmerChoke. Type 8s54.

E;OR more than twenty-five years, the American Transformer
Company has specialized in the manufacture of transformers.
The transformers used by Marconi in his first trans-Atlantic tests
in 1904 were made by this Company.

Since that time the engineering staff has directed a large share of
its resources toward the development of transformers for radio use.

In 1921 the AmerTran Audio Transformer set a definite stand-
ard of excellence in its field.

The last five years have seen radio develop rapidly. Better tubes,
broadcasting, and acoustical apparatus have brought these phases
of reproduction nearer to perfection than ordinary transformer,
impedance, or resistance audio amplification.

ransj Juilders

All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY



&

The Best in Radio Equipment

11

When the new AmerTran DeLuxe Audio Transformer was recently
introduced it put the “audio side” ahead of broadcasting facilities and
reproducing instruments. Faithful amplification with natural quality
thus, has again established AmerTran as the mark of a‘““new stand-
ard of excellence.” Combined with the new tubes, cone speakers, and
clear signals from the detector tube, the AmerTran DeLuxe will re-
produce natural volume over the entire audible range.

And now, as Radio Reception is further simplified and refined,
the American Transformer Company offers a major contribution.

The AmerTran Power Transformer and the AmerChoke make it
possible and economical to use the new 714 volt power tubes in the
last audio stage. The filament of this tube is lighted direct from this
transformer. The Power Transformer also has a filament supply
winding for the rectifying tube and supplies sufficient plate current,
after rectification, for the operation of the entire receiving set.

As the receiving set of the future is destined to be power oper-
ated—the American Transformer Company offers the above appara-
tus as units which in quality and design are best adapted for use
in the type of audio amplifier required.

For use in building, experimenting and manufacturing these new
AmerTran Radio Products assure dependability and satisfaction
—and furnish the most advanced construction in practical radio.

Writeforbookletentitled
“Improving the audio
Amplifier.” It contains
valuable up-to-date in-
formation.

AmerTran DeLuxe
lat Stage . ® 310.00

AmerTran DeLuxe
2dStage . . . 10,00

AmerTran AF.7
3-%1) .. .. 500 DEALERS: The sale of Amer
Amt(:;‘.l‘lrian AF-6 e Tran Radio Products East of the

Rockies is handled exclusively
by the AmerTran Sales Com-
pany, Inc., 178 Emmet Street.

AmerTran Power
Trans. PF-45 ., 15.00

AmerTran Power . Newark, N, ). Direct to dealer
Trans. PF-52 . 18.00 . ﬁmnfl:r ?:s%‘;:& sales policy. Some territories ar;
w available for parts dealers an
AmerChokeType 854 6.00 second stages. service acations.

Sold only at Authorized AmerTran Dealers

AMERICAN TRANSFORMER COMPANY
178 Emmet Street, Newark, N. J.

All apparatus advertised in this magazine has been lested and approved by POPULAR RADIO LARBORATORY
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Get into the great new BIG-Pay Industry—Radio. 1f
you are_carning & penny less than 850 a week, clip
coupon now. Send jor AMAZING
FREE BOOXK. Be.a Radio Expert,
and draw down big money for the
easicst and most faseinating work in
the world. Positions cverywhere.
Need for Radio Experts in ever
community. Short hours. Blé 3
PAY. Free book gives all the | My charges for
facts. ggggult.ntl:on.
! r hour.
Learn Quickly and Easily el suggess s
Master Radl 1;:tl10me 01 sh O B
aster 0 Enginecrs wlll show you R i
how to qualify, t‘:zu!ckly and caall;" at ‘l;l:ckhlll_ Brook.
home, for Radio’'s fine jobs. We :
guarantee to tLrain You suceessfully.
Every day N. Rt. T-tralned mcn are
taking good places in thie Radlo feld.
Thousands of openings now awalting
the tralned man.
FREE EMPLOY-
MENT SERVICE.
D, Get the facts
tures. e L s
Radlo a gold
~CLip COUPON. ( Radlo a gold

Get This ir?uraedworlkn

ousands.”” J

Free Book R. Herke, Winnl-
Scnd |Ipeg.

coupon
below for FREE BOOK—

“Righ -Rewards In
Radlo.” Read ftor

)'ouralclr. No nrcv(}ggs
experience nee .
at all Common _ schooling

these sets

o s LB, 1
Recelving scts, from simplest kiod Lo thousand mlle recelver, In-
cluded to help you learn. An UNEQUALLED OFFER. Other
apeclal features for lmlited time only, so ACT QUICKI
NATIONAL RADIO INSTITUTE

Dept. DT-8, Washington, D. C.
National Radio Institute,

C
Dept, DT-8, Wnshington, D. C.

Without cblizating_mo in any way picaws sond me your free book,
LRish Rewnrds In_Rndie,” nles ecomp c!n.inlcrmltion eh YOour pract
tieal, home-study Radio courge. ’

enough. WRITE
i ;9 NOW.

r~ )
CARTER

All Metal “IMP’”’ Rheostat

(Pat. Pend.)

$ 1 All Resistances

3 to 50 Ohms

Half Size

No matter what circuit you use, use
a Carter “IMP”’ Rheostat. No
moulded parts to crack or break; wire
element clamped in place. Will not
‘move. Silent, smooth operation. Poten-
tiometer 200 or 400 Ohms; same
size and construction. Price $1.25.

W See them at vyour dcalers.
Write for illustrated folder.

Tigenature a
2" fucturcrs of

All apparatus advertised in this magazine has been tested and approved b-y .POPULAR RAﬁIO LABOR:\T(;?.Y

)



o L . . A el B el

The Best in Radio Equipment

O e e

13

UNIVERSAL

Standards of Quality

Type 277-D
Coupling Coil
Price $1.50

Type 247-H

Geared Condenser
Price $5.00

Type 3638

Micro-Condenser
Price $1.25

In building a radio receiver remember that
its performance depends primarily upon two
things; an efficient circuit, and the use of
good parts.

Wherever you find a popular circuit you will
invariably find General Radio parts.

The General Radio Company has con-
tributed more in scientific apparatus for
laboratory use than any other one Company
in the history of radio. .

The same outstanding craftsmanship and
materials are embodied in General Radio
parts for use in the construction of broad-
cast receivers.

Through the merits of dc31gn, performance,
and price, General Radio instruments for the
scientist or set-builder are universally recog-
nized as the Standards of Quality.

Every instrument made by the General
Radio Company is thoroughly guaranteed.

The General Radio Company has endeavored
to make it possible for the experimenter to
obtain its products with a minimum of effort.
A careful selection of distributors and dealers
has been made. They are best fitted to serve
you. If, however, you are unable to obtain
our products in your particular locality they will
be delivered to you, postpaid, direct from the
factory upon receipt of list price.

Write for our latest parts
Catalog 924P

GENERAL RADIO Co
Cambridge 39, Mass.

INSTRUMENTS
‘“Behind the Pane(s of Better Built Setsf’

Type 285
Audio Transformer
6toland 2to 1
Price $6.00

Type 301

Rheostats
12 and 25 ochms

Type 349

Ux Tube Socket
Price 50c.

All apparatus advertised in this magazine has been lested and approved by POPULAR RADIO LABORATORY
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A RADIO CABINET OF BEAUTY AND ELEGANCE
DIRECT TO YOU AT LOWEST COST

w ¥ Lid splined both ends to prevent warping.
Nickeled piano hinge—TFull length.

Nickeled lid support of artistic design.
Anti-vibration cushion feet (not vis.ble in cut).
Edges of lid moulded to match bottom.
Shipped securely packed in strong ecarton.
Prompt shipment. Big stock for holidays.

Hardwood, Rubbed Solid Black
Mnhogany American

Finish Walnut
7x18x7W
or 10 in. deep $£3.50 $5.00
Tx21x7% P &
or 10 in. dcep 3.75 5.25
Tx24x7Tk
or 10 in. deep 4.00 5.50
Tx26x7K
or 10 in. deep 4.75 6.25
Tx28x7ly
or 10 in. deep 5.50 7.00
Tx30x7)
or 10 in. deep 6,00 8.00

Add 25¢. for “E-Z"” Fone plug.

CASH WITH ORDER or C. 0. D.
if 14 of price isg sent with order.
Prices F. O. B. Hickory, N. C.
Order express shipment. oiten
cheaper than mail and much safer
from damage.

FREE WITH EACH CABINET
8 glued-uﬁ stock non-warping 4-
inch BASEBOARD.

Free Catalogue.

THE SOUTHERN TOY COMPANY, INC.
Dept. N, HICKORY, NORTH CAROLINA

No
Backlash!

FYNUR
VERNIER CONTROL

Fynur Dials will separate the low
wave length stations and get distant
stations clearly and accurately. Dual
control, simple and durable in con-
struction. Will fit any %4 inch shaft.
No lost motion. Asktosee oneatyour
dealers or write to manufacturers.

Used in the Laboratory model of the L. C.-26
Receiver, designed by L. M. Cockaday.

AUGUST GOERTZ & CO., INC.
270-286 Morris Ave. Newark, N. J.

Hear this ¥
World-Wide " T
Favorite - Y Py

Creation of Alfred Graham & Co., Eng-
land, 38 years experienced in producing
loud speaking devices, Amplions lead
in aales throughout the world. Hear an
Amplion—1in comparigon/ Six models,includ-

ing phonograph units, equipped with cordsand
plugs, $12 up. Write fo‘:q'Amplion Pedigree.'*

THE AMPLION CORPORATION,
OF AMERICA

Suito X, 280 Madison Avcnue, New York
Chicago Branch: 27-29 No. Morgan St.
% Burndept of Canada, Ltd., Toronto

M G A=

All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY
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4 - Tube Receiver

A New Conception of Radio Receivers

HERE ARE THE EXACT PARTS

Startling _
in Its Importance
The features of thisreceiver em-

1 Belden $-C Wirins Hamess......... $ 4.00 brace everyth'ing desii-able in a

1 CentralabResistance¥25 M.S.R... .. 2.00 radio set. Laurence M. Cockaday

1 Polymet .00015 Condenser........... .45 d M Murdo Sil h &

1 Polymet .002Condenser............. .40 an CiViurdo oailver ave unlt

1 Polymet .005 Condenser. ... ceibaiy oD their genius to produce this new

1 Polymet 2 megohm Leak . .. P e l o 4.;3 Standard in radio receivers.

: gngeg ;n: l;,mcelssed RIECE Sive - o A set which can be built in an hour. A
o s U i : complete wiring harness assures success

2 S-M4% 316 .00035 Condensers .......... 11.50 with o.screw drivesdnd.aniretlisns.

2 S-M#515 Coil Sockets. ............. 2.00 o plier

1 S-M#¥I110ACoil..................... 2.50 Complete Wavelength range—from the

1SN 01 1T Cothek 1 itk i s ik 2.50 lowest amateur band to the hlghest

4 S-M %510 Tube Sockets............. 2.00 wavelength European broadcast station.

1 S-M#801 Vernier Dial............... 2.50 Selectivity that brings in 35 stations in

1 S-M#340 .000025 Condenser......... 1.50 New York City, including KFI, while the

1 Pr.$-M# 540 Mounting Brackets. ... .70 locals are on—and all on the lOud speaker.

2 Thordarson R200 Power Transform- True single control which makes
T ————— | Y LT l!:gg operation simple and sure.

: :“:ev’;ll(’g(R:m““ """""""" o Unusually fine tone quality is secured

] Yaxley s Jzzk """"""""""" e by the use of new Thordarson Power
ot el bl boms Sascies. 3 Amplifying Transformers.

1 Yaxley%10 Switch.................. .50 i

Volume for all demands on stations
Total Price.............$58.85 local or distant.
1 Screw Assortment. ........«c.oceuus 15

The finished receiver is beautiful. It
fits with the appointments of the home.

Send today for the complete parts for this remarkable
new receiver. It was designed for YOU!

“The Key To the S-C 4-Tube Receiver’’ is a booklet containing
full information on this set.

Price Post Paid 25¢

COCKADAY LC-26
BROADCAST RECEIVER

Few sets have given as wide~
spread satisfaction as this
famous receiver. The parts
exactly as used by the de-
signer, including Tait Brack-
ets and Corbett Cabinet

$79.75

WHOLESALE

oRrISON |-

Electrical Supply Glnc

SETSL POWER PACK

AMPLIFIER UNIT

Amplifier.
parts as used by
and nncludxng all w:ra
data. . -

lies A, B, and C Battery
Voltage for any set and in-
cludes a distortionless Audio
The complete
the designer

1’178

15 East 40th Street, New York City

All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY
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No.32P

INU. 5.
(WhitBoUT DrY CELL)

Banish Detector
Troubles with
Jhe Carborundum
Stabilizing
Detector Unit

Y a turn of the knob on the

stabilizer you adjust the de-

tector impedance to best suit
operating conditions.

You can materially reduce the
detector circuit damping, thus
giving increased selectivity—
sharper tuning.
With this stabilizing unit you
{ get the most efficient rectifi-
cation—resulting in increased
sensitivity —greater volume.

It’s a simple device that solves
all detector troubles.

Comes equipped with genuine,
fixed Carborundum Detector.
An ordinary flash-light cell for
booster voltage completes the
unit.

You can get the fixed, permanent Carborundum
Detector alone for $1.50
YOUR DEALER OR DIRECT
B8end for Descriptive Clireular Showing Hookups
-

THE CARBORUNDUM COMPANY
NIAGARA FALLS, N.Y.

New York Chicago Boston  Philadelphia
Cleveland  Detroit Cincinnati
Pittsburgh Milwaukee Grand Raplds

Corbett Console for LC-26 Receiver

_ _— e — ]

Five ply mahogany or walnut, with our usual high qual-
ity hand rubbed Duo-tonc lacquer and varnish finish.
Straight or sloping pane] front.

The “Corbett Console* 18 adapted to any of the pop-
wlar recelvers, Including McLaughlin, Hammarlund Roberts
(1llustrated), G-O and S-C.

WITHOUT HORN . ..o v vinennnnrnens 240.00
(as Illustrated)
WITH BUILT INHORN .............. 54.00

(Large Mlller hard rubber horn at left of papel
with silk backed grill.)
Shipping charges prepald

WRITE FOR BOOKLET showing attractive models for
all slzes of fadlo cablnets, consoles and tables.

Jobbers & Dealera write for discounts.

CORBETT CABINET MFG. COMPANY

St. Marys, Pennsylvania

screw-machine
products

—Dbrass

For plugs, jacks, clips, con-
denser and transformer
parts, etc., BRASs assures
economy in quantity produc-
tion. It also gives the right
electrical conductivity and
the mechanical accuracy es-
sential to proper operation
of radio sets and parts.

COPPER {o° BRASS

RESEARCH ASSOCIATION
25 Broadway, New York

All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY
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lungar is
the easy-to-use charger

Anyone can clip a Tungar to a battery and
plug it in on the house current. That’s all
there is to it.

' Attach a Tungar at night—and have snappy
batteries in the morning. It will not blow
out Radiotrons.

It needs little attention. Only a dime’s worth

T is th iginal

b:x'égfrfaégeﬁ.l It iz I:(?:E of current consumed for a charge. No won-
[+ t 4] - .

Research L aboratories of der “Tungar” is fast becoming the word

General Electric

ThenewTungar charges
2,4 and 6 volt "A” bat-
teries, 24 to 96 velt B"

for battery charger.

batteries, in series:%and

autobatteries,too. Noex.
tra attachments needed,
East of Rockies

Two ampere size §18.00 . REG. U.5.
Five ampere size $28.00 T e e
60 cycles - 110 volls IB : TTERYCHARGER
- gfercha!nsdise Decparfment
eneral ElectricCompany Tungar—a registered ¢ 3
{ 1 rademark—is found only
BHigEport Congeciicdl on the genuine. Look for it on the name plate.

GENERAL ELECTRIC

All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY
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SICKLES

DIAMOND-WEAVE COILS

(Trade Mark registered Aug. 4, 1925)

For Browning-Drake, Roberts, Craig,
Aristocrat and Hoyt Circuits
(Patented Aug. 21, 1923)

Sickles Coil Set No. 24 for Browning-Drake

Circuit. Price $7.50. The Sickles No.18 Acoil combinationisdesigned
' specifically for the Roberts Reflex and other reflex
- circuits using neutralized radio frequency amplifi-
cation, combined with regeneration controlled by
COIL PRICES a movable ticker.

- The No. 25 coil combination is built for the
oy T LTS (Gl $8.00 set Aristocrat Circuit, and it will also work admi-
Na. 24 Browning-Drake  7.50 set rably in all of the universal circuits using tuned
No. 20 Craig Circuits 450 set | radiofrequency amplification, neutralized by the

Rice Method and combined with regeneration.
No. 19 Acme Reflex 4.50 set

Send for descriptive catalo
No. 8 Xnockout Reflex 4.00 set & r P g

No: 21 Hoyt Circuit 10.00 set The F. W. SiCkles CO.

134 Union Street

No. 25 Aristocrat Circuit 8.00 set
SPRINGFIELD, MASS.

More Profits
 PROFESSIONAL
Set Builder

‘( E have an unusually

interesting proposition

“p” _
- Storage ‘B” Battery to make to the man who is
oits ndefi —_ Itsel : ST -
ﬁ{ol.‘.'m":.n{':s“ I I.h..'::ﬁb.'r pg.z:,m.,ﬂ.m f now bu:ld'lng (or {zas the .al.nl
{?oﬁ":'.m SipteTan mﬁ_:':% Eﬁﬂﬂujur’“"“ ""“ ity to build) radio receiving
g‘&‘!ﬁg‘:ﬁ% 3'61%%3;%'5 Jf and ?'-1-1“ 'm: sets fos resale.
is received. Extra oﬂmtblmnr::r- :la“’('-ll-ud-l'E\..m‘;O.“og This iS a real Opportunity-
:’i{’h?,‘.,'ﬂ:"ﬁ'.‘ﬁ'm,gf,ﬂ,d;‘ o oy Write to-day for full informa-
121290.“{81333!1 Eve €0 2 3 COMP;EE.MHL &
I M&Mﬂam 81,35 ,,.,.A.,,EEJ,_&“ 1011.

w 1 d S e i e 0 :

o r o g ST Gearhart-Schlueter Radio Corp.
- . : 714 Voorman Ave.

Fresno, California

FH A
KT r'l."f.- .:I"|

All apparatus advertised in this magazine has been lested and approved by POPULAR RAp10 LABORATORY
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FOR a long time to come, there will
not be evolved a more efficient cir-
cuit than that in the new Hammar-

lund-Roberts Receiver.

Ten leading radio engineers devised
it as their composite ideal.
is a receiver, operating on only five

The cost,
The result

tubes, which possesses the sensitivity ity.

of a standard eight-tube receiver, plus
a high degree of selectivity which min-

itself. The

imizes interference.
Tuning 1s simplicity
volume and tone are ex-
ceptional, the receiver be-
ing designed o operateon
the cone type of speaker.

HAMMARLUND
MFG: CO.

UNIT 2. — ‘*Hammarlund,
Jr.”” The Precision Midget
Condenser.

UNIT 3.—The New Ham-
marlund Straight-line fre-
quency Condenser.

UNIT 4. —The New Ham-
marlund Low-Loss, Space-
Wound Coils.

And best of all, you can construct
it yourself,from the finest parts known
to radio, with results worthy of any
professional builder.

$60.80 (cabinet extra) is

only about one-third of the price of a
factory-built receiver of similar qual-

Your dealer sells the famous
Hammarlund parts for this receiver

and can supply you with all the

other parts

= - d [} : . id
Sty TR e e LGAT A

specified in the “How
to Build"” book, which
will be mailed on receipt
of 25 cents.

424-438 W. 33d St.
New York

FOUNDATION UNIT

The Foundation Unit con-
tains all special parts needed
to build the Hammarlund-
Roberts Receiver, including
drilled and engraved panels,
brackets, wire, screws, ctc.
$7.90, at your dealers.

Ty

54

All apparatus advertised in this magazine has been tested and approved by PoruLar RADIO LABORATORY
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“Stop’’
and lightning won’t harm
your sei

The National Board of Fire Underwriters specuy
that an approved Radio Lightning Arrester mus!
be used with all out-door aerial installations.

Protection is easy. Insure your insurance and save
your set with a WIRT LIGHTNING ARRESTER
(listed'as standard by the Underwriters_Laborator-
ies). The cost is a trifle.

THE WIRT LIGHTNING ARRESTER is an ap-
proved air gap type, made of bakelite giving ample
mmsulation, with brass terminals moulded in bake-
lite, far enough apart so that there is no leakage.
A "petticoat” of bakelite shields the arrester from
water and dust. Handsome and rigid. Lasts a
lifetime. Easy to install. Full directions on box.

When you install your
WIRT LIGHTNING
ARRESTER, get a
WIRT INSULATOR
and prevent leakage
along your lead-in
wires. It keeps the
wire at the proper
distance, provides per-
fect insulation, and
prevents wear and
tear on the wire by
preventing  sagging
and swaying.

THE WIRT LIGHTNING ARRESTER IS

LISTED AS STANDARD BY THE UNDER-

WRITERS LABORATORIES.

WIRT LIGHTNING ARRESTER......... $1.00

WIRT INSULATOR.......ccoonoievvenne .35
Sold by leading Radio dcalers

WirT (JoMPANY
PHILADELPHIA. PENNSYLVANIA

Makers of Dim=A-Lite

l

100% Value o
From Each Tube

‘What's the use of buying good tubes if
you don't get theirfull value? Individual,
automatic tube control is the answer.
Amperite alone givesit, That's why itis
specified in every popular construection
set. Offers precision regulation—auto-
matically. No hand rheostata toregulate,
Eliminates all errors of human judg-
ment, A special type for every style and
strength of tube, Price $L10.

Write for free hook.ups

Aadiall Company”

Dept.P.R.4,50 Franklin St.,N. Y. City

ERITE

aca, .8, =AT. OFr,

Yhe "SELF-ADJUSTING” Rheostat

(=== .I

QUALIT
Addressed to

Forward-thinking but
Skeptical Set Manufacturers

Gentlemen:

It is true that to sell
your sets thia eomlpg
season you muat buil
in a real B-Eliminator.
Where is there one?
You ask.

We ecan furnish you
with the most impor-
tant parts— Trans-
formers and Chokes,

'PRODUCTS

Unmounted—and show
Tl}]&Ns%f 35&?} S you how to build your
$7.00 List own B-Eliminators.

Dongan has built
transformers for 13
years. Our products
are endorsed by the
manufacturer of Ray-
theon Tubes and the
laboratories of the
prominent radic publi-

cations. Our reputa-
tion is bigh—and prec-
ious.

CHOKES Sincerely

514 20 heaty DONGAN ELECTRIC MFG. CO.

$5.00 List 2983.30081FraaklinSt. Detroit,Mich.
Also Trangsformers an :

Chokes for R.C.A. and Fans

Cunningham Tubes
RAYTHEON TUBES  Ifyour dealer cannot supply you send
6.00 List money order direct.
\((TRANSFORMER_of MERIT for FIFTEEN YEARS /;¢)
e — " = e Uy

All apparatus adveriised in this magazine_has been tested and approved by POPULAR RADIO LABORATORY
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,J'B'_ INCORPORATED
e Gold Standard o Radio Receivers

S THE “FORTY-NINERS” washed out for the
hidden particles of gold, so, today, the wise
buyer—sifting through a confusion of extrava-
gant claims and choosing on performance alone
—finds Ferguson, “The Gold Standard of Radio
Receivers.” For each precision-built Ferguson,
tested and re-checked by master craftsmen, wins
in the acid test of comparison.

Readily piercing through the maze of local
broadcasters, the Ferguson unfailingly finds the
more remote sections. Its three stages of Matched
Audio give ample volume so that youmay notonly
hear but enjoy their pro-
grams. Its life-like repro-
duction is truc as gold.

ne Tuning Control

alibrated in Meters! Arrange with the nearest Authorized
Ferguson Dealer for a demonstration in

Select your pro- .
your own home, or write us.

gram, turn up its
wavelength and in
comes your station.
In accomplishing J' B. FERGUSON’ Inc.
this feat in radio de- 41 East 42d Street
sign, there has not NEW YORK, N. Y.
been the slightest
sacrifice in electrical

efficiency.

The single tuning knob revolves the shaft
by means of a split gear that eliminates all
backlash. A pivot-bearing gives this conerol
its velvet-smooth ease. The Receiver is
mounted upon a rigid aluminum chassis.

CapiNer Moper EiGHT
A Six-tube Tuned r. f. Receiver, $226

All apparatus advertised in this magazine has been lesled and approved by POPULAR RADIO LABORATORY
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Mr. Mike Rofone.
Dear Mike:

ing sounded last night.

really was.

duce music and speech.

speaker.

I heard the program on an

Sincerely yours,

A. Rapio PHAN

ANYWHERES, U. S. A.

Just wanted to tell you how wonderful your broadcast-

_ Arborphone Set using a Tim-
bretone speaker and never before realized how wonderful Radio

I have since found out that the Timbretone Speaker is
one of the few on the market that is really built to repro-

Found it was built to bring out the overtones and
harmonics of music with the same fidelity that appeals to
lovers of music who really appreciate real "Quality."
Being all wood it has a "mellow" tone, unequaled.

I paid thirty dollars for it but, gosh, I have a good
set so couldn't afford to spoil it all with a cheaper

Will write you again next month. Till then, v

oLive. Fonities

A screw driver
adjusts an X-L
in crowded
places.

X-L

VARIODENSER

esults in easicr tuning, more distance,
volume and clarity - greater stability.

Indorsed by leading radic authorities
CEN]?? A slight turn obtains correct
MOdel N - tube oscillation on all tuned
radio frequency circuits. Neutrodyne, Roberts two
tube. Browning-Drake. MeMurdo Silver's Knockout.
etc., capacity rangc 1.8 to 20 micro-micro farads.
Price $1.00.
€6 " with grid clips obtasins the
MOdel G proper grid capacity on Cocka-
day circuits, filter and intermediate frequency tuning
in heterodyne and positive grid bias in all sets. Capae-

ity range .00016 to 00055 and .0003 to .001 micro
farads. Price $1.50.

X-L PUSH POST

Push it down with your thumb, in-
gert wire, remove pressure and wire
is firmly held. Relenscs instantly.
Price 15¢.

X-L Radio Laboratories

2422 LINCOLN AVE.,
CHICAGO, ILL.

e — —

_ AMPERES
W, FOYT wETER
o8 1M W . A

Hoyt
Type 31
Pocket Meter

The indispensable pocket instrument for Dealers:and Radio- -

Owners for checking the condition of A and B batteries. Reads
up to $0 volts or 35 amperes. All scales are hand-calibrated,
resistance of meter is unusually high for this type, accuracy does
not vary in extreme heat or cold.
l Finished in polished nickel, of small size, convenient for hand-
ing.

& Price, cumplete with lead

BURTON-ROGERS CO.

26 Brighton Ave. Boston,-Mass..
National Distributors

HOYT makes a complete line of Radio Meters.
Send for booklet “HOYT Meters-for Radio.”

All apparatus advertised in this magazine has been tested and approved by PopuLar RaDpio LABORATORY
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Veri Chrome and Formica Pro-
vide the Finest Radio Panel

The great variety and beauty of the deco-
rations for radio panels that are possible
with Veri Chrome and the remarkable
permanence of a Formica panel so
decorated, have made sets with Vern
Chromed panels very popular.

You will find Veri Chromed panels—
some of them decorated with the work of
the leading artists—on many of the
finest sets this year.

To give kit buyers who assemble their
own sets a chance to purchase dec-
orated panels, we have prepared pan-

els for some of the better known kits.

Bremer Tully No. 1, Bremer Tully
Counterphase, Bremer Tully Nameless,
two sizes of Best’s Superheterodyne put
out by Remler; the Browning Drake re-
ceiver offered by the National Company,
The Marco Browning Drake and the
Radio Broadcast Universal Receiver are

kits for which Veri Chromed panels are

now available. See your dealer or jobber
or write us direct. Panels of all standard
sizes are packed in neat individual enve-
lopes and sold by dealers to home set
builders.

Write for booklet ‘““What Formica Is”’

THE FORMICA INSULATION COMPANY
4641 Spring Grove Avenue, Cincinnati, Ohio

ORMICA

Made from Anhydrous Bakelite Resins
SHEETS TUBES RODS

Al apparatus advertised in this magazine has been tested and approved by PoPULAR RapIo LaBomaTORY
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BURGESS

- RADIO BI-\TTERIES3

| W/n Aga/n

The illustvation ftctures the take-off.of the win-

ning flight and the insert [s the radio equipment
carried. (Burgess *A,” ‘B’ and 'C’ Batteries furn.
ish>d the electrical energy to operate the set.)

When the Goodyearlll won the right
to represent the United States at Bel-
gium, Burgess Radio Batteries sup-
plied the electrical energy for the oper-
ation of the balloon’s radio equipment.

Almost every day from some where
in the world news comes to us of new
Burgess adventures.

And that Burgess Batteries have
contributed their bit in so many inter-
esting events of sport, commerce and
science reflects the esteem in which
they are held.

“cAsk Any Radio Engineer”

Your own radio dealer down the street sells
Burgess Batteries. He probably sells the
famous Burgess Flashlights, too.
BURGESS BATTERY COMPANY

MGENERAL SALES OFFICE: CHICAGO

Canadian Faclories and Offices:
VNiagara Falls and Winnipeg

C——

J

FIXKED CONDENSERS
“Built to be Better”
S

AEROVOX WIRELESS CORPORATION

489-491-493 Broome St., New York City

Branch Ofices:
Chleag Cincinnati, Chio
53w, Jacksou Bh d. 304 Panlace Theatre Bldg.
Boston Mass. Lo Angeles, Cal.
104 Portlapd St. 324 N. San Pedro St.

€C
TUBES

JTYPES

Pt

® a9 el \E}zﬁ/
-1tsin t e lube e
Your receiving set can be no better than its tuﬁcs CECO

Tubes give maximum results in clarity of tone, rich volume

?)nd Iolim hiict ta ( Its firmed by laboratories of na
< ree [ - Tesi connrm -
tional reputation) PROVE CECO TUBES SUPERIORITY

—as detectors, a3 amplifiers.
Buy CeCo Tubes whether your set takes one tube or eight.
Now readyl CeCo Tubes with new type Lon, 5 ONG
BASES. Also, power amplifier tubes, E (Dry Cell Type),
F (Storage Baltcry) for last stage ‘of Audic Frequency.
Ask your radio dealer.

C. E. Mfg. Co., Inc.
702 Eddy St.;Providence, R. I,

All apparatus advertised in this magazine has been lested and approved by POPULAR RADIO LABORATORY
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“This is Station 2-L.0. London—12 Midnight”

When listeners-in on this side of the At-
lantic first heard the voice of the British
announcer, and then a program of music from
the famousSavoy in London, they experienced
one of the real thrills of radio.

To get everything that is on the air—the
faint signals as well as the strong ones—effec-
tive insulation of all radio parts is a prime
essential. The best way to make sure that a
radio set or parts are well insulated, is to buy
those in which Bakelite 1s used..

Bakelite is used by 95%, of radio set and
parts manufacturers. It is the standard ma-
terial for front and base panels, dials, knobs,
tube sockets and bases, fixed and variable
condensers, rheostats, plugs and other radio
accessories and parts. Write us for a copy of
Booklet, No. 28, “Bakelite in Radio”—it’s a
helpfu! guide in buying radio equipment.

BAKELITE CORPORATION
247 Park Avenue; New York, N.Y

Chicago Office: 636 West 22nd St

BAKELITE CORP.OF CANADA Ltd
163 Dufierin St., Toronto, Ontario, Can

BAK

REQISTERED 0. 4. PAT. OFF.

THE MATERIAL OF \@@/ A THOUSAND USES

«The regivtered Trade Mafk and Symbol shown sbove taay be uscd anly ou products made fram meterias
manufscturcd by Bakelitr Corporption. Under Uw capital ' B™ s the sumericsl sign fov infinity. of whlzmdted
quantiry. §t symbolirey the infiniie numbed of present and futurt s of Bakalite Corpovethan’s products.”

All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY
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Firat in the Fiald
Specializing in
ockaday Kits

5. HAMMER RADIO C0,,

303 Atkins Ave.
Brooklyn, New York

These Kita are sent to you completely mounted, an
bakelite pansl, drilled and engraved.
tory Model. 'COMPARE OUR OFFERI

Cockaday Sets Now Made Easier to Build by Our New “Ready-to-Wire'’ Plan

S0, of Your Time, Work and Worry SAVED!

All you need do is to connect bus-bar according to diagram, solder and your et is finished.
assemblied on a Veneered Mahogany baseboard and genuine
Genuine parts used aa listed below;_ exactly as used in Mr., Cockaday’s Labora-

“POWER UNIT”

These are the exact parts, used in building
the Laboratory Model of the'POWER UNIT”

1 Amertran power trans- 25,000 to 250,000
rormer.tﬁpePI-‘-Ez..Sls.OO ONMB. . vevsenronnns
2 Pacent single-circuit

1 Amertran De Luxe A.
F. tran;ftt);g:er for 10.00 | 2 Bé':faklg'lNohﬁs}f“iibé 5
second stage...... . o -
3 Amerchokes. type854. 18.00 sockets,glo. 9040... 1.50
2 Dubiller fiiter condens- Bakelite sub-base, 7x21x
ers, type 769, 2 mid. i Inch Drilled........ 4.45
(working voltage 400 Bakelite binding-post
volisD.C)........ strip, Tx1x 3 inch... .35
2 Dubilier filter condens- Anglebrassreinforcement
ers. type 770, strips for sub-basepr, .75
mid. (working volt- Angle brass for holding
¢ 400 volta D. C)). 14.00 binding post strip, pr. .10

Brass brackets for mount-

ing resistorunit M. pr. .35
Brass strip for mounting

fiiter condensers. . - - .35

4 Dubilier filter condens-
ers, type 766, 2
volt-

fd.
o2 voltsD.C.}. 8.00

1 Acnr%?*cllx Cralg resister. 00
"""" COMPLETE KIT 589.85
The Following UNASSEMBLED and
READY-TO-WIRE KITS IN STOCK

type .
1 Bradleyochm No. 25—
h P ] it G
S-C RECEIVER Barthecn e gy S it Mek sashyiy i msle Control

worki

1 General Radlo Varlometer 3 Bradieyunits, 3 megohm ... $2.25
type 169 with rheosta 1 Bradleyunit ¥ megohm. ... .75
knob. ..., icoceeevo... $5.30 | 3 AmperiteaNo. 1a.......... 3.30

1 General Radio Rheostat type 1 Amperite No. 112......... 1.10
214-a, 7 ohms, with rheo- 5 Benjamin standard ‘*Cle-ra-
stat koob.............. 2.2§ tone™ sockets. . .........

1 Precision Octaform coil set 5.50 | 1 Carter single-circuit jack

1 Amsco Double Unlt Con- No. 101, . .iuiiiiiinns .10
denser No. 1814........ 5.25 | 2 Carter Jack switchea No. 2 2.

1 Mlicamold fixed Condenser 8 Eby binding posts......... 1.20
000!1S mid............. .35 |1 Fynur vernier control knob

1 Micamold fixed Condenser and dial. cooiininnnennn
00025 mfd........ ... .35 | 1 Universal decorated panel,

2 Daven resisto-couplers (new Bx22inches.....c00va0 7.50
type). . iiiiiiiiiiea.. 3,00 4 Small brass brackets. .. ..

I Amertran DeLuxe transfor- 2 Bakelite Connection

. mer, first stage.......... 10.00 Blocks 1 x2 plus1x9.....

Bradleyleak { to 10 meg. .... 1.85 2 Large Brass Brackets. ... .3

Cockaday’s New LC-26 Receiver

READY.TO-WIRE KIT, PRICE, . $62.%
WIRED COMPLETE '= Govsine Mategany §77.00
UNASSEMBLED KITS IN STOCK

BEST 5 TUBE SUPERHETERODYNE

Send for Free Radio Catalog and Complete
Information about our Parts and Kits.

WRITE FOR BOOKLET about these Parts and Kits

Transportation Prepaid.

One-third must accompany all C. 0. D. orders.

Not insured unless insurance charges included

Premier B Battery Cabinet

Our Premier B Battery Cabinet is a beautiful piece of
furniture. Tbhe B hattery compartment will take any
type B battery. The space of each B battery compart-
ment is 4 4 wide, 8 % high and 10" deep.

For Genuine
No. Panel Deap ‘Walnut
718- 7x18 10° $18.50
721-%8 7x21 10° 19.00
724-10 7x24 10" 19.50
726-10 7x26 10" 20.00
728-10 7x28 10" 21.00
730-10 7x30 10* 22.00

F.0.B. Waukesha. Wlis.

The tops of these cabinets are flgured walnut, the erds
and B gat.bery panels are select walnut. all 5 ply veneer,
The bases are built up of massive molding. WNickel

}ated piano hinges and lid bolders. Tbe material and
gnish in these cabinets will equal the best furniture
obtainable.

WE MAKE 9 STYLES OF CABINETS FOR 14 SIZES

OF PANELS, Send for our 1925-26 line of cabinets at
“Factory to User” prices.

Utility Cabinet Company

Phone 721 Waukesha, Wisconsin

2214 Volt
un-acid by fesnr oo
everlasting rr
rechargeable i
[ GB! ]
Storage
Battery

$2.95

includes
chemical

PR LRl E R 1]

45 volts $5.25, 90 volts $10.00, 11214 volts $12.50,
135 volts $14.75, 15714 volts $16.80. Truly the
biggest buy today. Easily charged on any current
including 32 volt systems. Any special detector
plate voltage had. Tested and approved by lead-
ing authorities such as PoruLar Rapi10 laboratories.
Over 3 years sold on a non-red tape 30 day trial
offer with complete refund if not thoroughly satis-
fied. Further guaranteed 2 years. Knock-down
kits at greater savings. Complete “Hawley” “B”
Battery charger $2.75. Sample cell 35¢c. Order
direct—send no money—simply pay the express-
man cost on delivery. Or write for my free litera-
ture, testimonials and guarantee. Same day ship-
ments.

B. HAWLEY SMITH, 315 Washington Ave.,
Danbury, Conn.

" All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY
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THE SC
RECEIVER

In this new, single-control, all-wave, 4-tube receiver,
designed by eight eminent, engineering staffs, SM
PARTS were used wherever possible. Their unques-
tionable excellence and dependability made SM
Parts the logical selection for this advanced receiver.
That is why in almost every successful receiver design
of past and present seasons you will invariably find
SM Products—depended upon, and dependable.

SM it B-ELIMINATOR
The SM Type 650 Kit includes Thordarson Transformer, choke,

Tube Condensers, genuine Raytheon Tube, Bradleyohms and all
el PAILS . . .. . it et $34

This Eliminator will deliver from 20 to 200 volts at three different
adjustable voltages with maximum current of 50 milliamperes—
more than enough for the largest receiver. Send for Assembly
Instructions by Mc Murdo Silver. ... ... .. ... ... ... ..., 10c

See SM Products at Your Dealers
or Write for Circulars

Silver-Marshall, Inc.

112 S. Wabash Ave., Chicago.

Type 340 Com-
pensating Con-
denser, 000025
Mfd. with
knob, $1.50.

Type 510 All-
Bakelite Socket
for UX Tubes,
50c,

Type 316 Condenser,
-00035 Mfd. for single
or gang control. Brass
plates, die cast frame.
Price, $5.75.

Type 801 Universal
Vernier Dial, Ratio
14.5:. Fits any
standard condenser
right or left, 180 or
Sgogumovement. Price,

Interchangeable Coils
for any wavelength.
Standard Sizes, $2.50.
Type 515 Coil Socket,
$1.00.

All apparatus advertised in this magazine has been fested and approved by PoOPULAR RaDIO LABORATORY
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ew/
Tone and
Volume
Control with

| this Simple
= Plug

(

|

l

G0 e oo O

é________

g

E IVES any degree of tone volume from
= G a whisper to maximum by simply
= turning the small knob on plug.

Static interference is reduced; programs
come in clear-and true with Just. the vol-
ume you most enjoy.

New high-priced sets feature tone con-
trol as their greatest lmprovement You
can have this new feature ir your
old set by attaching a Centralab Modu-
lator Plug in place of the old phone
plug. Only takes a minute to make the
change. Order from your dealer, or
mailed direct. Price 32.50.

Centralab Control Used in
New S-C Set

The new S-C Circuit includes the Centralab
Radiohm for oscillation control because it was
found to do the job in first class order. It
holds that sensitive regenerative posmon im-
mediately preceding the oscillation point with-
out distortion or loss of selectivity—provides
smooth, noiseleas variation. That is why 66
manufacturers of sets are using Centralab as
standard units in 1926 models. At your dealer's
—or matled direct. Price: $2.00. Write for
literature describing Centralab controls.

e LN s O e s

Central Radio Laboratories
17 Keefe Ave., Milwaukee, Wis.

12-Cell —24 Valt Storage ‘B" Battery

Pomr.lvelygwen free with cach %;.rchaao
of & "A'' Storage ttery
You must nend this ad. with your order,
WORLD Batterics aro famods for their
g\lnrlnleed quality and service. Backo
y yearas of aucceut’ul manufacture and
thousands of satisfied users. Equipped
with Solid +r Cose, man insurance
agninst acid and leakage. You save 0[O
per cent and geta
2.Year Guarantee Bond In Writing
WORLD lattery awners “‘tell their
friends.’” That's our best proof of per-
formance. Send your order in today,
Solid Rubber Case Radlo B.neries
6-Volt, 100-Amperes . . . . %11.25
B-Volt, 120-Amperes . . . . 13.2%
6-Volt, 140-Amperes . . . . 14.00

Solid Rubber Case Auto Batteries roved and Listed
gyef it 0 M N S g 2z Etandard by Lesting
12-Volc, T-rlate . . .. . C ., . 16.00 | jnclud nandioNewnLab

SEHD Nﬂ MUNEY Juat state battery wanted and | oratories; Populsr Sm

we will lhip day order is re- | ¢ncae lnshruta of Stand
ceived, by ExpresaC. 0. D uubﬁect to your ex- | mrds, Popular Rldlo Lab-
amination on arrival, FRE Battory in- | oratories, Radio Broad-
cluded. Extra Offer: 6 per cent discount for | cast Laboratories. Radio
cash in full with order. Buy now and get a | in the Home, and Lefax,
guaranteed battery at 50 per cent saving to you. ! Inec,

WORLD BA'I'TEHY co PANY
1219 So. Wabash Ave., CHICAGO, fLL.

Worl d

_STORA 13 BATTERIES

$48.50 Model
New Hetro-Magnetic

Hundreds of PopuLar Rapi1O read-
ers were quick to take advantage of
the remarkable low price for the
above receiver—thoroughly tested by
the PorpurLar Rapio laboratory and
now recognized as one of the most
powerful radio receivers. New mag-
netic colls make five tubes give the vol-

ume, distance and selectivity of eight.
Large circular describing set and giving

complete description of its novel features

sent on request, )
Above set in 30” walnut cabinet.$48.50
Set less cabinet. .. ............ ... 39.50

MERCURY ELECTRIC CORFORATION
2032 Grand Ave., New York, N. Y.

All epparatus advertised in this magasine has been tested and approved by POPULAR RADIO LABORATORY
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Trade-Mark Registered

ORDARSON

AllFrequency Amplifiey
b s S e B o Price $5.00

Are you still using primitive methods of amplification? Why
not make your receiver an up-to-date model by installing
Autoformer amplification—the ultimate in reproductive
equipment?

The Autoformer, :a step. up impedance amplifier, reproduces with full
volume those bass notes lost in ordinary transformer amplifiers.

The Autoformer provides the unrestrained flow of distortionless music.
It records everything from the slightest shading to the greatest extreme of
volume, intensity and timbre.

Better volume control,

More volume on distant stations. .
Full bass note amplification.

Greater clarity on all signals,

OTHER THORDARSON TRANSFORMERS

R-200 Amplifying Transformer B-Eliminator Transformer
Standard Amplifying Transformer ‘B-Eliminator Chokes
Power Amplifying Transformer Battery Charging Transformers
Interstage Power Transformer Transmission Equipment

S Transformaer Jpegaam since mvéc CO

WURLDS OLDEST AND LARGEST EXCLUS TRANSPORMER MAKER$

Chicago. us.

All apparatus advertised in this magazine has been. tested and approved by POPULAR Raplo LABORATORY
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filament control ballast.

DoMINATIN
ITS FIELD

BECAUSE OF SUPERIOR MERIT

BRACH"STAT

= THE AUTOMATIC FILAMENT CONTROL

We are prepared at any time to prove Brach-Stat superiority over any other form of

The life of a radio tube is materially shortened when even slightly overioaded.
Leading set makers and discriminating engineers insist upon Brach-Stats because they
positively prevent overloading and provide perfect filament control.

L. S. BRACH MFG. CO,,

NEWARK, N. J.

No. 248

E-6341
Underwriters App»-

—_—
=

“Little Joe”
Lightning Arrester

Especially designed for Radio Work.
Made of Porcelain, small, neat, rugged
and serviceable. Can be suspended
on antenna or fastened to wall.

J Ask Your Dealer
M’f'd by CIRCLE F MFG. CO.

Trenton, New Jersey

STATIC??22??

Or have the “B” batteries run
down again? Why not elim-
inate this constant expense with
our THORDARSON-RAY-
THEON eliminator built to
POPULAR RADIO specifica-
tions (See November 1925 issue)
for only $39.00. Extra voltage
taps at slight additional cost. Our
unit delivers 160 volts at 32 mil-

liamperes.
)

We KNOW the LC-26; and by

the way, did you see our last
month’s advertisement?

O

The METROPOLITAN LABORATORIES
86-88 West Broadway, New York City

¢ The Best is the Cheapest”

Al apparatus advertised in this magazine has been tested and approved by POPULAR RaDIO LABORATORY
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Send for this
New Hookup
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No choicer group of radio
roducts has ever been em-
ied in a single radio
receiver. Not only are these
manufacturers nationally
known and accepted as the
leaders in radio design and
construction. but they have
developed for the S-C re-
ceiver many . new features
which will create 4 new
standard in reception
throughout the radio world

L Represented Manufac-

turers:
Belden Mfg. Co.

S- C_ Wiring Harness

Central Radio Laboratories
Centralab Resistance

Polymet Mfg. Corporation

' Fixed Condensera, Leak
and Leak Clips

Poster & Co.

Drilled and Processed Front
Pane! and Drilled Sub-Panel

Silver-Marshall, Inc.

Yariable - Condensers, Coil
Sockets, Coils, Tube Sockets,
Vernier Dial, Mounting

. Brackets

" Thordarson Electric Mfg. Co.

&

ing the genius o

other design now’available. ~

Startling New Features
SINGLE CONTROL-—But cone tuning or station sclector control..
SELECTIVITY—In a residential district’ of
few hundred gards of powerful stations, thirty-five stations wcre heard

between ¢ and 10 p: m. on the loud-speakef.
heard with ample valume to fill two rooms.

QUALITY —Two ncw-type Thordarson power amplilying transformers
possessing a substantially flat frequency characteristic over the range of
40 to b,000 cycles, give a superior quality of distortionless reproduction.

VOLUME-—Exceeds that.of :other_foug-tube
receivers, and cquals that obtainable from
standard five and six-tube reccivers.

UNLIMITED WAVE LENGTH RANGE.
through the use of interchangeable coils.

WIRING 'AND ASSEMBLY —All- wiring «is
carried in a special harness. Since cach wire is
exactly the right length, and has a special
color, it is impossible to go wrong in wiring

Over-all design. rugged and solid. . Adapted to
practically any standard cabinet, any stand-
ard tube, any battery or eliminator source of
supply, outdoor antenna or loop. While the
parts are the best that the leading laboratories
of the country afford, the set can be built at
an extremcly low cost. Full description of the

“receiver was published in the March issue of

Popular Radio.

Four Tube Receiver

The outstandin? receiver development of the scason, combin-

two of the most distinguished radio engineers.

A receiver for the home builder that will represent for several
seasons greater value than any other design available.

Here is a receiver that .will represent to the home set builder

a greater dollar for dollar value for years to come than any

New York City, within a

KFI, in Los: Angeles was

IJ'lmi:-»

1]

Get the hand book at your necarest Radio
Dealer or clip the coupon and send with 25

The S-C
Merchandising
Company
64 E. Jackson Blvd., Chicago

Gentlermen: Please find enclosed 25c. for which
send me hand book of new S-C Receiver.

R-200 Power Transformers cents TO-DAY. Address
Yaxley Mfg. Co. The S. C. Merchandising - -
Rheostat, Jacks, Switch Company a®
64 E. Jackson Blvd. an”
Chicago -
- -
-
-
- -
- NaME
A DDREBS

All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY
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Cat. No. 2618,
00035 Mtd. Max,,
Price $3.50

Cat. No. 251C,
L0005 Mtd. Max..
Price $4.50

This Condenser
Assures Quick
Certain Tuning!

HE PACENT TRUE

STRAIGHT LINE FRE-
QUENCY CONDENSER is the
result of 18 months’ intensive re-
search and experiments on the
part of Pacent Engineers to per-
fect a precision instrument to really
solve the radio fan’s problem of
quick, certain tuning.

The Pacent Condenser—by uni-
formly spacing stations round the
dial according to frequency—will
amazingly improve the selectivity
of any set! Compactly and sturdi-
ly built. Electrically and mechani-
cally right—meeting all require-
ments of low loss design, Pacent
Straight Line Frequency Conden-
sers give you the joy of quick,
certain tuning.

Our illustrated catalog describes, in detail,
this precision condenser and other Pacent
contributions to radio efficiency,
May we send YOUR copy.

PACENT ELECTRIC COMPANY, INC.,
91 Seventh Avenue - New York City

Pacent

RADIO ESSENTIALS

GET THESE
SIMPLIFIED BLUEPRINTS

FREE

You ¢can have your ¢hoice of any one of clght POPULAR RaDIO Simpil-
fied Blueprinta with your new or renewal subscription for POPULAR
Ran1o, with which 13 comhined The Wireless Age, accompanied by
remittance of $3.00. These Blueprints witi make it possibie for yYou
to build a tested and approved set, while POPULAR RaDIO for 12
m%nths wlil keep you tn touch with the progress being made in
radio.

You, as a reader of POPULAR RADIO. know tiie many entert-nlnlnﬁ.

interesting and Instructive articles that atre published cach month.

Every issue some new item !s sure to attract your attention. We

Eromlsc that throughout the coming months POPULAR Rapio will
old more and more of interest for 1Radlo Fans.

Ease, Economy and Accuracy in Construction

Simplifned Blueprints were prepared under the personal supervision
of Laurence M. Cockadny. They make it possible for anyone,
without Previous knowledge of radio, to construct a highly efficlent
radio receiver. Each set of Blueprints consists of 3 Prints as follows:

Panel Pattern

This Blueprint is the EXACT slze of the actual set. So accurate
that you need merely lay it on your panel and drill as indlcated.
You can readity appreciate the convenlente of this Blueprint. No
seallng or measuring to do, no danger of ruining the panel through
taulty calculation.
Instrument Layout
Hcre agaln you have an.actual size print of each Instrument and
binding post and its exact location both on the Danel and within
the cablnet. Even the cabinet structure ig clearly shown.
Wiring Diagram

The unusual feature of this Blueprint ls that 1t is an actual slze
pleture diagram of the finished set. Each Instrument and other
parts apnear In exact size and the wires are so ¢learly traced from one
eohtace to another that you can conncct all terminals accurately
without even knowing how to read a hook-up diagram.

Sct No. +—"Cockaday Four-Circuit Tuner with Resist-
ance-Coupled Amplifier as described in Lhe October,
1924, 1ssuc of Popular Radlo.

Set No, 6—""Cockaday B-tube Superhetemdgne Reflex
Receiver? as described In the January, 1925, issue of
Popular Radlo,

Set No. 12—"'8-rube Superheterodyne with Single Con-
go!(‘l'las described In the October, 1925, issue of Popular
adadlo.

Set No: 13— Raytheon Plate Supply Unfi " as de-
scribed in the November, 1925, lssue of Popular Radio.

Set No. 14— The LC-26 Broadcast Recefrer'” as described
in the Deccmber, 1925, 1asue of Popular Radlo.

Set No. 15—"The Orthophase Receirver ' ns described
ln the February, 1926, lssue of Popular Radio.

Set No. 16—"The S-C' AH-Wave Receiver” aa described
in the March, 1928, 1ssue of Popular Radlo.

Set No. 17—"The Potwer-pack Amplifier’" a3 described
in the April, 1926, Issue of Popular Radio.

Use coupon below; indicate which set of
Blueprints you want.

POPULAR RADIO
. Dept. 49
627 West 43rd Street New York City

PoruLAr Rapio. Dept. 49 i
627 West 43rd Street, New York City

Eneclosed is my remittanceof $. ... .. in tull payment for sub~
seription. with Blueprints as checked below, FREE.

0 Set Number 4 0 Set Number 14
] Set Number 6 O Set Number 15
0O Set Number 12 0 Set Number 16
0 Set Number 13 O Set Number 17

Name......... s s O o e e e L 8 arene i [ AT s
217 131 JAN L N B G dneerone &6 T D ke
CILF L o m wrere o pss Bin P A N ——— State. davenasd il aea oo

e D I D D P G -
] ot o el T G ]y e

All apparatus advertised in this magazine has been tesled and approved by PopuLAR RapIO LABORATORY
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19 YEARS OF SPECIALIZATION
IN THE RADIO FIELD

Type I Terminals
For Soldered Connections in Any
Portion of Circuit

Type I Terminals
Holds Standard Cartridge Grid
Leak—Also Takes Soldered
Connections

B RaG. W5, PAT.UFF.

. MOzEL @ T

I MFD.

Type Il Terminals
For Transformer or Other Binding
Post Mounting—Alsc Takes Sol-
dered Connections

are behind each Condenser
Trade Marked

Jaradon

In Radio Receiving Sets the Biggest
Little Things are the FIXED CON-
DENSERS.

The MODEL T FARADON is fur-
nished in all usual sizes to meet the
requirements of Quality Performance.

Quotations covering quantity re-
quirements furnished to

SET MANUFACTURERS

promptly upon request.

Some Important FARADON Users:

U. 5. Army—U. S. Navy—U. S. Signal Corps—
U. S. Bureau of Standards—General Electric Co.—
Radio Corporation of America—Western Electric
Company—Tropical Radio Tel. Co.—Westing-
house Electric & Mfg. Co.

WIRELESS SPECIALTY APPARATUS COMPANY

JAMAICA PLAIN—BOSTON, MASS,

All apparatus advertised in this magazine has been lested and approved by POruLAR RADIO LABORATORY
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“The Better Condenser”

Maintains Its Leadership

READ THIS LETTER!

RAYTHEON MANUFACTURING COMPANY

(Fommpuy AMERICAN AFPLIANCE COMPANY)
191 MAIN STREET
CAMBRIDGE, MASS.

Jancary g2, 1928

fohe Deutsehmann Coapany
46 Oornbill
Boston, Maneachomettd

Gentlemen:

Oor leaboratary has made thorocgh tedie ca
ths filter olirouit acndensers manufsatured by your
corpany for GSe in the Raytheos P-¢liminator olroois.
Thess tasts BAve been eptirely satisfactory and ws do
not hetitats to Trecoansnd yoor qondensers 0
gustozmers ss being onsarpssssd by any vhioh ars cow

eolng marketed for ihis parpoew.

¥ay #e teke this opportunity of acmmendiig

:ou for Iou ontstandipg work in the merqhandleing of
1gh-qualidy condenssrs for use 18 improved Rartbeca

plete sopply units.

Yery truly yours

" %/ 7 P4
[} niybaoker
Ssles Englnwer

Save 20750
FREE RADIO CATALOG

NEW 1926 EDITION
IS NOW READY

The Barawik Company, pioneera in
radlo, now offers You through its
Radlo Catalog and Gulde, greater
bargalns than ever before In standard
seta, parts, klts and supplles. No
matter what parts you want, for what-
aver circuit or hook-up—you may pre-
fer, we can supbly them to you at aub-
atantial savings. Special prices on
tuhea, batteriés, cone speakers. cab-
inets. etc.

‘Hcre are some sample bargains from ihie bargain
catalog.
Complete parts for 5-C Recelver.,..,.....

-, a“ e [ LC 26 (L)

w “ Hammarlund-Roberts. ... .

- “ MecLaughlin 8-tube Super.

- * SBllver Six —

L8 # 8hver Autod¥ne...... .. ..

» “ Brownlng-Drake elreult. ...
Guaranteed 201A type tubes fls .98
5 45 V large B hatteries 2.35

If you are In the markct for any of the above, order
ditect from thls ad. enclosing remlittance and goods
will be shipped you at once. All merchandlse guar-
anteed.

Write today for our New 1926 Radlo Catalog and
Bullders Gulde, ahowing radlo’'s newezt Creations.
#11188 please {nciude name of another radio fan when

Dg.

rve BARAWIK company

Make sure that ¥You get the OFFICIALLY AP-
PROVED RAYTHEON Filter Condenser Block.

The TOBE Condensers have been tested in the
laboratory of the Raytheon Manufacturlng Company
and as & result..they have written the letter reproduced
above. 1t sheaks for Itself.

The new TOBE B BL.OCK contalns in one compaet
silvered metnl cage the three filter and two by-pass con-
densers reaulred for the Raytheon B-Ellminator:—one
B Mfd,—iwo 2 Mfd., two 1 Mfd. It saves $2.50 In
the cost of parls—saves space—anves wirlng.  Ask
your denler for " The Better Condenserg”

Send for free circuit disgrams of B-Eliminators

Tobe Deutschmann Co., Cornhill, Boston, Mass. r

SO N

VARIABLE-RATIO
AUDIO-TRANSFORMER

Thia new unit, made by o pioncer manufacturer of
high-grade Radio equipment, gives thrce ratios in
one transformer—4 to 1, 6 to 1, and 8 to 1. It

ermita varying primary impedance to secure the
gest results in each stage of audio. It may be used
as a high-grade impedance in impedance-coupled

audio.
At All Good Dealers

$6.00

Send for descriptive pamphlet V

COMO APPARATUS CO., INC.
Kelley Street Manchester, N. H.

41l apparatus advertised in this magazine has been tested and approved by POPULAR RaD10 LABORATORY
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b ]
MR. COCKADAY'S LABORATORY MODELS
Insure your getung the same resufts Mr. Cockaday gets from his Laboratory Mcdels
by purchasing kits from us. Qur buying department has exceptional facilities for
getting the exact parts Mr. Cockaday uses. Write us.
. POWER PACK AMPLIFIER
I Amertran power trans{ormer, 2 Benjamin Push-type sockets,
. [5571513 D DL =il —— W $18.00 NO.9OJO.....ovvnennn. ... $r.50
PRECISION I Amertran DeLuxe A. F. Trans- Bakelite sub-base, 7xarx¥
former, second stage. ... . ... 10.00 inch......... v . 4.45
OCTAFORM COIL 3 Amerchokes, type 854......... 1B.00 Bakelite binding  post” strip,
2 Dulé:ller ﬁlr.ffjr condcnscrq type 7x1x Yinch........... .45
: . 760, 2 mfd........ .. 7.00 Angle brass reinforcement strlps
Sl;“"(‘-’:gg‘?:d‘;;’“E‘éfg%“cﬁc‘éﬁee': 2 Dubilier filter condensers, type for sub-hase pr. .. ... .00
The only coll iHat can be uaod 1 710, 4mfd. ... ... ... . 14.00 Angle brass for holding binding
this set.  Price $5.50 4 Dubilier filter condensers, type post script. Pro..... .. .u... .10
' a—— 766, z2mid. ....._ .. .... .. 8.00 Brasa brackets for mounting re-
1 Aerovox-Craig resistor, type gistorunit M. ..... .35
i odl"'i{ §e some s ambe 4.00 Brass stti"p for mounting filter
I Bradleyohm o 25—25,000 to condensers.. ... ...... .35
PRECISION 250,000 Ohms. 2o Ao : .
AUTODYNE 2 Pagcnt single circuit jacks, No, Complete. .. ... ....800.10
COUPLER ) FNERTNERTR S rerrresastssness X.00
Used in the Su COCKADAY LC-26 KIT
Reflex Receiver 1 General Radio variometer, type 3 Amperites No. Ia....-....... $£3.30
described in Jan- 269, equipped with rheostat 1 Amperite No. 112............ I.10
uary 1925 issue |1 (o] s PR et a1 o ey $5.30 5 Benjamin standard ‘'Cle-ra-
of Popular Radio 1 General Radio rheostat, type tone' sockets............. 5.00
Price $3.50. a14-a, 7 ohms, equnpped 1 Car‘tcr single-circuit jack, No.
with rheostat knob... .. 2.15% T T e 8 b i o 0 g B .70
1 Precision. Octaform coil set. . 5.50 2 Cartor Jack switches, No. 2. 2.00
1 AII‘IjSCO special %ouble 1111nit con- 8 Eby binding posts. . s ..B. 3 '('I 1.20
enser No. 1814 each section 1 Fynur vernier control knob an
PRECISION COIL JoToo T 1)1 £ e —. 6.25 O s el e T e ek .50
SET 1 Micamold fixed condenser, 1 Universal decorated panel, 8x22
00015 mfd. . ... .. ... ... .35 TS o) M e — 7.50
1 Micamcld fgxl:d condenser, Blgeminlnts. =pay 8 ggh e are v e 1.00
oY ol JM o] £ .35 4 Small brass brackets. ... ......
No. 300 2 Daven resisto- couplers {new ? I Antenna connection block, 1x2
For the new Or- type which incorporates .x INCHEsk A 80 & v & aryc ol 1.8 .
thophasc Re- mid, condenser concealed in I Battery connection block, Ix0 >1.75
ceiver described D5 ) ] o ST 3.00 INENES vy s« [ A BETED
in February 1 Amertran DeLuxe transformer, 2 Large brass brackets..........
Popular Radio. first stage................. 10.00 Screws and bugs wire...........
Price, per st of Bradleyleak, i to 10 meg...... 1.85 Solid Walnut Cabinet.......... 17.00
three, $7.50. 3 Bradlevunits, ¥ megohm..... 2.25
I Bradleyunit, i megohm..... .75 Total..... E B AR S $81.90
b ¢ Prccision Octaform  g-circuit 1 Amperite No."r12............ $r.10
Seths o pev $s5.50 2 Na-ald De Luxe sockets ... . . 1.50
I Lombardl Dual S.L.F. variable 1 Benjamin Claratone socket.. 1.00
condenser (2 sections)....... 0.50 I Yaxley open-circuit filament
T Aerovox mica fixed condenser jack. ... ... ... .70
ooozsmid. ... .30 1 Gee Haw vernier dial._... .. ety 1300
2 Perry audio-frequency trans- 1 pancl, 7 x 18inches........ ... 2.40
formeraiid,. - . ixdc bk ge . 12.00 I baseboard. 63 x 163 inches.. .35
I Bradleyleak................. 1.85 Seven Eby binding posts. .. ... ... 1.05
1 Jones ieven-point inductance P c e a2
VIO i B - - b i ry I.50 rice Combplete...... .50
COCKADAY COIL $5.50 1 E.Z.stat, 5ohms............. .75 {Including panel and baseboard)
(New Octaformn Base)
The fa&t that this coil was used in OTHER KITS IN STOCK
tbl;,c ]'?lr "é‘gcfm'f,‘;;”,fg g,ff'f’i%:ﬁ? Complete parts for the 5-C Re- Complete parts for the R'tytheon
recognition of the'accuracy and ceiver described in March ** Eliminator............542.035
efficiency of Precision Coils. Popular Radio.............. 358 .85
Send money order today or we will ship C.0.D. upon receipt of vour
order anvwhere in the U. S. A. Dealers—Write for information
about the complete Precision Line.
Precision Com. Co, Inc.
209 Centre Street, New York, N. Y.

e
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SIMPLIFIED BLUEPRINTS

MAKE IT EASY TO BUILD A SET

| Simplified Blueprints of eight of PoruLar Rap1o’s most popular circuits.
Each set consists of at least three separate Actual Size Blueprints; first a Panel
Pattern; second, an Instrument Layout; and third, a Picture Wiring Diagram
all simplified in the fullest sense of the word because

The Panel Pattern can be laid on the panel and all holes drilled as

ﬁ y| AURENCE M. COCKADAY has personally supervised the preparation of
¢ Ml
1=

indicated. No scaling to do and so accurate there is no danger of
ruining the panel through faulty calculation.

The Instrument Layout placed on the sub-base permits you to
indicate by pinpricks the exact location of every screw.

The Picture Wiring Diagram gives every instrument in exact size
and position with every wire clearly indicated from one contact to

the other.

With no knowledge of radio symbols you can assemble

every part and complete your wiring with no chance of error.

Priced at $1.00 per Set of Three Prints

Set No. 4—*“Cockaday Four-Circuit Tuner with
Resistance-Coupled Amplifier” (five tubes, dis-
tortionless, two dials, automatic vacuum tube
control, as described in the October, 1924,.issue of
Porurar Rabio).

Set No. 6—“The Cockaday 8-tube Super-hetero-
dyne Reflex Receiver” (eight tubes, two tuning dials,
loop, non-radiating, distortionless, as described
in January, 1925, issuc of PoruLar Rap10).

Set No. 12—“8-Tube Superheterodyne with Single
Control” (eight tubes, two straightline variable
condensers, as described in October, 1925, issue
of PopuLar Rab1o).

Set No. 13—*‘‘Raytheon Plate Supply Unit” (a
really dependable method for obtaining a “B”
source of supply as described in November,
1925, issue of PoruLar Rabro).

Set No. 14—“The LC-26 Broadcast Receiver” (as
described in December, 1925, issue of PoPULAR
Rap1o).

Set No: 15— The Orthophase Receiver’’ (a cir-
cuit development using a new principle in radio-
frequency amplification, making a receiver with
great sensitivity, combined with sharp tuning and
ease of operation, as described in February, 1926,
issue of PopuLar Rabi1o).

Set No. 16— The S-C All-Wave Receiver” (equip-
ped with inter-changeable coils so that it has
practically an unlimited wavelength range, cover-
ing all wavelengths from 50 to 550 mecters, as de-
scribed in March, 1926, issue of PoPuLAR RADIO).
Set No. 17— The Power-Pack Amplifier’’ (sup-
plies the “A,” “B,” and ‘““C” voltages to the
high power amplification in the last stage direct
from the alternating current lighting lines, as de-
seribed in April, 1926, issue of PoPuLar RADIO).

Full constructienal and parts details for these Recsiving Sats will be found in the issue of POPULAR
RADIO indicated. Back issues of POPULAR RADIO will be furnished at the rate of 35¢ a copy

627 West 43d Street Dept. 44 New York City
I POPULAR RADIO, Inc., Dept. 44 I

, | 627 West 43d St., New York City = Date.........oouoeneeaereenannsaanaes l

! | Enclosed is my remittance of 8., ............... for which kindl d i | )

" § consisting of Panel Pattern, [nstrument Layout an:! W'i.riv:‘;g“:Diagvlll"amy :csnchgie?ilul:crl’:x: Sy 1 DEALERS
I O Set Number 4 0 Set Number 12 O Set Number 14 i .
| O Set Number 6 O Set Number 13 Q0 S:t N:Eb:: 15 DD g:: ll::z‘;:: {'Gl | Write for terms
Iy I on these fast sell-
I E 44 L R T T T T T T T [] i ng Blueprints.
S —————————————————————— ! An attractive Dis-
| |
TR [ = s B e 5 6 00 CO0ON B 00 D B0 B A0s e A e B | play Chart free
P A —— L I . = W i | with orders.

All apparatus advertised in this magazine has been lested and approved by PoruLAR Ran1io LABORATORY
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Chief Engineers are Standardizing
on Samson Quality Products

— In many sets famous for their tone.quality you will find the
' Samson RF Choke Coil shown at the left. It improves the re-
ception of practically any set in which it is
used—does not act like a by-pass condenser,
but performs the function for which it is de-
signed. '

The inherent properties of the patented
Samson Helical Winding used assure far
less distributed capacity effect—which is the
cause of ordinary RF Choke
Coils failing to perform their
desired functions. A bulletin
on the uses of RF Choke Coils
is yours for the asking.

This Helical winding as-
sures practically uniform am-
plification over entire audible
range by the Samson Audio
Transformer, shown at the
left, which is supplied in 3 to
1 and 6 to 1 ratios.

Samson R. F.
Choke Coil ~ $1.50

The chief
engineer of
onc of the
largest con-
cerns manu-
facturing
radio sets specified Samson
Transformers last Spring because
of their quality. At the end of the
1925 radio season, after selling
more than 13,000 sets containing
Samson Transformers, the chief
engineer reported that to date no
Samson Transformer had proven
defective in consumers’ hands
and they are vet to receive their
first complaint. A quality prod-
uct plus insurance.

Samson Uniform Frequency
Condensers give supreme service
because of steel shaft and bronze
bearings—heavy ribbed die cast
frame—large phosphor bronze helical con-
tact spring, short rigid locked and sold- W
cred brass plates and stiff metallicshield. =",
Gold plated stator and rotor plates pre-
vent corrosion. The Samson Uniform
Frequency Condenser occupies half to a
third the space others do and is capable
of gang operation. It has losses lower
than laboratory standards and is guar-
anteed to be accurate within plur or minus
one per cent of its rated capacity. Other
Fro@ucts covered by our literature. Send
orit.

Samson Audio
Transformer, $5.00

Manufacturers with problems which
we might assist to solve are invited to
write us,

As Condenser
appears on a
4" dial

BSamson Uniform Frequency Condenser, 500
m.m.f. $9.00, 350 m.m.f. $8.75, 250 m. m.f. $8.50

Samson Electric Company

Manufacturers Since 1882

MEMBER b
Sales offices in .

30 leading cities Mainiofficosweg

Factory, Canton, Mass.

-All apparatus advertised in this magazine has been tested and approved by PorULAR Rapio LABORATORY
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- g @ e o
Big Demand for New Circuits
The New S. C. Receiver Orthophase Receiver
L. C. 26 Broadcast Receiver General Radio Universal Receiver
1 We Have All the Hard-to-Get Complete

STANDARD PARTS

Either in Kit Form or Separately for All Popular Circuits
THE DEMAND MAKES IT IMPERATIVE YOU SEND YOUR ORDER NOW!

LATEST S. C. RECEIVER

2 §-M antenna colly; Nos. 1104 and detzctor Total

coil No. 114A, equipped with 2 No. 515

coll gsockets....... : $7.00
2 8M SBIf variable condensers  No. 316,

equlpped with 1 vernler dlal No. 801.. ... 13.75
4 8&-M tubesockets, type 510. ... 2,00
2 Thordarson S-C power transformers. . . .. 16.00
1 Polymet mica fixed condenser. .0U2 mtd. ... 40
1 Polymet mlea fixed condenser, .005mid. . .. .80
1 Polymetgridicak. 2 megohms. . . .25
1 Polymet inica fixed con(!cnscr. equlpped

with gridleak elips. .00005 mt —Y .45
1 Yaxtey rneostat. No. 16K, Gohms PR L ]
1 Yaxley battery switch No. 0 ........... 1 50
1 Yaxley jack, type No. 1. g e 7 bl .50
1 Yaxley jack, type No. 2. .80
1 Centralzb variable resistance. 25.000 ohms.  1.50
1t James Jr. midget condender 00045 ml’d 1.50
2 Gleasen 5-C mounting brackets. . i 0

1 Belden 8-C connecting harnecss.

COMPLETE Including drilled & cnnsvcd!ront

PARTS .r'.:’f.d’. :b]-%‘-':fe'i"e 120 17 l:c;:n) $55
CABINET FOR THIS SET $9.50 EXTRA

| MR-LAURENCE [, C. 26 RECEIVER

PARTS A8 USED BY MR.COCKADAYIN BUILD.
ING HIS LABGRATORY 8ET
Genersl Radio vafiometer,  tyue 289, equlppud with I'ncc
rhaostat knob. $5.30
General Radio rhcolmt I.ypu 2I4—u 7 chms. nqu:pped

1
1

with rheocstat knob. 2.28
1 Pregision Octaforin coil sct. 5,50
1 Amsco speclal double unit condenasr ‘No.1814. eu.-h

acction 0003 mifd . - 6,25
I Micamold fixesl condenser. 00015 717 Wy i g .35
I Mienmold fixed sondenser. 00025 anfd . ....... .33
9 Daven rosisto-coublera (new type which lneorbu-

ratea ,1 _mid. condensec in base) . 3.00
1 Amertrnp DeLuxe hnnal’ormer firal stage.. ... . . 10.00
Brldlevlcak 1-4 to 1B inex. 1.85
3 Bradleyunits, 1.4 megohm . . . 2.25
1 Brndleyumt‘ 52 me(ohm .76
3 Amperites No. 1n... 3.30
1 Amuerite No 12 e 1,10
5 Beninmin stofidard “Cle-ra-tone” nockats ...... 5.00
1 Clrlcr slngle eireuit mek No. 101, e .70
2 Carter Jack switches, No. 2.... 9 b 2.00
8§ y binding poats. dwwes 1220
1 Fynur vermier control knob and disl. .. .. . ..... . 3.560

4 Small brass brackets

1 Antenna conneetion hloek. 1 x 2 mahu - aim .80
{ Battery connedtlon block. 1 x 9inches..........
2 iarzc broass brackets  L.oo.... ..

mplete (mcludm( i Bukel:h) $59 75

Parts drilled and engraved

Pansl
ORTHOPHASE SPECIAL
RECEIVER Allthe standard parts necessary to bulld this well known
recelver packed and- ready to assemble— ONLEY —
WE GUARANTEE IMMEDIATE DELIVERY THESE SETS WIRED TO ORDER COMPLETE $10.00 EXTRA -
LESALE D REL

HEINS ©° BOLET 44 PARK PLACE. NEW YORK
Mail Ordcrs Shipped the Same Day They are Recelved

CONDENSERS

‘“Made of Mica and Moulded in
genuine Bakelite’”

With Micamold Resistors and Con-
densers you need no clips or mounts—
just solder direct to the terminals,
thus eliminating point or loose con-
tact and accidental dislodgment of
the units. lﬂ

Micamold Products are moulded in
genuine  Bakelite and guaranteed
within 5% of calibrations and con-
stant in value. They are noiseless,
moistureproof and indestructible.

At all pood Radio Stores

MICAMOLD RADIO CORP.
Flushing and Porter Avcs.,Brooklyn, N.Y,

ACCURACY GUARANTEED
=VALUES REMAIN CONSTANT

MOULDED
UNDER =
PRESSURE
OF 50

TONS
®

Build Your LC-26

With the Aid of
Popular Radio Blue Prints

It is Easy, Quick and Accurate

The LC-26 is the ideal all-around recciver, combining unusually
fine tone quality; selectivity and distance-getting ability, with
simplicity of construction and operation. It operates on any
antenna from 10 feet to 200 feet long, indoors or out.

In tests at Washington, D. C., the LC-26 brought in over 40
stations in one night, the farthest away being KGW, Portland,
Oregon.

At Chicago, Ill., the LC-26 brought in KFI, Los Angcles,
every night for a week, and over 60 other statlons WEATL,
New York, was heard clcarly at eleven o'clock in the morning.
At New Haven, Conn., it brought in WMBF, at Miami Beach,
Florida, at 4: 00 p.m. ‘as well as New York stations for which
New Haven is o dead spot.

All reception on the LC-26 is on the loudspeaker, as it haa no
phone connection.

By using PorurLarR Rapro Blue Prints in building your L.C-26,
you can save time, climinate the possibility of error, and make
your sct exactly like the laboratory models {(sce page 52).

‘If your local dealer eannot supply you with Blue Prints of the
LC-26, they will be sent postpaid on receipt of $1.00 per set.
A full dmch)t_mn of the LC-26, with detailed directions as to
how to build it, was published 'in December POPDLAR Rapio.

POPULAR RADIO

Service Bureau 44-A
627 West 43d Streéet, New York

o
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MAIL THIS" COUPON TODAY TO GOLDEN-LEUTZ, INC., 6th & WASHINGTON AVES., LONG. ISLAND CITY, N. Y.

GOLDEN-LEUTZ, INC.
6TH & WASHINGTON AVES.
LONG ISLAND CITY, N. Y.

GENTLEMEN:

PLEASE MAIL IMMEDIATELY WHEN READY AND WITHOUT OBLIGATION ON
MY PART FULL DESCRIPTIVE LITERATURE ON YOUR NEW LINE-INCLUDING

1. STANDARD PLIO 6 A POWERFUL HIGH GRADE MEDIUM PRICED |
BROADCAST RECEIVER.

2. UNIVERSAL PLIO 6 HAVING THE EXCLUSIVE FEATURE OF TUN-
ING ALL WAVELENGTHS FROM 35 TO 3600 METERS FOR PERFECT
BROADCAST RECEPTION. ‘

3., UNIVERSAL SUPER & A VERY HIGH GRADE SCIENTIFIC BROAD-
‘CAST RECEIVER ALSO FOR ALL WAVELENGTHS FROM 35 TO
3600 METERS. !

4. UNIVERSAL TRANSOCEANIC THE MOST POWERIUL AND MOST
ADVANCED RADIO BROADCAST RECEIVER IN THE WORLD.

CONSUMER [ DEALER [ JOBBER []
INDICATE INTEREST WITH AN “X”
~ YOURS VERY TRULY

TN010)7 s S TSSO TeTopTyp——— T

All-apparatus advertised in this magaz?ne-has been tested and approved by POPULAR RADIO LLABORATORY -

.
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Seven Years of Superiority

NOWN as the original HI-MU tubes
before the days of BCL;

Preferred by amateurs and experts be-
fore the first popularreceiving setwas sold;

Progressively improved in construction
and performance;

Made in the newest and best equipped
plant in America.

Get the World on Your Dial
With Myers Tubes
Low impedance, high amplification constant, high
mutual conductance. Best results in any circuit
—impedance, resistance ot transformer coupled.

eAt Your Dealer’s
Myers Radio Tube Corporation
Cleveland, Ohio

Attractive, compact, correct
inside and out, no clumsy
materials, Made by pioncer
designers and builders of

Radio Tubes,

Marvelous
B Clarity and
Distance
Use Myees Tubes
in any set and get
better results in vol-
ume, tone, range
and ease of control,
Made with stand-
ard fout prong base,
or double-end, in
types Myers 01 A,
Myers 01 X, My-
ers 99, Myers 99 5,

List Price
Type 01
$2.00
Type 99
$2.25
At Your Dealer's -

—a distinct innovation in the capacity unit field

THE New NATIONAL
EQUICYCLE Condenser

Patented Feb. 10, 1925

The latest development in straight line frequency
gon.trol .as applied to NATIONAL CONDENSER

esign.

Increases range of rotation from 180° to 270°, per-
mitting more precise adjustment and sharper separa-
tion of stations. And accomplishes this without
gears, cams or levers.

It has the same electrical efficiency and mechanical
rulggedness that have always characterized NA-
TIONAL DX Condensers. Prices:

‘Made in Two Slzcs  With Dials
L0005 37.00
00025 7.50 .

Get the genuine. Insist upon NATIONALS. Your

dealer appreclales your patronage and wilf pladly pet
them for you. Write for Bulletin 111 PR,

NATIONAL COMPANY, INC.
W. A. READY, President
110 Brookline Strect

Without Dlials
$5.00

Cambridge, Mass.

Compléte
with Raythecn tube, $45

Pkl

a thoroughly dependable
B power—designed to be
trouble-proof and per-
manent.
See it and try it—and
remember it is

Radio Built for

theYears to Come

All appdratus advertised in this magazine has been lested and approved'by POPULAR RADIO LABORATORY

—
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“Tune in'the

L with |

AMPLIFICATION

YOU will never know the meaning of full
note reception until you have improved
your radio set with Daven Amplification.

It brings to you such perfect natural toned
reception you feel as though you could reach |
out and touch the artist.

Simple to install—accurate in tone re-
production — inexpensive — and above
all, it insures vou against the fear of
yvour radio set becoming obsolete!

Go to your Authorized Daven Service Dealer.
He is competent to make the installation.

OTHER DAVEN ACCESSORIES
Amplifier Tubes Resisto-Couplers

Power Tubes Leakadensers
DRF Coils Resistors
Amplifier Kits Ballast Resistors
Mountings.
Sesistor Specialists
] f\ .
DAVEN RADY \CORPORANION
The Sine of Mevit”
Reg.U. 8. Pat. Off.
| Newark New Jersey

USE THIS FREE COUPON

‘DAVEN RADIO CORPORATION
153 Summit St., Newark, New Jersey

Please send me the following on
¥ Resistance Coupled Amplification.

1 Complete
Cheek the Resistor Manual [:l Catalo
, : gue
‘o’rrt:fz:u 25¢. is enclosed (free)
T2 | S A o o el i
PV T, ) 1T S S — o o ep—

FOR DEALERS: Send vour lettethead or card,
or this coupon "and we will have our nearest dis-
tributor communicate with you.

This picture will

() tell you why you

should refuseany-

thi nﬁ but an

Electrad Certified
Lead-1n.

Saves marring your
window or door frames.
Fits under locked win-
dows. Bends to any de-
sired shape. Imitations do

that too, but they stop there.

Notice what else you obtain

in this Electrad Lead-In Insu-

lation, 10inches long, waterproof-

cd and protected entire length.

1Riw.retecl and soldered 1 ahnestock
clips.

Sold at all good radio stores and

counters. Price 40¢. Canada 60c. Ask
for it by name. For safcty’s sake re-
fuse imitations.

|

For Clearer,
Purer
Reception

Do This

Place an Flectrad Audiohm across the eecondary of
your audio-transformer. Then you will enjoy Your
radio. Kills distortion, eliminates squeals and howls.
Fits all audio transformers. Easy to attach. For sale
at good radio stores and counters, $1.50. Canada $2.10

ELECTRAD, INC.

428 Broadway, New York

Makers of Certified Radio Essentlals and Accessories:
Grid Leaka, Fived Condensers,” By-Pass Condensers,
Varichms; Reststances, Rheostats and Fotentiometers.
Write for catalog. Jacks,” Bwitches, eic.

i

All appam('us advertised in this-magazine has been fested and approved by POPULAR RADIO LABORATORY
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We Have Succeeded!

in constructing a variable air condenser using

QUARTZ

for insulation so that this finest of all
condensers can now grace any man's re-
ceiving set.

In the manufacture of Bureau of Stan-
dard type of primary standard wvariable
air condensers, we use quartz only for
insulation.

In our own laboratory we use variable
condensers insulated with quartz only.

The most accurate operating variable
air condenser demands quartz for insula-
tion.

Fused silica quartz is the most expen-
sive insulating material and it is the only
insulating material in existence that is
electrically permanent and of lowest
dielectric loss.

All obstacles to adopt fused silica
quartz for insulation in commercial con-
densers have been conquered, and

We Have Succeeded!
Concentric Straight
Line Frequency

Insulated with
Quartz., Type 87

Maximum
Ty¥pe; Capaclity | Price
mid.
BTN 00035 | 80.00
87D 0005 10.060
/d r &
e
B
Ingsulated with ,i',/{ﬁ
Pyrex. Type 80 F = "_l\:;.lﬂ
o, —
Maximum 1 L he, ,'
Type| Capacity | Price .~ 4
mla. ‘: No‘_-OSS
SON 00035 (85.00 » = e
o7
soD! 0005 [ 6.00 Oy Murem :;_':t'm,"iﬁ !
Patented
At your

dealers, other-
wise send pur-
chase price and
you will be
supplied post-

paid—
Rotor
Gemeral Instraoment Gorporzdion
Manufacturers of Labomtory Equipment

477 Broadway, New York City

Don’t Let Your Tubes

Deceive You!

You Can Tell Good Tubes From Bad Only By This
Scientific Test. SAVES TROUBLE HUNTING=

INSURES BETTER RADIO.

Remember one Door tube {n Your get may bhethe cause of many
diMculties—10838 of volume—Tfnilure td get distant statlons—
and other troubles.  Inless than half o minute this ttle tester
willshow you whether a tube is a good, falr or poor amplificr.
It will save you hours of trouble hunting. I3 Invaluable to the
get owner who wants the best radio there is in the alr.

terl

«“HOME?”
TUBE TESTER

THE STERLING MFG. CO.

2831-53 Prospect Ave.
Cleveland, Ohio. Dept. G.

No. R401

$8.50

for testing large tubes

No. R399

$10.9

for testing smalltubes

FREE —

Our Latest 100 Page

RADIO CATALOG

Just off the press—waiting for you. All
the latest sets with special kits to build
them. Parts and accessories by well-
known manufacturers. Every fan needs
this latest guide-book to the best in
radio. Write for your FREE copy.

Chicago Salvage Stock Store

509 S, State Street, Chicago, U. S. A.
Dept. PR6

- &
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WRS 1s EARLIEST WITH THE LATEST!
J/ READY FOR FREE J/ New S-C * Tube Receiver )

List Prices
l MMEDI ATE D EL IVERY :ge::’:m:;:{:ﬂ,’m‘:f 1 5-C Belden Wiring Harness. . .... ... $ 4.00
trated radio Value Book 1 Centralab Reslstance, No.25 M. 5. R. 2.00
OWER and Guide! Compiled by 1 Polymet. or Micamold or Dubllier...
fEpert, Contatns start- .??015 condenser with grid leak -
¥ ¥ i VR i, can i b fd b i B vy .
u N IT L‘:y'r};s.p.\';‘:ﬂaon;’or. cg;- 1 Polymet, or Micameold or Dubiller
day. A postalbrings It! 002 condenser. .. ... 2150 00 50 0L A0
Parts used In building the Laboratory 1 Pol)br;sozbo:’.hﬂlcamold or Dubllier &
[1} (3] - - n NAEF, cwwn® e §@ & v 9 ooy 0
Model of the *‘Power Unit 1 2megohmlgak..................... .25
1 Amertran power !fl":f-"m”-lv?ePF-Sz $18.00 1 Drilled and Engraved Front Panel... 4.50
Ny A L YT 1 Driiled and Engraved Sub-panst ... 2.50
3 Amerchohes,type 854, ... .. ........ 18.00 2 Silver Marshalil No, 316, .00035 Con-
2 Dubilmr (ﬂl;er;.cnnde“nsan“.oaype twsos,cz e densers.. .. ..................... 11.560
. n vo! -C. . i
DuBMer Hiter condansars, type 770, 4 } [~] f S S el ,';“"2},;"3"" .;“'f;,elt'l' 383
mid. (working voltage 400 volts B.C.) 4.00 Gk conieriiials <
4 Dubilier filter condensears, type 766, 2 1 Shiver Marshall No. 110A Cail........ 2.50
Wid, (working voRtage 160 voits G.C.)  8.00 N 1 " g No.114AColl....... 2.50
L e i T ¢ o Nosi0TubeSockets 200
feravox Craig reslstor, type 98 a.00 Hammerlund- ; i T .. 1.60
1 B';‘:::°hm"°5 25'0 0“'250'000 2.00 Roberts 1 Siiver Marshail No. 540 Mounting
2 Pacent singie-circuit Jachs, No. 61, 1.00 LC-26 Kit Brackets o mb. oo st b 10
z 5‘.’.‘5.’1"“533’3;?;'"1“5'1’“{ r:o] 5:4 %.2(5) 2 Thordarson Equiformers. ._._._._... 16.00
o - ’ x1- i . ’ -
B:kcme binding post :lrin.'l'xlxl'-‘g Inch 45 MCLaUQh“ s } Ya"!le, :‘lﬂ. :GJK Gko.‘m it (e 13‘3
Ar;glho bhrass reinfarcement strips for 1 control 1 & N:. 2 J:gk“ e R .60
BT A ey - < [ T——— 2
An%"? ba%s’s for hoiding binding post 216 Superheterodyne } & CC No. 10 Switeh. . ............. .50
£ L I T R £ ox of screws, consisting of
Sippep it Baag Tt B Liyicn 12:3, /57 B, H. Brass screws (Round-
Brass strp for mounting filter conden: upply head)
T e Y I e T T .38 Cockaday’s B;‘%d?/:iz R, H. Brass screws {Round-
Qur new Catalog contains full infor- T ep
one_Clarifl - .H.
mation and discount sheet. e iaarifler 2: g/;;%{?fafs':u?;?j'_ ki (_':-'“ Faad)

Be surc to get your free copy. / Ultradyne \Ftctor.’l’ Sealed WIt .. .......... - 559.25/
and many others
WRITE FOR QUR DI NTS
DEALERS! %8 GTHER IH#ERESSCI(':HGTINFORMATJON.

WHOLESALE RADIO SERVICE CO.

Wholesale Distributors of RADIO APPARATUS
6 Church Street Dept. PR 426

New York City

Easy to Assemble
This Cone Speaker

~and Save $25

No need to spend - Why This Amazing Offer?

We $35 for a cone : . :
Supply There are four reasons why this offer is possible.
Pﬁ:u igzakgg ol tNh(;“{)gl?tl; First; Quantity production. Second: By buying
inclgdin Spasil direct you get factory prices. No middlemen'’s

g SP profits, Third: Shipping the speaker dis-assembled

saves expensive packing. Fourth: You assemble

complete cone unit
assemble i
and them in an and save our labor costs.

hour or two and aclually

save $25. Blue print and These are the reasons why we can offer you a

directions make every- $35 loud speaker for only $10.

thing clear. You risk
| nothing, for you can get . Send No Money

your money back within ten days if not completely Simply send name and address and the complete
satisfied. , outfit will be sent you by return mail.
. " You pay the postman only $10 in full pay-
Natural Tone—18 Inches High g, Seve F. N. Bou- § ment. If you aren’t absolutely delighted
Stands 18 inches high, complete in | N. Yo %It works | —simply return the parts within 10 days

every detail. The difference between this | fine. I am 8°i"ﬁ and your money will be instantly refund-

cone and horn speaker is the same as the :ﬁels’;’illguj':ge;i_ ed. You take no risk. Write NOW!

difference between hearing a person talk . Send o : s c
naturally and hearing the saI:ne person best prices on 10 Scientific Radio Laboratories

shout through a megaphone. - You can g_‘:"‘:tl'::‘is,?e““‘ 254 West 34th Street, Dept. 34
shut your eyes and believe it’s real. - . New York City

All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY
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"*He didn't need new tubes!

Condensers

(Soh'dly molded in impervious Bakeh‘fe)

OR several weeks his receiving set had been

disappointing. Previously, it had been a
constant delight, but now programs came in so
weak his family had to use headsets — they
couldn’t hear the loud-speaker clearly. Nothing
but local stations. Friends said he needed new
tubes, new batteries, new aerial, new this-and-
that; all with afine friendly disregard for the cost.

Then a real radio expert gave him good ad-
vice. "' Trouble may be in your fixed condensers.
Moisture creeps in at exposed edges and changes
their capacity. This upsets the electrical balance;
there is resistance where there ought to be exact
capacity, and vyour reception is spoiled, both in
quality and volume.

“Try Sangamo Mica Condensers. Their ac-
curacy is guaranteed, and the solid, seamless
bakelite jacket prevents the capacity from ever
being affected by moisture, fumes, soldering
heat, or any other cause of condenser troubles.”

Putting in these accurate Sangamo Conden-
sers increased volume, cleared up reception,
brought in DX and saved a waste of money for
niew accessories. Such a little, inexpensive patt
—but tremendously important! Any real expert
will tell you so,

APPROVED BY ALL NATIONALLY
RECOGNIZED RADIO LABORATORIES

Sangamo By-pass Condensers are also
accurate — and surges will not break

therm doun. They last longer.

SANGAMQ
Accurate
Radio Parts

Sangamo Electric Company

61322 Springfield, Hlinois

" PROVED BY
PERFORMANCE!

TRF Kit
$12.00

arksen |
' =

¥ £
R
SERY
i

b ; ot ¥ L9

AERO COILS

This season——~thousands more fans found the answer to
complete radio satisfaction thru Aero Colls.

Selectivityl Distancel Powerl AIl these—10 a degree
not yet even approached by any other Inductances. nd
simply because the Aero Coll I8 patented—both in prin-
cipie and in construction. Any sct—an¥ elreuit is greatly
tmproved by substituting these wonder ijnductances for
those ¥ou are now using. At Your dealers.

Write for free Acro Rookletl

CT-80 Three Cireuit Tuner........... $8.00
{Varinble Primary)
TRF-110 Rn}?{o Frequcney Regeneratlve
t

..................... .00
WT-40 Wave Trap Coll.............. 4.00
03-55 Osellintor, .. .. LS 3 O B e 5.50
AX-45 Antenna Coupler. . ........... 4.50

(Variable Primary)

AERO PRODUCTS, INC.

Dept. 11
1768-72 Wilson Ave.

Chicago

rRﬁpIQ DIVISION, 50 Church Street, New York

- «f

5" ' YSALES 'OFFICES—PRINCIPAL CITIES

e —

BROADCAST LISTENERS

The POPULAR RADIO ATLAS and LOG

will give you a list of all the NEW Broad-

casting Stations with wavelengths and
other necessary information

A Complete Atlas and Station Log

_The "PoruLar Rapio International Radio Atlas and Log"
will supply you with full information regarding broadcasting
stations of the United States and Canada.

This most useful and practical Atlas consists of
size 12°x 15*, oprinted on

16 pages,
ood paper, from clear type in two

. colors and contains a compfele serics of double page maps, in-

cluding—The World—The United States—Canada—Notth and
South America, showing location of principal broadcasting, leading
coinmercial and govermmental radio stations.

SPECIAL FREE OFFER

You may have a copy of the "“Porurar Rapio International
Radi?] Atlas and Log'' free, with PopurLar Rapio for (8) cight
months

For Omnly $2.00
Pin $2.00 in bills to the coupan below.

If you are a subscrlber to POPULAR RADIO Your subscription wi.l
be extended elght months.

POPULAR RADIO
627 Weat 43d Street New York City

S R Mt e L

' PoruLARr RADio, Dept. 424 |
627 West 43d St.. New York Clty.

Enclosed {s my remlttance of $2.00 for which You are to enter my sub- '
scription (extend my subscription) for (8) cight months for PoruLaARm
Rabpto and send FREE a copy of the “"PoPuLArR RaADIO International '
Radio Atlas and Log.”™

A

Y =

", @1 For Carlada— Sangamo Electric Co. of Canada, Ltd.. Toronto.
o For Eut(fbe—_'ﬁtirish Sangameo Co., Ponders End, Middlesex, Eng.
- == = Fot Far East— Ashida Engineering Co., Osaka, Japan

=
o oAy

g

= e 5 g o S0
I {é"‘_— ﬂrll‘_appa{a!us advertised in this magazine has been lested and approved by PorULAR RADIO LABORATORY
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WRS 1S EARLIEST WITH THE LATEST!
J READY FOR FREE /' New S-C ¢ Tuse Recerver )

3 List Pricea
IMMEDIATE DELIVERY e 1 S-C Belden Wiring Harness......... $ 4.00
trated radio Valus Book 1 Centralab Resistance, No. 25 M. S. R. 2,00
POWER ::gecrliu;dgz,c??puzgay 1 Polymet. or Micamold or Dublller. ..
v n 1 =
=in "'"ﬁ ~ 25":?..'“:,- c(.;o?gls condenser with grid leak P
UNIT ineta oaris wnd seces” | St or Micamoid or Dubiiier
day. A postal brings it! 002 condenser......... T Wy 40
Parts used in building the Laboratory 1R e o Lot ot DXRallic) 60
" 1 ] - - - - -® mE EE EE EE o EE o -
Model of the “Power Unit” 1 2megohmileak..................... .26
1 Amertran power transtormer,typePF-52 $18.00 1 Drilled and Engraved FrontPanel... 4.50
1 "mf:‘r"::cg:d'-:t’;.:' F, transtormer oo 1 Drilled and Engraved Sub-panel. ... 2.50
3 Amorchokes.typeis'-'t:'.'.'.'.I'.'.'.:'.'.'.'.'.'.'.'. 18.00 2 Silver Marshall No. 316, .00035 Con-
2 Dubilier fliter condensers. type 769, 2 densers......................... 11.50
mid, (Working voitage 400 volt=s D.C.)  7.00 2 Sliver Marshall No. 515Coll sockets. 2.00
Dubilier filter condensers, lyd:e 770, 4 1 . i No. 801 Vernler Dlal 2,00
mfd. (workin® voltage 400 volts D.€.) 4.00 o O g .
4 Dubilier filter condensers, type 766, 2 1 Silver Marshall No.110AColl........ 2.50
wfd, (warking vortaze 160 voits B.C.)  5.00 n 1 s No. 114A Coll ... . 2.50
1 Ward:Leonard vitrahm resistor 8.50 4 g L No. 510 Tube Scckets 2.00
or unit, size C.................. or 1 L & No, 340 Condenser
Aeravax Craig resistar; type 98 4.00 Hammerliund- 000025, .. ... e, 160
L e e e = Roberts | 1 Siiver Marshall No, 640 Mounting
2 Pacent single-circult Jacks, NO. 61 .. ... 1.00 LC-26 Kit Brackets....... ..........c.00.0 .70
2 Benineueh P it AT a0 128 : T Yaziey No. 16K & onm R -
s - g . T 2
Bakglite binding past strip, 7x1x1-4 Inch 45 McLaughIln g 1 "-fley N: 1 J.ckohm T e
A:z?bb;ass reinforcement strips for 1 control 1 e R Ry — s
ub-PDasSe . ... ... . . cces s e s EE e . tr rm e omE s E s .
An e b’,‘:’:f} tor hoiding binding post " Superheterodyne 1 1 . No. 10 Switch. _............. .50
strip. . i
Brasﬂpﬁ“c?:s for mounting resistor - Raytheon ¢ B°’5,§.a§°-’§,‘$3‘z' aow“é::g::c"w. (Rounde
Brass strp for mounting filter conden- Plate Supply h‘ea'd)
T Ee A L e, e A .35 Cockaday’s 8;/53[32 R. H. Brass s¢rows ( Round=
S ea
Our new Catalog contains full infor- Tone_Ciarifler 4-1°6/32 F. H. Brassscrews (Flat Head)
mation and discount sheet. 246/32brassnuts. ... 0

—. .50
\ Be sure to get your free copy. / dUlizl-m:lyrle \Factnry Sealed Wit ... .... .. ..... " 559.25/
and many others

WRITE FOR OUR DISCOUNTS
DEA LE RS[ AND OTHER INTERESTING INFORMATION.

WHOLESALE RADIO SERVICE CO.

Wholesale Distributors of RADIO APPARATUS
6 Church Street Dept. PR 426

New York City

Easy to Assemble
This Cone Speaker

~and Save $25

No need to spend - Why This Amazing Offer?
i s wel $35 for a cone There are four why this offer is possible
{ IR speaker. Now you eIe e s ey p 5

First: Quantity production. Second: By buying
direct you get factory prices. No middlemen’s
profits. Third: Shipping the speaker dis-assembled
saves expensive packing. Fourth: You assemble
and save our labor costs.

Parts can get all the parts
including  special
complete cone unit

and assemble them in an

hour or two and actually

save $25. Blue print and These are the reasons why we can offer you a
directions makg every- 535 loud speaker for only $10.
thing clear. You mnsk
- nothing, for you can get . Send No Money
your money back within ten days if not completely Simply send name and address and the complete

satisfied. outfit will be sent you by return mail.
. - You pay the postman only $10 in full pay-
Natural Tone—18 Inches ngh Says F. N. Bou- } ment, If you aren’t absolutely delighted

- ) . f Cohoes, ; ey
Stands 18 inches high, complete in ,‘a’:‘;‘f’ ‘i.lf"w:::, —simply return the parts within 10 days
every detail. The difference between this | fine. I am goin and your money will be instantly refun:i-
ﬁ?ggrgggehggwiﬁalﬁg riisn ;h: m% z,s tg}llltz :?“?:'s:f‘?‘;;n"”:ﬂ' ed. You take no risk. Write NOW!

. (] . [ . . .
naturally and hearing the same person | best prices on I0 Scientific Radio Laboratories

shout through a megaphone. - You can-— S;“-:t o:‘;’e_s.P""' 254 West 34th Street, Dept. 34
shut vour eyes and believe it’s real. New York City _
All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY 4
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44 The Best in Radio Equipment

"He didn't need new tubesl”

-

Accurate
Condensers

(Solidly molded in impervious Bakelite)

saved
-
S5

OR several weeks his receiving set had been

disappointing. Previously, it had been a
constant delight, but now programs came in so
weak his family had to use headsets — they
couldn’t hear the loud-speaker clearly. Nothing
but local stations. Friends said he needed new
tubes, new batteries, new aerial, new this-and-
that;all with a fine friendly disregard for the cost.

Then a real radio expert gave him good ad-
vice. “Trouble may be in your fixed condensers.
Moisture creeps in at exposed edges and changes
their capacity. This upsets the electrical balance;
there is resistance where there ought to be exact
capacity, and your rveception is spoiled, both in
quality and volume.

“Try Sangamo Mica Condensers. Their ac-
curacy is guaranteed, and the solid, seamless
bakelite jacket prevents the capacity from ever
being affected by moisture, fumes, soldering
heat, or any other cause of condenser troubles.”

Putting in these accurate Sangamo Conden-
sers increased volume, cleared up reception,
brought in DX and saved a waste of money for
niew accessories. Such a little, inexpensive part
~but tremendously important! Any real expert
will tell you so.

APPROVED BY ALL NATIONALLY
RECOGNIZED RADIO LABORATORIES

Sangamo By-pass Condensers are also
accurate — and surges will not break

them doun. They last longer.

SANGAMO
Accurate
Radio Parts

Sangamo Electric Company

§332-1 Springfield, Illinois

- PROVED BY
PERFORMANCE!

AERO COILS

This scason—Lhousands more fans found the answer to
complete radlo satisfaction thru Acro Colls.

Selectivityl Distance! Power! All these—to a degree
not yet even approached by any other inductanees. And
simply because the Aero Coll i3 Datented—Uboth In prin-
eiple and In construetlon. Any set—any elreult is ereatly
improved by substituting these wonder Inductances for
those You are now using. At your dealers.

Write for free Acro Booklet!

CT-80 Three Cireult Tuner........... $8.00

TRYF-110 Radiig I'requency Regenerative
K

WwWT-40 Wave Trap Coil. .

0O3-55 O I0IIATOTLE &b - e b e S 5.560

AX-45 Antenna Coupler. ..., ., ,..... 4.50
(variable Primary)

AERO PRODUCTS, INC.

Dept. 11

1768-72 Wilson Ave. Chicago

RADIO DIVISION, 50 Church Strect, New York

g = SALES OFFICES—PRINCIPAL CITIES
« = For Canada — Sangamo Electric Co. of Canada, Ltd.. Toronto.
, » For Eutope—British Sangamo Co.. Ponders End, Middlesex, Eng.
- * = For Far East— Ashida Engineering Co., Osaka, Japan

BROADCAST LISTENERS

The POPULAR RADIO ATLAS and LOG

will give you a list of all the NEW Broad-

casting Stations with wavelengths and
other necessary information

A Complete Atlas and Station Leg

.The "POPULAR RaADI10 International Radio Atlas and Log”
will supply you with full jinformation regarding broadcasting
stations of the United States and Canada.

This most useful and practical Atlas consists of 16 pages,
size 12°x 15°, printed on Rood paper, from clear type {n two

. colors and contains a complete series of double page maps, In-

cluding-—-The World—The United States—Canada—North and
South America, showing location of principal broadcasting, leading
commercial and governmental radio stations.

SPECIAL FREE OFFER

You may have a copy of thc "PoPULAR Rabpio International
R:niitg1 Atlas and Log™ free, with PoruLAR Rapio for (8) cight
months

For Only $2.00
Pin $2.00 in bills to the coupon below.

If yout arc o subscriber to POPULAR RADIO Your subscription wl.|
be extended eight months.

POPULAR RADIO
627 West 43d Street New York City

[ A RARERAR A g

JD Y TP R A T O
| PoPuLARr RADIO, Dept. 424 I
627 West 43d St.. New York City.

Enclosed [s my remittance of $2.00 for which you are to enter my sub- I
scription {extend my subseription) for {8) eight months for PoPULAR
RaDro and send FREE a copy of the "PoruLAr Rapio Iaternational I
Radio Atlas and Log.”

|
|
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|
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The Best in Radio Equipment

Light and Power
for Twenty Years

No pousT you remember the
first automobile you ever
saw. Perhaps you'll remem-
ber, too, that it bore a little
tank marked “‘Prest-O-Lite”
. . . for Prest-O-Lite gave
the motor-car its first de-
pendable eyes.

And it is this same com-
pany, ‘which has served the
automotive industry so suc-
cessfully for more than
twenty vyears, that today
serves radio with a depend-
able, long-lived battery, of
special design, that brings
out the best in any set.

Prest-O-Lite Radio Bat-
teries were designed in the
world’s largest electro-chem-
ical laboratories. You can rest
assured that Prest-O-Lite
Batteries are correctly rated
and deliver full power at all
times.

Prest-O-Lite Batteries are
attractively priced from $4.75
up. Dealers everywhere.

THE PREST-O-LITE CO., Inc.
INDIANAPQLIS, IND.
New York San Francisco

In Canada: Prest-O-Litc Company of
Canada, Ltd., Toronto, Ontario

Send For This Free Booklet

“What every oumer o0y a radio
should know about storage batteries.™*

Designed especially for radio

STORAGE BATTERIES FOR
MOTOR-CARS AND RADIO

All apparatus advertised in this magazine has been. lested and approved by POPULAR RaD1o LABORATORY
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.-f'—"i—-—-
The Bradleyohm is used as 7 -, "_:_-!rq e
standard equipment in the - 2 %—
Acme B-Power Supply and . s i 3 0 - -

most other B-Battery elim-
inators provided with volt-
age control. Silent voltage
control is thereby assured,

Insist on
Genuine Allen-
] Bradley Products
Sold in Checkered Cartons

How to Get Extra Voltage Taps

from Your B-Eliminator

MANY radio receivers are provided with several

LVl B-Battery terminals fcr detector, amplifier
and radio frequency tubes. To provide.the extra
voltage taps from B-battery eliminators, such as the
AcmeB-Power Supply unit, is a simple matter. The

" diagram Lkelow-shows the method of connecting
the necessary Bradleyohms and condensers.

A Bradleyohm No. 10 for the 67-volt connection
and a Bradleyohm No. 5 for the 90-volt connection
provide marvelously smooth control over a wide
range for these terminals, The condensers may be
larger if desired, especially when used with audio-
frequency taps. The standard Bradleyohm:in the
eliminator givessufficient range for thedetector plate
voltage. Your dealer can sup-
ply you with . Bradleyohms

=) and condensers. Try thesecon-
) < nections tonight and improve
e "f? /A your receiving set.
(=4

a :
= u f' Mail the Coupon
U/ + for Literature
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The Taper Plate
Tppe "E"

tith steaight {requency
tuning choracteristics

Al Friends
TWiith New Faces

‘are far more dependable than
strangers.

Thé' logical plate shape of a rotary
variable condenser is semicircular, and to
use them to best advantage, they should
not be cut away to any extent.

Cardwell Taper Plate Type “E” condensers
have the old familiar plare shape, but have
a straight frequency tuning characteristic.
The Type “C" approaches straight
frequency at minimum but gives more
separation at maximum.

They are priced the same=—the .0005 mfd.
capacity lists ar $5.00, and others, pro-
portionately.,

The Allen B. Cardiwell Mig. Corp.

81 PROSPECT STREET
BROOKLYN, N. Y.

If your deale} can't supply yor, order
direct. Write for illustrared caralogue
and handbook.

ey

—f
Z)0-

€he Tppe “C" has a
mobified s[!’ﬂ.‘.([m tabe
length tuning curbe

A{j
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Condensgetrs

THE STANDARD OF COMPARISON

PRESS OF WILLIAM GREEN, NEW TORK
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The World’s Greatest
Radio Receiving Set

Freshmnan’s latest sensation has a real
appeal to the women of the home. It
is built of_five-ply genuine mahogany;
a handsome piece of furniture that fits
in any corner of the room. It is com-
pact and comparatively small, giving it
preference over clumsy consoles. _Con-
tains an espacially large tone chamber,
. " d

With Built-in Loud Speaker of
J Great Volume and Superb Tone

J When not used as a radio, it can be
entirely closed. The top is stationary
and’ provides an attractive resting place
| for vases and other orndamerits. Spacious
compartments afford ample room for
all batteries, etc.—not a single ﬂu&
being visible. ] -

The Radio Receiver Women
Have Been Waiting For

-
.

s

Sold an Convenient Terms by Authorized Fresh- I
man Dealers, who also Install and Service Them.

' Freshman Building, - - New York
. Chas. Freshman Co., Inc. femwr Suldios o pdiegLork
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