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... drom your lighting socket

HE most rigid specifi-

cation set for the Duo-
Rectron, the new RCA
*“B" battery eliminator, was
that it be silent—hum-free.
The hum of the 110 volt, 50 or 60 cycle
line current has been filtered out by a
special filter system. And the perfec-
tion of this system is guarded by minut-
est care in manufacture.

In many important points the Duo-
Rectron meets demands never met
before.

One new feature is a voltage regulator—
a new tube that keeps plate voltages
constant. The Duo-
Rectron has taps for
2213, 45,90 and even
135volts. Hook up
where you will, you
get the voltage
marked—no more—

B WILTAGES:

no less. This means that
whether you have a one
tube set or a ten, you can
depend on the Duo-Rec-
tron for the correct volt-
age, under any current drain, all the
way up to 50 milliamperes.

The new rectifying tube, Radiotron
UX-213, is built for long service— de-
signed especially for this power unit.

Everything has been considered in the
RCA Duo-Rectron — silent power,
reserve power, economical power, con-
stant power! ¥ & %

The RCA Uni-Rectron
is a power amplifier for
loudspeakers. Connect
it with the first audio
stage of any set and get
super-power  amplifica-
tionfroman A.C. socker.
Price complete, $105

1R, T

RCA Duo-Rectron,complete $65

RCA~-Duo-Rectron

s
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The Best in Radio Equipment

Sy

Acous tics
by Brandes

has made
possible a

perfect
Cone Speaker]

& Copyrighted by Hrandes Products Corp. 1926

."/

The Type H—a simple
horn of graceful linesand
antigue green and black
nish. Greatin volume
true in tone.  Adjust-
able.
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The Brandes Cabinet of
mahogany, finished in
wajnutbrown. The same
unit, quality of tone, an
¢ven greater volume than
the Type H Speaker.

LY

The Phonograph Atrach-
ment. Same unitas Type
H. Adjustable, furnished
with a connection 10 fit

k‘-\all phonographs. /_)

HAT avail the expression of
a master pianist, the throb-
bing symphonies of a great orches-
tra, if the radio speaker cannot give
them minutely true reproduction?

Through a Brandes Cone you can
actually recognize the singer’s
voice, the player’s touch. Great
artists play for you just as they
did when you heard them before,
at Carnegie Hall.

It is a fact that improved radio
acoustics, such as the new Brandes
speakers (cone, cabiner and horn
types) has done much to encour-
age berter broadcasting.

And those who hear great artists
throughaBrandes, really hear them!

=
o

Brandes

—experts in radio acoustics since 1908
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Grebe

Binocular Coils
Heg, U.S, Pat. O0.

|
g’nitation

—the Sincerest Flattery

' IAST year Grebe developed the fieldless
Binocular Coils and S-L-F (straight line
metens g metens e | frequency) Condensers.

These Grebe developments have now been
adopted on a number of other receivers.

[ High-wave
§ Range of
FRE Grebe Dl

Y low-wave
Range of
Grebe Bhial

A B l

The high-wave reception range of the Grebe

This year Grebe has devised the Low-Wauve
1 dial (B,—~{rom 550 down to 240 meters— 3 . " — o s
| causis the practical tuning range of the Extension Circuits, “Colortone,” and Flexible

Esut:,lefaqei'v(e‘;.,'rhe lg‘\’.v-wu(\lr;_ r'nngT ol the
(< 19 1OV al 1L 10 cep - . . . .
ion dowh 10 156 meters, T Unit Control. It will be interesting to see how

soon these, too, are added to other sets.

In buying a Grebe Synchrophase now, you will
have advances in radio construction, such as
other receivers will probably show next season.

Ask your dealer to demonstrate
all these Grebe developments.

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

This compeany ows and aperates
stations WAING and WBOQ: alse

Iow-wave rebrondeasting stations,

)T_ mohile WGMU aml marine WRMUL
_'-,'--, i (5 l A -
Flexible Unit Control l |R l

S-L-F
Condenser

TRADE MiRK  RIG. U.S PAT OFF.

* “Take the lead and

set an example of dili-

.gent ton).*
—Confucius

Much toil and great diligence have made

the Synchrephase worthy of first rank in
sadio receivers. All Grebe ap- I
paratusiscov- #8
. L.
o | '[ The Synchraophase is wlso s —— :::t‘sl 2¥anptaed
“f/n/ 29 plied with battery base and pending.

Al apparatus advertised in this magasine has been tested and approved hy PoruLar Raoio LARORATORY



PAGES WITH

DURING this month of February the Editor
not only invites but urges every reader of Popu-
LAk Rapio to become a temporary member of
the Editorial Staff and to express his ideas and
opinions about the magazine—particularly his

constructive criticism.
* * *

JusT as a starter—to help our readers to ex-
press their opinions—a ballot-like form is

printed on the following page.
* * *

TAKE out your pencil—mow—and check off,
in the small squares, the types of articles that
vou believe should be retained—the types of
articles that, in your judgment—are of greatest
value or interest to the largest number of

readers.
E * *

Do not check the type of articles that you
believe are of lesser value or interest.
*x * *x
AND double check the one particular type of
article that is of greatest interest to you.

THE EDITOR

THEN tear out the page and enclose it in an
envelope addressed to the Editor of PoprrLar
Rap10, 627 West 43d St., New York City.

*x

* *

As this is an attempt to get an expression of
opinion from our readers as a whole, the Editor
requests that only one ballot be sent in by each
person.

* * *
{1 THE “How-to-build” type of article for the
experimenter and experienced set builder, treat-
ing of a radio receiving set that embodies newly
developed circuit systems from a constructional
viewpoint. (Example: “How to Build the New
LC-26 Recciver,” in the December, 19235, issue,
and “How to Build the New Orthophase Re-
ceiver” in this February, 1926 issue.)

* = *

{1 THE “Simple How-to-build” articles for be-
ginners type of article, embodying simple cir-
cuits of known worth for the inexperienced set
builder. (Example: *'How to Build a One-tube

(Continued on page 6)

DEPARTMENT OF COMMERCE
OFFICE OF THE SECRETARY

WASHINGTON

Mr. Lauremce Cockaday,
Pomlar RBMO'
627 Weat 434 Street,
New !'0!1(. n Y.

My desr Mr. Coclmdays

Hovember 17, 1925.

I want to express my appreolation of your attendance

and service at the Fourth Radio Conference, which has Just ad-

Journed. The conference recommendations, 1f legislation 1s en-

aocted to make them. effostive, nmust mean & great step in radio

progreas.

Your work on the commi ttee on operating regulations

contributed to the conference success and I greatly appreciate

your willing service,

Very truly yours,

-

Searetary of Commerce.

A letter from the Secretary of Commerce that speaks for itself.
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Be Sure to Use
the Right Condenser
for the Job

If you are building a ‘B’ battery eliminator, be sure to
use the right type of condenser in the filter circuits.
The usual type of ‘“By-Pass” condenser is not designed
for the high voltages required.

Dubilier Filter Condensers are especially designed for
use in the filter circuits of ‘B’ battery eliminators.
Their working voltage is very conservatively specified.
That is why they give a permanent life of efficient service
at voltages up to their maximum working ratings.

Remember that, with no load, the D.C. voltage im-
pressed on the condenser in your filter circuit i1s 1.4
times the secondary terminal voltage of the A.C. trans-
former.

manufacturer of radio condensers.

Dubilier

CONDENSER AND RADIO CORPORATION / y

Use the right condenser for the job—made by the pioneer j-#
- /

-

@ .

MMJZQ’ S
S AT

.

Al apparatus advertised in this magasine has been tested and approved by POPULAR Rap10 LABORATORY




PAGES WITH THE EDITOR
(Continued from paye 4)

Regencrative Receiver for Use with the New
UX-199 Tube” in the January, 1926 issue.)
® *

*

] Taue "How to Get the Most Cut of Your
Ready-made Receiver” type of article, giving
complete data on operation of well-known and
widely-used sets. (Example: "The Garod Neu-
trodyne Type V Receiver” in the November,
1925 issue, or “The Freed-Eisemann Necutro-
dyne’ in the September, 1925 issue.)
* * *

[0 THE non-technical article for the average
broadcast listener on the operation of a receiving
set or on the care of Latteries or tubes or on re-
ception troubles and how to remedy them.
(Example: "*When Your Set Won't Work,” in the

Januarﬁ 1926 issue, or “"How to Cut Down
Your ‘B’ Battery Bl“ " in this February, 1926
issue.)

* * *

[0 Tuk article on the technical operation of re-
ceiving apparatus for the more experienced radio
experimenter and engincer, treating of new
facts, theory and practice. (Example: “How
to Reduce Distortion in Amplification’ in this
February, 1926 issue, or ““The Part That Your
Condenser Plays in Tuning,” or '“Some New
and Usecful Facts About Coils,” in the January,
1926 issue.)
* *

[0 THE article descriptive of new applications
of radio that tells how the various new develop-
ments are being used in everyday life. (Exampie:
“Pictures by Telephone—or Radio,"” in the De-
cember, 1923 issuc, or “Battling Bandits by
Broadcasting,” in this February, 1926 issuc.)

*® * *x

[0 THE article that describes new inventions or
the latest systems of radio transmission and re-
ception in the field of radio. (Example: ‘'Motion
Pictures by Ether Waves,” in the August, 1925
issue.)

* *x *
[0 THE pure science article that treats of the
theory of radio phenomena or of scientific hy-
potheses from a popular viewpoint. (Examples:
“How Earth Magnetism Affects Radio Waves,”
in the October, 1925 issue, or the series of ar-
ticles by Sir William Bragg on *“The Atom,” such
as in the January, 1926 issue.)

*x *x *

[[] THE article that treats of the application of
the apparatus or principles developed by radio
to other forms of scientific work. (Example:
“Radio’s Newcest Instrument—the Photo-clec-
tric Cell,” in the November, 1925, or “The New
Wave-transmission Phonograph,” in the Janu-
ary, 1926 issue, or ""How a Loudspeaker Device
Brings Hearing to the Deaf,” in the April, 1925
issue.)
* * *

(0 THE article that deals with the Lroad, eco-
nomic, political, educational and international
significance of radio. (Ffxample: “Radio and
the War Mlenace,” in the October, 1923 issue,
or “Will Radio Kill the Small Newspapers?” in
the January, 1926 issue.)

(O THE article that treats in popular vein of the
technique and methods of the broadcasting stu-
dio. (Ffixumple: "The Oboc in 4-D,"" in the De-
cember, 1923 issue, or “‘Secrets of the Studio,”
inthe ()ctober, 1925 issue.)

* * *

) In the World's Laboratories: a monthly re-
view of the progress made in the field of elec-
trical science and invention that is of impor-
tance to and that is interpreted in terms of radio.

* * *

(O What Readers Ask: sohutions to the common
problems that confront the owners of radio re-
ceiving sets, including data on all popular cir-
cuits.

*x *x *
(1 In the Experimenter's Laboratory: practical
notes and commentaries of a technical nature
for the guidance and instruction of the radio ex-
perimenter, based upon laboratory tests and
rescarch work.

* * *
[l The Broadcast Listener: monthly-commentary
and criticism of broadcasting programs, policies
and methods.

* * *
[0 What's New in Radie Apparatus: a classified
monthly list of newradio parts of special interest,
containing new features that have Leen rccemly
placed on the market and that have Leen tested
and approved by the PortLar Rapio LABORA-
TORY.

* E *
(1 Breadcasts: a brief survey, told in tabloid
form, of the news events that are of special inter-
est to radio fans generally.

* * o

O With the Inventors: a summary of the more
important radio inventions on which patents
have recently been granted, but which are not
on the market. .

O Listening In: short items of practical help-
fulness to owners of radio sets—contributed by the
readers themselves for the guidance of their
feltow-fans. This department tells how to solve
kinks in construction, how to eliminate troubles
common to radio receivers in general, reports of
results obtained on home-huilt sets and improve-
ments made by the experimenters on factory-
built receivers.
* * *

[] “What Set Shall I Buy?"': a tabulated list of
information concerning the range, prices and
outstanding features of readv-made recciving
sets approved by the PopuLar Rapio LABORA-
torYy—published as a guide to the prospeetive
set buyer.

* *

Editor. PorurLar Rapio
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LikEe the fabled ship in which Jason brought
home the enchanted fleece of gold, the Eveready
Hour brings a rich treasure of entertainment
to charm the harbor-homes of its hearers.

Inaugurated two years ago, the Eveready
Hour was an adverture in broadcasting—an
hour of connected entertainment, uninter-
rupted by the frequent injection of the name
of the broadcaster.

Many of these programs have become fa-
mous. Thousands of letters voice the appre-
ciation of our audience and ask for repetition
of favorites. 1We make no requests for these
letters, but they mean much to our artists and
to us, and are of great value in helping us in
our efforts to arrange programs of a distinc-
tive nature and pleasing to the vast audience.

Radio has already become a highly special-
ized art worthy of the most scrupulous code of
ethics, and the Eveready Hour represents a
sincere effort to pioneer in providing the most
acceptable form of radio entertainment.

Eveready programs cover a wide range of
entertainment and human Interest, transport-
ing us to periods of wholesome simplicity; to
barren islands where marooned sailors meet
adventure, starvation and death; to battle-

The Ezeready Hour

EIE

scarred France with singing doughboys; to
emotional heights by telling with music the
stories of the seasons; and to memories of
yesteryear aroused by old ballad and musical
comedy favorites.

Eveready Hour begins at 9 p.m. each
Tuesday night, Eastern Standard Time.

NATIONAL CARBON COMPANY, Inc.
New York San Francisco
Canadian National Carbon Co., Limited, Toronto, Ontario

Tuesday night means Eveready Hour—
9 p. m,, Eastern Standard Time, through
the following stations:

weAF-New Vork
wJAR—Providence ww])-Detroii
WEEI-Boston woc—Daven port
wrac-Worcester WEAR-Cleveland
wri-Philadelphia Minneapolis
wor—Bufalo “CC" St. Pau
wCAE=Dstisburgh WeN Iucago
Ksp-S¢. Lowuis

eVEREADY

Radio Batteries

~they last longer

wsar-Cincinnati

Al apparatus advertised in this magazine has been lested and approved by PoPULAR RADIO LABORATORY
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AMERTRAN
Trper AF.7 and AF 5

AmerTranaudioiransformers Types AF.7 and
AF-6 have been considered for years among
the leaders in audio amplification. These papu-
lar and efficient models may now be purchased
al a conwuderable saving In cost Types AF-7
(ratio 3. 1)—AF-6 {ratiz $.1) $95.00 cach

AMERTRAN Power Transformer

Type PF45, 65 1'u-60 cycles 110 volns
primary, 1308 48,1 scondary

‘Type PF-45 15 intendced lor use an the standard
110 volt. 60 eycle house lighting circuit, It has
three separale well-insulsted secondary wind-
1ngs These are enclosed ima strong metal case
privwided with niounting feet. The secondary
leads are stendard code flexible wires lefi long
encugh (0 reach the terminais [n the average
set without splicing This transformer is well
sulted Tor supplying AC power for hlter ¢ir-
evits, and is designed with the usval margin of
salety $15.00 rach

The New AMERCHOKE
Trpe 854
Type B54 15 ascientificallydesigned impedance
or choke coil of general utility. desikned pri-
marily for use in Aller €irCuits. As an output
impedance lor by-passing dire¢t eurrent Irom
the loudspeaker 3t is just 83 efhcrent and more
economical than an outpul transformer. When
used witha | mid. {or greater) fixed condenser.
the tome Quality equals that of the best oulput
transformer. DC saturation is prevented by
two adjustable butt fointsinthe core. $6.00 each

e

ew Standard of Excellence
in AudioAmplification

HIS new audio transformer has been developed for those who are

satisfied only with the utmost in quality. It possesses an unusually

straight line frequency. characteristic extending the range below
the lowest note now being broadcast, and actially shows a gain of about
three octaves below that previously obtained.

L
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FREQUENCY SCALED IN OCTAVES

The /umerTran De Luxe is a transformer of moderate size and weight,
enclosed in a strong metal case with mounting holes at both top and bot-
tom so that it may be inverted, affording simplified connections. While
the AmerTran De Luxe will improve any set, appreciation of its uniform
amplifying qualities can best be realized when operated in conjunction
with straight line frequency loudspeakers, such as the best cone and dis¢
types. and with a tube in the last stage capable of handling the output.
The AmerTran De Luxe is made in two types, one for the first stage
and one for the second stage, and plainly marked as such. The chief
difference between these two types is that the first stage transformer
has approximately 50% greater primary inductance than the second
stage transformer, thus more nearly corresponding to the operating
impedances of the tubes out of which they work. For this reason it is
advisable to purchase and operate these transformers by the pair!

PRICE, EITHER TYPE, $10.00
Write for descriptive bookier an AMERTRAN Rudio Products

American Transformer Company
178 Emmer Street, Newark, N. J.
* Transformer builders for over taenty-four years™

SOLD ONLY AT

AUTHORIZED AMERTRAN DEALERS

All apparatus advertised in this magazine has been-tested and approved hy POrvLar Rapro 1. ARORATORY




There Will Always Be a Need for
Porvrar Rabnio

“T 1ave regularly received and read Porurar Rapio since the
first issue of its publication; in order to keep abreast with the
times in this rapidly growing scientific industry, I conld not afford
te miss a copy. There has been and always will be the need for
your publication.”

PRESIDENT, RADIO PATENTS CORPORATION AND OF
THE DUBRILIER CONDENSER & RADIO CORPORATION



Kadel & Herbert

A Patrol On the Frontiers of World Peace

“I wHl make them one nation in the land.”
—EzexieL 37:22

One by one a regiment of broadcasting stations is encircling the world; it now num-

bers about 800. The great part that these stations are destined to play in bringing the

peoples of the earth into understanding is incalcutable. This shows the powerful new

station at Dorchester, England, which is figuring prominently in the present interna-
tional broadcast tests.
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Battling Bandits
by Broadcasting

How the newly-developed radio apparatus with which
the police are experimenting will add to the peril of

fugitives

and the unique system of communication of

which it 1s a part

iy COLL RICHARD . ENRIGITT

POLICE COMMISSIONER OF NEW YORK

BANDIT raid had taken place in

New York, A jewelry store had

been broken into and the daring raicders

had leaped into an automobile and had

made an apparently successful dash from
the scene of the crime,

But the bandits had reckoned without
radio—the newest ard most subtle agency
in the hands of the law—when they had
headed for the suburbs and supposed
liberty.

Hardly had the bandit car disappeared
when red lights flashed in police booths at
every bridge and ferry in the city. Sim-
ilar lights flashed and gongs rang in police
booths in outlying parts of the city.

Through the municipal broadcasting
station of the City of New York—Station
WXNYC—came the voice of a headquar-
ters official, in even, unruffled tones, giv-
ing a description of the men and their car.
At approximately two hundred places of

strategic importance the word was re-
ceived, for the alarm had been made gen-
cral.  Patrolmen were on the lookout
everywhere. The capture of the bandits
was effected at a hridge before the raiders
had gone a mile from the scene of the
robbery. In a few minutes the news of
the capture was “on the air” and patrol-
men went back to their heats.

For the purpose of meeting just such
an emergency, which has been describecl
in hypothetical form, the City of New
York has taken a long step forward in the
use of radio—a step which is almost revo-
lutionary and which will be watched with
interest by police officials in every other
city in this country and abroad.

The International Police Conference
held in New York, in May, 1925, got
a demonstration of the possihilities of the
city-wide system of radio alarm on which
New York was then working and which,

105
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it is believed, will make an almost com-
plete change in the method of communi-
cation between headquarters and outlying
stations.

The visiting police chiefs saw a patrol
box, in which was a new type of radio
receiver with a green light burning, this
light indicating that the power was on.
Then a red light flashed and a gong rang,
as summons to the patrolman. Through
the recciver came a voice from police
headquarters giving directions regarding a
crime which was supposed to have been
committed within the patrolman’s pre-
cinct. The new device was given every
possible test, and it met these tests sat-
isfactorily. In fact, before the conference
it had been tried out under adverse con-
ditions, the most disadvantageous loca-
tions having been chosen, such as Far
Rockaway, Long Island, Tottenville, S, I.,
and Northern Manhattan. Some difficulty
was experienced in Northern Manhattan,
owing to the effect of surrounding steel
buildings, but all the tests were satisfac-

8
International

vl

CAUGHT IN THE RADIO NET

POPULAR RADIO

tory, and New York’s advanced step in
criminal-catching by radio was pro-
nounced the outstanding sensation of the
police conference.

"The hard-headed police chiefs who ex-
amined this new radio device and had it
demonstrated in actual use, were not more
impressed with its possibilities in the way
of leading to the capture of criminals
than by its promise as a factor in deter-
ring crime. Anything that will make
potential criminals think twice before
committing a crime is indeed welcome.
The automobile would be a wonderful
deterrent of crime if the motors were in
the hands of the police alone. But all the
new devices which have meant speed in
transportation have been effectively used
hy criminals as well as by officers of the
law, and the gift of the gasoline motor
must be regarded no better than a fifty-
fifty proposition when it comes to crime
prevention. Radio, however, is something
that lends itself absolutely to police con-
trol. With radio police booths scattered

r

P
Nl ” i

With the aid of the new type of radio receiver developed for the special use of the

police, the efficiency of the system of alarm emiploved by the New YVork forces of law

enforcement are expected to be largely increascd—particularly in the arrest of law-
breakers who seek escape via the public highwavs.
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THE POLICE COMMISSIONER AT HEADQUARTERS
The iustallation of this broadcasting apparatus by the Police Department of New
York has led to mauy applications of radio for the apprehension of law-hreakers;
this article tells of the latest.

about a city’s outlying sections, what crim-
inal is not going to take them into account
before committing a crime?

For covering strategic points, radio is
looked upon as ideal. The criminal, after
the commission of his crime, seeks the
ordinary avenues of escape.—generally
the railroads. If he knows there is a radio
police hooth at every station, he will be a
poor general if he does not take them into
account, If he plans to avoid the rail-
roads and escape to the country through
the suburbs, there are the suburhan radio
receiving stations ta be taken into account.
Then there are the radio stations at
bridges and ferries—in fact a complete
net thrown about the city, with hundreds
of ears listening simultaneously to the in-
structions from headquarters: “Here is
a description of your man—now get him.”

Furthermore there is the fact that, in
case of a general alarm, every individual
who owns a radio set may listen in and
be on the lookout for the criminal.

These are the things which, it is pre-
dicted, will make radio a real crime deter-
rent. Criminals, when once they under-
stand the working of this new agency that
has been brought into effect against them,
will give a wide berth to any city that is
protected by a system of radio alarm,

How does this new form of police pro-
tection work, and how was it developed ?

For many months the City of New
York has been sending police alarms over
its new broadcasting station, WNYC, lo-
cated in the Municipal Building. These
so-called alarms have generallv taken the
form of descriptions of missing persons
and stolen automobiles. The success of
this experiment led me to the helief that
the use of radio in the department might
be extended. Plans were worked out hy
S. E. Anderson and his associates in the
Bell Telephone Laboratories, according to
which the Western Electric constructed
186 receiving sets, which will be placed
at various vantage points in Greater New
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WATCHING FOR THE RED LAMP TO LIGHT ON THE RECEIVER AS THE—

When the red light flashes the police station’s “unmber” is being called by the central

transmitter, so that a message may be delivered. Each receiver is sharply tuned to a

32000 cxcle fonc, but it is so adjusted that its light flashes only when its own signal is

called. This recciving apparatus was installed at @ Brooklyn station house as a part of
the new selective radio signal system of the New York Police Department.

Yock before the publication of this article.

The receivers are of fine quality and so
designed that one hooth may be signaled
singlv, If so desired, a group of booths
may be signaled, or a general alarm will
reach all simultaneously. At headquar-
ters there is a simple box, which, with a
turn of the signaling key, is set for the
desired stations, The operator at head-
quarters sends a signal to WNYC, and
the police call goes out on the regular
wavelength of that station. This call can
be heard by all who are “listening in”" on
WNYC. If it is desired to keep the po-
lice information secret, the call may Dbe
sent out in code. Thus the radio listener,
who finds his program shut off. may catch
such unintelligible words as “Brazil sugar
preferred whales ships broadaxes,” and
will know that a police message of the
rmimost importance is being sent out.  As

a rule, however, the instructions will be
hroadcast without regard to code.

Suppose it is desired to get word to a
patrolman at Bavside. His booth is sig-
naled and the impulse turns on a red light
and rings a gong. The red light will con-
tinue to burn and the gong to ring until
the patrolman answers,

The basis of the system is the Western
Flectric railroad selective telephone train
dispatching svstem now in general ttse on
railroads in this country and in Europe.
TFor every division these systems consist
ordinarily of a single line to which are
connected a number of stations capable of
heing called by the dispatcher individually
or in groups. It was. felt that such a sys-
tem was adapted to radio transmission
and would permit broadcasting from a
central radio transmitting station without
requiring the constant attention of opera-
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—OPERATOR SENDS A WARNING ON THE TRANSMITTING APPARATUS

A set of siv small levers which move up and down in their respective slots operate the

transwmitter. Lach slot is provided with a number of stops which are designated with

a letter or numher; when the levers are set at the combination of letters and numbers

which forms the “call” of an individual police station the signal is sent out antomatic-

ally from the broadcaster WNYC. .Iny station may be called scparately or all the
stations may be called at once.

tors at the receiving stations.

The transmitter attachment consists of
a vacuum tube oscillator tuned to approx-
imatelv 3.000 cvcles, and a number of call-
ing kevs. These kevs control a relay
whose contacts short circuit the plate
windings of the oscillator coil when in the
normal or unoperated position.

Operating any of the calling kevs opens
and closes its contacts in a regular se-
quence determined by the code for which
the key is set. Iach of the individual
kevs is set to a certain code call, which
it will continue to make until reset. One
of the individual call kevs is used as a
master call for the entire svstem, so that
by the operation of this key everv receiver
is called simultaneously. The other four
kevs are for the main group calls. The
ntaster key is similar in appearance to a

miniature cash register, and, by setting

its levers to the proper code combinations,
any desired station may be called indi-
vidually on this kev, which may he used
also for some of the group and sub-group
combinations.

The output terminals of the oscillator
of the transmitter attachment may be con-
nected directly to the speech input equip-
ment of a standard radio telephone trans-
mitter in place of a microphone. The
sensitiveness of the radio receiver is ad-
justed for the reliable operation of the
signaling system, which is sharply tuned
to a 3,000-cvcle tone. Even should the
signaling system relays be operated occa-
sionally by excessive volume of speech or
music, the receiver signal lamp will not
light unless the proper code call is sent.

The receiver apparatus is designed in
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TAKING TEST ORDERS FROM HEADQUARTERS IN A RADIO-
EQUIPPED CAR
To cnable the police to keep in touch twith headguarters ecven while on the trail of
their man, this automobile has been cquipped with @ radie set by the Cleveland Depart-
ment of Public Safety. Later it expeets to equip all ten of the Police Reserve Squads
with radio recetvers and to iustall a breoadeasting station at headquarters,

two types, one for each kind of power
supphv. A green signal lamp will light
only when the power is turned on. Both
the DC and AC tyvpes of radio receivers
are designed for operation from an open
antenna. All the controls are on a panel
inside the receiver and are inaccessible
when the receiver cabinet is locked.

The selector 1s the heart of the signal-
mg svstem. It consists of a mechanism
unit mounted on a magnet unit, the whole
enclosed in a glass case for protection. All
the transmutting kevs are so arranged that
one second after the completion of their
calling signal, thev send out a signal which
restores all selectors under their control
to normal. . \n audible signal may be con-
nected. using an additional relay neces-
sary to handle the heavy current required
by a large gong.

A key is used by the policeman to ex-
tinguish the red signal lamp when he
takes up the head telephones. To the
richt of the kev is the green signal lamip.

indicating that the power is on the re-
ceiver, and on the extreme right is a
switch for turning power on and off.
The apparatus is readily portable. It
will be impossible for anvone to tamper
with the set when it is locked in the
patrol booth, With no wires to cut, it will
he impossible for lawbreakers to keep
the patrolman from connection with head-
quarters. Not alone ts the radio system
of police communication regarded as a
certain deterrent of crime, but its pos-
sibilities in the way of life-saving are not
to he overlooked. In case of an accident,
where quick communication with a patrol-
man from headquarters is necessary, the
radio svstem is looked upon as ideal. Also
it is felt that it will add to the security of
residents in outlving districts of the city.
The radio telephone will be an impor-
tant adjunct to the radio telegraph, which
has heen in effective use by the police
department of the City of New York since
1918 At headquarters a radio teleeraph
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operator is on duty day and night. He is
prepared {or any call that may indicate an
eniergency.

If an injured person is being brought
in on a ship, a call can be sent when the
vessel is within 250 to 300 miles of the
port of New York, and an ambulance
will be in waiting at the dock. Or, if
officials are bringing in a prisoner of im-
portance and it is desired to have an
extra guard when landing, a call is sent to
police headquarters before the ship
reaches port, and as many detectives as
are necessaty are at hand when the gang-
plank is lowered. In case of any disaster
to a ship within reasonable radio distance
of the port, police headquarters is ready (o
send assistance. Much of the work is
keeping in touch with police and fire
hoats. The following record, which is
published for the first time, is interesting,
showing as it does the large part radio
plays in the activities in and around New
York Harbor:

The total number of calls sent and re-
ceived from June 3, 1924, to June 3, 1925,
12.767, classified as follows:

Mayor's Committee, steamer Macon.... 300
Steamer Manhattan, Police Department. 10,500

From other stations, shore to ship...... 60
Shiptoshore.....cooevvveiiinninvennes 50
Suspicious boats......ooiviiiiiiiiiina 1,000

mbulance Ca5e5.. ..ot coveverriannens 5

ransmitted and received for city of-

BCIAlS o eer it itieerrirennnrnans 150
Derelicts «.oovennrineirerenssacenans . 10
For Federal Government............... S
DStress voveovuee e eeoennssonsanens 25
Shooting on steamers.........ceevuvse- 3
Calls for assistance.....ooveevvvne vune . 25
Boats on fire.........cvviiiiiiiiiann, 11
Fallen airplanes........cvceieecvannans 4
Bodies recovered.......... i ciiernaanas 100
Assaults on steamers. . ... ieeeiviriean- 12
Auntomobiles overboard................. 5
Lost boys. .o vttt iennnnn 2

It is estimated that it will cost ahout
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$50.000 to equip the City of New York
with the radio telephone system which is
being installed in the outlying districts and
points of strategic vantage. The success-
ful working of this system, which has
responded favorably to cvery preliminary
test, will mean that other large cities
throughout the world will follow New
York's lead and that lawbreakers every-
where will find in radio a new and haffling
agency, making crime just so much more
difficult to “get away with.”

Any agency or device that makes crime
more difficult has a distinct value in police
work. The radio telephone should not
only  make crime more difficult  but,
through the publicity it must inevitably
give the subject of police surveillance and
activity nd the punishment of erime and
criminals, it can become a moral force and
a promofer of law and order without a
peer. ‘The Police Department has made a
svetematic effort, throughout my adminis-
tration, to secure vigorous and sincerc
co-operation from every decent, law-
abiding citizen and evervbody or organ-
ization in the suppression of crimme. and
there is every rcason to believe that the
radio telephone will render exceptional
service in the accomplishnient of this pur-
pose. ‘These in charge of broadcasting
cquipment should bear this in mind and
also. that a heavy responsibility rests on
them in regard to the promotion of it
The potentialities of the radio telephone
arc almost limitless and the next few
vears will no doubt see some very startling
developments in it.  One of its principal
ficlds of usefilness minst always be in the
dissemination of police intelligence. and it
is to he sincerelv hoped that this marvel-
otts device will alwavs be in the hands of
those devoted to public service and the
common good.

How to Dnild a Recciver for Both Short and
Long Waves

ANotrHER constructional article—prepared by the FopuLar Rapin
Labaratorv—of particular value and inlerest to the radio cxperi-
wenter, il appear in this magasine neaxd month.



THE FUNDAMENTAL DIAGRAM OF RESISTANCE COUPLED AMPLIFIERS

This shows a skeleton circuit of the tvpe of amplifier discussed throughout this article.

The

coupling resistance is shown al R; Eg is the “B” battery, C the coupling condenser, R, the

grid-leak and L, the grid biasing battery.

The “A" batlery circuit has been omilled since

if all connections are made to the negative “ A’ battery this circuit does nol affect the external
crreuils and serves only to heat the filument.

HOW TO REDUCE DISTORTION IN

AMPLIFICATION

PART 1

‘T'HIS series of articles has been prepared for the special
benefit of the average fan who likes to build his own
receiver but who is discouraged by the usual distortion

In reception.

As most of this distortion occurs in the

audio-frequency amplifier, these articles will concen-

trate on this phase of the problem. This first article

in the series 1s a study of tube problems and of resistance
coupling methods of amplification.

By HUGH 5. KNOWLES

WITII the passing of the novelty
of radio reception an insistent
demand for good reproduction has come
from all classes of listeners-in.

Ingineers are carrying on intensive
research work in an attempt to satisfv
this requirement. Those who design our
transmitting stations have done so well
that any good broadcasting station to-
day transmits signals which are almost
perfectly modulated.

The perfection of the receiving and
reproducing apparatus has lagged far
behind that of the transmitter. This is

especially true of the receivers built
by the average fan who has only a
meager knowledge of receiver design to
call upon.

Most of the distortion in receivers
occurs in the audio-frequency amplifier
which amplifies the weak, rectified,
audible signals declivered by the de-
tector. TFurther distortion occurs in the
loudspeaker but this is minimized in
the best ones now on the market. It is
possible that a more complete under-
standing of the problems of amplifica-
tion will enable the experimenter to
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minimize the distortion occurring in his
present recciver and aid him in the de-
sign of new ones.

By dividing the problems encountered
in the different types of amplification
and presenting cach more completely
the author hopes to present some prob-
lems which have previously been under-
emphasized, primarily because of lack
of space and the attemipt by authors to
cover too much in onc article.

The problems will be taken up pro-
gressively from the point where an undis-
torted signal current is apphicd to the
input of a vacuum ube, through the
tube, the interstage coupling deviee and
to the input of the next tube in a cascade
amplifier.

IFor the sake of brevity and elarity the
more common abbreviations have been
used in discussing the vacuum tube and
its associated circuits.*

Figure 1 shows a vacuum tube. In
addition to thce usual clements three
capacities and two resistances arc shown.
The capacitics exist heeause of the ad-
jacent tuhe clements.  The various cle-
ments are comparable to small plates of
a condenser.  Generally Lhese capacities
are very small and may be neglected hut
under certain conditions which will be
investigated later they are important.

Therce is normally a flow ol cleetrons
from the filament to the plate and tnder
certain conditions to he mentioned the
erid intercepts some of them.  Work s
done in moving them, therefore some
electrical resistance exists hetween the
electrodes.  The resistance between the
electrodes of the tube and between the
binding posts in the socket will be high
cnough Lo be negligible if the tube and
socket arc properly designed so they are
neglected for our purpose.

When the grid of a vacuum tube is
negatively charged it repels the clee-
trons, as they are small quantities of
negative clectricity and like charges
repel.  The flow of clectrons from the
filament to the grid is therelore negli-

*See Appendix (a)
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gible, or what is the same Lhing the
resistance between the two is very high—
approaching infinity.

Potentials or voltages arc said to be
higher as they becomie more positive.
In a tube the peint of Iowest potential
in the filament, which is cmitting elec-
trons, is used as a convenient reference
point and all potentials are referred to
it.  The grid, for example, 1s said to be
at O potential when it is connected Lo
the negative filament terminal.

As the potential of the grid is in-
creased it begins Lo attract electrons.
This attraction increases rapidly with
an inercase in the grid voltage. Put
hfferently, the resistance from the fila-
ment to the grid decreases rapidly with
slight inercases in grid potential after a
certain point.

This cffcet is shown graphically in
Figure 2. Curve B is for a low mu
tube of the 201-a type. After the grid
becomes more than about 3 volts posi-

r Jt‘r'u‘r‘\i-"-‘f ] ‘.Pj
y !
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TWO DIAGRAMS OF A VACUUM TUBE

Fiouere 12 The upper diagram shows a tute as

it is usually drawn, logether with the inter-electrode

capacities and resistances (except the grid to plale

resistance).,  The lower is the the welical equita-
lent of the upper.
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tive the grid current rises rapidly. The
resistance from grid to filament can be
casily calculated by Ohm’s law.

R =— (1

where R is the resistance called R,
m Figure 1, E is the actual grid voltage
L., and I is I, or the grid current. I,
in Figure 2 is given in microamperes or
millionths of an ampere.

Curve A is the same tvpe of curve for
a mu 20 tube. The mu of a tube is
roughly a measure of its ability to con-
trol the clectron stream from the fila-
ment to the plate.* In a high mu tube
this greater control is obtained by making
the grid mesh finer, the grid wire larger
and by placing it where it most effec-
tively controls the flow of clectrons. e
would then expect it to intercept more
electrons at a given potential than the
grid of a low mu tube.

This is clearly shown in the curve.
The values of I, at the left must be
multiplied by ten to get the proper value
for curve A. For convenience theyv
were plotted on the same sheet. When
E. equals 2 volts positive, for example,
I, is about 136 microamperes. Multi-
plying by ten this gives 1,360 micro-
amperes which if plotted on the same
scale as curve B would be off the top of
the sheet. This gives a value of R,
of only 1,470 ohims which is in shunt to
the input.

In one corner of the chart the circuit
employed in obtaining the curve is
shown. This will be given for all
curves. Note that there is no resistance
in the grid circuit except that of the
microammeter which is negligible com-
pared to the grid-filament resistance.

If there were a resistance R,, in this
circuit and a current I, flowed through
it by Ohm’s law there would be a volt-
age drop in it given by

E =Ryl (1a)

where E is the voltage drop, R, the

*See Appendix ()
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input circuit resistance and I, the grid
current. The voltage E, actually ap-
plied to the grid would then be less
than E, by an amount R, I, as ob-
tained from (la). In the setup used
for Figure 2 as shown on the graph
this resistance was negligible hence
although I, rcached quite high values
R,, Dbeing negligible made the product
of the two negligible. In this case E,
cqualled I

Normally there is a high resistance in
the grid circuit. When this is true any
grid current causes a drop in the poten-
tial applied to the grid and decreases in
turn the amplification. Especially in
the last stage of amplification variations
in grid potential of eight or ten volts are
not uncommon and they average several
volts.

The type of distortion secured is
shown in Figure 3 where A is the input
signal applied to a grid having no bias.
This is generally the case in resistance,
coupled amplifiers since the negati ¢
bias obtained by the use of a coupling
condenser and leak is very small. On
the negative half of the cvcle there is
no distortion, as the grid current is
negligible. On the positive half, how-
ever, the peaks arc cut off, duc to the
drop through the input circuit resis-
tance R, with consequent distortion
and introduction of harmonics.

An inspection of curves A and B in
Figurc 2 shows that it is espectally im-
perative that the grid of a high mu tube
never go positive.

We have then the first requirement for
distortionless amplification: that the
grid of the tube should never go positive.
This is then the upper limit of the poten-
tial which should be applied to the grid.
Later we will find the lower limit, the
difference giving us the variation in grid
voltage which can be wused without
distortion of the output.

Figure 4 gives a series of curves of the
relation of the plate current to the
grid voltage in a vacuum tube of the
201-a type with different values of re-
sistance R in the output or plate cir-
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CURVES THAT SHOW THE RELATION BETWEEN THE GRID VOLTAGE AND
GRID CURRENT

This relationship as it occurs in an amplifying tube.

FIGURE 2:
miu 20 tube and B for a mu 7.8 tube.

Curve A is for a typical

The values of I, for curve A should be multiplied by 10.

If curve A lad been plotted with the same co-ordinates as B it would have gone off the top of the
graph at only 43 volts positive on the grid.

cuit. Curve A is made with negligible
resistance in the output circuit and is
the static curve usually given in dis-
cussing the amplifying properties of «
tube. The formula for the relation
between the two clearly shows that
although there is a portion which appears
to be linear, actually only a very small
part may be considered linear.* Only
the portion of the following curves below
O grid bias should be considered in view
of what we have found above.

It is important that the portion of
these curves below E, = O be a
straight line for distortionless amplifi-
cation. This follows from the fact that
currents of varying amplitudes mwust be
amplified proportionally. If the curve
were a parabola for example and a signal
of 2 volts were applied to the grid the
amplified signal would have an ampli-
tude of 4 units and if one of 3 volts
were applied the amplified signal would
be 9 units. The ratio of 2 to 3 is higher
than the ratio of 4 to 9 and loud signals
would be overamplified. The curve A
is more nearly a parabola than a straight

*See Appendix (¢}

line and it is evident that the tube itself
i1s a distorting device. TFortunately by
adjusting the associated circuits it can
be made to amplify almost without
distortion.

Curves B to G in Figure 4 are dynamic
curves which show the relation of the
plate current to grid voltage of a tube
with some resistance in the output
circuit which is normally the -case.
As the resistance R approaches 12,000 —
15,000 ohms, which is the approximate
plate resistance R, of the tube, a portion
of the curve becomes linear. When R
is 40,000 ohms the curve is substantially
straight down to E, = — 12 volts.
The fact that the slope or steepness of
these curves decreases as R is increased
does not indicate that the tube becomesa
less efficient amplifier. Actually it will
be found that curve G gives the highest
voltage amplification. The graphical
method of representing amplification
has not been used because in such a case
the slope of the curve has to be in-
creased to give the desired impression.

The fact that the greater portion of
the curves in Figure 4 become linear as
R is increased is very significant since
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it is this fact that permits distortionless
amplification.  We will investigate it
more fully later.

In Figure 1 there is a resistance R,
which has bheen so named to indicate
it is the resistance in the tube from the
(tlument Lo the plute.  We will call this
R, when referring (o its  resistance 1o
direct currents and r, when  referring
to alternating  currents. 11 this re-
sistunce were of the ordinary Lype the
current through it would be proportional
to the voltage across it and it would
follow  Ohm’s Jaw previously given.
If, say, ten volts were applicd and a
current of one ampere flowed then two
amperes would How if twenty volts were
applied. [If we keep all of the variables
in a vacuum tube constant and vary the
voltage Ep actually applied to the plate
(not necessarily the “I3” voltage) and
measure the corresponding chunges in
plate current we find a curve of the
result closelvy resembles curve A in
Figure 4. Using cquation (1} we can
calculate R, from such a curve. The
relation between (he plate resistance and
plate voltage is shown in PFigure 3.
‘These curves show that as the plate
voltage is decreased the plate resistance
rises rapidly.

If a resistance R is introduced in the
plate circuit the volltage E, on the
plate will Le less than the “B” voltage
by an amount equal to the drop through
R computed Ly equation (1a).  This is

analagous to what oceurs in the grid
circuit under similar conditions and 1,
is used instead of |,
expression  for

amnd R oinstead of

R The whole the

n
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voltage on the plate under static condi-
tions then is

¥, = By -—RI, (2)*

Returning to the effect of the intro-
duction of R in the plate circuit, we
find it convenient to study its effect
when R, is constant. As Figure 5
shows this is done by keeping E, con-
stant. In Figure 6 therefore E, has
been increased after every increase in
R untit E, was 90. These measurc-
ments were made with a 20l-a type
tube and curve A Figure 5 shows that
for I, = 90, R, is approximately 13,500
ohms.

It is here wvery evident that as the
resistance is inereased the curve becomes
Imear over a very considerable portion.
When R was 39,000 ohms the curve was
linear to — 28 volts on the grid which
means that distortionless amplification
could he obtained on this portion. By
operating with o negative bias of 14
volts asignal having o peak voltage of
14 could be amplified without distortion.
In practice 410 for [, is prohibitive and
subsequent considerations will show that
higher values of R should be used and
that E; can be less.

From our dynamic curves it is possible
to find the amplification that can be ob-
tained and its character. From Figures
4, 6, 7 and 8 we can find the change in
plate current which takes place with a
given change in B, and for the approxi-
male vahie of R we are using.  If we ols-
tain the variation in drop across R with

*Bee Avpendix (D)
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HOW DISTORTION IS CAUSED IN A GRID WITHOUT A NEGATIVE BIAS

FIGURE 3:

Curve A shows the incoming undistorted signal which is applied to a grid with

no bias. On the positive half of the cycle the grid becomes positive and altracts electrons thus

lowering the grid to filament resistunce.

The effect of this on the wave form is shown in curre

B, where the positive half has been distorted with consequent introduction of nrmonirs,
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THE EFFECT OF VARYING RESISTANCES IN THE PLATE CIRCUIT
F1GURE 4: This fumily of curves shows the relation between the plate current and grid volluge
in an amplifying tube tha! has varying amounts of resistance in the plate circuit. A skeleton

circutl on each graph in this article shows the method employed in oblaining it.

variations in E, we can determine the
amplification, since this drop is what is
applied to the grid of the next tube and
the ratio of the two is the amplification
per stage, assuming all of it is applied
to the next grid. Sec the amplifier dia-
gram for a characteristic circuit of this
type.

Let I, be the voltage applied to the
input of the second tube.

If an alternating current voltage c,
is applied to the grid of the first tube
there will be a variation in the plate
current i, The product of this times
R (commonly called the coupling re-
sistance) gives the alternating current
voltage drop across R (if the resistance
is non-inductive).

It 1s now evident that the amplifica-
tion is distortionless when the tube is
operated on a linear portion of the I -
E, curve because the variations in I,
arc proportional to E,. And since R
1s constant I R is proportional to E,.
Also it indicates that the amplification
of curve G Figure 4 may be greater
than that of curve F. The variations
of I, with E_ are greater in F than in
G but in the Jatter casc these variations

have to be multiplied by 260,000 and
in the former by 80,000 to secure E .
We will temporarily disregard C and
R, in the amplifier diagram and assume
all of this drop is applicd to the grid of
the second tube.

The amplification per stage is given by

LR

A= SR (3)*
where A is the amplification, u the mu
of the tube, R the resistance of the
coupling resistance and rp the alter-
nating current plate resistance which
may be considered to be half the direct
current resistance in a high mu stage.
In the average low mu stage r, is ap-
proximately .8 R.* This formula as-
sumes that all of the drop in R is applied
to the grid of the following tube which,
as will be shown later, is not always the
case.

To familiarize the reader with the
use of this formula it mav be well to
solve a typical problem. Assume that
we are using a 201-a type tube with a
mu of 10. This value is taken primarily
for simplicity although some of the
independent tubes have approximately

 * See Appendix (e).
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this value.  The coupling resistance has
a value of (12 megohm or 120,000 ohms
(this one was supposed to be .1 megohm).
A milliameter was put in the plate cir-
cuit of the tube and rhe current was
found to he o mitiampere. This
value could he predicted by examining
curve C i Pigure 7, which shows that
Tor zero wrid bias .86 milliampere Hows
in the plate Cir uit when a 135 volt ©B”
battery is used. The grid will he at
approximately this voltage sinve curve 13,
Figure 3 shows that negligible current
fows in the grid circuit. There will,
therefore, e a negligible drop in the grid-
leak, and the grid will he at approxi-
mately zero potential.  From equation

POPULAR RADIO

[Uis evident that as R gets very large A
approaches ma. The saxiniom ampli-
fication that can be obtained per stage
then is mu. The rate at which A rises
with increases in R is less than would
at hirst e expected due to the fact
that 15 is continually decreasing  and
henee R, and 1) rising,

In Figure 10 a curve is given showing
the pereentage of mu obtained  with
varving ratios of R (o r.. Since the
rate at which r will jnerease with in-
creases in R varies this is the only satis-
factory wav to plot a general curve.
The amplification in our problem could
more easily Tave heen obtained by using

3}

this curve. in the above case was

(2) we tind that b 135 — 120,000 X
D0086 or 32 volts. From Figure 3 120,000 . o= .
curve A, which is or this (vpe tube, 17.250 " approximately 6.95. For this

we  find  that R, is  approximately
34,500 ohms when B is 32 volts. We

. . 1
have said that r, s approximately S

so it will he about 17,250 ohims in this

case. Substituting these values in (3)
10 x 120,000
A= K7} ur 87,1 percent

17,250 + 120,000
of the mu of 1he tube,

vahae of the ratio we find the percentage
of nu obtained to be approximately
87.5 which agrees with our previous
answer sinee 87.5 pereent of 10 is 8.75.

To get a good percentage of mu per
stage it is well to make R Tairly high and
keep r, as low as possible by making I3,
high. This can only he done by in-
creasing By, since there will be a greater

£Ep Vorrs

THE VARIATIONS IN THE FILAMENT-TO-PLATE RESISTANCE
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FiGURE 3:

plate voltage,

U'hese curves show the way in which the filument to plute resistance varies with
Note that although the curves dv not appear to rise rapidiy as the plate voltage

1s decreased the resistance is actually increasin grapidly since the plate resistance values on the
left are high.
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Lo MULAMPERES

£ Vors Nesarive

THE PLATE CURRENT PLOTTED AGAINST GRID VOLTAGE
Frovee 6: These dynamic curves, fn which plate curvent is plotted ugainst grid volluge,
show how « greater portion of the curve becomes linear as the plate resistance R is increased,

The portion of these curves used in amplification should be linear.

drop m R as it is inereased and less of
the "B voltage will be applied to the
plate. If a tube having a mu of ten is
used and one combination gives a voltage
amplification of 6 and another 8 the
ditlerence does not scem very great.  If
say three stages are used in cascade
then the overall amplification of the
combination becomes 216 and 512 re-
spectively, which shows it is worth while
to secure the additional amplification.

A high “B” battery voltage is néces-
sary to sccure good results with this
type of amplification.  In the first place
where 135 volts is used in the plate
circuit, caleulations from the curves
given will show that only 18 to 40 volts
are actually applied to the plate the
average being about 30 for the low mu
tubes. This will be somewhat higher
for the high mu tubes due to their
higher plate resistance and averages
about 50 volts.

This low voltage mcans a high value
for R,. It also means a lower mu
Although mu is fairly constant over the
normal plate voltage range specified for
amplification it decreases rapidly when
vollages of the order of 20-25 and 30— 35
for the low and high mu tubes respec-
tively are used as plate potentials.

Figures 6, 7 and 8 clearly show the
advantage of using high plate voltages
This increases the linear portion of the
curve over which distortionless amph-
fication can be secured.  Tncreasing the
plate voltage from 135 to 180 when using
a 201-a type tube and a .12 megohm
coupling resistance increases the totul
agrid swing permissible from 10 to 16
volts.  Where a stage is to handle maxi-
mum grid voltage variations the grid
biasing battery should be adjusted so
the normal bias operates the tube in
the middle of the lincar portion of the
Curve.

In the above case, for example, a bias
of 5 and 8 volts respectively would be
used permitting a peak voltage of 5 and
8 to be applied to the grid and amplified
without distortion. [t should be re-
membered that as the signal is amplified
and inecrecases in amplitude provision
must be made for the greater variation
in grid voltage.

An inspection of the curves in Figure 8
shows that to get much variation in E,
without produecing distortion, i.e., oper-
ating where the curves begin to bend,
a high plate voltage has to be used
With only 135 volts B’ battery the
high  mu tubes should therefore on'v
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be used on the first stage or possibly
first two stages if the signal 1s weak.

Unless the voltage is raised a 20l-a
type tube which will permit higher varia-
tions in LI, should be used next. Either
a tube of this type or a power tube of
the new type should be uscd in the
last stagce both because of the larger
variation in E, which can be used and
becausc to get maximum power from
a tube the impedance of the output cir-
cuit should be equal to that of the
tube.  Since the impedance of the new
speakers 1s rather low a low value of
r, is necessary to get maximum power.

Only cnough negative bhias should be
used to prevent the grid going positive
because increasing this bias incrcases
the plate resistance of the tube which
for the reasons previously noted is
objectionable.*

So far only the problems of getting a
variation in drop arross R which was
proportional to ¢, have been discussed.

*See appendix (d).

POPULAR RADIO

They have been concerned with ampli-
fication of signals of varying amplitude.
This variation in potential has to be
applied to the grid of the following tube.
This js ordinarily done by wusing a
“coupling” condenser which offers very
little reactance to the flow of alternating
currents but practically infinite reactance
to the high direct current voltage
from the “B” battery. This is shown
at C, in the amplifier diagram.

If the coupling resistance is non-in-
ductive the drop across R will be almost
independent of frequency. When the
frequency rises to the point where the
rcactance of the interclectrode capacities
becomes appreciable there will be a
decrease in amplification with increase
in frequency.

In tubcs of the 199 type this capacity
18 low cnough so no trouble from this
source occurs for frequencies up to about
300 kitocycles. The cffective capacity
between the clectrodes increases with R
and may become ten or more times the
geometric capacity (that due to the

& rr n L4 % /4 L4 »
Lo Wours

THE PLATE CURRENT AND GRID VOLTAGE IN A 201-A TYPE TUBE

FiGURE 7:

201-a type tube with different ' B"' battery vollages (Eg) and plale resistances (R).

These curves show the relation between plate current and grid vollage for a

Note that

as the "' B" batlery vollage is increased the portion of the curves below O grid vollage which
s linear is increased; this permils a signal of higher amplitude to be ampiified withow!
distortion.
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THE RELATION BETWLEEN PLATE CURRENT AND GRID VOLTAGE FOR A
MU-20 TUBE

FiGURE 8: These curves correspond to those in Figure 7 cxcept that they are for a mu-20

tube. These show that only a very smuall grid variation can be permitted if dislortionless

amplification is to be secured. If grid variutions of the order of thuse permissible on u 201y

{ype lube are to be used the "'B"" butlery voltage witl have to be about 100 as shosen in curve 4.

dimensions of the elements, spacing,
cte)) and therefore more serious*  In
high mu tubes this capacity is large
and may Dbecome objectionable at the
higher audio frequencies.  Considerable
trouble from this source can occur in
very high mu tubes having a low
mutual conductance or high plate re-
sistance.

Where a zoupling condenscr is used,
as is generally the case, there may be
marked frequency diserimination.  This
is frequently disregarded and the plot
of amplification ¢f such an amplifier
against frequency is represented as a
straight line. The reactance of this
condenser is inversely proportional to
the frequeney.t  This capaciiy in series
with the tube input capacity, the re-
sistance R, and grid-lealr (these three
being in parallel), is in shunt to the
resistance R. It is quite evident that
if the leak has a low resistance, and the
input circuit low resistance, such as is
obtained with a positive grid, the im-
pedance of the output circuit of the
first tube will vary considerably with
frequency. If the grid is kept negative

*Ree figure 16 in R. B. King's "Thermanic Vacuum
Tubes and Their Applications,” —1ell Tech. Journal,
Oct., 1923,

{See appendix (f).

R, can be neglected. I then the leatr
can be kept high the capacity of the
coupling condenser can be fairly low
without the variation in its reactance
over the range of say 60 to 3,000 cycler
causing much frequency diserimination,
The voltage across R, divides itsell he-
tween Cand R, The drop in C is pro-
portional lo its reactance.*

If, as 1s generally the case, the grid
is operated with no bias there is a re-
sultant accumulation of ¢lectrons on the
grid, due to the occurrence of a rectify-
ing action (sce Figure 2) which is similar
Lo that in a detector tube having a grid
condenser.  This must be removed to
minimize distortion. .\ time constant
of discharge enters here.t This is one
of the reasons a lower resistance leak is
commonly used in the last stages of an
amplifier of this type. The grid be-
comes more positive and more charge
accumulates which has to be removed
to minimize distortion.  This lower
resistance leak, however, introduces the
distortion previously mentioned.

If only a .006 coupling condenser is
usced and a .1 meg lealk, the variation in
amplification over the audio range may

*See appendix (D.
tSee appendix (g).



be as high as 75 percent depending on
r,. To minimize this a coupling con-
denser of at least .1 microfarad should
be used. A .5 microfarad condenser is
somewhat better although increases in
capacity after this do not give a cor-
responding lessening of frequency dis-
crimination.®

Where the input to the first stage is
connected to the output of a regenerative
detector a .001 or .002 mfd. condenser is
frequently connected across R to offer
a low impedance path to the radio fre-
quencics. An inspection of the circuit
used will show that this is across r,.
The variation of reactance of this con-
denser to audio-frequencies may be
cnough to cause very marked frequency
discrimination with consequent distor-
tion. This condenser should be as
small as possible to sccure oscillations.
If this has to be fairly high it is better
to use a transformer in the first stage.
The circuit comprising the primary of
the transformer and this condenser can
still offer inductive reactance to the
low frequencics.

Reviewing briefly then what has been
found note that the grid should never
go positive in a high mu tube and only
very slightly so, if at all, in low mu
tubes. The value of R, the coupling
resistance should be several times that
of r, the alternating current plate
resistance, to securc a reasonable pro-
portionn of the voltage amplification of
the tube and to increase the lincar
portion of the dynamic curve. This
in turn means a high value of E; to
keep E, fairly high and r, low. Since,
except in the last tube, we are interested
in voltage amplification high mu tubes
should be used if possible. It must be
remembered that the linear portion of
a high mu tube is proportionally less
than that for a low mu tube and if it is
to be used after the first stage a high
plate voltage must be used to increase
this linear portion. If this cannot be
done a lower mu tube should be used.

*Gee appendix (h).

POPULAR RADIO

The coupling condenser should be large
and the leak have a high resistance
so the variation in the reactance of the
coupling condenser at audio frequencies
1s only a small proportion of the resist-
ance of the leak. To keep r, as low
as possible (i.e., the effective plate
voltage as high as possible) the negative
bias should not be higher than neces-
sary to prevent the grid going positive
in successive stages. It should, there-
fore, be increased in the last stages.

An inspection of the curves given will
show that there is considerable latitude
in the choice of constants for an ampli-
fier depending on the tubes, ‘“B’ bat-
tery voltage, etc.

The foregoing material has been pre-
sented in the hope that enough of the
fundamental principles involved have
been given to permit the designing of an
amplifier for a specific need.

Appendix

(a) The capital letters E, I and R are used to
denote respectively direct-current voltage, cur-
rent and resistance. For convenience the small
letters €, 1and r are used to denote respectively
the alternating current voltage, current and
resistance. The subscripts g, f and p denote
respectively grid, filament and plate. Rp for
example denotes the direct current plate re-
sistance and e, the alternating voltage on the
grid. X is used to denote reactance with the
subscripts ¢ and L to indicate capacitative and
inductive reactance. The subscripts B and C
indicate the usual ““B" and “‘C" battery eircuits
and are used for example to distinguish between
the voltage of the “‘B" battery and that actually
applied 1o the plate. Ej indicates the “B™
battery voltage and Ep the voltage actually
applied to the plate, the two being equal only
when there is no resistance in the output circuit.

In Figure 1 C,., indicates the capacity from
grid to plate, and so on.

(b) ‘Mu is the ratio of the plate to grid voltage
variations which produce the same changes in
plate current.

{(c) Van Der Bijl's formula in his “Thermionic
Vacuum Tubes which holds to a first approxima-

tionisIp = (% + Eg + 0)2

(d) The effective voltage on the plate is of
course a function of the grid voltage. For grid
biases below O the effective voltage 1sE, — p E,.
To compute the plate resistance from Figure 5
for values of E, other than O use this relation-
ship to secure the effective value of E,. If the
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A CURVE THAT SHOWS THE PERCENT MU AMPLIFICATION PER STAGE

FIGURE 10:

This curve shows the percent mu (of the tube) amplification which can be ob-

tained per slage as the ratio of the coupling resistance to the plate resistance is varied. This
shows both that mu is the maximum amplification which can be oblained per stage and that
the amplification oblained approaches this value as the ratio of the coupling to plate resistance

becomes very high.

It also shows tha! the plate resistance should be kept low by keeping the

plate voltage high.

bias is—2 for example and E, is found to he 30,
the mu of the tube 10, then the effective value
of E; is 30 — 10x 2 or 10 volts. Reference to
Figure 5, then, will give R,,

{e) The amplification per stage is the ratio
of the output voltage to input voltage consider-
ing all of the output voltage to be impressed on
the sccond grid. By definition (see (b) above)
# Eg = E,.  That 1s a variation in the grid
voltage of E; will produce mu times this varia-
tionin E,. Thercfore i, the alternating current
component of the plate circuit in which we are
interested is expressed by

Ip= s Eg
T R

(4)

For simplicity this can be understood best by
referring to (1). Equation (4) is comparable to
(1) except that alternating voltages and re-
sistances are taken into consideration. In our
case we have used non-inductive resistances so
that their alternating current resistance is sub-
stantially the same as the direct current resis-
tance and this value of R can be substituted
directly. However, r, is not equal to R, as
was pointed out above but is approximately

half R,. To get r, divide R, derived from
Figure 5 by 2. * Eg’ is then the product of i,
and R or

Eg =i, R= T,ﬂ‘::_.g'% (5

the total amplification is the ratio of (5) and (E,)

or
A_E_g_‘_ s I
— Eg "+ R

(%

This shows that r, must remain constant over
the portion of the curve the tube is operated on.
For the portion of this curve that i1s linear r,
is constant as computations will show. The
alternating current plate resistance rp, is the
slope of the effective plate voltage-plate current

curve. This slope is 2 in the average tube and
approaches the theorctical value 1.5 when the
cfiective voltage is large in comparison with the
potential drop in the filament. An inspection
of Figurc 8 will show that the slope is roughly 2.
The curves in Figure 7 give a value of approxi-
mately 1.1. The avcrage low mu stage gives
a valuc of about 1.23.

(f) The reactance of a condenser X, is ex-
pressed by e
= 2x{C
where f is the frequency, C the capacity in
farads, » = 3.1416 and X, is measured in
ohms. Thedrop in voltage across this condenser
is proportional to its rcactance. This portion
of the voltage across R is lost, only the drop
across the leak being awvailable for the second
grid. If the leak is madce large, say, .5 to 1
megohm, then the difference in reactance of a
.1 microfarad condenscr to frequencies of from
60 to 3,000 cycles will only be a relatively small
proportion of the whole, A .5 microfarad coup-
ling condenser is satisfactory for the average
amplifier.

(g) Sec chapter on dctection in “‘Principles
of Radic Communication” by J. H. Morecroft.

(h) If a more perfect amplifier is wanted, one
that will give amplification below 60 cycies, or
one which will amplify direct current variations,
a more ncarly aperiodic amplifier can be made
by climinating the coupling resistance. In this
case & ‘'C" battery having a voltage cqual to E,
plus E.’ should be connected where the coupling
condenser normally goes (Ec¢’ being the bias
wanted on the second grid). This then “counter-
acts” the plate potential of the previous tube and

ives a resultant negative value in addition.

his will be aperiodic up to frequencies for
which the reactance of the interelectrode capa-
cities is appreciable.

e



“A4 woman 1s enlyv a waman” the
poel Kipling may write, bt a

good pipe is a crystal re-
cerper,” fohn Kott of
Chicago paraphrases.
e built tie set
for §i 0.

Some

Underwom! & Tindeowonl

STUNT SETS

Peculiar but Practical Reccivers
Built by Radio IFans

Kadel & Merbert
Kadel & Herbeit This minfature set. built in a toy piano by C. 1V,
R. G. Fechrenz of Rrooklyn can listen in on a (. Browon. may play the famons “Prelude” of
prohihition lecture that isswes from a set built  Rachmaninoffi—if the famous " Preiude” of
i a becr-mug—if he wanlts to. Raclimaninoff is heing broadcast from a studio.
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Kadel & Illerbert

This minmiainre vadio sct twas built in and abou!

an ordinary malchboy by Ldward Bessinger of

Elmhurst, N. V. The erystal detector has been

placed nside while the sct is tuned by shiding
the cover on and off.

e !

gl

b
Pacific & Atlantic

o

i

Herbert

Radel &

This one-tnbe sct built by F. G. Mathews of

North Bergeén, N. J. in which a simple regen-

eralive cirentt 1y used, scarcely covers the whele

of a man's hand. Although the set has been

compactly buill there is httle crowding of the
mstyiments,

To while away her spare moments while wailing to keep appointments. Miss Addie
Rolf of New York necd mevely 1o open her lcather card case and listen in on what
the wild ether waves are saying. But who would hecp Miss Rolf waiting?
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CRITICAL WIRES IN A RECEIVING SET

I"1GURE 1:

IChen you connect up your receiver, it is essential that some parts of the wiring
be as short us possible and that they be kept separated from other wires.

In the nentrodyne

circuil (as shown above) the most critical wires are those shown i the wiring with small

rungs crossing them,
spaced for the best resulls.

The wires shown in heary blarck lines are less critical but should be
Al the other wires shown in the diagram may be bunched to-

gether und run in a cable.

Important Kinks in Wiring

What wires to “bunch,” what wires to isolate
and when to use spaghetti covering.

By LOUILS W, HATRY

N general Tworing™ can he done in two
wayvs and with two kinds of naterials,
First, there is bus-har wiring which is
squarc-riggred,  a thing of  geometrical
heauty and nicety.  And there is the
popular - “straight-line wiring.”  The
pomt of the latter is that it docs not
choose square corners or parallels; it
climinates care and accuracy,

Both kinds of wiring can be done with
stff or flexible wire.

The hus-wiring looks hest if square
or round hus-wire is used, covered (or
not) with spaghetti.

The straght-line wiring, which is the
simplest, mayv he done cither with stiff or
flexible wire, but the fAexible wire is casi-
cst to handle so it therefore fits in with
the nature of the straight-line joh.,

It is but natural that the bus-wiring is
generally preferred. 1t is a Dheautiful
way to connect up, if it is done properly,
Done improperty it will make a maze that
18 fairly dizzving.  To aveid the marze

requires a little thought in Tooking Jor
short-cuts that require a minimum of
bends,

Don’t let the difference hetween square
and round hus-wire hother vou insofar
as losses are concerned. Choose one or
the other only by your preference in ap-
pearance, The writer, for instance, ltkes
best and almost consistently uses square
bus-wire,  But he has met many people
who like round bus-wire for no other
reason than its appearance.

For the same reason, use—or don't
use—spaghetti. In the audio-frequency
circuits spaghetti cannot matter. In the
radio-frequency circuits it will not make
nuich difference if you take the necessary
precautions of spacing the wires properly.
Its loss can only he a diclectric one.

The size of the bus-wire should not
bother vou. In self-supporting wiring,
the wire must he of sufficient size and
of the proper material to have the re-
quired stiffness, rigidity, for self-support,
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In straight-line wiring the wire may he
relatively small.

There are rather radical differences in
the necessary methods of wiring of the
radio-frequency circuits of a receiving
set and the audio-frequency and direct
current circuits. The two divisions of
radio-frequency and audio-frequency are
sufficient for discussion here. °

A five-tube circuit, with two stages
of tuned and neutralized radio-frequency
amplification, with a vacuum tube de-
tector and two stages of audio-frequency
amplification will be taken as an ex-
ample,

In Figure 1 are shown the radio-fre-
quency circuits of the set mentioned.
Some of the connections are crossed with
little rungs, some are left plain and still
others heavily lined. Differentiation was
necessary, the reason for which will later
hecome apparent.

755*957’_56‘7234’ '

The coils, it must be mentioned, should
e mounted in a clear space with no wires
run through them or near them if such
can be avoided. If a wire must come
near, do not let it come nearer than one-
half inch.

As most of us choose bus-wiring be-
cause of appearance and in spite of
added capacity, respect for the capacity
it does add should make us take the nec-
essary precautions to see that the ca-
pacity is kept low.

The condenser, in turn, must be
mounted away from the coil for two rea-
sons; first, to keep the capacity relation
low and, second, to keep eddy-current
losses down.

Both effects are important.

Those leads that are at highest radio-
frequency potential difference to the
grounded parts of the circuit are marked
by the tiny rungs. These leads should
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HOW TO WIRE A TWO-STAGE AUDIO-FREQUENCY AMPLIFIER

FI1GURE 2: ‘
wiring up an amplifie? such as this.

The author tells in this article some of the precaulions that should be taken in
One of the important poinls is to bunch the ﬁiament

circuils and **B" battery wires.
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A NEATLY WIRED RECEIVER

FI1GURE 3:  Notice that the regular square bus-bar tvpe of wiring is used and notice how
neal are the right angle tirns.

be short. They should cross others at as The leads of next importance are the
nearly right-angles as possible. These heavy lines of Figure 1. In general these
leads should be well separated from any leads carry radio-frequency current or
leads that they parallel. are at some radio-frequency potential



Fiotre 4:

FIGURreg 5:

IMPORTANT KINKS IN WIRING

A TWO STAGE AMPLIFIER

This picture shows how the diagram in Figure 2 was used for wiring up the
two stages of lransformer-coupled awmplification.

A SKELETON OF A TUNED-RADIO-FREQUENCY SET

Notice that the wiring of the filament circuils of all the tubes is run together in
a bunch.  This is what the author refers to when he speaks of “bunch-wiring."




AN EXAMPLE OF GOOD WIRING

Ficrre 6: This picture itlustrates the layouf and

wiring for one stage of tuned-radio-frequency

amplification with regenerative detector and Fwo

stages of transformer-coupled andio amplification.

The «wiring s done with square bus wire, and

spaghetfi is used only where absolutely necessary
fe prevent short circuils.

POPULAR RADIO

Another Hotfman Chart

Ix Porcviar Ranio for next month—March-
will appear No. 14 of the series of computation
charts designed for the practical guidance of
the cxperimenter who designs and builds his
own scts. This chart il give a simple and
accurale wethod of calenlating the inductance
of toraid coils.

above the grounded parts of the circuit.
They should also be as short as possible,
and they should be well separated. Such
leads should lLe separated by a distance
of about an mch when run parallel.

The leads of which the length is least
nportant and of which the refation to
each other is entirely unimpertant, are
marked in light black.  This is because
they are at ground radio-frequency po-
tential—zero. They are of a definite po-
tential, however, in relation to the
“runged” connections. Tt is sometimes
convenient to run these “ground wires”
all together. Tn the analysis of the cir-
cuit from a radio-frequency standpoint
the “B” battery leads to the coils are con-
sidered to be at zero potential although
theyv do have a definite DC potential.

Next look at the circuits in Figure 2.
These are the audio-frequency circuits
of a Ave-tube set. Every lead shown car-
ries current vibrating at audible frequen-
cies or rather some audio-frequency po-
tential with respect to other parts of the
circuit.

As nstalled an the average radio re-
cetving set the leads to the audio-ire-
quency circuits are usually kept short.

Very short leads in an audio-frequency
amplifier are not nearly as important as
in the radio-frequency currents.

Spaghetti on the wirtng adds no losses
in an audio-amplifier. The filament or
DC wiring should generally he run along
the sockets close to the haseboard. This
will leave 1more room for the remainder
of the wiring. l.eads can be taken off
to the rheostats and filament terminals.
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From a photograph made for PopuLAr RapIO

HOW WATTAGE IS FIGURED WHEN RESISTANCE AND
VOLTAGE ARE KNOWNXN
The cffective resistance of the four resistances that are connected in parallel is 5 ohins
wehich is obtained by adding their reciprocals or 1720 which will equal 4/20 and then
dividing this answer into one.  The quoticnt is 3 ohms. This 5 ohins is added to
the 20 ohwms at the left with weliich the four paralicl resistances are in series. The
total effective resistance of this circuit is thew 23 ohms. The text cxplains the rest
of the problem.

HOW A CRYSTAL RADIO
RECEIVER WORKS
Chalk Talks in Radio—No. 4

This is the fourth article of the series. The preceding articles
were “Ohm’s Law in a Nutshell,” “Watt's Law in a Nutshell”

and “What Current Means in Radio.”

Keep these articles

for reference

By 1. W.

HE answer to the problem in the last
chalk talk is as follows:
30 volts divided hy 25 ohms equals
2 amperes.
2 amperes times 50 volts equals 100
watts,
100 watts then is the power that was
represented in the electrical cirenit that
contained a number of resistances,
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In this talk we will confine our conver-
sattons to radio proper.

We will put a simple radio receiving
set on the table, and pull it apart.

I“irst. we'll Top off the antenna and put
it in the upper left-hand corner of Ihg-
ure 1. This symbol looks like the letters
17" and V" placed upon one another.

The antenna is that part of a recetving
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set that reaches out into the ether, gath-
crs -in the high-frequency current and
leads it down through the entrance switch,
through the primary of the loose coupler,
and into the ground.

The symbol for electrical “ground’ or
“earth” is a vertical line with a few short
lorizontal lines underneath it. This is
shown to the left at the hottom of Fig-
ure 1.

We spoke of loose couplers and high-
frequency current, a moment ago. In the
coupler the current leaves the primary
which 1s at P in Figure 1, and passes into
the secondary winding at S. How does
this happen?

It is like this:

When some broadcasting station is
sending those high-frequency waves that
fly around everywhere at the speed of
light until some of them run into one of
the thousands of antennas that are almost
as conspicuous today as telephone lines,
they induce in the antenna the electric
impulses that flow down the lead-in wire.
They come to the primary of the loose
coupler, and rush through its windings.
This causes a sympathetic electric wave
motion through the secondary circuit, but
in this case the impulses are caught like
rats in a trap. Then, here they go along
the winding, and over the other wires
toward the detector.

When they start through the crystal

POPUL AR RADIO

detector, it becomes “peeved,” and throws
a “caloric fit.” The detector in its refusal
to allow these impulses to flow through
in one direction. totally forgets about the
impulses from the opposite direction, and
they slip past the unsuspecting crystal.
One-half of these impulses then dashes
mto the condenser, like fiddler crabs into
the sand.

And blam! before they discover they
can't get through the dielectric, the micro-
farads kick them out, heels over head.

So, into the windings of the receiver
they go. pellmell. and mad as hornets
because the microfarads kicked them out
of the condenser. They hit the ohms in
the receiver coils like Yale’s eleven hitting
Harvard’s defense line in a foothall
championship game,

The ohms da their best to stop the
milhamperes’ mad onslaught, but they
find it impossible. The milliamperes over-
come the ohms’ resistance and on thev
go through the very heart of the tele-
phone coils. This turmoil going on all
around the cores of the coils makes them
nervous and shaky. This attracts the at-
tention of the telephone receiver’s dia-
phragm and it vibrates in sympathy.with
the cores, hut irs so doing never shirks its
own duty, which is the changing of the
electric impulses into sound waves, That
is the drama that goes on inside a simple
racdio circuit,

[
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A SIMPLE RADIO RECEIVING CIRCUIT

Figure 1:

P represents the primary of the loose coupler and S the secondary.

The symbol in the center is used to represent a crystal detector; the short parallei
lines at the right designate a fixed condenser; and fhe two coils at the extrente right
are symbols for headphones.
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HOW THE APPARATUS
LOOKS IN USE
The rectangular leather-covered box shown on
the desk above contains the microphone that
picks up the sound vibrations af the voice and
coneerts them into electrical encrygy. Current (s
drazen from the four dry cell batteries. The
picture on the right shows how the reeciver is
held close to the sensttive skin of the palm of the
hand so that the vibrations may be casily heard.
Professor Robert [l Gault, the inventor, is

showen experimenting with the apparatus.

Helping the Deaf to Hear
Through Their Hands

O restore the ability to “hear” to

those who are deaf, a specially con-
structed telephone that purposes to pro-
vide new ears for them in the palms of
their hands has heen developed by Pro-
fessor Robert H. Gault of Northwestern
University.

The basis of his device is to convey vi-
brations of sound by mechanical means
to a sensitive skin area, where they may
be felt and translated back into words.

The apparatus, (as is shown bv the il-
lustration reproduced on this page), is
simple. A microphone operated by drv

cell hatteries picks up the sound of the
voice and transmits it to a telephone re-
ceiver which is placed in the palm of the
hand. The vibrations are then carried to
the sensitive surface of the skin through
the diaphragm of the receiver.

Previous experiments along this line
have shown that persons who are totally
deaf may “hear” and enjoy musical vibra-
tions such as those obtained by placing the
fingertips upon the sounding-board of a
piano : but this is thought to be the first
time that the sense of touch has been used
to interpret the vibrations of speech.
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A WASTEFUL METHOD FOR CONNECTING GRID RETURNS

FIGURE 1:

This diagram shows a poor method, from an efficiency siandpoint, of connecting

the grid returns of a radio-frequency amplifier. Notice that thev are connected to the posi-
tive filament terminal which produces a large drain on the “B" balleries.

How to Cut Down
Your 'B" Battery Bill

Do your “B” batteries run down quickly? If they do—
read this article. It tells how to reduce the drain on your
“B" batteries and at the same time get better reception.

By EDGAR

ECONOMY of operation is rarely
viewed with the same impottance
as selectivity, sensitiveness and volume
when a new radio receiving circuit 15 de-
cided upon.  Yet, by the observance of
a few simple precautions, it is possible
to cut the "B battery bill almost in half,
without sacrifce of any of the other de-
sirable qualities of the ideal receiving set.

Before analyzing several of the most
widely used circuts, it is destrable to un-
derstand why “B" battery current mn a
receiving circuit mav be reduced. without
volume or sensitiveness,  Then
the reason for the shght circuit changes
suggested will be at once  clearly ap-
parent _

e useful output of any vacuum-tube
circuit are radio-frequency or audio-fre-
quency gariations in the “B7 battery cur-

Joss of

H. FELIX

rent. A vacuum-tube amphfier should
mcrease the relative intensityv or ampli-
tude of these variations, whether of audio
or radio frequencies, without atfecting
their frequency. '

The output of the “B" bhattery is. in
effect, a direct-current carrier, passing
through the plate circuit of a vacuum
tube. As small voltage varations are
mmpressed tpon the grid, the plate cur-
rent, drawn  from the "B Dbattery
through the meshes of the grid. 1s caused
to vary but to a much greater degree
than the impulse supplied to the grid.
Ilence we have an amplified reproduction
of the cwrent in the grid circuit im
pressed upon the direct current passing
from the “B™ battery through the tube

The amounts of “B* batterv current
therefore. need not be larger than is
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necessary to accommodate these wvaria-
tions.

An analogy may make this clear:

Suppose you were attempting to com-
municate signals by means of waves in
a trough. By splashing the surface of
the water with a paddle at one end of
the trough, it would convey, by means
of the ripple making its way to the other
end, a visual signal. The amplitude or
height ot the ripple might be but half an
inch. As long as the water were at least
half an inch deep, you could communi-
cate half-mch ripples to the other end.
There would be no improvement in this
primitive communication system if the
depth ot the water were increased to two
or six feet,

The water, in this analogy, represents
the plate current; the paddle, the grid;
and the ripples, the fluctuations or useful
output of the tube.

Wastefulness of “B™ battery current
is the result of passing six milliamperes
through a vacuum tube for the purpose
of accommodating fluctuations corre-
sponding only to a half a milliampere,

There are three simple methods of re-
ducing plate current:

Fiist. by maintaining the correct po-
tential relationship between grid and fila-
ment through the use of a “C” hattery

135

or by utilization of the negative drop
across the rheostat in the negative fila-
ment lead;

Second, by employing the lowest-plate
voltage which gives good resuits;

Third, by regulation of the filament
current to the minimum which maintains
good quality of reproduction,

The elements of any multi-tube radio
receiver may be generally classified into
three general parts:

(I} Those handling radio-frequency
currents:

(2) Those concerned with rectifica-
tion;

(3) Those devoted to amplification of
audio-frequency currents,

Economy measures of a different na-
ture are applicable to each of these gen-
eral elements of radio receivers.

In reflex circuits these functions are
combined in whole or in part and con-
sequently the same economy measures,
which can be applied to receivers having
these circuit elements separated, cannot
be incorporated in most reflex circuits.
Reflex circuits depend for their economy
on the fact that fewer tubes are required
to do the same work rather than on in-
dividual economy per tube,

Negative biasing cannot always be ap-
plied successfully to the rachio-frequency
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THE CORRECT GRID RETURN SCHEME

Fiovre 2: Tins diagram shows You how
relitrn o v negaliie return.

to change the grid connections from a positive
Natice that in both cases the grid relurn wires are connected lo a

foint between the rheostats and the filament ternmiinal, thus reducing the drain on the “B"
buallery considerably by muaking the grids more negalive.
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A SUPERHETERODYNE THAT CONSISTS OF TWO DETECTORS, THREE
INTERMEDIATE-FREQUENCY RADIO AMPLIFIERS, AN OSCILLATOR AND
ONE STAGE OF AUDIO \MPLIFICA TION

Ficure 3 (Apov E) This cirenit 1s exceedingly wasteful of B batieries and wounld cause
them to run down in a month or so. See Figure 4 for the information that wonld cut down
the druin on the baileries.
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THE CORRECT HOOK-UP

Ficure 4 (BELow): This diagram is a revised edition of that shown in Figure 3. Notice
that twe (" batteries are incorporated—one in the grid circuil of the oscillator and one in
the grid circuit of the audio amplifier. Notice that the three radio-frequency amplifiers also
have their grid returns connecled lo the 1 Ya-volt "'C' battery. This cuts the drain on the
total circudt approximatety in half when considered from a ‘B’ butlery standpoint.
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THE CONNECTIONS FOR THE NEUTRODYNE WITHOUT “C” BATTERIES
AND WITH POSITIVE GRID RETURNS

Fi1GURE 5:
quickly.

amplifier operating on broadcast frequen-
cies lhecause, in unstable circuits, it will
make the amplifier oscillate. The prin-
cipal economy measure which can be
taken advantage of in the radio-ire-
quency ammplifier is the use of compara-
tively low plate voltage.

Many receiving sets are equipped with
a single, high-voltage binding post sup-
plying the plate circuits of both radio
and audio-frequency amplifier tubes.
While high voltage 15 desirable to secure
the utmost audio-frequency amplification
of good quality, it is not essential to ef-
fective radio-frequency amplification.
Consequently, separate plate-potential
binding posts for radio and audio-fre-
quency amplifier tubes permit the use of
45 volts on tlie radio-frequency tubes
and 90 volts on the audio-frequency am-
plifier tubes, securing the greatest pos-
sible economy without sacrifice of signal
volume.

In the case of neutrodyne circuits,
however, hecause of the increased plate-
circuit impedance resulting from reduced
plate voltage, there is loss of signal
strength during long distance reception
when 45-volts plate potential is used in-
stead of 90. For local reception this ts
not a disadvantage. As most listening is
done with local stations it is desirable

This is « wasteful procedure and causes the '*B" hatteries to run down too
The praper “over-ail’’ connections are shown in Figure 6.

to have easy means at hand for changing
plate voltage as required by receiving
conditions. A good test clip on the radio-
frequency “B” Dhattery lead makes it a
matter of a moment to change the plate
voltage from 45 to 90, when long dis-
tance work is attempted. This slight ef-
fort amply justifies itseli in the longer
life secured from “B" batteries. if only
45 volts is used during local reception.

One measure can he applied to any
neutralized radio-frequency circuit, with-
out likelihood of causing self-oscillation.
The grid return, leading from the sec-
ondary inductance to the filament, should
be connected with the negative filament
lead, between the rheostat and the nega-
tive side of the A" hattery. In this way
the small potential drop across the fila-
ment rheostat is utilized in reducing the
plate current. In a normally stable cir-
cuit this amount of negative drop is not
sufficient to cause self-oscillation, yet it
is sufficient to reduce the plate current
to a measurahle extent.

Figure 1 shows two stages of neu-
tralized tuned-radio-frequency connect-
ed so that it draws 12 milliamperes, and
Figure 2 shows the same amplifier re-
wired with the result that plate-current
drain is reduced to ahout 9 milliamperes.

Radio-frequency  circuits  depending
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upon a potentiometer to prevent self-
oscillation are inherently wasteful Dbe-
cause the function of the potentiometer is
to place a positive bias upon the grids,
which greatly increases the plate current.
There is no remedy for this, inasmuch
as cven a small negative bias causes this
kind of amplifier to oscillate continu-
ouslv.

The use of moderate filament bril-
liancy, by cutting down filament current
with the rheostat, not only reduces plate
current to a marked degree hut prolongs
tube life and conserves filament current.
The radio-frequency amplifier, handling
as it does minute currents, is not improved
in its effectiveness by heavy flament
emission. Many receivers are therefore
equipped with two fitament rheostats—
one for the radio-frequency tubes and
the other for detector and audio-fre-
quency amplifier tubes—so that great
economy is attamahle in the radio-fre-
quency ammplifier, while maximum volume
output is at the same time secured from
the audio-frequency end of the receiver
through the use of greater filament cur-
rent.

With receivers equipped with a single
rheostat for all tubes it is necessary to
increase the filament current for all
tubes to the maximum required by the
last stage of audio-frequency amplifica-
tion. Since successive stages of amplifi-

cation have made the variations in the
last amphifier circuit large as compared
with those in the first tube of the re-
ceiver, there iz obviously, as the analogy
in the earlier part of this article pointed
out, a considerable waste of plate-battery
current to use as much filament current
in the radio-irequency end of the set as
i the audio. On the other hand, reduc-
tion of plate current to an amount less
than that required by the variations in
the audio-frequency amplifier results in
distortion. Two filament rheostats over-
come this wasteful practice,

One habit of inexperienced listeners
when receiving an excessively loud sig-
nal from a nearby hroadcasting station
is to reduce volume by detuning. Vol-
ume can be reduced just as effectively hy
reducing filament brilliancy with the fila-
ment rheostat, resulting in saving of
“B” battery. “A" battery and tubes. De-
tuning, on the other hand, is equivalent
to the practice of a motorist who attempts
to reduce the speed of his car by step-
ping on the brakes, with the throttle still
open'!

The most economical method of con-
necting an ‘intermediate-frequency am-
plifier in the superheterodyne is dis-
cussed when that circuit is taken up in
detail.

To secure the greatest sensitiveness in
the detector, it is necessary to place the
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AN EFFICIENT NEUTRODYNE CIRCUIT

FIGURE 6: In this diagram the grid returns cre connected to the negative sides of the fila-
menls in the radio-frequency amplifier and the two audio-frequency amplifiers are provided

with a negative "'C” battery of 415 volls.

Nolice, however, that on the detector a positive

grid return is correcl.

filament rheostat in the negative lead and
to connect the grid return from the sec-
ondary inductance directly with the posi-
tive filament lead. Low plate voltage,
however, is not only possible but desir-
able.  Although the UV-201-a tube will
operate satisfactorily as a detector with
90 volts on the plate, the most effective
voltage is either 2275 or 45 volts, accord-
ing to the characteristics of the particu-
lar tube.

The “C” battery should be installed in
every audio-frequency amplifier. It not
only substantially reduces operating costs
but improves quality of reproduction as
well.  The negative terminal of the “C”
hattery goes to the grid return and the
positive to the negative filament lead.

As an indication of the saving which
this useful battery can achieve. its in-
staflatton in a Crosley Trirdyn, for in-
stance, reduced the plate current from 13
to 5 milliamperes; a Teledvne set has its
total plate current dropped from 11 to 5
milliamperes.

In view of the long shelf-life attain-
able with modern “B” batteries, particu-
larly in the larger sizes. reduction of
plate current results in proportionate sav-
ing of “B” battery operating cost. There-
fore any measure of economy, even with

a set drawing but little plate current, is
highly desirable. Now let us consider the
principal kinds of receiving sets to which
the economies outlined may be applied.

The simple regenerative receiver with
two stages of audio-frequency amplifica-
tionn is most economical when:

1. The lowest effective voltage is used on
the detector tube, through a separate "I} hat-
tery: binding post for the purpose.

2. The lowest effective plate voltage is ap-
plied to the amplifier tubes to secure satisiac-
tory volume and quality. through a separate
binding post for the amplifier tube "B'" bhattery
supply.

3. 4Y5 volts negative bhias is applied to the
grids of the audio-frequency amplitier tubes.

Tuned-radio-frequency circuits. wheth-
er neutralized according to the Ilazel-
tine method or otherwise. are most eco-
nomical when hooked up as shown in the
illustration, which embodies the follow-
ing features:

I. Separate binding posts for detectnr, radio-
irequency and audio-frequency amplifier plate
\'oltglge, pcrmnting the use of the lowest ef-
fective voltage in each circuit.

2. Grid return of radio-frequency tubes con-
nected to negative “A” battery. \With the fila-
ment rheostat in the negative filament leg.

3. 4% volts “C” battery for audio-frequency
amplifier tubes.

All plate voltages should he adjusted
to the lowest effective operating point.
Sometimes only 45 volts is required for
all tubes when listening to local stations
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while Dest long-distance work is done
with 90 volts.  In that case the “B” hat-
tery lead should be cquipped with a test
clip so that these changes may be made
conveniently and quickly,

The superheterodyne circuit is more
widely abused than any other. Some
home-made  superheterodynes have heen
found which draw as high as 100 milli-
amperes!  Yet the fullest Capal)ih.ties of
this circuit may be taken advantage of
with a receiver drawing but 20 milli-
amperes or even less from the "B Dbat-
tery. There is no good reason why a
superheterodyne should draw substan-
tially more current than this, and if vou
have one which does so it is well worth
while to constder the following economy
neasures :

I. In the oscillator: (a) Do not nuse more
than 43 volts plate potential; more than this is
wastefnl and unnecessary: (b) Use 115 vols
negative hias on the grid return; this sub-
stantially reduces the current drain of that
part of the receiver.

2. I the detector circnils:  (a) Do not use
excessive plate voltages: 22¥: is oiten suffi-
cient: more than 45 is wasteful. )

3. I the intermediate-frequency amplifier:
(a) Do not nse more than 45 volts plate poten-
tial ; many superheterodynes use 9. (b) Use
1v4 wvolts negative hias on the grids; this re-
sults in substantial savings. )

4, In the audio-frequency amplifier: (a) Use
414 volts negative hias on the grid: (b} Use
only as much plate potential as is necessary to
secure satisfactory operation,

The circuits for two superheterodymnes
are shown, one as it 1s oftes huilt by the
home constructor, and the other taking
advantage of every possible economy,
The first superheterodyne drew nearly
40 milliamperes; the second only 18,
That ratio is somewhat better than cut-
ting the "B™ hattery hill in half.

Although it would be possible to show
specifically the changes necessarv in a
great variety of circuits to secure the
utinost economy, the same principles
which have Dleen illustrated in the ex-
amples so far given can be applied to al-
most any circuit,

What a Straight-line Frequency
Condenser Reallv Is

Te vou qeant to know all that goes inte the production of a con-
denscr with true straight-line frequency characteristics, what is
the true worth of a lote mininmum capacitv—and what “straight-line
frequencey” really means, read the article on this subject in o

near issne of PopurLak Rapio,
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HOW TO BUILD THE NEW

Orthophase Radio Receiver

In this article is described for the first time a circuit development that

utilizes a new principle in radio-frequency amplification. The incorporation

of this new principle in a radjo receiver makes possible great sensitivity;
combined with both sharp tuning and case of operation.

By RICHARD ]. GRIFFITH

Cost oF Parrs: Not more than $55.50
RECEIVING RANGE: Cowuntry-wide reception

Here 1s A List oF THE Parrs USEp IN THE
L.ABORATORY SET—

A—General Radio variometer, type No. 269;

B, C and D—grid coil, auxiliary coil and plate
38'01 of Precision Orthophase coil set No.

E and F—Hammarlund S. L. F. condensers,
.0005 mid.;

G—Aerovox fixed condenser, .00015 mfd.;

H—Amertran audio transformer, type AF 6,
(5 to 1 ratio);

[—Pacent supcraudioformer No. 27;
J—Daven resisto-coupler, (new type which has
.1 mfd. condenser concealed in base):
K1—Durham or Dubilier resistance .25 megohm ;
K2—Durham or Dubilier resistance .5 megohm;

L—Rasla fixed crystal detector;
M—Electrad grid-leak holder;
N1—Amperite No. 1A (14 ampere) ;
N2—Amperite No. 1 (1 ampere);

01, 02, 03 and O4—Universal sockets;

P—Carter last stage filament control
No. 103; }

Q—National velvet vernier dial, type B;

R1 and R2—Century 3-inch dials;

T—composition panecl, 8 by 22 inches,

U—l}ard)wood baseboard, (furnished with cab-
met) ;

V—Corbett special Popular Radio sloping-panel
cabinet;

W—small brass brackets. {See Figure 12);

X1—Antenna connection block, 1 inch hy 2

jack

inches. (See Figure 12}; .
X2—battery connection hlock, 1 inch by 9
inches. (See Figure 12);
Y1 and Y2—large brass brackets. (See Fig-

ure 12);
Seven Eb¢¥ binding posts.
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THE HOOK-UI" FOR THE ORTHOPHASE RECEIVER

Frourk, 1; Notice that all of the symbols for the instruments bear designal-
&) ing Ietters whicl reappear in the list of parts and throughout the text and
- the followwing illustrations; this climinates the possibilty of mistakes in -
construction and wwiring up,
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sef, from sohich these specifications seere made up,

The cxperienced amateur,

q]?'hr list of parts here given ineludes the exactl insiruments used in the laboratory

howerer, il be able to pick ont other reliable makes of instruments of similar

characteristics and cqual cficiency.

But 1ee recommend that the notvice follow fthe

list, as the diaarams i this article 2wl (ell him exactly where to bare the holes and

cxactly wwhere Lo place the connections,

If instruments ather than the ones used in

the original model are used, the only change that will be necessary wwill be the use of
different spacings for the holes that are to be drilled in the panel for mownting the
instrumicnls,

HE radio fraternitv in general. in-

cluding  engineers.  experimenters
and those to whom radio is a source of
amusement  and  education,  are  almost
imanimous in placing quality of reproduc-
tion at the top of the list of the most
essential factors in deciding whether a re-
ceiver is good, fair or had.

While truthful reproduction is essen-
tial. there is another property which nught
be considered equal to it in importance.
and without which a recetver is valueless.
no matter how heautifully 1t may repro-
‘dhitce the transmitted music or voice; the
ability to select one station and to re-
produce the broadcasting from that sta-
tion, without the “background” of sounds

emanating from some other unwanted sta-
tion., Tor no matter how clear the tone
quality of a receiver may be. it will be
wasted if the nmmsic from two or more
stations is jumbled together into a mass of
dissonant noise.

Tn addition to tone quality and selectiv-
itv. there are, of course, other things to be
considered in building or purchasing a
receiver.  These include sensitivity, or
the ability to pick up weak signals, ease
of operation and, in the case of a home-
“uilt outhit, it is desirable that a receiver
be as simple and as easily built as possible.

The Orthophase  receiver  was  de-
signed with the purpose of securing tone
quality and sclectivity, for these two are



POPULAR RADIO

THE AUTHOR TESTS OUT THE FINAL MODEL
Ficure 2: Oue of the completed receivers set up in the laboraiory for final test and

calibration.

Other receivers budlt in a similar manner by experimeniers should fune at

approximately the same dial settings.

the most important of all the properties
of a receiver.

Several factors help to guarantee {aith-
ful reproductton in this receiver. In the
first place, the signal is detected or recti-
hed by a crystal detector, which, as 1s
well known, gives a true tone-portrait of
the original hroadcast sound. This 1s due,
of course to the linear characteristic of the
crystal rectifier. After rectification the
signal must be amplified and of course the
true characteristic of the rectified signal
must be preserved during amplification if
we are to have life-like tone-quality deliv-
ered by the loudspeaker. The amplifying
svstem of the Orthophase has heen de-
signed to fulfill these conditions as nearly
as possible. The audio-amplifving system
comprises two transformer stages and one
resistance-coupled stage. While an old-
tvpe transformer has been used in the first
stage, no detrimental effects are observed
hy its use, as it {ollows the crystal detec-
tor and so i1s not subject to overloading,
or saturation of its core. as there is no

direct current flowing through its pri-
mary, wluch would be the case were it
connected in the plate circuit of a tube.

In the second stage, one of the new-
type large-sized transformers is used, to
enable the handling of the higher power
present in this stage. This transformer
is designed to amplify all frequencies
equally, having an especially large core to
withstand saturation, and a high primary
impedance so as to amplify the low tones
as well as the higher ones. These two
points, in connection with correctly de-
signed secondary distributed capacity and
so forth, give a high-voltage amplifica-
tion, while preserving all the characteris-
tics of the original sound.

The last audio stage 1s resistance-
coupled, and of course, is also a quality
amplifier. To enable the handling of the
great power and volume at this stage a
power tube is used. This avoids overload-
ing of the last tube, which is the cause of
much distortion in many amplifying sys-
tems.



HOW T BUTLD THIES NEAY

The selectivity of the Orthophase Re-
ceiver is due in a large measure to the
extremely loose coupling of the receiver
to the antenna system and to the usc of
low-loss, low-resistance coils in the radio-
frequency amplifving system.

The receiver also is extremely sensitive.

Another important item is easce of op-
cration, especially to those who consider a
radin receiver primarily as a musical in-
strument.

The wavelength is controlled by the
middie dial. which may be calibrated and
logged. The right-hand dial may be used
o control the volume, or its position can
also be logged, as this cial may always be
sct at approximately the same point as the
middle or wavelength dial.  The left-
hand dial is used to tune the antenna cir-
cuit and is not critical in its adjustment.

Inasmuch several principles  nnt
commonly used in radio receiving conter
into the operation of the Orthophase re-
ceiver, it may be well 1o consider bricfly

the theory of its action,
® @
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Features of the Recciver

In Figure 1 it will be noted that the variom-
eter A is in the antenna circuit and is coupled
lnosely to the grid-coil B. When a radio wave
from a broadcasting station strikes the antenna
it scts up a high-frequency oscillating current
in the antenna circuit consisting of the variom-
oter A, condenser G, antenna and ground.  As
the grid-coil B is coupled inductively to the
variometer A, a high-frequency current will be
set up in the oscillatory circuit that consists of
the grid-coil B and the variable condenser E,
providing this Tatter oscillatory circuit is tuned
to resonance with the antenna circuit and the
signal being received, This operation, of course,
is identical with that of practically all modern
receivers.

It will he noted that the grid of tube O1 is
connected o the upper end* of grid-coil B,
while the grid of tube 02 is comiected to the
lower end of the same coil.  As, at any one
instant. the two ends of a coil in which an
alternating (or oscillating) current is flowing
arc at opposite pntentials, it will be apparent
that at the instant when the grid of tube O1 is
positive the grid of tube 02 will he negative,
and gice tersa. This means that when the
plate-current flow of tube O1 is increased due
ter its grid hecoming positive, the plate-current
low of tube 02 is decrcased due to its gridd
becoming negative.  Ht is, of course, apparent
that when the grid of tube O1 becomes negalive
and the grid of tube 2 hecomes paositive, the
plate-current flow of tube O1 is decreased andd

©

THE FRONT VIEW OF THE NEW RECETVER

How the sel looks from the front. As the dials and knobs are marked aith
Ietlers wohich correspond o the instrimenis 1o seliich they are allached, the prospective
operator soill have no tronble in localing the varions tuning comlrals as they are ca-
Mlained fn the instructions for hoing,

Ficure 3:
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the plate-current How of tube 2 is increased.
In other words, the reception of a signal irom
a broadcasting station will simultancously in-
crease the plate-current flow of one tube and
decrease that oi the other, at one instant, and
at the next instant will reverse the process.
The irequency of these reversals will, of course,
depend on the frequency of the signal being
received.

Considering the plate-coil D, it will be noted
that the left* half of it is included in the plate-
cirenit of tube O1 and the right hali is included
in the plate-circuit of tube O2. This being the
case, any variation of current in the plate-
circuit of tube Ol will be cffective upon the
left half of the plate-coil ). This variation of
current flowing through the left half of the
plate-coil D will set up, by induction, a current
of magnificd voltage in the entire winding of
the plate-coil D.  Similarly, any variation of
current in the plate circuit of tube 02 will
affect the right half of the plate coil D, and
will also set up a current of magnified voltage
in_the entire winding. From the foregoing it
will be scen that the plate-coil I is the cquiva-
lent of a transformer with a seccondary and two
primary windings.

It is to bhe noted that the plate current of
tube O flows through the plate coil D in the
reverse direction to that of tube O2. This
being the case, an increase of current in the
plate circuit of tube O will induce in the plate
coil D a current in phase with that induced by
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4 decrease in the current of tube 02, and vice
versa. It is therciore evident that as the
plate current of one tube is always increased
when that of the other is decreased, the
induced currents in the entire winding ofi the
plate coil D will always be in phase and addi-
tive, These combined currents are passed
through the detector Loand being rectified make
themsclves cffective upon the primary of audio
transfdrmer M as a pulsating current. This
induces a voltage of audio frequency in the
secondary of audio transiormer H, which is
applied 1o the grids of tubes O1 and Q.. 1t is
to be noted that as grid coil B and auxiliary
coil C have a relatively small amount of induc-
tance and practically zero impedance to audio-
frequency currents, the grids may be considered
as being connected in parallel to transformer H
when considering audio-frequency currents,

The tubes Ol and 02 will therefore act as
audio amplifiers in parallicl, for as the plate
currents of tubes O and O2 flow through the
primary of transformer I in the same direction,
the plates may also be considered as being in
parallel when considering audio-frequency cur-
rents.

The secondary of audio transformer I is in
the input circuit of tube O3, and since tiubes 03
and O4 act as straight audio amplifiers, no ex-
planation of their operation is necessary.

*lt is to he noted that “upper,” “lower,” “right’
and “left” refer in this case to the position on the
Figure 1 and uot on the receiver itself,

@ @
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SEbboob: '

VIEW OF THE SET FROM THE REAR
FiGure 4: This picture shotws the general arrangement of all the instruments fastened

to the pancl or basc.

The cxact locations far the instruments are shawn in Figure 3.
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THE WORKING DRAWING FOR CONSTRUCTION

Ficure 5: Here are shoton the correct positions for the instruments which are nounted
on the baseboard. The positions arc given ccnter to center, for all instriuments.

So far we have not considered the action of
auxiliary coil C, as it has heen assumed that it
was removed or short-circuited. We have noted
above that the variations of plate current
through the tubes O1 and 02, due to the in-
coming signals, induced combined and magni-
fied currents in the plate coil D, these currents
heing of the same frequency as the oscillations
derived from the antenna circuit. It will be
found that, due to the distributed capacity of
the windings of audio transformer H, and due
to the capacity between the windings, a great
amount of this radio-frequency current from
the plate coil D leaks into the secondary of
audio-frequency transformer H, without being
rectified.

It will be found that, at any one instant, if
the grid of tube Ol assumes a positive charge
(and consequently the grid of tuhbe O2 assumes
a negative charge) a potential of positive sign
appears at the left-hand end of the secondary
of audio transformer H. During the other half
of the cycle it will assume a negative potential,
it heing noted that at any instant the radio-
frequency potential of terminal F- of trans-
former H is the same as that of grid O1 and
opposite to that of grid O2.

To simplify matters we will consider the
action of auxiliary coil C when the grid of
tuhe O1 hecomes positive and the grid of tube
02 becomes negative. As the potential at the
F- terminal of audio transformer H is the
same as grid OI, it will also be positive at this
instant. Now, in the absence of auxiliary coil
C. this reflexed positive charge would be ap-
plied directly to the grid of tube O2, whose
potential at this instant is wegafive, due to the
oscillations from the antenna. Tt will be seen
that these potentials would tend to nullify or
neutralize one another.

Similarly, in the absence of the auxiliary coil
C, the reflexed positive potential being applied
to the grid of tube Ol through the resonant
circuit comprising the grid coil B and the con-
denser E. would have its sign reversed and
would bhe applied to grid Ol as a negative
charge. The grid Ol at this instant being
positive, these potentials would nullify one an-
other as in tube 02,

We will now consider the action of the re-
flexed potential when the auxiliary coil C is
included in the circuit. The reflexed radio-
frequency potential at F- of transformer H,
which we assumed to be positive at this instant,
is applied to the grid of tube O2 through the
resonant circuit comprising auxiliary coil
and condenser F.  This circuit, being resonant
to the frequency of the reflexed radio-frequency
current, will cause a considerable voltage to be
built up, the phase of the reflexed radio-
frequency current will be reversed, and instead
of a positive potential, a higher negative poten-
tial will be applied to grid 02, and as the grid
of tube 02 is already negative (at this instant),
due to the incoming signal, this reflexed poten-
tial will reinforce the potential derived from
the antenna.

Similarly, the original reflexed positive po-
tential will have its sign reversed to negative
hy auxiliary coil C and reversed hack to posi-
tive by the grid coil B and will he applied as a
magnified positive potential to grid O1, rein-
forcing the positive potential already on grid
O1! due to the incoming signal.

With the theory of the action of the Ortho-
phase circuit in mind, it is felt that it will he
much easier to huild and operate the receiver
described in this article, and we may now pro-
ceed with the actual construction.

The schematic diagram is shown in Figure 1,
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Parts Used in Building the Set

In ail the diagrams in thos article cach part
bears a designating  ketier: in this way, the
prospective builder of u set may ecasily deter-
mine how to mount the instruments in the cor-
rect places and conueet them properly in the
electric circuit,

The same designating letters are used in the
text and i the list of parts at the beginning of
the article,  (See page 142)

How to Construct the Set

procuring  all  the  instruments  aud
for building the set, the aniateur
(Shown in Fig-

After
tiaterials
should prepare the panel T,
ures 4, 5, 6 and 7.)

First of all, cut the panel to the correct size,
8 by 22 inches.  Then square up the cdges

2
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sthoothly withh a tile. The ceaters for boring
the holes (which are necessary for mounting
the instruments) should be laid out on the
panel as shown in Figure 9. A convenient
method for doing this is 1o lay out all center
holes on a picce of paper the same size as the
panel; then the picce of puper may be fastened
on the panel and the centers marked directly on
the panel by punching through the paper with
a sharp, pointed instrument.

I'f all the holes to be drilled are first started
with a small drill, one sixteenth inch in di-
anmeter or less, they can be more nearly cen-
tered,

The holes outlined with a double circle
should be countersunk, so that the fat-head
nichine serews used for fastening the instru-
ments are Hush with the panel, ATl the rest of
the holes are straight drill holes, Sizes  tor

VIEW OF THE RECEIVER AS SEEN FROM THE RIGHT
FIGURE G: This end wiewe showes the manner in wolich the punel is held in position by
the darge brass brackets, and o general schene of maotnting the condensers, the sockety,
the transformers and the batiery connection block.
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VIEW OF THE RECEIVER AS SEEN FROM THE LEFT

FiGURE 7: This illustration shows the general manner of mounting the rodio-frequency
transformer. the variometer and the antenna conncction block.

the diamecters of these holes have not been
given, but the builder will readily decide what
size hole is necessary by measuring the di-
ameter of the screws and shafts of the instru-
ments that must go through the holes.

When the panel is drilled, the builder may
give it a dull finish by rubbing the face of the
panel lengthwise with fine sandpaper until 1t is
smooth. This process should be repeated. cx-
cept that light machine oil should be applicd
during the second rubbing. Then rub the panel
dry with a picce of cheesecloth. A permanent
dull finish will he the result. Or, the panel may
be left with its original shiny-black finish, if
care has been exercised, so that it has not been
scratched during the drilling.

After the panel has been prepared the ex-
perimenter is ready to mount the instruments
on it,

First, attach the fixed condenser G to the
variometer A by inserting the screw through
the condenser lug and into the threaded ter-
minal Tug nearest the front or panel end of the
variometer. {(Sce Figures 4 and 8.)

Now, mount the variometer A on the panet T
by means of two screws and nuts inserted
through the pancl. (Sece Figure 4). Make sure
the two terminal lugs on the stator point awcay
from the center of the panel (Sce Figure 8).

Then attach the dial Rl as follows: First
turn the rotor of the variometer so that the
front rotor lead points upward, then stip the
dial onto the shaft. with the 100 mark opposite
the indicating mark on the panel and tighten
up the set screw in the dial. Next mount the
variahle condensers E and F on the panel, so
that the rotor plates will swing upward when
they are not meshed.  (Shown in Figures 4. 6,
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7 and 8). Now attuch the dial R2 to condenser
F by tightening the set serew i the dial, making
sure that the 100 mark ou the dial is opposite the
mdicating mark on the panel when the plates ot
tie condenser are meshed,

After this attach the vernier dial Q (o con-
denser E as follows: Fasten the stop pm, which
is supplied with the dial, to the panel and then
place the dial on the condenser shaft, making
sure that the stop-pin engages the hole at the
top of the dial un the reverse side.  Then, with
the condenser plates meshed and the dial set
tu the 100 degree mark, tighten up the set screw
in the dial, making sure the dial is flush against
the panel,

This completes the construction work on the
panel and the experimenter is ready to mount
the instruments on the bascboard., ™ ‘I'he base-
board is supphlicd with the cabinet, and it should
be taken out and the instruments mounted on it
as shown in IFigure 5 which is the working
drawing for construction.

First mount the four sockets 0, 92, 03 and
04 in their respective places as shown in IFigures
4, 5, 6 and 7 with the I¥ terminals at the frout.

Next attach the amnerites N1 and N2 o their

POPULAR RADIO

reapective places as shown clearly in Figure 5.
All these instruments are 1o be screwed directly
tu the basebourd. Next fasten duwn the resisto-
coupler J as shown in Figure 5. Be sure the
terminal marked P is next the similarly marked
terminal on socket U3.

Next mount the grid coil B in the pousition
shuwn in Figures 4, 5, 6 and 7, fastening it down
with two small screws inserted through the
holes i the brackets at the bottom of the coil,
je¢ sure that the two terminals of the coil point
away from the socket Ol. Now, mount the
anxiliary coil C in the same manner, in its cor-
rect position as shown by Figures 4, 5, 6 and 7,
making sure that two terminals point to the
right and the single terminal points to the left
when looking at the rear of the set, (See Fig-
ure 8).  Next mount the plate coil D, by noting
its position in Figures 4, 3, 6 and 7, with the
terminais at the rear of the set, and pointing
to the tef) when looking at the rear of the
set,

Now mounmt the grid leak holder A in its
correct pusition as shown in Figures 4, 5, 6 and
7. by screwing it down to the baseboard. ‘T'hen
neamt the audio-frequency transiormer Hoin
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THE PICTURE DIAGRAM FOR CONNECTING UP THE
VARIOUS INSTRUMENTS

The upper rectangle represends the punel and on it the fustruments are
drawn just as they appear. The lower reclangle represents the buscboard and the in-
striments are draton in aboul their relative positions. The wires drawn in heavy black
lines show the cxact weay to run the wires to connect the distruments and parts aft,r
you hate mounted thent aceording to Hhe instryctions gipen.

Ficure 8:
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THE DRILLING PLAN FOR THE PANEL

Ficure 9: This drawing shotwes where to drill the holes for mounting the instrumients,

The correct spacings are given for the holes. The holes outlined with a double circle

should be countersunk, Always start drilling holes in the panel with a small drill—
onc-sivteenth is a desirable size.

place as shown in Figures 4, 5, 6 and 7, being
sure the terminals are peinting in the direction
indicated in Figure 5. The Superaudioformer 1
is mounted in the same manner, with like atten-
tion being paid to its terminals,

When this is done, the work on the baseboard
may he left for a while and the two conncction
blocks N1 and X2 (the dimensions of which are
shown in Figure 12), should be prepared and
the binding posts attached. The small brass
brackets may then also be screwed tight to the
blocks and the jack P mounted on the larger
block X2 B

Now fasten down the two blocks X1 and X2,
on the sub-base U by means of four screws In-
serted through the hrass brackets into the base-
board, Their position may be found on Fig-
ure 5.

Then prepare the two large hrass brackets
Y1 and Y2, which are to he used for attaching
the main pancl T to the hase U at the proper
angle ; the dimensions for these angles including
the drilling and bending are also shown in Fig-
ure 13. Be sure that you have the angles made
with the correct drilling holes and bends so that
the panel will fit evenly. Then mount the panel
in position on the brackets. This had hest be
done by slipping the baseboard U in position in
the cabinet with the brackets Y1 and Y2 at-
tached and then fzstening the panel in position
with four screws.

You are now readv to start on the wiring as
the construction work is completed.

Hoze to TVire the Set

The design of this receiver is such that the
wiring of the grid circuit of cdch of the four
tubes 1s as short as possible and is isolated from
the other parts of the circuit. In fact, this
idea has been employed throughout and the
leads are so arranged that the shortest connec-
tions may bhe used. As this is the case, the
set should be wired with bus har.

Either a tinned-copper, round bus-bar or an
insrtated round bus-har such as “Celatsite” may

be used for the comnection. All connections
should first be shaped so that they will fit. They
should then be soldered in place. Refer to the
wiring diagram in Figure 1 and more specifically
to the picture diagram in Figure 8 for the exact
way in which to run the wires,

Start the wiring by rumning a wire from
binding post No. 1 to the end of condenser G
not attached to the variometer A,

Next run a wire from binding post No. 2 to
binding post No. 3 and continue it over to the
extreme left-hand* spring of the jack P.
Now run a wire from the second spring
from the left of the jack P to the left end of
Amperite N2. Then run an extension of this
wire to the left end of the Amperite N1 and con-
tinue it over to the F- terminal of transformer I,

Now going back to the left end of Amperite
N2: run a wire from this point over to the panel
and parallel to same, connecting it to the left-
hand screw of the bracket that holds the
variometer A to the panel. Now extend this
wire over to the G terminal of the transformer
H.

Next run a wire connecting the left front
terminals of all the sockets O, 02, O3 and 04
together. (These are the F+ terminals of the
sockets.) Now run a wire from the left front
terminal of socket O3 to binding post No. 4
and alse extend it to binding post No, 5. This
last wire should be run between socket O3 and
the resisto-coupler J.

Now run a wire from the right-hand end of
Amperite N2 to the front right-hand terminal
of the socket O4 and run an extenston of this
wire to the front right-hand terminals of the
sockets O3 and O2.

Next. run a lead from the right-hand end of
Ampnerite N1 to the front right-hand F terminal
of the socket Q1. Then, run a wire from bind-
ing post No. 6 to the B terminal of trans-
former 1.

*The front connection on any instrument refers
to the side of the instrument nearest the panel and
right and left refer to the constructor’s right and
left as he sits facing the hack of the set in wiring up.
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After this, run a wire from binding post No.
7 to the right-hand connection or frame of the
jack P. Also run an extension of this wire to
the B terminal of the resisto-coupler J.

Now connect the middle or remaining spring
of the jack P to the P terminal of the socket O4.

Next connect the G terminal of the socket 04
to the G terminal of the resisto-coupler J, and
connect the P terminal of the resisto-coupler J
to the P terminal of the socket O3. These last
three connections are very short.

Now, run a lead from the G terminal of the
socket O3, between the socket O3 and the trans-
former 1, and around to the G terminal on
transformer 1. Next run an extension from this
point over to the F terminal of the resisto-
coupler J.

Next, connect the terminal marked P on the
transformer I to the center terminal of the
plate coil D.

Now connect the bottom terminal of the plate
coil D to the terminal marked P on the socket
02. Then run an extension of this wire to the
left end of the grid leak holder M, taking care
to keep this last lead at least a quarter of an
inch from the core of transformer 1. The
lead should run hetween socket O2 and trans-
former 1. After this, run a wire from the

right-hand end of grid-leak holder M to the
terminal of transformer H, which is marked B.

Then run a lead from the terminal marked P
on the transformer H to the top connection of
plate coil D. Next, run an extension of this
lcad from here to the terminal marked P on
the socket O!, Now, run a wire from the rear
comnection of the grid coil B to the G terminal
on the socket Ol. Then run an extension of this
wire, between the grid coil B and the socket O1,
connecting it to the lower stator terminal of the
variable condenser E. Make sure this lead is
kept one-half inch from the transformer H.

Next connect the front terminal of the grid
coil B to the grid terminal (marked G) on the
socket 02, Then extend this lead, between the
socket O2 and the plate coil D. between the
grid-leak holder M and the transformer H, and
connect it to the rotor terminal of the condenser
E. Then run a further extension over to the
rotor of the condenser F. After this run a wire
from the rear right-hand terminal of the auxil-
iary coil C, directly up and solder it on the
lead running from the rotor of condenser E to
the rotor of condenser F.

Next counect the rear left-hand terminal of
auxiliary coil C to the upper stator connection
of the condenser F,
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THE DIMENSIONS FOR THE CABINET
This diagram (which contains the top, front, and side
measurements for the wabut cabinet) may be turned over for con-
struction lo a competent cabinet maker who can build it from these

directions exactly the right size for the pancl.

Ficure 10:
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Secrion THRY A-A

Then, run a lead from the front right-hand
cotnection of auxiliary coil C to the IF terminal
on the transformer H.

‘I'he set being now completely wired, is ready
fur installation,

How to Install the Set

The set should first be inserted into the
cabinet. In placing the set in the cabinet, grasp
the baschoard and slowly slide the set into the
cabinet. Make sure the two connection blocks
N1 and X2 fit into the openings cut in the back
of the cabinet and then push the whole unit
back into place, so that you can screw in the
six wood screws that hold the panel in place.

Then place the Amperite N1 (No. 1A) in the
left-hand holder (as you look at the front of
the set), and N2 (No. 1) in the right-hand
holder. Place the two Durham resistance umits
in the resisto-coupler J, putting the .5 megohm
in the left-hand clip (as you look at the
front). After this insert the crystal detector
L. in the grid-lcak holder M and tighten up
the two thumb nuts on the detector.

Next, place a UX-201-a or a UV-201-a tube
in each of the three sockets O1, 02 and 03, and
in socket O4 place a UX-112 power tube. The
Latteries, antenna and ground connections are

now ready to be attached. If vou are using the
set with an outside antenna of sixty feet or
more, simply connect the antenna to binding
post No. 1. If you are using a short indoor
antenna of fifteen or twenty feet, the condenser
G should be short-circuited.

Connect the batteries and ground conncctions
as shown in Figure 11, Next insert the loud-
speaker plug into the jack P and the set is
ready for use.

Operating Data

It will be best to tune in a number of local
stations to become acquainted with the set. Turn
the dial Q to the setting indicated by the tuning
chart in Figure 13.

Next turn dial R2 until a humming noise is
heard and then turn back dial R2 until the
quality of the received music is restored. It will
be noted that the humming referred to always
occurs when dial R2 is at approximately the
same setting as dial Q.

After this adjust dial R1 until maximum
volume and quality are sccured. If the volume
is too great turn dial R2 back toward the zero
mark, and if more reduction is desired adjust
dial R1 to another setting.
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HOW TO HOOK UP THE BATTERIES

This drawing prevents the builder from making mistakes in comnccting

the batteries to the terminals of the receiver. Follow these instructions and the set will

be hooked up correctly,

because the terminals showen in the wiring diagrams are

marked with designations that correspond with the numbers given here.

In searching for distant stations, dial Q may
be revolved slowly from zero to the maximum,
at the same time turning dial R2 at the same
rate of speed, keeping the latter dial at a setting
just below that which produces the humming.
If desired, stations may be located by means
of the “carrier-wave-beat note” method, which
is commonly used in tuning ordinary regenera-
tive receivers,

Once the station is located, its volume may be
improved as outlined above for local stations
and if desired the settings of the dials logged
for future reference, although it is not necessary
to log any except dial Q.

In turning off the set it is necessary only to
withdraw the loudspeaker plug from the jack
P and the current supply to the filaments is
automatically cut off.

An Orthophase receiver similar to the one
herein described has consistently received Pa-
cific Coast stations in New York City on a
short indoor antenna of fifteen feet, in all but
the poorest radio weather, when the static level

24" 4

was too high to perinit tuning the receiver to its
most sensitive condition.

Of course, it is understood that wherever
possible an antenna of 60 fect to 120 feet should
be used, as less critical tuning is required to
secure equal results.

In periods of heavy static the antenna may be
disconnected entirely, and by shifting the ground
wire from binding post No. 2 to binding post
No. 1, satisfactory results may be had, on local
reception and also on distant reception in most
localities. The condenser G must be short-cir-
cuited in this case.

Regarding sclectivity, it might be well to
mention that KFI in Los Angeles has been
tuned in in New York City, while WJZ in New
York and WCAP in Washington, D. C., were
in operation. By referring to the wavelengths
of these three stations, the remarkable selec-
tivity of the Orthophase will be apparent, the
above being only one example of this quality,
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DETAILS OF THE BRASS BRACKETS AND THE CONNECTION BLOCKS

FiGure 12: This drawing gives the necessary data for making the insulated blocks

on which the binding posts are to be mounted; it also gives the dimensions for the

large and small brass brackets that are used to fasten the large and small panels to
the baseboard.
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A Tuning Chart to Adjust to Your Own Set

> Ficure 13: Cut
WAVELENGTH DIAL SETTING out the chart at the
METERS left and paste it on
a piece of thin,
stiff, white, bristol
paper.  Then  cut
out the small chart

200

at the right. It

- should be pasted in
20 position  on  the
blank space on the

25 right-hand side of
the main chart un-
20 derneath the head-
. ing “Dial Setting.”

i

l
4

250

35 To get 1t in ecx-

- E actly the right posi=
40 tion tune in a sia-
tion of around 350

to 450 wmeiers and
45 find out what set-
ting it comes in on

300

50 on your dial. For
mstance, a siation

5 on 405 meters would
£2 come tn somewhere
near 72, 73 or 74
&0 on vour dial ac-
cording to the vari-

350

ation of the con-
65 denser in the set.
. If 1t comes in at

73 (say), paste the
dial setting part of
the chart in place

70 so that 405 wmeters

400

on the wawvelength
scale is cxactly op-
posite 73 on the
75 dial setting scale.
Then all the other
stations will tune in
exactly as indicated
by the completed

450

FPRsTE DAL SETTING CHART IV 7715 SFAcE

80 chart.

500
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From a photograph made for ol nag Kiamo

AN OPERATING TEST ON THE NEW RECEIVER
- In this photagraph is pictured the installation of the 1.C-26 receiver in the Washington

Hotel at Washington, D, C., during the r

londspeaker was usced.

recepiion of distanl staliouns.
The designer of the civenit is showm iuning in the varions

A cone-type

broadcasters while the anthor werites down the call letters as verified by the listeners.

Country-wide Tests of the New
LC-26 Receiver

Here are given the results of the reception on the

receiver

first described in

the December issue of

Porurar Raplo as installed in various sections of the

country and operated before authoritative witnesses.

Can you match these records with your own receciver?
Anyone with a 1.C-26 set should he able to do it.

By WALTER L. RAYMOXD

HE description of the construction of the

LC-26 -Broadecast Receiver in the Decem-
ber issuc of PopurLar Rapio created such wide-
spread igterest amorig experimenters and  set
builders that it was followed by another article
in the January issue with complete details of
operation of this set.

Since then, however, so many letters have
been received asking about the results that could
be obtained in different sections of the country
that the staff of PorurLar Ramo has taken one
of its reccivers to various cities and operated
it in the presence of witnesses to determine

just what the recciver would do imder varving
local conditions.

The first test was conducted at New Haven,
Conn,, at the home of Mr. William Austin, Jr.
The receiver was set up and attached to a 100-
foot single-wire antenna that was already in-
stalled tn connection with a Four-circuit Tuner.
The new LC-26 receiver was installed in its
place and a record made on the receiver starting
at 11 o'clock in the morning.

Not only was this well known “dead spot,”
(so far as New York stations are concerned),
overcome, but the following New York station.
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were brought i with approximately the same
volume as when received in New York City:

WFBH WMCA
WRNY WEAF
WJZ WNYC
WOR

The receiver also brought in on the loud-

speaker, stations:

WOO, Philadelphia, Da. \WEEI, Beston, Mass.
WPG, Atlantic City, N. . KDKA. Pittsburgh, Pa.
W BZ, Springfeld. Mass. WGY, Srhcucrmdy. N. Y.

An almost unbelievable dmanu record for
the daytime was also made in bringing
station WX DBF in Florida before 4 o'clock
the afternoon. ) )

The list of stations received during the eve-
ning comprised stations in the Middle West
and Canada and as far south as Miami,

The New York stations were received clearly
on the loudspeaker by using just the ground
alone. o ) )

The next test was made in New York City
hefore a group of well known engmeers. In
one complete revolution of the tuning dial irom
zero to 100, the following stations were picked
up in succession:
WSBC (at 209.7 mcters)
WOK. Chicago. 111 WGY. Schenectady, N. Y.
WHHR. New York, . \WWMBF, Miami, Fla.
WGCI, New York, N. Y. WEAR, Clc.c!aud. 0,
WRNY. New York, . \\'TAM, Cleveland,
WAAM, Nese York, N. Y. WFI1, Philadelphie, Pa.
\\"FH{ New York, . WIY, Aew York, N. Y.
WIEFRH, New York, N, Y.WLW, Cincinnati, O.
WEEI, Reston., Mass, \WSRB, Atlenta, Ga.
WOAN, Laswerenceburg, WMAF. South Dartmouth,

Tenn, Mass.
WPG. Atlantic City, N. J. WIZ. New York, N, Y.
WCAE, Pittsburgh, Pa.

WLIB, Chicago. IIL

KDKA, Pittsburgh. Pa. WRC., Washington, D. C,

WTAR, Providence, R. 1. WBAI*, Ft. IWorth, Tex.
WOC, Daicnport, Ta.

WAHG, New Yerk, N, Y.
WEAF, New York, N. ¥,

KOA, Denser, Caol,
wWo0o0. Ph:laddrhm Pa.

WSAIL, Cincinnati. 0.
\WRZ., Stringfield. M-ms WXNYC., New Vork, N. Y
Y.KYW, Chicage, 111

WMCA, New York,
WIIN, New York, N. Y KSD (at 546 meters)

This makes a total of 40 stations in twenty-
five different cities, located throughout the
United States. These stations were all received
when using an outside antenna of about 110
feet in length., The reception was accomplished
cntirely on a loudspeaker,

A more thorough test at New York City last-
ing for two days between the hours of 11:30
P. M. and 1:30 A. M. Eastern Standard Time
was made and the following stations were
logged :

WCBD. Zion City, 1L
WIP, Philadeiphia, Pa.
WGR. Buffalo. N. Y.
KPRC. Houston, Tex.
WCAD, Canton. N. Y.
WOC. Davenbort. la.
WBAP, Ft. Worth, Tex.
KFKX. Hastings, Nehr.
KLX. Qakland. Cal.

WEBLI, Chicage, 1H.

CHYC. Montreal. P. Q.
WNAC, Roston, Mass.
WEAN. Provideuce, R. 1.
WEKRC, Cincinnati, O.
WFI. Philadelphia, Pa.
WSH, Atlante, Ga,
\\'l*\R Providence, R. 1.
PWX, Cuba

WG, Atlantic Citv. N. J.

WEAR. Cleveland. Q. WERH. Chicago, 1.
WHT, Chicago. TIL WREO, [Lansing. Mich.
KFI. Los Angeles. Cal. WUHT. Chicago, TN
WRC, Washington, C. WHO, Des Moines, la.

WBRBZ., Springheld. Mass,
KDKA. Pittshuirah, Pa.
WIR. Pentiac. Mich,
WLW, Cincinnati, O.
KOA, Denver, Colo.
KGO, Oakland, Cal,
WQJ, Chicago, IIL WDZ. Tascols, I,
KYW, Chltago Ill. \\'OAN Lawrenceburg,
KSD, St. Louis,

WCAU, Phuladr!phm Pa. “GY S'rhenccfadv. N. Y.
WCAE, Pittsburgh, Pa. WHAM. Rochester. N. Y.

WQI. Chicago. TIL
WSM. Nashtville. Tenn.
WEXR. Chicago, 11,
WMAQ, Chicage. 111
WHAZ, Troy, N. Y.
CFCF, Montreal, P. Q.

OF TIHE NEW LC-26 RECEIVER 1

wn
~I

WOGXN, Chicago, 1.
\WEEL, Boston, Mass.
\WSMB, New Orleans, La.
WOK, Chicage. 1.

CKAC, Montreal, P. Q.
WCAP, Hashington, D. C.
M, Chicago, Il
WMAF, South Dartmonth,

WLIT, Philadeliphia, Pa. Mass.
WCCO, St Paul- WSAL, Cincinnati, O.
Minneapolis, Minn. WMC, Mcomphis, Tenn.

WFAA, Dallas, Tex.
WLS, Chicago, Il
WCX, Pontrar, Mich.
WA, Detroit, Mich.
WLIB, Chicago, Il
CNRO, Owtaowa, I'. Q.
WHEB. RKansas City, Mo.

\WMBF, Miami, Fla.
WwWOO. Ph:ladelﬁhm, I’a.
WTIC, Hartford, Conn.
\.VGII%U Eunlford-by-the-Sea,

WGN, Chicago, 1.
WOS, Jefferson City, Mo.

WOAW, Omaha, Nehr. WWAE, Plainville, 111
In a test m the same city for operation
through interference the following  stations

Brown Broa.

THE ANTENNA INSTALLATION
In this picture of the Blackstone Hotel in Chi-
cago is shown the exact location of the single-
wire antenna that was swung from one window
to another during the tests, The antenna is
shown by the white line and the lead-in was
located by the point indicated by the black
arrow.
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were logged without interruption from nearby
stations: WGN, of Chicago, was received
through WHN; WHT was reccived through
WJY; WIP of Philadelphia and WOQC of
Davenport  were received  through  stations

WEAF and WNYC, New York, KYW was’

also_rcceived through WNYC, Station WQJ
in Chicago was reccived through WJZ, New
York., Stations WPG, WJAR, WLIB and
KDKA could also be received without interfer-
ence while all of them were on the air.

I'he next test was made in Washington at
the Washington Hotel.  Mr, Cockaday, who
was a member of the Hoover Radio Confer-
ence and the author took onc of the sets to
Washington and set it up in a suite on the
cighth floor and had a single-wire antenna
rigged up on the roof about 120 feet including
the lead-in, In daylight at Washington, W)Z
and WEAF were brought in clearly on the
loudspeaker and also the new experimental
super-power station ZXAR of the Radio Cor-
poration of Amcrica. These were received
during their noon-hour broadcasting.

The Washington Hotel itsclf is only about
three blocks from WCAP in Washington. The
follo.wmg stations were logged during three
cvenings;

WEBH, Chicago, IiL. WIIAZ, Troy, N. Y. 7
\\_BB_M, Chicago, 11l WSB, Atlanta, Ga.
WOK, Chicage, IIL WCAE, Pittsburgh, Pa.
WHT, Chicago, Ill. WOCX, Pontiae, Mich.
\}’LIB. Clurggo. 111. WIR, Pountiac, Mich.
NAA., IPashington, D. C. WHO, Des Moines, la.
WLW, Cincinnati, 0. WFBH, New York, N. Y.
KOA, Denver, Colo, KOIL, Council Bluffs, la.
WEAF, New York, N. Y.AWLIT, Philadelphia, Pa.
WII', Philadelphisa, Pa. WAHG, New York, N, Y.
\\.BZ. Springfield, Mass. WFI, Philadelphia, DPa.
WFI, Philadelphia, Pa. KYW, Chicage, 111.
WCAP, [Pashington, D. C.\WSAI, Cincinnati, O,
WRC, Washingten, D. C.WOR. Newark, N. I.
KDKA, Pittsburgh, I'"a. WOAN, Lawrencebnrg,
WRCA. Richmond, Va.

Tenn.

WJIZ, New York, N, Y. WBAP, Fort Worth, Tex.
WMCA, New York, N. Y.WOAW, Omaha, Nebr.
WMBF, Miami Beach, Fla.WTAM, Cleveland, O.
2XAR, Bound Brook, N.J. KFKX, Hastings. Nebr.
WEEI, BRoston, Mass. WOO, Philadelphia, Pa.
WJBL, Decatur, Il WGY, Scheneetady, N, Y.
WSM. Nashrville, Tenn. WDAF, Kaunsas City, Mo.
WSMB, New Orleans, La.KG\, Portland, Ore.

It will be noticed that the country was pretty
well covered from Washington,

The last test was made in Chicago at the
Blackstone Hotel, which is located only two
blocks from the powerful Westinghouse station
KYW. A 100-foot wire was installed along
the ledge af the windows on the tenth floor of
this building, which has twenty-two floors in

all. A wirc was brought into the living room
and attached to the LC-26 with the steam
radiator pipe used as a ground,

The following list of out-of-town stations
wis received during the week of tests between
the hours of 11:30 P. M. and 2 A. M. Central
Standard Time:

KDKA, Pittsburgh, Ya. KIPRC, Houston, Tex.
WI'G, Atlantic City, N, J. KF¥1, Los Angeles, Calif.
WSMB, New Orleans, La.WEAH, WWichita, Kan.
WGR, Buffale, N. Y. WJID, Moaseheart, Ill.
WSAL Crneinnati, 0. ° WKAR, Lansing, Mich.
WGAZ, Sowth Bend, Ind. WBAP, Fi. Woerth, Tex.
KTHS. Hot Springs, Ark.WRC, Washington, D, C.
WIIAZ, Trex, N. Y. WOC, Davenport, la.
WTAM, Cleveland, ©O. WIR, Detroit, Mich.
WOR, Newark, N. ]. WOAW, Omaha, Nebr.
WSB, Atleanta, Ga. WILW, Cincinnati, Q.
WO3S, Jefferson City, Mo.KF1, Les Angeles, Calif,
WCAE. Pittsburgh, 1'a. WEKRC, Cincinuatr, O.
WBALI*, Fort Worth, Tex.WHDB, Kansas (ity, Mo.
WEAF, New York, N. Y.WBALI', Ft. Worth, Tex.
WJR, Detfroit, Mich. WITRC, RKworzille, Tenn.
WIIO, Des Mornes, la. WCAU, Philadelphia, Ya.
WSUIL., Jowa City, Ia. WSBT, Sowth Bend, Ind.
WAIIG, Richmond Hill, \WDAF, Kansas City, Mo,

N. Y. KYW, Chicago, IlL.
WSM, Nashoille, Teun. KFKX. Hastings, Nebr.

WLIB, Elgin, Il KFNF, Shenaundoah, la.
WCNX, Detroit, Mich, WAFB, Port Huron, Mich.

WFAA, Dalfles, Tex. KNX, IHolivwoed, Calif.

The following Chicago stations were re-
ceived without interference from KYW:

WSRBC WRCN

WENR WMAQ

N QT WHT

\WEBBM WIS

WOK AWMRBB

WIBO WGN

WCGES WEBH
Stations  KHKA  in Pittshurgh; WBAPDP

Forth Worth: WPG Atlantic City; WALHG
Richmond Hill, New York, were received while
KYW was broadcasting.

Stations WOC Davenport; WEAF New
York: KDKA Pittshurgh: WLW  Cincinnati
and WHEB Kansas City were reccived in the
widdle of the day.

One station whose call letters were not oh-
tained was heard through great static, talking
in Spanish.  This station finally signed off hy
stnouncing in English that the time was 11:35.
The time in Chicago (C.S. T.) was 12:35
A. M. This station signed off with chimes.

This series of tests conducted hy engineers
of PopuLAR Rapio’s technical staff and wit-
tiessed by other reliable authorities on radio
reception should bhe of interest to radio fans
and experimenters all over the country who
wish to satisfy themsclves of the selectivity
and sensitiveness of the new receiver.

Use Popular Radio Blue Prints in
Building the Orthophase Receiver

WHILE cxperienced sct-builders will be able to coustruct the Orthophase Re-
ceiver (described tn this issue) from the description and design shown in the article,
it will be found wmuch casicer if PorvLar Rapio bine prinis are used. These prints
save time because the panel and instrument lavout prints (which are cxact size) mav
he used as templaies, thus eliminating the necessity of making carcful measurements

for drilling holes and locating instruments.

The wiring diagram ic approximately

exact size; it shows the location of all wires and connections desirable for greatest

efficiency.

A set of blue prinis of the Orthophase Receiver will be sent postpaid om

receipt of $1.00 per set scnt to Portrar Rapio Service BUreav, 627 West jard
Street, New York City.




A guide to the prospective buyer of a ready-made receiver

MANUFACTURER'S NaME; Music Master Cor-

“What Set Shall I Buy?”

ESS then a year ago there were only a very few ready-made
sets on the market; today there are about 140, ranging
from small and inexpensive crystal receivers, which sell for as
low as four or five dollars, to claborate superheterodynes that run
into the hundreds. Those that have been approved by the
Porurar Ranro LLaroratory will-be pictured eacli mwonth until
the series is u)m])]ctcd They will be accompanied by brief hut
specific data concerning them—as a helpiul guule to the broadcast
listener and to the prospective listener who is thinking of sclect-
ing the receiver that will best mect- his special needs as well as
the limitations imposed by " his purse. The data following each
of the sets picturéd in this series- are the manufacturers own
specifications and claims; they were obtained through a form of

.questlonmurc sent to all manifacturers of receiving scts approved

by Porurar Rabio.

The Type 100 Receiver

DeTector TUBE:

Music Master A Type or

poration

MopEr. Nuvmper: Type 100

Nusnper or Tuses: five

Tvee oF Tuxixg: tuned-radio-frequency

Tyre oF DETECTOR; vacuum tube

RANGE ox PHOXES; (none specilied)

RANGE oN LoupsrEAKER: (none specified)

CosT; $100.00 {without accessories)

AxTENNXa REcoMMENDED: outside, 65 to 100
feet

Kixp or Tumes ror R. F.; Music Master A
Type or UV-201-a

UV-20]-a
Avmio Tures: Music Master A Type or UV~
201-a
Tvre oF “\" BATTERV:
6 volts 90-amp. hour
Tyre or "B BaTTERY:
blocks of 45 volts each
Detector “13" VoLTAaGE: 45 volts
WAVELENGTH Raxce; 195 to 560 meters
Nvymeer oF Tuxning ConTRoLs : three

“A" BatTery CUrrexT Uskp; 114 amperes

"B Battery Cuorrext Uskp: 8 to 10 milliam-
peres

Music Master storage

Miusic Master, two
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The WorkRite Winner

Alanvuracturer's Nasme; WorkRite Mig. Co.
Moper. Nave; WorkRite Winner
NuMBER oF TURES; five

Tvre oF Tuxixg; tuned-radio-frequency (neu-
trodyne)

TvypreE oF DETECTOR; vacuum tube

Raxce oN PiuoxEs; coast to coast
RANGE oN LOUDSPEAKER; coast to coast
Cost ComrrLeTE; $100.00 to $125.00
ANTENNA RrcoMMENDED; 30 fect, outside
Kixp oF Tuges For R, F.; 201-a

Detector Tuse; 201-a

Avpio Tuses; 201-a

Tyre oF “A” BatTERY ; 6-volt storage

Tyre oF “B” BattEry; 90 volts

DeTector “B” VoLTAGE; 45 volts

WavELEXGTH RAxcE; 200 to 550 meters
Nuwspekr oF Tuxine ConTroLs ; three

“A” Battery CurreNT Usep; 1.25 amperes
“B” Bartery CurreNT Usep; about 15 milli-
amperes

-#r . &
A
B

e

The Model L-3 Ultradyne

MaNUFACTURER'S NAME; Phenix Radio Cor-
poration

MopeL Nami; Model L-3 Ultradyne
NUMmBER OF TUBEs; six

Tyre oF Turxixe: tuned-radio-frequency
Tyre oF DETECTOR; vacuum tube

RaxcE ox PHoxes; 1,000 to 2,000 miles
RaxcGe oN Lovupsreakir; 500 to 1,000 miles
Cost CoarpLETE: $185.00

ANTENNA RECOMMENDED;
(single wire)

indoor or outdoor

:ﬂlﬂt‘“ﬁﬁ-‘ %

Kixp or Tuses For R. IF.; UV-201-a
DeTector Tivre; UV-201-a

Avpio Tures; UV-201-a

Type oF “A” BaTTERY; storage (06 volts)
Tvyre oF “B"” BaTTERY ; dry cell

Detector “B” VoLtace; 90 volts
WAVELENGTH RANGE; 180 to 500 meters
NumBer ofF Tuxing CoxTROLS; two

“A” Battery Currext Usep; 114 amperes
“N” Batrery Current Usep; 20 milliamperes
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The Ferguson Six

MuaxvracTurer's Naye; J. B, Ferguson,
Incorporated

Maoper. NaMe; Ferguson Six

Nuaser oF TuBks; six

Tyre oF TUNING; tunéd-ra(lio-frequcncy

TypeE oF DETECTOR: vacuum tube

RaNGE oN Puoxes; (none specified)

RANGE ox LoUpsrEAKER; (none specitied)

Cost CompreTe: $180.00

ANTENNA RecoMMENDED: outdoor

Kixp or Tuses For R. F.; UV-201-a or C-301-a
Detector Tuee; UV-201-a or C-301-a

Auvpio Tueees; UV-201-a or C-301-a

TyreE oF “A” BATTERY; 6 volt storage

Tyre ofF “B” BaTTery; 90 volts dry cell
DetecTorR “B” VoLtace; 2214 to 45 volts
WAVYELENGTH RANGE; 200 to 550 meters
Nenmeer oF TUNiNG ConTROLS ; two

“"A” Bartery CurrentT Uskn: 1.5 amperes

"B Battery Cerrext Usep; 25 milliamperes

The Goldfinch

MaxvracTerer's Name: Guthrie Com-

pany
MoneL : Goldinneli

NusBer ofF TUues; five

Tvre oF Tuxixg; tuned-radio-frequency
Tyei: oF DeTeEcTOR: vacuum tube

RANGE oN PHCNEs; transcontinental
Ra~aE oN LoubpsPEAKER; transcontinental
Cost; $75.00 (without accessories)
ANTENNA ReEcoymMENDED: 80 feet

Kixp oF TuBes ror R, I ; hard

Derector Tuene: hard or soft

Avpio Tuses; hard

Tyre oF “\" BATTERY; 6-volt

Tyre oF “B” BaTrery; any type

Drrector “B” VoLtace; 20 to 60 volts
WaveELexeTH Raxck; 200 to 700 meters
Nuvamner oF TuxNixg CoNTROLS: two

“A” Battery CurrexT Usen: 1.25 amperes
"B DAaTtERY CorrenT Usen: 13 milliamperes



IN THE WORLD’S
LLABORATORIES

Conpuctep BY Dr. E. E. FRree

Millikan’s Ultra-short Ravs
from Space

In the last issue of this Department we wrote
of Professor Skobeltzyn’s measurements of the
“shortest” ether waves ever measured, those
coming from the exploding atoms of radioactive
matertals. Before the item was off the press
Dr. R. A. Millikan, the distinguished physicist
who now heads the California Institute of Tech-
nology, at Pasadena, announced to the National
Academy of Sciences, meeting at Madison, Wis-
consin, his discovery of a kind of ether waves
far shorter than those measured by Professor
Skobeltzyn or by anyone else; about one fif-
ticth as long, in fact, as any ether waves pre-
viously known.* Thus does the progress of
investigation dispose of the most careful gen-
eralizations, Nothing remains for long the
“shortest” or the “longest” or the “fastest”
of science.

Professor Millikan's new rays were detected,
not in or from any material on earth, but com-
ing from the depths of space. Back of their
final detection there is a long story of patient
investigation. Nearlv a quarter of a century
ago investigators noticed that some variety of
very short ether waves were present in the at-
mosphere.  For example, these waves would
penctrate the metal cases of instruments and
cause the discharge of electric charges inside
them. They came to be called, on this account,
the “penetrating radiation” of the atmosphere.
It was known that a small amount of radio-
acttve material is present in the soil and in the
air. Most scientists believed, therefore, that
the penetrating radiation was composed of
gamma rays from these radio-active materials:
that it consisted, merely, of very short radium
rays such as those measured by Professor Skob-
eltzyn and others.

*“Hirh Frequency Rays of Cosmic Origin,” by R,
A. Millikan. Seience (Lancaster Penna), val. 62,
pages_445-448 (November 20, 1925). The address to
the Natianal! Academy of Sciences was delivered on
November 9, 1925,

About ten years ago, however, two German
physicists, Kohlthorster and Hess made obser-
vations from balloons and reached the conclu-
sion that thcre was more of this penetrating
radiation in the air at high altitudes than at
the surface of the earth. They suspected, there-
fore, the continual arrival from space of some
extremely short varicty of ether waves. Several
scientists repeated this work under other condi-
tions and failed to confirm it. The war inter-
vened and all such work was interrupted.

After the war, Dr. Millikan, among others,
took up once more the investigation of this
mysterious penetrating radiation. He sent
recording instruments up in airplanes and in
sounding bhalloons. With an assistant, he went
himself to the top of Pike's Peak, in Colorado,
taking with him the apparatus for investigation
of the penetrating rays. All this work was
either negative or inconclusive. The reality of
the penetrating ray remained unproved. Finally,
in the summer of last year, Dr. Millikan and
one of his assistants, Mr. Harvey Cameron,
carried out an ingenious series of experiments
in which radiation-detecting apparatus was sunk
at different depths in two snow-fed lakes high
in the mountains of California.

The height of these lakes above the sea de-
creased the layer of air ahove them, so that the
penetrating rays would not be ahsorhed: for,
penetrating as they are, these rays will not
traverse anyv large amount of matter, even of
matter as thin as air is. At the same time,
the water of the lakes absorbed any stray
gamma rays which might be coming from the
surrounding soil. The lakes being snow-fed,
their water was not itself radioactive, as many
spring and river waters are.

The experiment was a success. The pene-
trating rays were detected. Their difference
in penetrating power in the two lakes corre-
sponded exactly with the difference in eleva-
tion of the lakes and thus with the different
ahsorbing power of the lavers of air above
them. The penetration of the rays enahled,
also, an estimate of their wavelength. Dr. Mil-
likan's figure for the shortest waves is .0004
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Angstrom unit, this unit being, you remember,
the one commonly used to measure the wave-
length of light. It is one ten-billionth of a
meter, which means that the wavelength of the
newly discovered ray—which will be named,
doubtless, the Millikan ray—is only one twen-
ty-five-trillionth of a meter. The discovery of
these rays lengthens the known spectrum ol
ether waves by nearly six octaves,

The source of the rays remains a mystery.
The fact that they are the same by night as by
day rules out the sun as a source. The relation
to depth in the two lakes appears to be a con-
clusive proof that they come from space. Cal-
culation indicates that the wavelength of the
shortest of the new rays is about that which
ought to be possessed by radiation produced
when four atoms of hydrogen combine to form
one atom of helium, an atomic combination
which physicists suppose, on quite other grounds,
to be possible in the stars and perhaps else-
where 1 space.  Another atomic change which
might produce these very short waves is that
which would occur when a free electron and a
free proton (the positive nucleus) combine
to form an atom of hydrogen, Whatever be the
exact source of the rays, it is rcasonably cer-
tain, Dr. Millikan believes, that they originate

From a photograph made especlally for Porriam Ranto by Camphell-Gray, London
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in some transformation of atomic nuclei which
is occurring all through space.

Readers of Porurak Rapio wilt remember
that the idea of a very short variety of ether
waves, far shorter than any then known, was
postulated, some years ago, hy Dr. Felix Mi-
chaud, of Paris, to explain the facts of gravitia-
tion.*  Gravitational forces arc due, Dr.
Michaud belicved, to the absorption of thesc
pervasive, space-rays by matter.  Two bodies
in space partially shield cach other from the
rays and are therefore forced toward each
other. Although the new Millikan rays lie in
the region of the cther-wave spectrum in which
Dr. Michaud expected to find his gravitational
rays, it is not apparent, as yet, that they furnish
much support to the theories of the distinguished
Parisian plysicist. The Millikan ray is ap-
parently too feeble, as well as too casily ab-
sorbed hy matter, to satisfy the conditions which
a gravitational ray must meet. It remains pos-
sible, however, that still other and shorter
ravs exist. The cther-wave theory of gravita-
tion is by no means disproved,

* For an account of these theories see: “Do Ether
Waves Cause Gravitation?”’ FPorurLar Raoio for Decem-
ber, 1923, vol. 4, pages 468-477.
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TESTING TIIE PENETRATING POWER OF GAMMA RAYS

Before the discovery of Dr. Millikaw’s new rays. the gamma rays from radium were
the shortest and maost penctrating ether waves knotwen, At the Science Exhibition at
National Physical Laboratory contributed

IWembly, near London, last sunmmer, the

this apparatus

demonstrating the gamma ravs given off by radio-active material nside
the lead box behind the electroscope at the left,
169 of this issue are published by special permi

This photograph and the onc on page
ssion of the British Empire Exhibitian

Conmmitiee of the Roval Society.
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Iilaments ‘That Emit lons

A RECENT scientific discovery, made by Dr. C.
H. Kunsman and his colleagues at the Fixed-
Nitrogen Rescarch Laboratory, at Washington,
nay prove, it is by no means impossible, one of
the really importamt steps forward in radio
technique.* It is too soon to be sure of this.
Dr. Kunsman does not even describe his dis-
covery as a radio one at all. Nevertheless, it
is not too much to say that it has a chance
of proving to be quite as important to radio as
was the invention of the audion tube,

The discovery is of a convenient and ap-
parently reasonably permanent source of posi-
tive ions, just as the hot filament of an ordinary
radic tube constitutes a source of negative
clectrons.

A positive ion consists, you remember, of an
atom which has lost, temporarily, one of its
clectron planets. The atom then has a positive
charge. In the familiar sodion detector tube,
for example, the operation of the tube depends
upon the presence in it of a cloud of ions of
sodium. Each of these tons is really an atom of
sodium gas which has had its cutermost electron
knocked off. The atom is then short one clec-
tron, which means one unit of negative clectric-
ity. It carrics, therefore, one unit of positive
charge, Normally. of course, the.atom is neu-
tral, the positive electricity of the nucleus of the
atom betng just ncutralized by the negative
¢lectrons present in the atomic structure.t

From a photograbh made especially for PoPULAR RADIC

THE NEW IONIC TUBE

Dr. Kunsman is holding a special vacuum
tube (not for radio use) containing the new
flamient material which emits ions instead of
clectrons and which is described on this page.

POPULAR RADIO

In the sodion tube, the jops are produced by
the impacts of fast-moving electrons on sodium
atoms or by the collisions of sodium atoms
with cach other. Tons .can be produced, also,
in other ways. There has not been available,
however, any source of these ions which was
cither so convenient or so dependable as the hot
filament 1s as a source of electrons.

Dr. Kunsman has provided this. He finds
that a hot mixture of iron and an alkali metal
oxide, such as potassium oxide, will give off a
continual stream of alkali ions. For example,
one may use a fused mixture of iron oxide with
about one percent of the oxide of potassium.
This mixture itself will give off some ions, but
more are emitted if the material is reduced, by
hydrogen, so that a part or all of the iron
oxide is converted into metallic iron and pos-
sibly a part of the potassium oxide inte metallic
potassium, In a similar way, a mixture of iron

‘with the comparatively rarc element, caesiwum,

will give a strecam of caesium ions.

To see the pussible importance of this in radio
we need only to remember that the operation
of the ordinary amplifier and detector tubes de-
pends on a stream of electrons given off hy the
filament.  Suppose we make a radio tube which
contains, instead of the ordinary tungsten or
thoriated-tungsten filament, a strip or wire of
the new material discovered by Dr. Kunsman.
This new tube will operate with fons. just as
our present tubes do with electrons,

The most obvious new feature thus intro-
duced is that the tube will he electrically re-
versed. The plate will be negative; the filament
will be positive. If a C battery is used, its
polarity must be the reverse of present prac-
tice. The particles of electricity inside the
tube will still move from filament to plate, as
now. But these particles will be positive, not
negative, The passage of current through the
tube will be reversed.

This reversal is not likely to be, in itself,
of any great importance. What is likely to be
important is that the ions, which now replace
electrons as the tube-current carriers, are vastly
heavier than electrons, A potassiuin ion, for
example, weighs over 60,000 times as much as
docs a single clectron. This means that the
stream of ions from flament to plate will have
a considerable inertia. It will not be deflected
so easily or so quickly as is the strcam of elec-
trons in an ordinary tube. Also, space charge
relations will be quite different; the internal
impedance characteristics of the tube will be
altered; there will be entirely different re-
sponses of the tube to the frequency of the
voltage impressed on the grid.

For some purposes, of course, these changes
will mean no improvement. There are times
when we wish the current-carrying particles
in a tube to have as little mass and as low an
incrtia as possible.  Then what we need 15 an

*“A New Source of Positive Tons,” by C. H.
Kunsman, Science (Lancaster. Penng.), vol. 62, pages
269.270 (September 18, 1925).

t The modern theories of the structure of the atom
have been described in numerous papers in Porurar
Rapio during 1924 and 1925,
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From a photograph made esbeclally for PorrrLak Raplo

TESTING THE NEW ION-EMITTING MATERIAL

This apparatus. sct up in the Fixved-Nitrogen Research Laboratory, at Washington, is

used by Dr. Kunsman (at the left) and his assistant,
the ionic cmission and other propertics of the newe material.
tubes arc connceted lo the glass manifold in the cenier.
Dr. Kunsman and the clectric meters are in front of Mr. Nelson.

Mr. R. A. Nelson, to determine
Scveral special vacuum
The vacwwum pumps are benind

PorurLar Rabio is in-

debted to Dr. F. (. Cottrell, Director of the Laboratory, for permission to publish this
phatagraﬁh and those on pages 166 and 168. .

electron tube, like those now in use. But there
arc other purposes for which some electric in-
ertia in the tube is advantageous. When all
of the characteristics of an ionic tube have been
worked out we shall discover, probably, that
there are numerous radio uses to which the new
ion-emitting material of Dr. Kunsman may he
put. It will he very interesting, for example,
to try this material, and the reversed tubes
made with it, for audio-frequency amplification
under the large loads which some of the modern
loudspeakers and public address systems are
coming to require.

Rolling Hoops Through
the Kther

Just two years ago PoruLar Rapto pre-
dicted that the newer quantum theories of the
nature of light would be applicd some day to
radio waves as well and would profoundly
modify our ideas of the nature of radio trans-
mission.* The first part of this prediction has
been fulfilled. A possible application of the
quantum theory to radio waves has heen sug-
gested by no less an authority than Sir Oliver
Lodge ; the same scientist, as it happens, whose
work we were reviewing back in 1924 when we
made the prediction just mentioned.

In a recent address, delivered as President of
the Radio Socicty of Great Britain, Sir Oliver
suggests a new structure for the ether waves of
radio, a structure which brings them in line
with modern ideas of the nature of light. This

structurc may be visualized, essentially, as a vast
series of rounded rings of force, flying outward
from an cnergized atitenna as though a boy
were throwing millions of hoops from the top of
a tower.t Sir Oliver, as is his admirable cus-
tom, makes this suggestion tentatively and with
modest disclaimers of -originality. Nevertheless,
a substantial element of originality is there and
the suggestion is likely to play a significant part
in the development of the néwer theories of
light and other radiations, as well as in the
theories of radio. - d

Modegn theories of ether waves are char-
acterized,” readers of this Department will re.
member} b\ great uncertainty and confusion. On
one qldc -there are many facts about light and
X rays and radio waves which indicate that all
such radiations consist of waves in the ether,
not unlike the waves on the sea. This is the
“undulatory™ of spreading-wave'theory. On the
other side, there are many facts, notably the
facts of photo -electricity, which refuse to fit
into the wave theory at all. They mdlcate on
the contrary, that light is composed of gmumer-
able minute particles or “bundles” of cnergy,
cach flving through space as though it were a
hullet shot out from the luminous source like

*Are FEther Waves Composed of Minute Parti-
eles?", Porular Rapto for Fehruary, 1924, page 209.

1*The Mechanism of Radiation,” hvy Sir Oliver
l.odge. Presidential Address hefore the Radio So-
ciety of Great Britain. delivered September 23. 1925,
Printed in Exterimental Wiveless and the Wireless
f:‘nasi)m'rr {(London). vol. 2, pages 884-888 (November,
192
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This is the
The light bullets are called

lead slugs from a machine gun.
quantum theory,
quanta.*

The conflict between these two theories has
developed mainly in the field of light waves, the
wavelengths of which are to be measured in bil-
lionths of a meter instcad of the meters which
we use for radio waves. Radio waves have
been leit out of account, doubtless because the
simple wave theory fits well enough the phenom-
ena  ordinarily encountered in radio. No
puzzling quantum phenomena, like those of
photo-electricity, have been met with, as yet, in
the radio ficld.

However, there can be small question that
all cther waves arc essentially alike. If there

* For an account of the differences between the
wave theory and the quantum theory, with references
to some of the literature, sce: *New Theories of
Fther Waves,” in this Department of IoPvLar Rapip
for August, 1925, pages 168-171. On photo-clectricity

see: “Radio’s Newest Instrument—The TPhoto-electric
Cell.” TPopurar Rapio for XNovember, 1923, -ages
397-404,

] e A !
From a photorraph made especially for PorvLar Rapio
HOW AN IONIC TUBE IS BUILT
These tubes are naot coustructed for radio use,
but wmerely to test the properlies of the ion-
emilting material and the effects of the emitted
ions on gas mixtures inside the tube. The ion-
cemitting source is inside the metal cylinder at
the center.

POPULAR RADIO

are small quanta in light rays -and if the quan-
tum theory applies to them (instead of the wave
thcory) we must expect to find quanta in radio
waves also. We must prepare to abandon our
simple, present-day theory of a spreading ripple
in the ether, moving out untformly from the
transmitting antenna. In his Radio Socicety ad-
dress Sir Oliver scts out to visualize, so far as
may be possible, somcthing of what this radio-
wave quantum may be like,

It is reasonably certain, of course, that neither
the guantum theory nor the wave theory is
completely wrong nor completely right.  The
true thecory of ether waves must embody and
explain both of them. It must be consistent
with the facts that indicate the presence of
waves as well as with the facts that indicate
the bullet-like quanta. Last yecar, Sir J. J.
Thompson, familiar to readers of PoruLar
Rapio through his rescarches on electrons and
atoms,* made such a harmonizing suggestion.
He suggested that bofh wavés and quanta were
sent out simultancously from a radiating body.
Or, to phrase the matter differently, he sug-
gested that the radiation which went out had
both the properties of a wave and the properties
of a Rying particle.t

Sir Oliver Lodge takes this as his starting
point.  He points out, also, that it is impossible
to imagine that the ultimate “particle” of radi-
ation can be anything of the nature of a solid
particle, even an atom or an electron. The thing
that flics is no particle in that sense, but is, he
helieves, some disturbance in the cther. The
problem which confronts us is the decision be-
tween a single, discrete disturbance in the ether
—as, for example, a vortex ring like a smoke
ring in air—and a continuing, alternating dis-
turbance such as would constitute a true wave.

The solution suggested is based on the idea
of loops or rings of force. Everyone is fa-
miliar with the lines of force looped up and
down the diagram of a radiating antenna. These
lines are supposed to represent the clectro-
magnetic forces existing when the antenna is
energized.  “The question arises,” says Sir
Oliver, *“whether these lines of force are
physical realities or only geometrical abstrac-
tions. Most of us thought they were abstrac-
tions. Faraday seems somctimes to have had
an instinct that they might be real” )

“If the lines of {force are realities,” Sir
Oliver continues, “the loops which are thrown
off hy a transmitting acrial are not mere pic-
torial representations or diagrammatical illus-
trations but are a bundle of physical realitics,
cach loop with an independent existence, ecach
loop constituting a quantum.” * * * “What [
suggest is that the quantum arises from the
reality of the lines of force”

* See, for example, "“New Theories of How the
Atom is Put Together,” by Sir Joseph John Thomp-
son. PoruLakR RaDpio for September, 1923, vol. 4, pages
179-186. .

The suggestion, made originally in_an address at
Catnbridge. ngland, was printed in The Philosophi-
cal Magazine (Londen), vol. 48, pages 737-746 {Octo-
her, 1924). Tt was amplified, in_more popular form,
in a lecture at Guv's Hospital. London. on May 7,
1925, and has heen published in 2 pampbhlet. *The
Structvre of Light.!’ issued by the Cambridge Uni-
versity Tress. Cambridge, England, 1925
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SIR OLIVER LODGE'S SUGGESTION OF ETHERIC HOOPS
This diagram, greatly simplificd. gives an idea of the suggestion Lhat cther waves con-

sist of loops of force. flying off throngh space from an energized antenna.

In reality,

the loops of force are thouwyht of as being nwinhered by billions cach second, and as
fiving off in all directions and aith all possible inclinations of the planc of the loop.

The loops nove with the speed of light.

Light ravs are supposed to consist of similar

loops much smaller in their diameter,

For a radio antenna, the quantum-loop thus
emitted is conceived as large but feeble; some-
thing. Sir Oliver said, “of the nature of waves
in some respects, though apparently vortex
rings, but vortex rings with a wavclength equal
to their own circumference,”  For an ordinary
broadcasting wave, then, the circumference of
the quantum-loop would be of the order of
three hundred meters and its diameter a little
tess than onc third as much. A vast number
of these scparate rings or loops of energy is
sent out from cach antenna: one ring, as Sir
Oliver appears to assume, for cach electron
which travels up and down the antenna. wire.
Since the rings are of relatively large diameter,
a large ahsorher (the receiving antenna) is
needed to pick up their energy and to make
them physicatly perceptible.

In the case of light, the rings of energy
are assumed ta he produced by the fall of an
clectran from one position inside an atom to
another position, The displacement is minute
and the diameter of the quantum-ring sent out
is equally sa. Accordingly the absorbing unit
may be small, A single atom may pick up a
quantum of light: it will not ahsorh the much
larger quantum-rings of radio.

Sir Oliver does not pretend to have com-
pleted the mathematical application of this hoop-
of-energy idea to all the facts of physics or to
have solved all of the difficulties in making such
applications, He offers it merely as a sug-
gestion.  As such, it is probably the most rea-
sonable and comprehensible yet made toward
the solving of the great riddle of radiation.
And nnt the least interesting thing ahout it, to
the radio engineer. is that it has been attained
and developed by a study of our own pet radio
waves instead of hy the study of the physicist’s
usual material among the “shorter” waves—
Sir Oliver would say the smaller hoops—which
constitute X rays and light.

Static from Drifting Snow

It has long heen known ta the physicists that
fine dust or fog, suspended in air, is likely to
became electrified. That steam clouds from
locamotives or from factary chimneys can also
acquire an electrification and may become the
source of local interference is a suggestion
already noted in this Department.

Now comes a German scientist, Dr. A.
Stager. with careful experiments indicating that
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loose snow may be clectrified with case; experi-
mefts.- Wﬁlbh‘;‘pomt to drifting snow “in cold
wutﬁ?:r as a’ very probable site of Ll«.ctncal
dischifges” which may be quite pt.l’CCptlblc in
nearby radio receivers.*

Dr. Stager finds that when fine powders are
blowu abafit by air currents they invariably be-
come clectrified.  Snow swept along by a gale
in the Swiss mountains was-found to be strongly
charged. It is concluded: that the electrifica-
tion thus developed in'snow clouds or in clouds
of ice crystals makes an important contribution
to the clectricity of certain varicties of thun-
derstorms, .One may draw, quite obviously, the
further coflclusion that:when snow is blown
along by the wind during the wintry nights of
this. time of the ycar, the clectrification devel-
opéd may become a veritable static broadcaster,
although. presumably with no great intensity. §

That actual falls of snow are frt,qucntl) ac-
companicd by troublesome static is an obscer-
vation made by many radio listeners, Two
winters ago, in response to a note to this effect
in PorurLar Ranto, many readers wrote us con-
firming it from their own experience, And, if
Dr. Stager's results are accepted, we must
ascribe similar static-creating properties to loose
snow blown along the ground by wind.

Listeners who live in localitics where loose
snow is frequently blown about can perhaps
obtain data confirming or refuting Dr. Stager's
ideas by noticing whether or not the amount
of static is greater when much loose snow is
adrift. It will be nteresting, too; to note
whether this static is of the “whispering™ va-
ricty or of some other kind.

*Experimental Investigations into Contact Electrifi-
cation by Dust and Cloud-Forming Powdcred Sul-
stances, and Especially of Snow as a Factor I'roduc-
ing Storms’” (in German), by A. Stiger. Annalen
der Physik {Leipzig), vol. 76, pages 49- 70 (January.
1925). A later acconunt appears in the samc magazine
for Auguqt, 1925,

+*Radio  Interference From Clouds of Steam,”
Poruvrag Rapio for July, 1925, page 87, Additional
ohservations, confirming those ru,ouutcd in tlhis note,
have been published by P. L. Mercanton, in a letter
priuted in Nature {London), vol. 115, pages B74:875
(lune 6, 1925).

Hobert H.
PROFESSOR MICHELSON'S FAMOUS INTERFEROMETER

IVith this instrument, devised by himself, Professor A. A, Michelson, the distingnished

physicist of the University of Chicage, has investigated a series of Hght-wave phenom-

ena which indicate the wave theory nf cther waves, instead of the quanium theory.

Sir Qliver Lodge’s new “flying loop™ theory is an atiempt to reconcile these two oppos-
ing theories of radiation.

Moulton, Chleago

POPULAR RADIO

Radio to Test Theory of
Drifting Continents 3

e

TuAT the continents of the earth, Africa.
Eurasia and the two Americas, are not fixedzin
their positions, but drift slowly Tacross the
earth’s surface, is the revolutionary théory pro-
posed fourtecn years ago by the distitigidished
German geologist, Professor Alfred V\"egencr
Since then, and especially since the end of the
war made international  scientific cooperation
again possible, the world’s geological experts
have Dbeen devoting an iucreasing amount of
attention to the idea. It was under active dis-
cussion at the mecting of the British Association
for the Advancement of Science, at Southamp-
ton, last sumumer, upon which occasion Profes-
sor J. W. Gregory, head of the Department of
Geology at the University of Glasgow, made
the suggestion that the matter be put to the test
by mecans of radio.*

Professor Wegener's idea is that the rocks
of the earth arc not uniformly rigid, but that
there exists a layer of semi-viscous rock, many
miles down below the surface, on which layer
the continents float, much as iccbcrgs float in the
seca. The land mass of the two Americas was
once in contact, he thinks, with the western
cdge of Europe and Africa. Anyone can note
on the map that the two continental margins
scem to fit into cach other, like the parts of a
picturc-puzzlie, During thc millions of years
of past geologic time America has drifted,
Professor Wegener believes, to the west. It is
drifting still.  Evidence is produced to indi-
cate that carly determinations of the longitude
of Greenland show a more easterly position
than the present one. According to Professor
Wegener, this westward motion of Greenland
may have been as much as thirty meters a year,

* Professor Gregory's suggestion was published in
a newspaper unotice released hy Science Service.
Washington, D. C., on September 2, 1925, aud
printed in Scicnce (Lancaster, Penna), vol. 62, num-
ber 1602, page x of advertising section (September
11, 1925) We are indebted to Professor Gregory
for kindly supplying some additional details,
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PHENOMENA WHICH THE WAVE THEORY WILL NOT EXPLAIN

As pointed ont on a previous page, the phenomena of Mhoto-clectricity have never

been explained satisfactorily by the wave theory of light. The quantwm theory does

cplain them. This cxhibit, sct up by the physicists of Oxford Uniwversity at the

Wembley Exhibition, demonsivales the emission of electrons from metallic cacsium

catained in the lower bulb, wnder the iu}l‘hu'lm';; of light ravs from the upper, clectrie-
light bulh,

This amount is ample, Protessor Gregory
pointed out at Southampton, to be dc_tccmd
within a very few vears hy means of radio de-
terminations of longitude. The racio tune sig-
nals sent out from the greater radio telegraph
stations constitute, as every radio fan knows,
the most precise method of determining longi-
tude vet devised. This radio time is compared
with local time, as read from the stars. It
the point of observation drifts, by even so little
as thirty meters a vear, this drift is soon evident
as an increased difference in time. It is pro-
posed to apply this suggestion to the determina-
tion of the motion, if anv. of Greenland by mak-

ing radio longitude determinations there for a

series of vears until the truth or falsity of the
Wegener theory hecomes apparent. *

theory is outlined in detail and
the evidence for it is collected in “‘The Origin of
Continents and Oceans,” by Alfred Wegener, trans-
lated by J. . A. Skerl, 205 pages., E. I'. Dutton
and Company, New York, 1924

The Tilting of Radio Waves

In this department for September, 1925, were
described the impertant experiments of Dr.

* The Wegener

Smith-Rose and Mr. Barfield on the inelination
of the ec¢lectrostatic and electromagnetic fields
at the front of a radio wave arriving from a
distant station. It was expected that the wave-
ironts might be found to be tilted downward
somewhat when they were arriving after a pas-
sage through the upper atmosphere—through
the so-called Heaviside l.ayer. No determin-
able effect of this kind was discovered, at least
one of the obstacles being the fact that the con-
ductivity of the soil in Iingland was high enough
to affect the inclinations oi the electric and mag-
neric helds of the wave.

Dr. Smith-Rose and Mr. Bartield have now
published an account of this work especially
from the viewpoint of the radio engineer.* The
conclusions are unchanged, but radio experts
especially interested in the subject or intending
to repeat the experiments will do well to consult
the experimental details and the mathematical
theory outlined in the newer and more complete
publication.

*“Some Measurements on Wireless Wave Fronts.”
oy R. L. Smith-Rose and R. H. Barfield. Experi-
mental Wireless (London), vel. 2, pages 737-749 (Sep-
tember, 1925).
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non-subscribers to cover the cost of this service, and this sum must be inclosed with the letter
of inquiry. Subscribers’ inquirics should be limited to one question or one subject.

A Simple Way to Control
Regeneration

Question: 1 have an eight-tube
superheterodyne of standard construction
using a separate oscillator. I want to
experiment with the use of regeneration
i the loop circuit. Is there any simple
method of controlling the amount of re-
generation secured without having to use
a separate coil, tickler or anything of that
type?

N. Frazer

Axswer: A simple way of controlling re-
gencration is shown in Figure 1. A\ loop with
a mid-tap should be used. The outside turn, if
the loop is of the pancake type, should he con-
nected to the grid and the mid-tap to the
negative filament lead. The loop tuning con-
denser which is incorporated in the set (not
shown in the diagram) is comnected from the
grid to the Alament. .\ small variable con-

denser of from .00005 to .0001 should be con-
nected as shown at VVC. The coil L is the out-
put coil or primary of the first intermediatc-
frequency transformer. If VC is one of the
“midget” condensers now awvailable it can be
mounted on the front of the panel. If tuning
is too difficult when using it tune the set to a
low wavelength and adjust VC just below the
oscillating point and leave it fixed.

This arrangement should be used only when
a separate oscillator is used and the amount ot
energy from the oscillator can be controlled.
In circuits of the autodyne type tuning is con-
siderably more complicated and this arrange-
nient is not recommended.

How to Use a Grid Bias

Questiox: I want to build a five-tube
receiver of the mneutralized radio-fre-
quency type: it will employ two stages
of radio-frequency amplification and two
of transformer-coupled audio-frequency
amplification. Is there any way of get-
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B
IJ'

~dalal
by

THE CONTROL OF REGENERATION IN THE LOOP CIRCUIT

FIGURE I:
denser which controls the oscillations.

This is a skeleton diagram showing the connection of the small variable con-
The loop tuning condenser which is mentioned in the

text, is not shown here.
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THREE WAYS TO SECURE A GRID BIAS WITHOUT A “C"” BATTERY

FIGURE 2: These three diagrams, A, B, and C, illustrale the methods of oblaining a grid
bias which have been described. Other methods which make use of the same principle will
readily suggest themselves lo the experimenter.

ting the proper grid bias without using

a “C” hattery? Should I use a bias on

hoth the radio and audio stages?
Harvey SMmiTH

ANSWER: The hias normally necessary on a
recceiver of this type may casily be obtained by
any of the three methods shown in Figure 2.
Ii the radio-frequency stages are “neutralized”
or “balanced” to prevent oscillation, it is advis-
able to use a negative bias on the first two
tuhes. The ampere-hour delivery of a “B”
battery rises rapidly with decrease in current
drain and a negative bias on these tubes will
considerably increase the “B" hattery life.

If the set is carefully designed and the coils
set so there is negligible inductive feed hack

it will be fairly easy to neutralize the amplifier
even with a negative grid bias. In this case
the method shown in Figure 2 A may be used.
This gives the same bias to both the radio and
audio-frequency tubes. R should be a 400 ohm
potentiometer used as a variable resistance; C
should be a .002 to .006 mfd. condenser to by-
pass the radio-frequency currents. It should
be comnected from the end of the secondary of
the radio-frequency transformers to the nega-
tive filament lead. Make the connections as
short as possible.
The bias which is secured can be readily
determined from Ohm's law
F = RI
where £ is the hias, R the amount of resist-
ance used in the potentiometer (i.e. the frac-
tion actually used, not 400 ohms) and I, the
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plate current or “B™ battery drain of the whole
set.

Three or more volts bias should be ysed on
the audio-frequency amplifier. If the, radio-
frequency stages can not be stabilized with
this much hias either the method shown in
Figure 2, B or C may be used. The method
shown in B will give a fixed hias for the audio
stages with a fixed plate current and a variable
bias on the radio-frequency stages. The [atter
variable is an advantage, as it permits adjust-
ment just helow the oscillating point for maxi-
mum sensitivity.

The bias on the audio stages will depend on
. the “B” battery current which in turn will vary
with the grid bias used on all of the tubes.
With this bias properly adjusted the normal cur-
rent for a set of this tyvpe will be abotut 10
to 15 milliamperes. The equation previously
given shows that ii a 200 ohm potentiometer
is used at R, the bias will vary between 2 and
3 volts, which is slightly low. A 300 ohm
potentiometer will give a bias of from 3 to
4.5 volts and a 400 ohm potentiometer from
4 to 6 volts on the audio stages. In each casc
the grid voltage can, of course, be reduced to
O by decreasing the amount of resistance
het(\s'een the slider arm and the negative A
to O,

The arrangement shown in Figure 2 C
permits variation of the bias applied to both
the radio and audio-frequency amplifving tubes.
The radio-frequency bias may be adjusted from
O to 2 or 3 volts with a 200 ohm potentiometer
at R, depending on the 'plate current, and the
audio bias regulated from 2 or 3 volts to 4 or
6 with the same size potentiometer at Ru.
Radio-frequency by-passing condensers should
be used as shown. The impedance across the
hiasing resistance is very small compared to
that of the whole output circuit and there will
be negligible grid voltage variation due to the
alternating plate current variations.

45y

The Parts You Need for a
“Nameless” Receiver

Question: I have a set of coils for a
“Nameless” set and would like to build
one. [ find that the circuits available
vary somewhat, and [ should like to have
the proper circuit and a list of the other
parts necessary with their values.

C. Hoores

ANswiR: The circuit you request is given
in Figure 3. You will nced the following
parts in assembling it:

L1, L2, L3, L4, L5, L6, L7 and L8 are a set

of Bremer-Tully “Nameless” circuit coils ;

VCI, VC2 and VC3—Variable condensers,

00025 mid.:

Cl and C2—Fixed condensers, 001 mid.;

Rl and R3—Rheostats, 20 ohm;

R2—Rheostat, 6 ohm :

GC—Grid condenser, .00025 mid.:

GL—Grid-leak, 2 megohm;

JU and J2—jacks, double circuit ;

J3—Jack, single circuit, filament control type ;

AFTl—Audio-frequency transformer, first

stage type:

AFT2—Audio-frequency transf ormer, second

stage type.

The “A” and “B” batteries should have the
values noted.

RI1 controls the filament current of the two
radio-frequency tubes, R2 the current of the
detector tube and R3 that of the two audio-
frequency amplifier tubes. The lilament of the
last tube is controlled automatically by the jack,
but if the telephone plug is inserted in the Arst
jack the rheostat has to be readjusted. This
tronble can be eliminated by using an automatic
filament control cartridge in series with the fila-
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THE HOOK-UP OF THE “NAMELESS” RECEIVER

FIGURE 3:

The proper wiring diagram of the ‘' Nameless" Receiver using “‘C" balteries in

both the radio and audio-frequency stages is shown here.
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ment of the last tube after disconnecting it
from the rheostat R3.

The condenser VU4 should he adjusted just
below the oscillating point when the set is
tuned to a low wavelength. The condenser C2
prevents the “B” battery being short-circuited
through VC4.

The value of GL will vary slightly with
different tubes and several values should be
tried.

If a hard tube of the 201-a type instead of a
UV-200 is used for a detector the grid return
from the detector tube should be connected to
the A plus. The rheostat R2 should then be
a 30 ohm one.

“C” Battery with Resistance
Amplifier

QursTioN: 1 have a set using two
stages of radio-frequency amplification,
detector, one transformer and two re-
sistance stages of audio-frequency am-
plificatior  The transformer stage has
a “C” Dbattery giving it 3 volts (nega-
tive), but the resistance stages have
none. 1 would like to know whether or
not the resistance stages should be con-
nected to use this negative bias?

FRaANK McGEAR

AxswgR: Less “C” negative bias can be

used in a resistance-coupled amplifier than

in a transformer-coupled amplifier. This is
due to the fact that the combination of the

blocking or grid condenser and leak givesa very
small negative bias. Where onlvy a small bias
is wanted this system of obtaining it is satis-
factory. This is sufficient for the first
stage if a 201-a type tube is used, both
because the bias needed is slight and the
plate voltage is fairly low. Although 135 volts
is generatly used on the plate circuit the drop
through the coupling resistance generally
brings this down to from 25 to 50 volts. In the
last stage practically the full 135 volts is applied
to the plate due to the low resistance of the
loudspeaker. Unless special provision has been
made for either using a lower plate voltage or
introducing a resistance in this circuit it will
he advisable to use about 4.5 to 7.5 volts nega-
tive bias on the last tube. This would require a
high resistance leak which would permit the ac-
cumulation of a high charge on the condenser.
The grid cannot become more negative than
necessary to reduce the grid current to zero by
this method. This has the disadvantage of giv-
ing a high grid swing when a loud signal comes
in and 1f the coupling condenser is large there is
some time lag before the condenser can fullv
discharge and reach the point of no signal oper-
ation. By connecting the leak to the C (=) lead
that you now have you can secure the proper
hias with a lower resistance leak. (A separate
“C" battery can be used by conmecting the
plus C to the A minus and the C minus to the
leak.) The leak should have a value of ap-
proximately .1 megohm (100,000 ohms) as a
lower value materially reduices the amplification.
The reason for this is apparent when it is re-
membered that this leak is in shunt to the input
circuit of the tube and will therefore lower the
voltage applied to the grid of the tube., A
more complete discussion of this subject ap-
pears on page 112 of this issuc.

The article, “"How to Build and Operate a Low-power Transmitter” origi-
nally scheduled for this issue, will appear in Porutar Rapio for April,
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BROADCAST LISTENERS ATTEND A CEREMONY BY RADIO

When Bishop Manning laid the cornerstone of the nave of the Cathedral of St fohn

the Diwine in New York, the occasion was attended—anraliv—by thosc within récep-

tron range of station WEAFE. The broadeasting of historic cvents is vastly cxiendiny
public interest in the news of the sworld.

The BROADCAST LISTENER

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

By RAYMOND FRANCIS YATES

Eight Ideas for Solving the
Copyright Problem

A Few months hack we had a tittte sympathy
with the demands of the American Society of
Composers and Authors and their efforts to
make the broadcasters pay a rcasonable fee for
the right to use copyrighted work. Suhsequent
action on the part of the composers, however,
has caused us to pitch our tent in the camp of
the National Association of Broadcasters and
the appalling political power of this depart-
ment is now squarely behind the movement to
free broadcasting from a threat aimed at its
very existence. This sudden change in atti-
tude was brought about by the unreasonable
fees asked by the composers, fees that show no
tolerance, no mercy and anything but a desire
to contribute to the most civilizing art that has
appeared in the whole range of human history.

Broadeasting paralyzes one’s mental faculties
with its possibilities and vet a peanut-minded
coteric of composers would aim an arrow at its
very solar plexis or what it thinks to be its
solar plexis. It was the spirit of this threat
rather than its possible consequences that caused
us to dispatch the following wire to the chair-
man of the Broadcasters committee during its
November mecting in Washington :

“It is evident that the Society of Authors,
Composers and Publishers is made up of un-
rcasonable and highly overrated writers of the
Irving Berlin school of bunk music. They
write ditties on their cuffs in Keen’s Chop
House and expect the American public to pay
millions for them. Fortunately broadcasters
have been victimized only to the extent that
they highly overestimate the importance of the
Society of Compromisers, Augers and Penal-
izers.

174
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“"Why does not the Nativnal Association ol
Broadcasters take advantage of its own tre-
mnendous power for publicity and banish once
und for all time this blustering menace to the
radio art? Here is a suggested plan:

"1, - Let the National Association of Broad-
casters appoint Music Finding and Publishing
Committee with the slogan 'More Music From
America.’

"2, ~This committee, through the voice of
nearly three hundred broadeasting stations, to
ask every American musician to submit  his
themwes for music and words to a central office.
The Society of Authors controls only 400 com-
posers. We have 15000 in America to say
nothing of undiscovered talem.,

“3.  Guarantee the writer ol cvery new song
suitable for broadcasting $1.500, which means
that every broadeaster in the United States
would pay $5.00 for the right to perpetnathy
Iroadcast a new number.

“4.  Broadecasters to organize friendly gronps
of publishers not members of the Society of,
Composers.  These publishers to receive sole
right to publish songs fmnd and popularized
by the broadcasters.  Publishers would pav
authors of song standard rovaly. This in ad-
dition to the original payiment by the bhroad-
casters of %1,500.

“5. On a 500-song-a-vear basis, this plan
would cost cach broadcaster only $2.500 yearly
for the use of the latest songs.

"6 Permit broadeasters to o sell songs by
mail and to announce this on the air.

"7. Droadcasting is the most powerful pub-

X4
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licity ageucy in the world today.
larize a song over night.  lwvery song hit s
i4 song and 34 plugging. Radio can make more
song hits in une month than the Socicty of
Composers has made in its entire carcer,

“8. Broadcasters  should  completely  and
severally boycott all producers of music that
are hostile to radio,  The offensive and the ini-
tiative should he taken by the National Associa-
tion of Broadcasters and not by the Society of
Composers, Authors and Publishers.”

* * *

Another Good Word for a
Broadcast Act

Toe young man who builds up and measurcs
out the Eveready programs may be a novitiate
in the entertainment business, bhut he has turned
out to be an inuaginative broadcasting experi-
menter of no mean ability. For over a year
now, he has been providing this department,
week inand week out, with a program that is
ahways refreshingly new in thought and in exe-
cution.  Often these new radio acts are so new
that they squeak a little if you put your ear
right up close 1o the horn but they never squeak
to the point of hurting. That is something that
vou cannot say about the new thrusts that have
been made by some of our more widely recog-

It can popu-

nized impresarios.  The Eveready Hour s
rarcly dull and is ofen magnificent.
Back i November, Edzar White Burrill

read the sombre lines of “Evangeline” with a
warm and sympathetic musical accompaniment

LS. DEPARTMEN
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A RADIO DETECTIVE ON WHEELS

By means of this antomoebile. wohich is fitted out woith wavemeters and directional
devices. radio supervisors of the Departwent of Commeree track dozon disturbers of
the listener-in’s peace. Violet-ray and X-rav machines (such as are wsed in doctors’
and dentists’ offices), leaking poweer lines, clectrically-operated oil-bearing  furnaces

and sources of iterference are located and remedied.

Browdcasting stafions that

venfure off their assigned wavelengtis are warned to return to their ozon part of the

wavelengtlhy hand.

The area covered by New Vork. Pewnsylvanid,
irginia and Michigan is policed in this way.

Ohio, 11est
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in the background. It was, according to our
fourth-rate judgment, a dplendid picce of work
hut it began to move ponderously after the first
half hour had passed.  Unless your heart is
esoecially susceptible to the stabs of sentimental
poems, a full hour's recitation of “Evangeline™
is & pretty heavy dose. It seems to us, and here
again we may show ourselves up as being a
marpeté, that the dramatic features of the poem
could have heen read ina bare hali hour, leav-
ing out the more irrelevant passages. The pres-
ctation of this feature left us with the notion
that poetry accompanied with mwsic is good if
vou know where to stop.

* * *
The WEAI Doys Take to Football

WHEN we reach the ninth page of this re-
view we are usually as limp as a rag. This
time we have just enough strength left to regis-
ter a weak protest against the very un-{oothall-
like announcing of the two honor graduates of
the A. T, and T. Diplomatic School, the Messrs.
Carlin and McNamee.  This pair might make

excellent observers in a clash hetween the eleven
of the Erasmus and Washington High Schools
hut they flopped badly while working as a unit

I'acifie & Atlantic

BRINGING IN A PROGRAM WITH
A PUSH BUTTON
A row of push buttons supplants the usual
condenser dials on the panels of this novel re-
cetver. These buttons are wired to cut in on
portions of an inductance coil, so that all that
is necessary fo tune in on a certain station is to
push the button marked with_its call Ictiers.

POPULAR RADIO

on the Cornell-Pennsylvania game. Their de-
portment was just plain terrible.  Mr. Carlin
sounded like a man who had just completed a
digest of the Spaulding Year Book, after years
and years of ignorance of the game.

First off, Mr. Carlin tried to be flippant and
witty and Mr. Carlin is the casiest person in
the world to detect in a flippant and witty
mood. Mr. Carlin also mufied the significance
of many plays, and, to top it all, he found it
necessary constantly to correct himself, He did
this as many as three times.

When it was all over, the ingratiating Mr.
MceNamee hobbed up to the microphone and
told the aundience that he was glad that he
personally  would announce the  Army-Navy
game.

This. of course, put an end to alt doubt as to
the perfect manner in which the Army-Navy
game would be handled.

* * *

Nicknames for Announcers

IF therc is anything contributing to the bar-
ber-shop atmosphere of our more loosely man-
aged radio studios it is the mnicknames that
many of our publicity-hunting announcers take
for themselves,  To hear the roll call of
America’s amiouncers, you might think it was
the scrape foothall team of the gashouse gang.
There is the “Merry Old Chicf,” the “Solemn
Old Judge,” “The Hired Hand” and dozens of
other cheap pseudonyms.  All of this, of course,
is a neat part of the plan for bigger and better
popularity for the announcers.  Somebody it
scems  {perhaps it was Charlic Chaplin) once
told the announcers that when they spoke they
were speaking to the “masses” of America and
it would be necessary for them to gab in a
tongue and in a style that the American masses
would understand. With few exceptions, this
advice has been carried out to the letter and
now there is nothing left for our announcers to
do but to tatk out of the corner of their mouths
and to say “Hully gee” on the least provocation.

* * *

An Apology

SeveraL issues back we waltzed out with a
suggestion which has since proven tardy—to be
exact we were just about one week late with it.
We suggested that broadcasters use the time
between studio features to give the late news
items of the day. That we figured would be
much better than the practice of permitting an-
nowncers to fll the interim with impromptu this
and that.  The records now show that WJZ
had begun this sometime hefore the thonght ad
occurred to us.  That, of course, made our big
idea a faur pas and we hereby how low and
magnificently to the real originatcr of the in-

novation,
vatior - " -

Bad Manners That Need
Correction

HEeRe is 1926 and we stil have broadeasters
who cat from their knives and who do all sorts
of impolite things. It was only a few Sundays
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THIS AMPLIFIER LEADS THE CHEERING FOR DEAR OLD

ALMA MATER

Hhy strain the cocal chords of the cheerin ’
weork better? To the Brooklyn Technical

contest when radio apparatus can do the

rg section of the grandstand at an_athletic

High School. New York, belongs the credit of reducing 1o a scicnce the cnergies
crpended in noise-making : a single cheerer. by means of this apparatns, can give a
vell that can be heard a mile ateay.

back that WMUCA bhecame impulite to an ex-
tent that. to our knowledge, has been unmatched
in the annals of the art. WMCA was guilty
of more than 2 tactless error: it was just a
plain offense.

This station was scheduled to broadcast its
dinner music at seven o'clock; something that
had been in the past a staple and satisfying
feature coming as it did at the end of a rather
uneventful afternoon.  You can well imagine
that this department developed a somewhat
high temperature in the region of the collar
hones when, instead of hearing the overture ol
the orchestra, it was introduced to a gentleman
who was sclling—guess what?  Automobike
paint! We were tremendousiy stirrcd by this
crass hreach of form and while at our hottest
we had even thought of writing to Mr. Toover
to see if his next conference counld not put
down a law to thwart the trick of obtaimng
listeners under false pretenses.  On second
thought, we decided that mother has only one
pair of hands and that she has plenty of naughty
broadcasters to take care of without our hecom-
ing a tattle-tale.

* * *

A Crestfallen Critic

FuLLy understanding the staggering ditheulty
of finding a radio program scheme that woukl
meet with universal anproval and being fully
cognizant of our own limitations in the matter,

we asked our readers (in the November issue)
to help us solve this enigma of the radio busi-
ness.  Up until this time, we had thought that
radio listeners had some pretty definite notions
about what they wanted and they did not want
and that they would, upon the least provoca-
tion, show our studio managers how far they
were from hitting the popular idea.

Our plan, we regret to announce, has fallen
flatter than Aunt Clara's pancakes, and we are
quite broken up ahout it. We did reccive a del-
uge of letters but, instead of proving our point,
they showed unmistakably that our studio
managers are not so dumh as we had thought
they were and that, further, they are giving the
great American public a pottage of entertain-
ment with just about the right flavor. Here
we have been basing our calculations on a
pate de foi gras basis when we should have
started off with noodle soup. And so we turn
awav crushed and defeated but way down in
this old hulk a tiny veice is saying: “You've
got the right idea but the world is cockeyed.”

The first prize for the hest program received
aues to Mrs. Bessie Tones of Glen White, W.
Va. We might add that it was Mrs. Jones’
letter mare than her program that caunscd us to
favor her solution to the problem,

\r. I. B. Davis, Kevport, N. ., came within
a hed-time storvy of beating out Mrs, Jones.
My, Davis was doing fine unti! he put “Children
Stories”™ in between 7:30 and 7:35 o'clock.
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‘The Applause Card Nuisance

WEe have just about lost our patience with
the studios that insist upon asking ior mail
after each feature, and we are posting a fair
warning now, I it continues for another thirty
days—let's see, that puts the time limit at Feb-
ruary 20—we shall set ot on a special murder
campaign, and no power in this wide, wide
world will stop the carnage, Dark-skinned men
in slouch hats with handanna handkerchiefs
about their necks will be stationed owside stu-
dio entrances to strike low those who dare to
invite listeners-in to write to this or that artist,
This is tinal.

If there is one thing that sends this reviewer
into something more than a mild frenzy, it is
the invitation to applaud this or that artist (and
often much less) by mail. Nor does that mean
that we are a savage old ingrate.  While we
do not raise our hands very high or shout
“bravo” while applauding at the theater, we
applaud as often and as boisterously as any
theatergoer west of Lighth avenue between
IFifty-ninth and Thirty-fourth streets.  \What
we object to, and the one and only cause of our
special thirty-day murder campaign, is being
asked to applaud. In asking yvou to appland,
an announcer arbitrarily assumes that vou have
just graduated from 6th Grade Class B and
that, further, you are mentally nothing short of
a classical specimen of dumb-hell.

Imagine, if you will, the spectacle of Mr.
Ziegfeld stepping out on the stage at the New

Pacific & Atlantic

THE HEAD RADIO ANNOUNCER
Mr. Arthur F. Edes (known to radio fans as E- F-4,
15 president of the Radio Announcers of America.
He s the program director of station WEEI in

Boston.

POPULAR RADIO

Amsterdam Theater to ask his audience to ap-
plaud!  Now just a moment there, We knew
that you would say that Mr, Ziegfeld pays
good big money to his actors and that we have
no right to make such a comparison. Well,
Smarty, we insist that this has absolutely noth-
ing to do with the case. Nobody insisted that
Annabell Tish come to KIFI or that Hortense
Simpson should bring to a close her three years
of vocal lessons with a début from W]JZ.

All of this is by way of combating a growing
American tradition that all broadcast periorm-
ers are, in a measure, a sort of entertainment
section of the Salvation Army and that you,
ourselves, and your good neighbor Jones, owe
cach and every artist a nice helpful word of en-
couragement.  You are supposed to carry
around with you a line of thought something
like this: “Well, the poor devils are doing their
hest to entertain the great American public,
and I guess I at least owe them an applause
card.” If you don't believe that that is the
thought vou are supposed to put under yeour
old derby, just listen to the pathos in the voice
of the next announcer that asks yvou to endorse
the activitiecs of any performer.

There is just une more angle to this subject,
Dear Reader, that we wish to discuss with vou
before you indulge in the hig, airy paragraphs
beyond,  You have probably heard the nice
little boys down at WEAL come to the micro-
phone and tell you in a sort of well-vou-know-
it-doesn’t-make-any-difference-to-us way  that
the members of the Little Wonder Gas Lighter
orcliestra would appreciate knowing whether
or not their program was good. The Little
Wonder boys, no doubt, have an autographed
post card (Mr. Antonio Rambirinio, the con-
ductor conspicuously seated in the exact center
of the first row) which they will be glad to
setd to their admirers. It may be that vou will
be lucky enough to horn in on some of the
free samples of baking powder that the big-
hearted president of the IHoosick Falls Chemical
Company has decided to distribute, or perhaps
you can get that cookhook that telts you about
muffins without butter and shortening.

The WEAL announcing sorority exhibit some
of the most beantiful, hand-carved announce-
ments that have ever been turned loose upon
the air of these United States. Nobody but a
full-fledged graduate of the A. T. and T. Dip-
lomatic School could issue stich carefully tooled
invitations. Time and time again we have sat
hefore our loudspeaker and defiantly answered
them back with: "Well, you're pretty slick, but
you can't fool this slv old weascl.”

Now here is some inside dirt. Don't you
helieve what we said about WEAL net being
interested in receiving applause cards. It is
rumored that the first thing the big director
of bhroadcasting does when he arrives at the
office in the morning is to ask for the number
of applause cards received. 1§ the number is
not great cnough to satisfv the advertiser, the
professors of the WEAIT Diplomatic and Rhet-
oric School are given implicit instructions to
remain closeted with “the boys” until they can
exude an announcement that will make John
). Rockefeller, Sr., write for the catalog of
the Pine Valley il and Refining Co.
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A LOUDSPEAKER THAT )MAY SUPPLANT THE DANCE ORCHESTRA

Th_is plaque-like device, which the inventor, Mr. M. C. Hopkins (seated at the left), has appro-
priately named the ** Titanafram,” has been developed for use in halls or auditoriums where
reception 1n lond volume is required. It is said that under favorable conditions the volume of

sound from il can extend over five miles.

This picture shows one of the two experimental

ifnstriments now in use.

Re. the Battle for Better
Announcing

WHATEVER our luck may have heen in the
matter of finding a masterpicce in programs, we
have found plenty of public sympathy in our
hattle for better announcing. The many an-
nouncers who have “bawled us out” over vari-
ous nom de plumes will do well to read a few
of the legitimate letters that we have received.
We are presenting two for examination:
“Dear Sir:—

“Upon scveral occasions you have distinctly
voiced our sentiments ahout announcers, but
what can we do about it? We of the radio
audience are placed somewhat, not by choice,
but by circumstance, in the beggar class. Since
we can not he choosers we patiently listen to
the announcer entertain himself, knowing that
our time will eventually come to he enter-
tained : therefore T <ay that we require only
the bricfest introduction and comment from the
announcer.  Let the talent entertain, for that's

what they're there for. If the announcer must .
il in a number, and he should always be
suitably prepared against such an.emergency,
let him do it as an entertainer—without apology
and with little comment, Then let the radio
audience judge of the merit of his effort.

"With the arrangement of progrant such as |
have outlined above, it scems to me that every-
hody might be suited in part of the program,
and almost everybody in all of the program.

). B. b
“Near Sir:—

"Your attention is respectfully invited to the
attached article with reference to Announcers.
This article ‘hits the nail on the head' and is
the first truthful criticism regarding announcers
that I have seen, all critics appear to he fear-
ful of saying a word to them. Personally T see
no use of anuouncers whatever. When we first
had phonographs each record had an an-
nouncer, but they died away. A society for
the climination of announczrs would have
many charter members.

. “W. A, S
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IN THE EXPERIMENTER'S LABORATORY

Coxpucrep By Laurexce M. Cockabay

—

Calibrating an Oscillating
Wavemeter

Statrxy WWYV of the Bureau of Standards,
in Washington, D. C.,, has been making a prac-
tice of transmitting standard-frequency signals
twice cach montli for the benelit of those wlo
want to calibrate wavemeters or have use for
the standard-frequency signals. These trans-
missions serve as a reliable means for calibra-
tion work because of the unquestioned accuracy
of the frequencies transmitted.

The transmissions occur on the 5th and 20th
of each month, starting at 10 P.M. and lasting
until 11.32 P.M., Eastern Standard time, They
arc arranged on a deflinite schiedule; a certain
band of frequencies is transmitted on cach of
these nights. On October 20, for instance, the
band of frequencics from 1,500 to 3,000 kilo-
cycles was covered (200 to 100 meters) as
follows :

10.00 to 10.08 T.)I.
10.12 to 10.20 DM,
10.24 1o 10.32 .M.
10.36 to 10.44 )

10.48 1o 10.56 I’ M,
11.00 to 11.08 P.M,

1,500 ke or 200 n.
1,650 ke or 182 .
1,800 ke or 167 m.
2,000 ke or 150 .
2,200 ke or 116 m.
2,450 ke or 122 m.
11.12 to 11.20 P.), 2,700 ke or 111 m.
11.24 to 11.32 P.M, 3,000 ke or 100 m.

The transmission is by means of continuous
wave telegraphy and it is therciore necessary to
use an oscillating receiver in receiving the sig-
nals. The procedure of the transmission is to
tune the transmitter to 1,500 ke and at 10.00
P’ M. the transmission is started on this fre-
¢quency.  Transmission consists of miscellancous
signals, the call of WWYV and announcement of
the frequency, all in continental code, and a
series of dashes, This continues for cight min-
ntes. IFour minutes are then allowed to tune the
transmitter to the next frequency and from 10.12
to 10.20 the process is repeated at a frequency
of 1,650 ke, and so on,

The signals are also transmitted from station
GXBM, Stanford University, California, from
10.00 to 11.32 Pacific Standard time, for the
use nf those Incated in the west. Tlus the
signals are available to anvone in the United
States who has a fairly sensitive receiver.

trans. freq.
trans. freq.
trans. fres.
trans. freq.
trans. freq.
trams. freq.
trans. freq.
trans. freq.

A comptlete schedule of the transmissions cov-
cring a pertod of four months is given in the
monthly Radie Service Bulletin which may be
obtained from the Superintendent of Docu-
ments, Government Printing Office, Washing-
ton, D. C,, at a cost of five cents,

As to actual process of calibrating the wave-
meter, a description of the calibration of one of
the type described on pages 267-271 of the Sep-
tember, 1923, isstte will be useful.

The calibration was made during the trans-
mission on the night of October 20. Unfor-
tutately the experimenter was forced to miss
the first three frequencies. Using the other
five frequencies, however, four coils for this
wavemeter were calibrated, covering from 30
meters up to 555 meters. This, of course, called
for the use of the harmonics of the regenerative
receiver used for the reception, and of the har-
monics of tle oscillator wavemeter.

The first frequency tuned in was 2,000 ke or
15¢ meters (from now on we will refer to
waveleugths rather than frequencies). lLeaving
the receiver tuned to this wavelengtl, coil N2
(see page 267 of September issue) was inserted
in the wavemeter and the wavemeter placed
about four feet from the receiver. The wave-
meter dial was then slowly rotated until a loud
heterodyne whistle was heard in the headphones
contiected to the receiver, indicating that the
wavemeter was tuned to resonance with the re-
ceiver, and was therefore tuned to 150 meters,
The reading of the wavemeter dial, 88, was then
noted and the first point for our calibration
curve thus obtained. Moving the wavemeter
closer to the receiver the dial was again moved
and annther heteradyne whistle was heard at
11. This whistle was fainter than the first and
the experimenter therefore knew that the wave-
meter was tuned to thie second harmonic of the
received signal, or 75 meters. Thus the second
point of calibration was obtained.

Coil X3 was then inserted in the wavemeter
and the dial slowly rotated throughout its entire
range. Two heterodyne whistles were heard,
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one quite strong at 12.5 on the dial and a weaker
one at 94. Knowing the range of coil X3 to
be somewhere in the neighborhood of 120 to
400 meters it was cvident that the low setting
wias the wavelength to which the receiver was
tuned, 150 meters, giving the third point. Turn-
ing the dial of the wavemeter to 94 meant that
the wavelength to which the wavemeter was
tuned was higher; therefore the sccond har-
monic of the wavemeter must be heterodyning
with the oscillations of the receiver at 150
meters.  This mennt that the wavemeter was
tuned to twice the wavelength of the receiver,
or 300 meters. This was point No. 4 for our
curve. When coil X4 was inserted two more
heterodyne  whistles were heard at 355 and
98.5 on the wavemeter dial. The range of coil
X4 was known to be about 190 to 600 meters.
The dial setting 98.5 was approximately in the
middle of the dial range (180 degree dial)
thercfore the whistle hieard there meant that
the wavemeter was tuned to 450 meters and the
receiver oscillating at 150 meters was hetero-
dyning with the third harmonic.  With the
wavemeter tuned to the other whistle at 35.5,
it was tuned to 300 meters, the second har-
monic of which was heterodyning with the
received wavelength, 150,

181

Finally coil X1 was placed in the wavemeter
and the wavemeter moved close to the receiver.
The range of this coil was known to be about
30 to 100 meters. One heterodyne whistle was
heard at 92 on the dial. It was therefore evi-
dently tuned to the second harmonic of the re-
ceiver, or 75 weters.

Thus from the one standard signal received on
130 meters two calibration points were found
for all the wavemeter coils but the smallest and
one point was found for the latter.  All of this
wits accomplished during the 12-mimmnte period
of the 150 meter transmission from WAWV,

\When the transmission was started on 136
meters the same process was repeated. I this
case one calibration point was obtained on each
of the smaller coils N1 and N2, On X3 two
points were obtained and on X4, three points.

IFrom the live frequencies transmitted from
WWWV the experimenter was able to obtain six
points for coil X1, seven for coil X2, nine for
coil X3 and lifteen for coil N4, This was
cnough to make up calibration curves for ecach
of the four coils, The form used in making
up the curves were the same as the illustration
oun page 271 of the September, 1925, issue of
I'orviak Rapio.

—35. GorpoN TAvLOR

An Efficient Coil Winder

WitH the aid of two wooden discs, a car-
riage bolt and a sewing machine, the radio
experimenter who winds his own coils can do
an infinitely quicker and better job than he can
do by the usual method of winding his coils
by hand.

Figure 2 shows how the device is attached to
a portable electric sewing machine. The ap-

paratus itsclf, as shown in [Figure 3, consists
primarily of two wooden discs between which
is centered the tube or form upon which the
wire is to be wound. Thesce discs are connected
together by a carriage bott, which when tight-
ened holds the tube securcly in place.

The thicker of these two dises rests against
the fywheel of the machine. It is held in

A COIL WINDING MACHINE

FiGURE 2:

This picture shows how the ordinary electric sewing machine may be used for

winding coils with the aid of ¢ simple altachment.
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place by two or three screw-cves that pass
between the spokes of the flywheel. These
screw-eyes hold the disc securely in position.
They may be easily unscrewed when the house-
wife wants to sew,

The winding form, usually a Bakelite tube,
is placed between the discs and the bolt is
tightened slightly. The machine is then spun
slowly and the tube shifted to a central posi-
tion so that it runs true. The bolt is then fully
tightened and the winding started. In this way
a coil may be wound in a few minutes that
would ordinarily require an lLour if done by
hand. And when finished, the machine wound
coil will not only lock better but it may actu-
ally be a more efficient coil than one wound by
hand.

The so-called “binocular” coils used in hoth

POPUILLAR RADIO

the Grebe and Grimes radio sets may be casily
and quickly wound on this machine. This type
of c¢oil has somewhat the same electrical char-
acteristics as the toroidal or “doughnut” coils.
Incidentally, the binocular coils are wound in
pairs but the windings are in opposite diree-
tions. (Simply turning a coil, end for end will
not reverse the direction of the winding.)

But with the help of this machine, the prob-
lem is easily solved.

[First, one set of coils is wound, with the
motor rotating in one direction. The brushes
on the motor are then shifted so as to reverse
it. Finally another set of coils may he wouwul
corresponding to the first set it with the wind-
ings in the opposite direction so that the tields
will he reversed.

—I11. G, Berste.

Eliminating that Continuous
Whistle

LLETTERS are sometimes received from owners
of receivers, in which they state that a receiver
which functioned well ior some time suddenly
developed a tendency to whistle continuously.
Somctimes the whistle is high pitched and other
times it is in the form of a coarse roar. In
some cases, too, the whistle may he noticeable
from the first day the receiver is hooked up.

There are various causes of this trouble,
Perhaps the most common is defective or
worn out "BB7 batteries.

In certain types of receivers one or more
worn out "B” batteries will start trouble by
first causing a slight but continuous whistlé
which grows in volume as the batteries run
down further. On the other hand it is also
possible for a new hattery to cause this trouble
due to one defective cell.  Such a case was
experienced recently. A new 221 volt battery

(F

was installed with others in a receiver and
immediately a pronounced shrill whistle was
noticed. All of the batteries tested over 20
volts, which is high enough for satisfactory
operation.  Necvertheless the receiver would
not whistle witl a different set of "B” bhat-
teries.  Finally a small voltimeter was used to
test the individual cells of the batteries and
disclosed the fact that one of the cells in the
new battery was defective. lts voltage was
less than Y4 volt. This cell was short circuited
with a piece of wire to cut it out of the circuit
altogether and the hothersome whistle imme-
diately disappeared.

Often the use of three stages ol trans-
former coupled audio frequency amplification
will cause a whistle, and it is for that reason
that nmwore than two stages are seldom used in
modern receiving set design.

Moror DR VE—

THE WINDING FORM

FiGURE 3:

This drawing indicates the mechanical construction of the coil winding devics

and the method of attaching il to the Axwheel of the sewing machine,
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THE HARTLEY CIRCUIT

I“i1gure 4:

This circuit, or some of its modifications, is probably the most com-
monly used today for reception on wavelengths under 100 meters. The accompany-
ing article discusses the necessity of suiteble conpling between the antenna and
closed civcuifs if maximm efficiency is fo be obtained in short-wave reception,
The use of the wvariable condenser in H;(' anfenna circuit is aptional, as explained
in the text.
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lf three stages are to bhe used (with trans-
formers) it is usually quite essential that they
be doctored up with fixed condensers and
resistances across the transfonner windings.
Frequently a fixed condenser of about .0005
mfd. capacity across the secondary of the first
transformer with a similar condenser and a
variable resistance such as the Bradleyohm
No. 25 (25,000 to 250,000 ohms) across the
secondary of the second transformer will help
to eliminate the trouble. Similar doctoring
may be necessary in the case of the third
transformer too, however.

Where only two stages of transformer
coupled audio amplification are used the
whistle may also be present, usually due to
the use of transformers of poor quality or
too high ratio. About 5 to 1 ratio is as high
as can safely he used, and even this ratio is
advisable only in the case of the first stage of
a two stage amplifier. The second stage ratio
should be not higher than about 3 or 4 to 1,

Another common cause of a continuous
whistle or howl, especially in the present day
multi-tube receivers, is the so-called “micro-
phonic howl.”

In this case the vibration of the diaphragm
of the loudspeaker causes the tuhbes to vibrate,
Usually this sort of a howl builds up until it
assumes tremendous proportions. When the
receiver is turned on the howl may not be in
cvidence at all, or clse only slightly. Within
a very short time, however, it becomes very
noticeable, gathering voluine as it goes along.
In some cases a sudden jar of the recciver
will be needed to start jit. but once it gets
started it can only be stopped by turning off
the receiver for an instant.

The first remedy for this type of trouble
is to move the loudspeaker as far from the
receiver as possible. If this does no good,
ahout the only alternative is to mount the tube

sockets on sponge rubber or replace the sock-
cts with the vibrationless type. Oiten 1t will
he sufficient to do this with the detector tube
only. It is also well to try shifting tubes
around as some tubes are more “microphonic”
than others. Especially in super-heterodyne
and other receivers using five or more tubes,
a single tube may cause all the trounble. When
it is located and replaced the trouble disap-
pears.

A less frequent cause of the continuous
whistle results from rumiing the antenna lead
close to, and parallel with, the receiver. It is
always advisable to bring the antenna to the
receiver from the rear and at a right angle
to the back of the receiver. Also run the lead
to the loudspeaker directly away from the re-
ceiver, and from the body of the operator. In
somne cases a pronounced whistle is obtained
when the operator touches the loudspeaker
cord or places his hand near it. especially
while his other hand is on the dials in the
act of tuning the recciver.

In addition to the type of whistle men-
tioned here, there are. of course, the whistles
frequently encountered in regenerative receiv-
ers and in radio frequency amplifiers. These
are of a different sort entirely and can be dis-
tinguished by the fact that they vary with
variations of the tuning controls of the re-
ceiver,

Antenna Coupling for Short-wave
Receivers

One of the problems in short-wave reception
is to obtain proper coupling between the an-
tenna and tube circuits.

To obtain the maximum results and to avoid
so-called "dead spots,” which are caused by the
antenna circuit or one oi its harmonics bheing
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THE STANDARD THREE-CIRCUIT TUNER

FiGgure 5:

This is another circuit which is used cxtensively in shorf-teave reception.

EFrequently the type of tuning unit used in this circuit docs not permit variation of
the wwmber of turns in the antenna coil and in that case a scrics antenna condenser
may be used to decided advantaye in the reduction of “dead spots.”

in resonance with the tuned, tube circuit, it is
necessary tc provide:

(1) Variable coupling between the antenna
coil and the grid coil;

(2) Variable control of regeneration, and,

(3) Some means of partially tuning the an-
tenma circuit.

Practically all short-wave reccivers today
make use of cither the Hartley circuit (Figure
4), the modified Reinartz (which is practically
the same as the Hartley), or the standard
three-circuit hook-up using primary, secondary
and tickler (Figurce 5). This article, therefore,
refers particularly to these circuits.

[f an untuned antenna circuit is used with a
receiver designed to cover the short-wave bands
from 30 to 120 meters and providing controls
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DIRECT ANTENNA COUPLING

Ficure 6: Some degree of success has been
mef wwith in coupling the antenna directiy to the
closed cirenit through a series anfeuna condenser
as shown here. This method max he used with
cither of the hook-ups shown in Figures 4 and
5, thus climinating the necessity for antenna
coils, Coupling is wvaried by wmeans of the
antenna series condenscer.

for (1) and (2) above, it will be found that at
certain wavelengths it is impossible to make the
receiver oscillate unless the coupling between
the antenna and closed circuit coils is loosened
to such an extent as to make signals extremely
weak. This condition results from the condi-
tion of broad resonance of the antenna circuit
with the closed circuit and absorbs enough
energy from the closed circuit to stop oscilla-
tion. If the coupling between antenna and
closed-circuit coils is loosened sufficiently, the
antenna circuit absorbs less energy and there-
fore does not so readily stop oscillation. This
loose coupling decreases the signal strength,
however, due to the smaller encrgy transfer
from the antenna circuit to the closed circuit.

Now, with the coupling fairly close, oscilla-
tion would not stop if the antenna circuit could
be tuned sufficiently to shift its wavelength
either up or down so that it, or its harmonics.
would no longer be in resonance with the closed
circutit.

This broad tuning of the antenna circuit may
be accomplished in a variety of ways. The
most satisfactory plan, in the case of the Hart-
ley type of circuit, is to provide two or more
different coils for the antenna circuit.

If it is desired to tune the circuit to a certain
wavelength but it is found that even with fairly
loo;:e counling the recciver will not oscillate
satisfactorily at that wavelength, an antenna
coil with a different number of turns is substi-
tuted, thus shifting the wavelength of the an-
tenna circuit to a noint where it no longer in-
terferes with the functioning of the tube circuit.

In the Hartlev tvne of receiver, a sine'o
closed-circuit coil will not, of conrse. cover the
entire 30 to 120 meter band.  Because of the
extremelv sharp tunine at low wavelengths it
is advisable to use a low capacitv tuning con-
denser and this naturallv limits the range of
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cach clo_scd-circuit col] so that three or perhaps
four coils are nccded to cover this entire band.
Using a three plate condenser  (maximum
capacity .000045) across the grid portion of the
closed-circuit coil, four coils are nceded. The
rangc of the smallest coil may be approximately
from 30 to 45 mcters, the next onc from 45 to
65, the next 60 to 90 and the largest 80 to 120.
Three antenna coils of 5, 13 and 21 turns re-
spectively, will probably serve to tuue the an-
tenma,  This, however, will depend a good dez_il
upon the proportions of the antenna that is
used.  Antennas of all lengths scem to work
out about equally well for short-wave reception
—a single wire anywhere from 25 to 150 fect
will be satisfactory.

Another method of tuning the anteuna is by
ineans of a very small variable condenser in
series with the antenna as shown by the broken
lines in Figures 4 and 5. )

Usually, by this means, it is possible to reduce
the number of antenna coils needed to two or
even one. In the case of three-circuit tuners,
in which no provision is made for changing
antenna coils, the use of an antenna, scrics con-
denser will be found especially useful.

A third method which has met with some
success is that illustrated in Figure 6.

By the usc of this method, the antenna coil is
climinated entirely and the antenna is conncected

directly to the grid end of the closed-circuit’

-

coil, through the antenna serics condenser. This
moethod controls the amount of coupling be-
tween antenna and closed circuit by means of a
variable condenser.

The maximum capacity of series antenna
condensers used for this short-wave work will
depené to some extent on the size of the an-
tenna used. The best plan in any particular
installation is to try out different condensers
until the best one is found. A three or five-
plate variahle condenser will in some cases work
out quite satisfactorily, while in other cascs a
simple homemade device as illustrated in Figure
7 will serve the purpose, especially if the receiv-
ing antenna is large.

Every owner of a short-wave recciver should
experiment a little with various antennas, an-
tenma coils, series antenna condensers. and
various degrees of coupling. Many of these re-
ceivers in operation at the present time are not
giving anvwhere near the results of which they
arc capable, simply hecause the coupling ar-
rangement used is not suitable. A recciving
range of 10,000 miles is not too much to expect
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A SIMPLE HOME-MADE ANTENNA
SERIES CONDENSER
Figure 7: [In some cases a regular 0001 or
00025 anfd. wvariable condenser g‘zc'iil serve as
the series antenna condenser for use in short
waye reception.  As a rule, howerver, it is neces-
sary to use cxtremely low yalues of capacity for
this purpose. The simple condenser shown here
seryes the purpose well.

of any cfficient short-wave receiver in reception
of amateur code signals. In short-wave broad-
cast reception the range is hound to be some-
what less. However many South American
listeners are enjoying the programs broadcast
nightly from KDKA at Pittshurgh, on a wave-
length aroud 60 meters, at distances of 3000
miles and more.
—S. Gornon TavLor

A Receiver That Will Operate on 50 to 550 Meters

__In the March issuc of Porvrar Ranto will appear an article containing complete
information on the constructional details for building a new recciver that will operate
over a hand of wavelength from 50 to 550 meters. This description will be of interest
alike to the scasoned amateur and experimenter as well as the inexperienced novice
Tt is probably the first tuned-radio-frequency receiver that has as vet heen described
for operating over sugl} a wide wavelength hand. One exclusive feature of ﬂhl(_‘ new
recetver is that the wiring is prepared in advance for the experimenter so that all he

has to do is to hitch it on to the set,

Tt is the result of collaboration on the part of

two engincers—McMurde Silver and Laurence M. Cockaday and it will be known as

the S-C Receiver,
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approved developments in radio cquipment.  Ounly such apparatus as has been tested and
endorsed by the Laboratory is noted in these colimns.

A Tube for Greater Volume

A NEW IPOWER TURE
Nante of tnstrionent: UX-210 vacuum tube.

comprising two sets of stator and rotor
plates with two variable vernier units for
adjusting them to the same capacity. One
of the vernier controls is adjusted from
the front panel of the set on which
the set is mounted. The end plates are
constructed of die cast aluminum cut
away as shown in the photograph. The
insulation is accomplished by mniwcans of
two clear bakclite strips upon which the
stator clements are mounted. The bear-
ing, whieh is large, is fitted with a novel
tension adjustment, which, although it
varics the tension on the shaft, does not
vary the spacing between the plates and
between the rotor and stator sections.

Usage: In any radio-frequency circuit for

tuning.

Desceription:  This new tube which contains a  Outstanding features: Dual operation with sin-

husky thoriated filament is especially
manufactured for use in the last stage of
audio-frequency amplification where great
volume is desired. It is also a reliable
oscillator for laboratory work. It may
he operated directly from a 6-volt stor-
age hattery on the filament without rheo-
stat with 157 volts on the plate. With
7V5-volts filament potential across the
terminals of the tube, it may he used
with plate batteries as high as 425 volts
with a 35-volt “C” hattery. At this vol-
tage it has an output resistance of 5000
obms, conductance of 1350  micro-
mhos and a veltage amplification factor
of 7.75. It is equipped with the large
standard UX base,

Usage: In comnection with radio receiving
apparatus for use as a power tuhe.

Outstanding  features:  Rugged construction.
Reliable operation.  Powerful.

(Further detatls furnished on request)

A TWIN ‘F.LE.\IEN'T VART \RI.F.. CONDENSER
Name of instrument: Dual variable condenser.
Deseription: A really well made tuning unit
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gle shaft. Rugged construction. Easy

to balance. Ncat appearance. Equipped

with a shield between the stator elements.
(Further details furnished on request)

A Dual Unit With Verniers
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Apparatus Approved by Popular Radio

This list of apparatus approved by the Poprrar Ramio LABorA-
TorY will be continned as a part of the WHAT'S NEW IN
RADIO APPARATUS department until all instruments, parts

and complete sets have heen included.

The listing is alpha-

betical by manufacturer’s name and the installment in this issue
includes only the letters A and B.

AERIALS

Stranded enameled antenna; Acme Wire Co.
“Ribbon” copper aerial; Acorn Radic Mig. Co.
Iinameled ribbon acrial; Acorn Radio Mig. Co.
Hollow radio eaerial; American Display Co.
Antennaphone; Antennzphone Co.
Flat copper antenna ribbon; Baltimore Brass Co.
Beldenamel aerial wire; Belden Mig. Co.
“Storm King” complete acrial outfit; L. S. Brach
Mig. Co.

AUDIO- FREQUENCY TRANSFORMERS *

“Acme” andio-frequency transformer; Aeme Ap-
paratus Co,

Algo andio-frequency amplifying transformer; Al-
gonquin Electric Mig. Co.

Rauland-Lyric audie-freguency transformer; All
American Radio Corp.

All-American  audio-frequency amplifying
former; All-American Radio Corp.

Augl'o-frcquency transformers; American Specialty
0.

Amertran DeLuxe transformer; American Trans-
former Co.

“Fada” audio-frequency transformer; F. A. D.
Andrea. Inec.

“King Cole"” audio-frequency transformer; Any-
lite Electric Co.

Brandes eudio-frequency
Products Corp.

Branston audio-frequency transformer; Chas., A.
Branston, Inc.

trans-

transformer; Brandes

BATTERIES

“Arrow’ storage batterics; Arrow Rattery Co.
Radie “B” Batteries at “factory prices”; Ayres
Battery Corp.
B“rgcs.‘ I'IAII' ll‘Bl} (ICI.P

Battery Co.

BATTERY CHARGERS AND RECTIFIERS
“Acme” battery charger; Acme LElectric & Mig.

and batterics; Burgess

charger; Acme Engineering Co.

Co.
Silent bn!tt’ry
“A" aud "B battery chargers; Apco

“I‘PCO"
Mig. Co.

BATTERY ELIMINATORS

“Acme” “B" elbminator; Acme Apparatus Co.
“Apce’ rectodyne; Apco Mig. Co.

BINDING POSTS

Ajar binding posts; Ajax Electric Specialty Co,
Bel-Tone mounted binding posts; Bel-Tone Radio
Co.

CRYSTAL DETECTORS

Syu-tec radio crystal; Appliance Radio Co.
“Airader” detecfor; Rernard’s Radio Co.
“B Metal” crystal; B-Mctal Rehning Co.,

DIALS

Na-ald dials; Alden Mig. Co.
Bradleynier; Allen-Brauley Co.
Radion knobs and dieis; American I ard Rubber

0.

Split-Em  vernier instrument contrel; American
{nstrument Works.

Regal knobs and dials; American Specialty Co.

Amsco dials; Amsco Products, Inc.

Apexr vernier dial; Apex Electric Mfg. Co.

Bell dial; Bell Mig. Co.

FIXED CONDENSERS

Mica fired condcnser; Aerovox Wireless Corp.
Acrovox bypass condenser; Aerovox Wireless Corp.

GRID -LEAKS AND RESISTANCES

Tubular grid-leak; Aerovox Wireless Corp.
Bradlevleak; Allen-Bradley Co.
Bradlevofim; Allen-Bradley Co,
Bradleyunit; Allen-Bradley Co.
Clarostat; American Mechanical Labs.
Amplex  Lavite resistance; Amplex
Labs.
Ampler grid-leak; Amplex Tnstrument Labs.
Arbee grid-lcaks and resistances; Arbee Mig. Co.
Grid-leak; A. C. Brady Co.
Volt-X variable grid-lecak; Burton & Rogers Mfig.

Instrument

Co.
Vo(l:r-X grid-lcak mounting; Burton & Rogers Mig.
0.

INEADPHONES

Bel-Cante  headsct; Bel-Canto  Radio
Equipment Co., Ine.

Berstan headsct; lerstan Radie Products.

Navy type headset; Brandes Products Corp.

Superior fheadset; Brandes Products Corp.

JACKS

Radio jack; Adams Radio Mig. Co.

Amplex jack; Amplex Instrument Labs.

Tri-jack; Brooklyn Mectal Stamping Co. |

“B., M. S."” jack; Brooklyn Metal Stamping Co.

KITS

A-C Dayton XIL-5 Knocked Down Set;
Electrical Mig. Co.
Acnieflex kit; Acme Apparatus Co.
All-Amax Senior kit: All-American Radio Corp.
“Cockaday” and "'Tobias’' kits; Amplex Instru-
ment Labs. . .
‘entrodyne, Superheterodyne and Tobias kits,
Amplex Instrunient Labs.
Melco Supreme kits; Amsco Products, Inc.
“Fada” neuntrodyne kit; F. A. D, Andrea, Inc.
Superhicterodyne kit; Apex Electric Mfg. Co.
“Pacific Rainbow” Super-Het kit; Baldwin Pa-
cific & Co.
Bel -Tone Superdyne kit; Bel-Tone Radio Co.
Dyne-O-Might kit; Birch-Field Radie Corp.
Superheterodyne kit; J. T. Boone Radio Corp.
Superhcterodvne kit; Charles . DBranston, Ine.
B-T R.FE. Circuit; Bremer-Tully Mig. Co.

LOOPS

Aalco folding foep: Aalco Radio Laboratories, Ine.
Auplifer loep; Amplifex Radio Corp.

Berling loop; Berling Magneto Co.
Basket-weave folding loop aerial; DBodine Electric

& Tel

A-C

Co.
Snpgr-foldl'ug foop aerials; J. T. Boone Radio Corp.
LOUDSPEAKERS

Rowal radio speaker; Adler Mig. Co.

Junior Ambotone; American Bosch Magneto Corp.
Ambotone reproducer; American Bosch Magneto

Corp.

Burnsl loudspeaker; American Electric Co.
Amplion loudspeaker; Amplion Corp. of America
Bell-type speaker; Apex Electric Mfg. Co.
Armstrong speaker: Armstrong Speaker Co.
Atiwcater Kent loudspeaker; Atwater Kent Mig,

Co.
Bel-Canto loudspeaker; Bel-Canto Radio & Tel
Equip. Co.
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POPULAR RADIO

A VARIABLE RATIO VERNIER DIAL
Converts old sets to the new style of
tuning. 360 degree operation.

(Further details furnished on request)

Name of fustrmment: SLF converter tuning

dial.

Deserviption:  This dial is designed to operate

with an ordinary straight-line-capacity
condenser for ohtaining straight-line-fre-
quency tuning, It accomplishes the same
results as using a straight-line-frequency
condenser with an ordinary dial. The
condenser shait itsclf is fastened to a
lever which operates in a spiral cam slot
which is mounted on the dial hearing.
Throughout the first lower scttings of the
dial, the condenser revolves much slower
than the dial itself, but this ratio of
movement of the condenser and the dial
increases until at the upper scttings of
the dial, the condenser is moving at an
increased rate.  The rate of change of
capacity with dial sctting is of course
correct for producing straight-line-fre-
quency tuning when used in connection
with the proper coil and condenser that
will cover the wavelength band that it
is desired to operate over.

{'sage:  In any radie-frequency circuit for

controlling the tuning apparatus.

Ountstanding features: Efficiency., Straight-line-

frequency  tuning. Smooth  operation.

Bel-Canto  cabinet  speaker; Bel-Canto Radio &
Tel. Equip, Co.

Semibcousole cubinet (combination horn and cabi-
net): Blandin Phonograph Co., Ine.

“Sonochordce” loudspeaker: Bondette Afg. Co.

Brandes speaker, type H: Brandes 'roducts Corp.

Hr{a_nd‘m cone-type loudspeaker; Brandes Produets
arp.

Brandes cabinet speakcr: Trandes Products Corp.

Orchestrion e Luxe; F. Bremerman & Sons

Bristol Awdiophonc fondspeaker; Bristol Co.

MISCELLANEOUS ACCESSORIES

“Spagheiti'"; Acme Wire Co.

indotw lead-in: Acorn Radio Mig. Co.

“Little Jiawt” circwit breaker: Rruno 11, Ahlers

Na-ald sponge rubber cusliion; Alden Mig. Co.

Standard tube buse; Alden Mfg. Co.

Allen special radio soldering paste; 1. B, Allen
Co., Inec.

Alpha “Special” spaghetti; Alpha Radio Supply
Co., Inc.

Tusnlated, square and round bus bar iwire: Alpha
Radie Supply Co., Inec.

Bosch Nobattery; American Bosch Magneto Corp.

Radion loudspeaker horn; American Iard Rubhber
Co.

Radion lowdspeakerphone cap; American Iard

" Rubler Co,

Coil mount; American Radio & Supply Co.

Spaghetti tubing: American Radio &  Supply Co.

“Nifty'” lead- in; Amoroso Mig. Co.

“Nifty” ground clamp; Amoreso Mig. Co.

Apoite nickel zine: Apollo Metal Works

Adaunit; Auto Iandicator Co.

Parcclain_ pedestal; Barkelew Electric Mfg. Co.

liar cnshion for phones; Bates & Co.

Belden battery cords, headset cords, tips and ter-
minals: Belden Mfig. Co.

B.11 radio tubing; Bentley-Tlarris Mfg. Co.

Blackburn ground clamp; Blackburn Specialty Co.

Bearings for radio tuning coils; Edward Boardt

PANELS

Radion pancls; American IHard Rubber Co
Condenstte products: Rakelite Corp.
Bakelite products; Dakelite Corp.
Reduanol produrts: Rakelite Corp,

Mt 4

A New Converter for SLE Tuning

PITONTE PLLUGS

Ljax multisphone plug and comnector; Ajax Flec-
tric Speeialty Co.

Maultiple plhone plug; Barkelew Electric Mfg., (o.

Serics phone plug and post; Barkclew Electric
Mig. Co.

Sertes phone plug  for binding post mounting:
Barkelew Electric Mg, Co.

PITONOGRAPII ATTACIHMENTS

fiurns Concert loudspeaker uuit; American Elec
tric Co.

Lwnplion phenegraph  wunit; Amplion Corp,  of
America

POTENTIOMETERS

Bradleyometer; Allen-DBradley Co.

Itegal potentiometer; American Specialty Co.

Avutseo porentiomcter; Amsco Products, Ine.

dmsco  “frublwundr”  potediomcter-rheostat ;
Amsco Products. Ine.

“Lada' potentioncter; F. A, 1. Andrea, Inc.

POWER AMPLIFIERS

Quc stage power amplificr; Bristoi Co.

RADIO CADINETS

Radie cabinet; . Hall Berry
Rh]mdin rudio cabinet; Blandin Ihonograph Co.,
ne,

RADIO-FREQUECNY TRANSFORMERS

“olenre”  radie-frequency transformer; Aeme Ap-
paratus Co,

“cAeme” DY owait (tuned radio-frequency  traus-
former with condenser): Acme Apparatus (o,

Kadio-frequency transformer: Aero I'roducts, Inc,

Al dmerican  radio-frequency transformer; All
American Radio Corp.

Aumsco radio-frequency trausformer; Amsco Prod-
ucts, Tuc,

Radiofrequency  tuned  transformer: lenjamin
Flectrie Mig. Co.

Rranston  radio-frequency  transformor: Chas. A,
Iranston, Inc.
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“Tri-Coil'’ radio-frequency transformer; Brooklyn
Metal Stamping Co.

RECEIVING SETS

A-C Dayton XL-10 receiver; A-C Electrical Mig.
C

0.

A-C Davten receiver; A-C Flectrical Mfg, Co.

“Paragen’ reecetvers; Adams-Morgan Co.

Adler-Koyal neitrodyne; Adler Mfg. Co,

Torodync recefier; Ainsworth Radio Co.

Air-ltay  receivers; Air-Way  Electric  Appliance
Corp. .

Ajax crystal receiving set; Ajax Electric Special-
1y Co.

Al-American receiver; All-American Radio Corp.

Amber Mare-O-Dyne 5-tube sct; Amber Sales Corp.

Bosch receiver; American Bosch Magneto Corp.

Electrola receiver; American Speeialty Co.

Ampler DX5 receiver; Amplex Instrument Labs.

Melco Supreme recerver; Amsco Products, Ine.

Dc(::-vsnad_\'ue breoadcast receiver; Andrews Radio
orp.

King Ceole receiver; Anylite Electric Co.

Apex Super 5 receiver; Avex Electric Mfg. Co.

Microdvne recetver; Apex Electric Mig. Co.

Atwater Kent radio-frequency recerver; Atwater
Kent Mig. Co.

Standard “"B" pocket radio: Auto Indicator Co.

Aragain radio receiver; Autometal Corp.

Baby Graad crystal receiver; Beaver Machine &
Tool Co., Iac.

Biltmere Master Reflex receiver; Riltmore Radio

Co.
Dyne-O-Might receiver; DBirch-Field Radio Corp.
Blair No, 11 receiver; IDNair Radio Lahoratories
Brandola recciver; ). F. Brandeis Corp.

RHEOSTATS

“deme’” rheostnt and  potentiometer; Acme Ap-
paratus Co,

Bradleystat; Allen-Bradley Co.

Regal rheostat; American Specialty Co.

Ampler rheostat; Amplex Instrument Labs.

Amsco rheostat; Amsco Products, Inc.

Amsco double rheestat; Amsco Products, Ine.

Amsco "Dublzvundr” rheostat-potentiometer; Ams-
co DProducts, Inc.

“FFada' rhcostat; ¥. A. 1. Andrea, Inc.

Brach-stat; L. S. Brach Mfg. Co.

SOCKLETS AND ADAPTERS

Na.ald seckets and adapters; Alden Mfg. Co.

All-dmerican  radio  tnbe  socket; Al-American
Radio Corp.

Radion socket; American Hard Rubber Co.

Ampler socket; Amplex Instrument Labs.

Amsco socket: Amsco DProducts, Ine.

Baldwin-Puacific Super Lo Ware adapter; Baldwin-
PPacific & Co.

Belden socket; DBelden Mfg. Co.

Rell socket; Bell Mig. Co.

Cle-ra-tonce socket; lLicnjamin Electric Mfg., Co.

Seven and eight socket shelres; Benjamin Electric
Mfg. Co.

V. T. Sockets; Bennington Radio & Electric Mfg.
Co., Inc.

Flewellhing socket; Bucll Mg, Co.

SWITCHES

Fil-fone control sweiteh; AC o Electrienl Mfg, Co.

Bradlcyswitch; Allen-liradley Cu.

Regal switches; American Specialty Co.

Amsce switches; Amsco DPruwducts, Ine.

“Kant-Ble” signals; Apex Radio Co.

Combined swi'ch and urrester; Barkelew Electric
Mfg. Co.

.fhgrm:a sclector switch, Borkelew Electric Mg,
o,

Battery switeh; Denjamin Electric Mfg. Co.

Single and double imductance swiltches; Bruno
Radio Corp.

TESTING INSTRUMENTS

Perfection hydrometer; Bemeo Mig. Co.
Hoxt tube tester; Iurton & Rogers Mfg. Co.
Voltimeters; Burton & Rogers Mig. Co,

TUBES

“Sca Guil” amplifiecr and detector tube “E”; Aber-
deen Specialty Co., Inc

“Sea Guil’” rectifier tubes; Aberdeen Specialty
Co., Inc.

Raxtheon tube; American Appliance Co.

Bluebird tube; Bluebird Tulbe Co.

Iacunm tube; Brendoune Corp.

“True Biwe” vacuum tube; Brightson Labora-
tories, Inc.

TUNING INDUCTANCE UNITS

“Copp” wvario clector; A-C Electrical Mig. Co.

A-C Dayton coniplete units; A-C Electrical Mig.
Co.

A-P coils; Acime Praduets Co.

Aero coilf tuning inductances; Aero Products, Inc.

All:.-luu'ricuu torotd coils; All-American  Radio

Jorp.

All-American radio-frequency conpler; All-Ameri-
can Radio Corp.

Amsce horeycond coils; Amsco Products, Inc.

Amseo varivmeter; Amsco ’roducts, Inc.

Honevcamb coils; Atwoad Electrie Co.

Bel-Tone variocoupicr; Bel-Tone Radio Co.

B & P micromeicrtype low-foss tuncr; Barrett
& Paden

Bel-Tone variemceter; Bel-Tone Radio Co.

Bel-Tone filter tuner; Bel-Tone Radie Co.

Bel-Tone Major tuncr; licl-Tone Radio Co.

Brfm.mm oscillator conpler; Chas. A. Branston
nc.

Brimston fionecycomb coil; Chas. A. DBranston,
nc.

Brltmstou three-coil mounting; Chas. A. Branston,
ne.

Heterus coif; Chas. A. Branston, Inc.

Br(usna “77 low-loss tuning cofl; Bruno Radio
Jorp.

Brune loiw-loss tuned radio-frequeney coil; Bruno
Radio Corp.

Bruno short-ivare tuning coil; Bruno Radio Corp.

Flewelling tuner; Buell Alfg. Co.

TOOLS AND EQUIPMENT

Jack wrench; Adams Radio Mfg. Co.
Condenser plute cleaner; Atwood Electric Co.
“Solderette”” clectric soldering fron; Bechler Steel
P’roducts Co.
Junior bench saw; W. B. & ). C. Boice.
T low-loss tuner: liremer-Tully Mig. Co,
Bruno engraving set; Lruno Radio Corp.

VARIABLE COXDENSERS

“dAome' variable condenser; Acme Apparatns Co.

Bradleydenser; Allen-Bradicy Co.

Worm-drive wornier condenser; Awmericam Brand
Corp.

Kelford sariable condenser; American Specialty
Co

Ampler grid-denser; Amplex Instrument Labs.
A:msco low-loss variable condenser; Amsco Prod-
ucts, Inec. .
dmsce  straight-fine-frequency  condenser; Amsco
I'roducts, Inc.
“Fada” varfabie eondenser: F. A, D. Andrea, Inc.
Variable condenser; Barrett & Paden.
Variable afr condenscr; lieacon Radio Mfg. Co.
Low-lnss condenser; DBenjamin Electrie Mfg., Co.
Turn-it adjustable conlenser; Chas. . Bonine
Super variable condenser; 1. T. Boone Radio Corp.
B-T Lifetime condenser: DBremer-Tully Mfg., Co.
B-T tandewm condenser; Lremer-Tully Mig. Co.
3 in 1 variable condenser; Brune Radio Corp.
Fiewelling condeuser; Buell Mfg. Co.

WIRE

“Celatsite”’ : Aeme Wire Co.

Battery cable; Aeme Wire Co.

Alpha square, round and insidated bus bar wire;
Alpha Radio Supply Co.. Inc.

Gosifeo; American Luminons Products Co.

Itelden loop wire; Delden Mfg. Co.

Nelden Litz wire; Belden Mfg. Co.

Belden hook-up and magnet wire; Belden Mfg. Co.



ConpucteED BY WiLLiaM G. H. Fincu

THIis departiment will keep you tn touch with the latest inventions of interest on
which patent rights have been granted, and which are significant contributions to
radio art.

Tuning in the Stations by Name

THERE is an idea for a station indicator that
greatly simplifies tuning in patent No. 1,555,743,
which was 1ssucd to E. G. Ballenger of Atlanta,

ya.

An object of the invention is to provide a
simple attachment which can be casily applied
to any panel-board and connected to the shaft
of a tuning element. Then as a portion of the
indicator is moved, space for the names of the
broadcasting stations will successively appear
through a slot in the pancl.

The invention compriscs a casing which is
somewhat like a radio tuning dial in appearance.

Within this casing is placed a movable strip on
which may be listed the names of the various
hroadcasting stations.

This strip is connected by suitable gearing to
the shaft of a tuning clement forming part of
the radio set so that as the dial is moved, and
the set is tuned to various stations the strip
moves, bringing into view in the slot the names
of these stations. Thercfore, if a person wants
station WEAF of New York he does not have
to remember the wavelength; he need but turn
dial or dials until the name or call letters of this
particular station appear through the slot.

thne form of the station indicator is shown in
Figure 1.
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:I‘HE BALLENGER STATION INDICATOR

FIGURE 1;

This drawing shows the deleils of the invention; on the moving strip is shows

how tire stations are listed, and also the simple system of gears.
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#5

A SYSTEMN OF CONTINUOUS WAVE RECEPTION

FIGURE 2:

This divgram iltustrales a receiving system in which two differently tuned re-
cetving cirenils are Lalanced against each other.

A beat note, which is substantially the

same in both circuits, is produced by weans of « local oscillator and undesired frequencies are
hdanced owt <while retaining the desired signals.

A Novel Scheme for
“Eliminating Static”

LE Roy E. Humpnries, of Atlanta, Ga., was
recently granted Letters Patent No. 1,549,310,
“on a radio receiver and static elimination
syvstem."”

This invention relates hroadly to radio com-
munication, but more particularly 1o a radio
receiving systemn used for the reception of high
frequency current signals wherever they are
subject to interference from “'static’ or strayvs
of an untuned or apcriodic character. These
strays excite the recelving system by shock ex-
citation or by induction, leaving it free 10 oscil-
late at its own natural period or to the inter-
fercnee that is offered by Iocal transmitiers in
proximnity 1o the receiving station.

A system is provided for the reception of
signals so that the detrimental or interfering
effect of the statie or stray enrrents is minimizedd
or chiminated, thus providing a2 more reliable
and effictent system for reception.

Another object of the invention is to provide
a cireuit arrangement for a receiving station so
as to make possible the simultancous trans-
miss‘on and reception of symals. To this end

the transmitter is located in close proximity to
the receiving station, but produces no interfer-
cnce with the functioning of the receiving ap-
paratus.

There is also a receiving circuit arrangeinent
that has a pair of differenth tuned encrgy collect-
ing circuits that are connccted to differentially
coupled circuits which are tuned 1o substantially
the same frequency. A separate circuit s
cumulatively coupled with the resultant field
of the differentially coupled circuits and con-
nected 1o an independent radio receiving appa-
ratus which, by virtue of the differential opera-
tion of the associated circuits, will respond to a
selected incoming frequency to the exclusion
of stravs or undcesired frequencics.

Another object of the invention is 1o provide
a receiving svstem that is particularly adapted
o contlinuous wave reception. A pair of dif-
ferently tuned receiving circuits are balanced
against cach other and a local source of oscilla-
tions is supplied 1o cach circuit through a link
vircuit that has branches coupled one to each of
the receiving circuits and each tuned 1o a
frequencey equal to the frequency of the opposite
receiving cireuit. In this way a resultant beat
note of substantially the same frequency in
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each receiving eireuit is produced and undesired
frequencies and strays are balanced out while
retaining the desired signal.  (See Figures 2
and 3.)

A T'elephone Receiver as a
Loudspeaker

Hexry G, SaLl of Chicago has been granted
patent No. 1,552,959 covering a telephone re-
ceiver in which the armatures of the polarized
clectromagnets are comnected with the receiver
diaphragm by means of a link which serves to
transmit the vibrations,  This instrument, which
may be used as a loudspeaker, is shown in cross
section in Figure 4.

The diaphragm of this receiver may be made
of any suitable resilient sheet material such as
mica, bakelite or a snitable metal, and is ten-
sioned o resist deflection from its normal plane
in cither direction. A link connects the dia-
phragni with the receiver armature in such a way
as to maintain a fixed distanee between them.
In this way the diaphragm may position the
armature centrally between the magnet paoles
and resist the movement of the armature from
its central position,

The employment of a resilient conpling be-
tween the link and diaphragm prevents grating
noises and preserves, immpaired, the mechanical
union between these parts.

POPULAR RADIO

A Stmple Crystal Detector Mount

PATEXT No. 1,554,640, covering a simple
method for mounting crystals for radio detection
purposes was issued reeently to Volney T. Miller
of Kansas City, Mo.

This is a combination of a crystal detector
clement with a mutual mounting.  The mount-
ing has a series of parallel grooves or corrugations
across 1s face, while the apex of a part of these
grooves has cnds overlapping the edge of the
crystal.

Figure 5 shows the device in perspective; the
grooving may be plainly scen.

A Variable Mercury Condenser

A RECENT patent, No. 1,553,766, issued to
Charles A. Fricdrich of Brooklyn, New York,
vovers & variable mercury condenser, illustrated
in Figurce 6.

Mercury-controlled devices have nearly always
been found unsatisfactory for radio work in the
past, beecause they have not given accurate
enough adjustments; therefore most of them
were abandoned in the laboratory,

One fault in mercury-controlled devices has
heen the imperfections in construction and in the
material used for the mercury containers. [t
has been found that the container, in order to
permit the use of mercury as a controlling ele-

2%

i

A VARIATION OF THE HUMPHRIES SYSTEM

Frovee 3:

dnother form of the system for continuous wave reception in which each of the

recclvers operales with self-excited oscillations for beal reception.
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FtGURE 4: This shows a cross section of the construction of this new receiver in which the

armalures of the polarized e.cctromagnets are cannected with the diaphragm indirectly by

means of a link. oA vesilicnt conpling is employed hetween the link and the diaphgram lo
prevent srating noises and insure good mechanical connection.

the force of adhesion exerted by the walls of the
chamber,
Having overcome the difficultics in the usce of

ment, must be so constructed that the surface
tension will abways cause the mercury 1o move
as a continuous mass.  In other words, the co-

hesion of the molecules of mercury must be
increased to resist the attraction or adhesion of
the walls of the container, which tends to break
up the mercury mass.

This end is accomplished in Mr. Friedrich's
invention by using a circular container of which
one or both face walls arc spherically curved or
convexed; in this way the mercury mass that
ills only a part of the container diminishes in
thickness from the center toward the periphery
of the container. Iy reason of the greater
weight at its wider or thicker part, the surface
tension of the mercury s considerably increased
and the molecules at the narrower parts resist

A SINMPLE MOUNTING TOR CRYSTALS

Fiorre 3: A series of parallel grooves or corruga-

tions run ucross the fuce of this mounting for

delector crystals.  The center grooves overlap the
Jace of the crystal.

mercury as a controlling clement, use may be
readily made of it in the construction of grid-
leaks, rheostats amd variable condensers, greatly

A NEW VARIABLE MERCURY
CONDENSER
FioUure 6: A cross-sectional view of the Friedrich
condenser. The problent of increasing molecular
cohesion by means of a strong surface tension so thy!
the mercury will aliways move as o continuous mass
and nol adhere to the walls of the container hus
heen solved hy using a circular container of which
ane fuce wall is spherically curved,
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simplifving the construction of others, while at
the same time increasing the efficiency.

Uther liquids than me cury may be adopted to
act as the controlling element without departing
from the principle of this invention.

A New Anti-static Method

A METHOD for reducing static interference in
radio recciving by balancing signals reccived
on a loop and a capacitative antenna has
been patented (No.o 1,556,137, by Rov AL
Weagant of New York,

Mr., Weagant has discovered that the most
objectionable forms of static impulses scem to
behave as though they are due to vertcally
propagated waves heterogencously  polarized,
Knowing that signal waves are horizomallv
propagated and vertically polarized, he has de-
vised a new method fos minimizing static inter-
ference.

The present invention is based on discoveries
made by Mr. Weagant hefore and also on certain
additional facts he has discovered in regard to the
properties of diff crent types of aerials, when they
are associated in a certain way.

Antennas of different forms draw energy from
the static and signal waves in different ways.
The phasc and direction of currents produced in
them are differently affected by the polarization
and direction of transmission of these waves.
These differences, he finds, can be utilized to at

A

POPULAR RADIO

least partially cancel static and retain signals
from one-half of the horizon.

It is well known that a vertical open antenna
reccives horizontally propagated vertically polar-
ized signal waves equally well and with like
offects, no matter from what direction they may
arrive; it is also known that such an antenna,
whether grounded directly or through a counter-
poise, will also receive static waves.

On the other hand, a loop antenna or a system
of loops is differently affected by the direction of
arrival of signal waves, and on purely theoretical
grounds Mr. Weagant believes 1t probable that it
is also differently affected by static waves when
their direction of polarization changes.

In applying these principles, the inventor also
finds that if currents are set up in associated
antenna which are largely indifferent to the
polarization of vertically propagated waves, so
far as reception of energy is concerned, and which
are differently affected by the azimuthal direc-
tion of horizontally propagated waves, he is ¢n-
abled to geometrically combine the effects of the
antenna currents on a common detector circuit,
The result is that at least part of the static
currents, and the signals from one-half of the
horizon are approximately neutralized, while
currents due to signals from the other half of the
horizon are retained and more or less eflectively
ndded. Thus a most useful method and appa-
ratus is produced for reducing both static and
interference effccts. A schematic diagram of
this method is shown in Figurc 7.

WEAGANT'S ANTI-STATIC METHOD

FIGURE 7: . wiring diagram of a new method of reducing static disturbances by balancing
signals reccived on a loop and a cepacilative unlenna.
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The Variable Grid-leak

TiE use of a variable grid-leak in a re-
generative receiver will be found to be a
decided improvement in regenerative con-
trol over the ordinary fixed tvpe of leak.
It will allow the tuning in of more dis-
tant stations as well as increased selectivity
of the receiver. Try one in vour set, if
vou haven't one now, and notice the dif-
ference in results.

Clips for_the New AC Tube

TuE two heater terminals on the AC
tube, which are placed at the top and pro-
truding from a small bakelite connection
block, do not offer a ready connection to
the wires that furnish them with AC cur-
rent. The manufacturers, however. have
now placed on the market a small clip
that fits on the tube connections and is
equipped with binding post terminals for
holding the wire.

Replacing Crystals

MaNy owmners of home-made crystal
sets complain that their crvstal receiver
works very well for a period of three or
four weeks and then the volune steadily
decreases until the signals are almost in-
audible. They ask what the trouble is.
The crystals deteriorate with use and
should be replaced by new ones whenever
the signal strength dies down to a value
below which the signal is too weak to be
understood. This is the only upkeep
necessary with a crystal receiver and it

BY ALBERT G.

CRralc

is Tow, for the ervstals cost hut a fraction

nf a dollar.

The Plate Resistance Value for a
Resistance-coupled Amplifier
A rEstsTaANCE of 250,000 ohms in the

plate circuit of the resistance-coupled am-

plifier tubes will he found to be the hest
value to use for maximum amplification,

Values. higher than this will reduce the

plate current to too low value, and values

lower than this will cut down the ampli-
hication per stage with the standard tobes

HOW 1t Use,

The T'ube Rejuvenator

SoxMETIMES the owner of a receiving
set finds that the filaments of his tubes
seem to give out. This does not mean that
they burn out,  They light up, but the
volume obtained with them in this con-
dition is very small. .\ thoriated filament
tube may become damaged by excessive
plate current application or hy some other
mishap.  The original condition may he
restored by using one of the tube reju-
venators that has recently heen placed on
the market.  These rejuvenators consist
of a transformer with taps for applving
an alternating current voltage to the fila-
ment. The voltages that should be applied
vary in intensity and the application of
ach valtage should be made for only a
certain length of 1ime.  These tube reju-
venators have heen found to restore at
least fiity percent of the tubes that have
herctofore  heen  considered  worthless,
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How to Test Your Batteries

Ir you find that the quality of re-
production in your receiver is deteri-
orated, that is, if the reproduction he-
gins to get ragged, look at your Dhat-
teries to see that they are not exhausted.
Measure the voltage of the “B” hat-
teries first. They should register more

than 1615 volts for every 2214 volt
section, I they do not give a reading

above this value, replace them with new
batteries.  Also, test your " A7 hattery
with a hvdrometer and be sure that the
reading is above 1.130. TIf it 15 lower
than this, charge it ar once.

After this is done. you will notice that
the quality will be  improved  greatly
unless vou have some other trouble in
the audio-frequency  amplifier,

The Most Economical Receiver

IFor local reception up to ten mules
on the headphones, a good stlective
double-circuit crystal receiver will give
really fine results.  This type of receiver
has practically no operating expense,
The only expense incurred would be in
replacing the crystals every two or
three months.  The cost of these crys-
tals is so low as to nmake this expense
negligible.

A Hint for Clecaning the Panel

NEVER use water for washing the
panel or any part ol a radio recciver.
If the panel gets dirty or greasy,
dampen a soft cloth in alcohol and rub
it lightly over the surface to he cleaned.
This will remove the dirt and grease,
and upon drying it off with another
clean cloth 1t will leave a Deautiful
smooth polish without in any way dam-
aging the apparatus. The alcohol evapo-
rates rapidly.

When You Tighten the Panel

WuEN screwing the panel to a radio
set, first e sure that the holes drilled
in the bakelite are spaced correctly, so

POPULAR RADIO

that they will gauge with the center
portion oi the wovd—top, sides and
bottom. Do not trv to screw the wood
screws directly into the wood without
first drilling a small hole to give the
screw a chance to start properly.  Ulse
a small drill of about one-half the di-
ameter of the screw and drill the hole
about two-thirds the depth that the
screw should go into the wood. This
will give you a good, secure it and will
prevent splhitting the wooud,

How to Test Loose Connecctions

Ir vou have a loose counection in
your set that makes a jarring or rattling
sound m the headphones or lowdspeaker.
it would be well to 1ift up the Iid and
investigate cach wire to find out which
one may be loose. Use a small wooden
rod for moving the wires while vou have
A station tuned in. By pusl'}ing the
wires  with the rod slowly back and
forth, you wni hear a loud sound when
vou move the one that is Joose.  Then
vou can tighten it at the binding post
or solder it fast where it is loose.

Never use a metal screw-driver for
thix. purpose. as vou may  shorteirenit
the “A” and “B” Dbattery connections
and blow out all your tubes.

Never fuss aronnd the insides of any
radio receiver with a screw-driver when
the batteries are connected,

Keep Away from Power Lines
WiLEN you install your antenna wires
he careful that they do not run over
or under any clectric wires or cables
that may Dbe in the vicinity. Do not
place them near any such  wires De-
cause the wires themselves may carry
liigh-voltage currents, and if they fell
on vour antenna  they might conduct
the high voltage currents down to your
receiver while yon were tuning in.
This might subject you to a severe
shock. Keep your antenna away from
such lines and prevent accidents.
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LISTENING IN

PRACTICAL pointers from experimenters and hroadeast isteners.  What helpful hints con YOU offer to
your fellow fan?  Readers are invited to address their letters to the editor of this e partiment.

Coxpreten By Luovp Jacover

How [ Avoided Accidental
Grounds

I\VAS surprised some time ago to sce the
rheostats in the filament circuits of my five-
tube neutrodyne get heated up red hot.  After
investigation the trouble was traced to an “ac-
cidental ground.”

What had happened was that the entire out-
put of the ™A™ battery had short-circuited
through the portion of the rheostats in use.
ad as this device is made to carry only a small
amount of current it was badly hurnt,

The gromnd counection of the receiver is
usually placed in the negative Rlament lead of
the vacuum tube.  The rheostat then is in the

m

negative lead and mr series with the A bat-
tery.  Then the negative side of the "B™ bat-
tery is connected to the positive terminal of the
A" battery.

Now, il some nriscomnection is made, sayv in
the "B hattery cirenit, the “A™ hattery dis-
charges through the rheostat.

The only way to prevent this trouble is to
obviate any possibility of an accidental ground.
This can be done cheaply and conveniently by
placing a large capacity tixed condenser of say
a one microfarad capacity in series  with the
ground lead. Tt will not interfere with ordinary
reception, and will prevent any trouble of this
sort.

— I rRaxers PParker
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A LARGE

FINED CONDENSER INSERTED IN THE GROUND LEAD

This diagram shows how a condenser may be used to insulate the set from ground,
thus preventing short-circuits in case the “B™ batleries happen to become grounded or
tf the oA battery is Deing charged.
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HOW TO MOUNT THE VARIABLE
RESISTANCE
This picture shows howe the variable  resistor
may be mounted directly on the terminals of the
transformer.

ITow T Reduced Interference With
a Variable Resistance

JINCE T am located where there is a great

deal of interference from clectrical deviges

such as motors, starters, houscheld apphances

and other “noise mukers,” my  reception has

been marred considerably, 1 was told that there

POPULAR RADIO

was no remedy lor tlus except to remove the
source of the noise, which is impossible in this
case.

In aun effurt to reduce the trouble so that |
might enjoy the programs L hit upon the idea of
shunting out the noise.

Following out this idea I shunted a variabic
high resistance unit across the primary of the
last radio-frequency amplifying transformer of
my dive-tube, tuned-radio-irequency receiver, |
found that a resistance of trom 5000 o 3000
ohms could be used.

The lower the resistance used, the less noise
there will he. bhut the volume of reception will
also be cut down to a considerable  extent,
However T found that with a variable Bradley-
stat the right resistance value to give pleasant
reception with a suitable volume can be readily
ohtained,

It is casy to fasten this resistance to the
transformer, aud practically uo alteration neal
be made to the set atseli. The resistance s
merely connected to the two terminals of the
primary of the transformer.

My theory is that the resistance passes the
noises. (as well as a certain amount of energy ),
mmd  prevents them from going  through the
transformer winding and into the loudspealker
circuit.

—DPavL L LaMar

I's Your Antenna Short Circuited?
A.\"]'Ei\'.\'z\S that are partially grounded are
< X often an unsuspected cause of trouble to
raclio fans.

I was bothered for an entire month with a
pecultar condition of reception in which signals
went on or off without the least warning., At
first, thinking it was a case of poor batieries,
or defcctive tubes, or possibly a foose connee-
tion in the set, I checked up on all those deails
but there was uno improvement.

Finally during a wind storm, I discovered
that the trouble was due to the hranch of a
tree, against which my single wire antenna was
rubbing, thus grounding itsclf.

However T wanted to make sure that T had
a defective circuit i the antenna,

By mcans of a pair of telephone receivers.
and a battery. T was quickly able to determine

TRANSFORMER

Fremarey

SEconLAeCY

THE CIRCUIT WITH THE RESISTOR IN PLACE

This diagramatic sketch shows the connections for hooking the vartable resistance in
shunt to the primary of the audio-frequency transformer for cutting down extraneous
HOLSCS.
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HOW TO ATTACH THE BLUEPRINT TO THE PANEL
A convenient method for drilling the holes in the correct places in the pancl s to
pasie a blucprint in corvect position on the pancl and spaot the holes directly from the

markings on the blucprind.

I hen the drilling is done, the paper may be loasencd and

faken off the panel

that it was grounded.  The phones were con-
nected in series with the antenna and the bat-
tery and ground. Fach time the tip of the
phones was touched on the battery, a loud click
was heard.  When the branch was blown away
from the antenna wire, the click was very faint.

ly removing the acrial at a greater angle
I was able to make it clear the tree. and do
away with my shortcircuited acrial and poor
reception,

—MiLToNn BRANDT

- ———— —— -

How I Avoided Mistakes by
Drilling Panels
I’l‘ has heen my experience to spoil many good
panels by carclessly laying out the drilling,
or by making mistakes in measurement that dis-
figured the whole set

In order to guard against these costly errors
I have developed an idea which seems so cle-
mentary and vet is so cffective that T am pass-
ing it along to other radio builders for their
henefit.

Most construction articles in good magazines
include a detailed drawing of the panel layout.
Because of the small amount of space available
this cannot be given in full size.  Get a sheet
of drawing paper, or c¢ven thin drawing “skin,”

and lay out the panel as shown in the magazine
ilMustration, but in full size*  Check over every-
thing carciully and then secure the picee of
insulating material that is to make up the pancl
proper.

This material should be sceured cut exactly
to size.  1ts best surface is sclected, and a light
coat of sheltac is quickly applied. On top of
this lay the full size drawing or a bhie print,
dimensions upwards, and press down firmly with
a hoard padded with a cloth or newspapers,
Guard against the drawing sheet from slipping.
By comparing the edges of the paper with those
of the pancl, this can be carcfully watched.

The shellac acts as an excellent glue and will
hold the drawing on the surface tightly for the
drilling. This should not he attempted, of
course, before every hole is properly center-
pinched. By marking on the drawing the size
of drills needed for the various holes, the work
can be guickly and cthiciently done.

To remove the drawing, just moisten it and
peel it off. The extra shellac on the panel
surface can be quickly removed by means of a
rag dipped in alcohol.

In this wav. you will never make a mistake
in panel drilling.

—Hexry D. WALLER

* Torvrar Rapto hlue prints may he uscd in place
of the drawings as they are exactly full size.

What little kinks have YOU discovered that are of interest and
value to your fellow fans? Write and tell the editor of this depart-
ment about them—and enclose illustrations if they are needed.
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Coxpreten By I Axnrew Witk

INthis departinent the Dean of Broadeasters—ichose voice is known to millions of broadcast
listeners—records dlems of interest and calue to all radio fans ecervichere.

Fhe Warlare Between Churchmen
and Scientists
Toe Very Reverend William Ralph bnge.
tean of St Paul's, bondon, exploded a theo-
lugical bumbshell it appears by the statement
made in a recent sensational article in which he
declared that Christianity and science are still
al war.  1hHs declaration that the church mnst
face the facts of scivnee is cchoed in a re-
newed discussion of the subject promincly
before all Christian churches now,  Dean Inge
declares there is very scerious conflict between
Christianity and  science and  that  churchmien
who declure otherwise cither are thoughtless or
are wilfully shutting their eves,
* * *
Help Sunmnoned by “Live Radio”

T'uroteH carrier current, a development of
radio, comnnmication was naintaimed with the
outside world when a cloudburst and ilood de-
stroved railroad, telegraph and telephone lines
at Wenateliee, Wash, IFor several davs the only
messages reaching or leaving Wenatchee were
transmitted wver the high-power clectric lines
of the Puget Soumd Power and Light Com-
pany which were recently installed over the
tountains to Seattle. The apparatus nsed s
similar to a0 radio outlit but instead of radiating
waves through space o all directioms the voice
currents are kept concentrated about the power
lines, thus insuring privacy and direction for
the communications,

* " *
Ts Ruadiv Changing Our Taste in
Music?

TrAT Beethoven was born only four vears
ago for many of us, with our first acquisition
of radio sets, is the interesting angle from
which the uplift in musical taste and apprecia-
tion is viewed hv Perevy A. Scholes, widely
known musical critic of the British Broadeast-
ing Company, who recently left London for a
tour of America.  Tle looks upon the intro-

duction of broadcasting as the greatest event in
the history of the art of music and is unre-
served in his congratulations to America for
developing  this activity, Less than cighteen
months ago, he says, English radio enthusiasts
were  protesting  that  Beethoven, Bach and
Wagner werc acceptable only to “highbrows
who like to swank about their superior tastes,”
hut these attacks have given way to admiration
for the works of classical composers, music
that has artistic impulse. This further predic-
tion is added: “Give listeners plenty of fine
music and they will learn to like 1t ; our British
experience is sure to be the American experi-

cnee,”
* *

*
What the “Whistling” Form of
Interference Really Is

Tinar fairly constant and annoying whistle
which receivers pick up when the dials are sot
at a certain point seems to be a source of some
misunderstanding among many novices. It is a
form of interference sct up when two high-
powered broadeasting stations are too close to-
gether geographically, although they may be
wide apart in wavclength or frequency, Radio
Supervisor E. A, Beane, of the Chicago Dis-
trict, reports tests wherein he discovered that
two stations, one operating on 560 kilocycles
and the other on 1,200 kilocycles, produced a
beat note frequency of 640 kilocvcles, or the
diffcrence hetween the frequencies at which the
two oscillators were functioning, Another fre-
quency equal to their sum is also ereated, under
the well known principle of heterodyning, It
appears, however, that the third wave, or fre-
auency, has a field strength considerably lower
than the originals, and is reported to be objec-
tionable for a distance of onlv five miles when
the two stations are using 500 watts of power,
and twenty miles when 5000 watts power is
uscd.  Some time ago the Navy took this phe-
nomena imto consideration and decided to use
frequencies ending in 5: any new frequency
created hy heat notes is therefore tiot an as-
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sipned  frequency, or wavelength, and  cannot
interiere with regular channels, since their sum
or difference would necessarily be a irequency
cuding in O, A reassignment by the Depart-
ment of Commerce to prevent this form of
“beat” interference may be undertaken on this
basis—that is, increasing all assignments by 5
kilocyeles, or reducing them that much.
* * *

$00 1 Prizes for Short
Radio Dramas

To stimulate the writing ol plays cspecially
designed for broadcasting, station WLS ol
Chicago is sponsoring a “national radio play
contest” in cooperation with the Drama League
oi America, To be cligible for this contest
plays must be written "as though they were to
be produced for the blind' with cvery exit and
entrance indicated and with as many explana-
tory sounds (such as rain, automobiles and
tetephone bells) as possible, to take the place of
a background.  And they must be one-act plays
that take {rom cighteen to twenty-five nunutes
to produce and with no more than five charac-
ters.  Prizes of $300, $200 and $100 are offered

for the three best plavs submitted.
* * *

A New list of Foreign Stations
~Avaieasee to those who would like to have
it is a supplementary list of foreign broadcast-

g stations recently assued by the Department
of Commerce; included are six statioms in Den-

Kadel & Herbert

201

mark, cighteen in France, fourteen in Sweden,
eight in Switzerland, two in Jugoslavia, six in
Argentina, four in Chile, one each m Poland,
Peru, Hongkong, Ceylon and Morocco; sixteen
in Japan, nineteen in Australia, two in Canary

Istands, and two in Tunis, Tunisia.
* * *

Small Receivers for Japanese I'ans

ManvracTure of small radio sets was re-
cently undertaken in Japan but none have yet
been placed on the market. It is expected that
this ficld will be entered actively before long,
tollowing the announcement of the merger of
the Nipponphone Phonograph Company, Tokyo.
and the Tokyo Phonograph Company.

* * *

More Radio, More Milk

I'koym Strashourg comes word that Rhineland
dairymen have discovered that music not only
soothes the cow, but induces her to inerease her
milk supply. It is asserted that i recent tests
when a phonograph was placed within hearing
of the placid German cow, appreciation of the
musical accompaniment to the absorption of
bran mash resulted in increases of 0% percent
in the quantity of milk given by bossie. It has
not yet been  determined, however, whether
repetition of a limited repetvire of numbers
would result in the contempt {for the musical
aid induced by familiarity, but so as to take no
chances it is now proponsed to install radio
loudsprakers in the harns that the ¢ows may
have a it more of varicty in their programs.

A TUBE THAT GOES TO WORK AT THE WAVE OF YOUR HAND
The large tube in the portable radio sct at the left is a new development of the radio
cacunm fube that is energized info activiy by the slightest shadote that falls upon il.
Ina recent demonstration by its inventor, Mr. V. K. Zworykin, a washing machine

was started by waving o haond in front of the tube.
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Transatlantic Movies by Radio

A New machine for the almost mstantaneous
transmission of photographs or motion pictures
by radio, known as the “radioscope,” is shortiy
to be subjected to transatlantic tests, according
lo an announcement  from  the elefunken
Company of Berlin. A paper surface ten cen-
timeters syuare bearing cither writing or a
photograph can be transmitted in a few seconds,
it is claimed, and ultimately trunsmission will
become instantaneous. Lessened cost of opera-
tion due to speed is the inherent difference be-
tween the German device and previous instru-
ments of similar type, according to the an-
nouncements which' credit the invention to Dr,
Carolus of the University of Leipsic, Confir-
mation of the report that the tests would be
held with the co-operation of the Radio Cor-
poration of America could not be obtained
through the New York ofticials of that com-
pany, who also denied knowledge of the inven-
tion which, it was said, had no connection with
the several successful tests of radio picture
transinission between New York and London.

* * *

The New " Panatrope” Instrument
Berore u  distinguished auwdience in which
New York society was represented by such

Kadel & Herbert
A CLOSE-UP OF THE NEW
“SHADOW"” TUBE

The new photo-clectric eoll is compared by its
wventor, Mre, I7. K. Zworvkin, with one of ng'
standard 19y type. By placing an obstruction in
the wway of the light rays falling wpon the tn-
coated partion of the bulb at the top, it is possi-
Ple tooperate velays wohicl ol control posoer.
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names as Mrs. Vincemt Astor, Clarence H.
Mackay and Otto H. Kahn and with the field
of music represented by Leopold Auer, Frank
Vamrosch and Henry Hadley, among others, a
new nusical instrument which utilizes the elec-
trical principle for the reproduction of sound
was presented recently at Aeolian Hall, New
York. Westinghouse, General Electric, Bruns-
wick and Radiv Corporation collaborated in
the development of the instrument of which it
was said that it was not a new or improved
phonograph, but a milestone achievement in the
union of electricity with music, based upon re-
cording and reproduction by electricity. Dr.
Alfred N. Goldsmith, speaking through the
instrument  from \Washington, described the
operation as one which superseded the mechan-
ical method of phonograph recording. He
cxplained that the singer stands in front of a
device which is analogous to the finest broad-
casting microphones and the electrical currents
therein set up are amplified by vacuum tubes
like those in a receiving set, and that the final
output of these tubes operates a most precise
cutting tool which makes the master record.
‘The horn is absent, he said, and the energy for
cutting the record no longer comes from the
voice of the singer, but from electric generators
or batteries feeding the vacuum tubes. On the
reproduction end, no sound box is used and no
horn. Instead of the needle resting in the con-
ventional phonograph groove vibrating a sound
box diaphragm it actuates a tiny strip of metal
in what is known as the electrical pick-up, a
small device enclosing the needle holder,
Through these vibrations electrical currents are
produced which pass through a powerful
vacuum tube amplifier, operated from alter-
nating current from an ordinary electric light
socket, and the amplified output is fed into u
loudspeaker of the free-edge cone type.

*® * *®

The Don Dons the Headphones

SpPaIN continues to show additional progress
in radio with another broadcasting station tc
be erected at Malaga, the first in that section of
the country. Static interference has made the
reception poor from foreign stations, and the
Malaga fans are celebrating the advent of the
new local station to a point where it is re-
ported that radio receiver sales are reaching
boom proportions.

* * *

The TFirst Receiver to Be
Bequeathed

For the first time on record, in New York
at least, a radio set has been bequeathed by its
owner by will and testament. The official files
contain mention of practically everythin
imaginable, from fountain pens to millions o
dollars in legacies, but it was a new one on the
Surrogate’s Court when the will of Edward F.
Gordon was filed and it was shown that a
beneficiary was to receive the radio set prized
by the late departed. Gustave \V. IFuerth, of
Newark, was the friend named to enjoy that
distinction.
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A “CONFIDENTIAL TRANSMITTER”

By mcans of this short-tcave transmitter wwohich he has invented W. W, Salishury

hopes to carry on conversations by radio as privately as by telephone. By calewlating

the length of the transmitted waves and concentrating them i a narroze shaft woith a
reflector, he cxpects to direct them accurately.

How Radio Helps the Small
College

Just as the new and open style of foothall
created by the rules committee brought colleges
and universities into national prominence in
scctions of the country which had not previ-
ously known of their existence, so may radio
publicize institutions of lcarning into country-
wide fame such as their founders never hoped
for. This possibility is indicated in the recent
formation of an association of protessors rep-
resenting the educators who are broadcasting,
headed by a president who hails from Carleton
College, wherever that may he. Other member
institutions are Deloit, Nebraska Wesleyvan,
Wisconsin, Kansas, Michigan, Ohio State and
lowa State.

* * *

The “Song of the Atom’

Ever since radio research brought about the
division of the atom, increasing wonders have
pyramided so rapidly that it will hardly oc-
caston any surprise to learn that now the radio
audience las been introduced to the song of
the electron.  The demonstration occurred
during a broadcast talk by Dr. Peter [. Wold,
professor of physics at Union College. A
photo-electric cell was comnected to the broad-
cast circuit of WGY and a disc with many
rows of perforations was placed between the
cell and a light source.  The photo-clectric cell
is coated on its inside surface with metal
potassium which is very sensitive to light. At
the center of the cell is a plate of tungsten.
When light falls en the potassimit coating

clectrons are given off awd travel tn  the
tungsten plate, thus constituting a current, By
means of a motor the dise with cireular rows
of holes was rotated between the light and the
cell. When the disc was revolved slowly a low
pitched note was given off, rising gradually a<
the speed of the disc increased. For the con
struction of an organ, the ingenious experi-
menter would need only to have rotating discs
with rows of holes of the right numbers, which
could he uncovered by small slides operated
from a keyboard, and the loudness of the notes
could he controlledd by regulating the brightness

of the lamp.
* * *

A High Power Station for Bavaria

FForTHER word has been received that finally
a real high-power broadcasting station will soon
start operating in Bavaria. [t is located in
Herzogstrand, to be exact, and providing it is
found feasible to satisfactorily modulate speech
and music as much as Afty kilowatts of power
will he emploved for broadeasting purposes.
The construction of the station has been in
progress for some time, and it is now said to
be nearing completion, with an antenna stretchedd
hetween 1wo mountain peaks.

* * *

Flonw Many Broadcast Fistencers
Are There?
AccorniNG to the figures recently comnpiled by
the  British  Broadeasting Company  there are
10,000,000 listeners on the British Lsles alone:

of this number 8 500.000 own the “very simplest
receiving apparatus.”
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“Radio Scouts”

AN interesting experiment has been conducted
by the Loy Scouts of America in co-operation
with station KDKA, at Pittsburgh, Pa., for
the benehit of boys who live on farms so far
out in the country that they cannot attend
troop mectings. Once a week a snappy troop
meceting program has been broadcast, including
songs, bugle calls, the Scout Qath and lLaw,
addresses, cheers and games. Boys who listen
in are invited to enroll. They are known as

"Radio Scouts.”
i # *

What Was Accomplished at the
Radio Conference

ReGarpLEss of the informal nature of the
Fourth Annual Radio Conference. held in Wash-
ington recently upon the call of Sccretary of
Commerce Herbert Hoover. it cannot be denicd
that it faced every one of the issues conironting
the broadcasting situation squarely and decis-
iveh.

Oue need only tune to the higher frequencies
with a sensitive receiver in any part of the
country to realize that there is something wrong
which must be remedicd if broadcasting is to
prosper. The ecther today is an overcrowded
bedlam with interfering carrier waves and radi-
ating receivers.  Fortunately, the upper part
of the broadcast band has been reserved for
high grade stations, cach operating upon its ex-
clusive channel, reducing heterodyning of car-

Fotograms
A NOVEIL TYPE OF MICROPHOXE

These new donlde-butfon microphones have been
installed as part of the cquipment of New
Vork's newest station, 17IHFAP. Fach micro-
phone is mownted upon a pivet so that it may be
turied toweards or aweay from the performer lo
vary the volume of sound transmitted,
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ricr waves on wavelengths above 280 meters tu
a mininunt.

But cven this reserved domain has been
threatened by the clamor of scores and hun-
dreds of applicants for wavelengths who would
encroach themselves upon the long suffering lis-
tener.  Up to this time, licenses have been
granted to broadcasting stations on the theory
that the ether is iree to al those who would
use it.  As a consequence, we are now faced
with a superabundance of stations and only
by the adoption of a new basis for the issuance
of licenses can we avert a chaotic condition of
the cther.

In dealing with this problem, the conference
went on record as opposing the granting of a
single additional license until there shall be a
substantial reduction in the number of broad-
casting stations now operating. Tt further
recommended that hercafter the basis for issuing
a license shall be service to the listener., The li-
cense shall be regarded as permission to trespass
upon the sacred domain of public property, ex-
tended only to those who render a public serv-
ice by using one of the few available paths in
the ether. It shall not be used for selfish pur-
poses, such as direct advertising and the hawk-
ing of wares. Only the good-will type of educa-
tional or entertainment program may be spon-
sored by commercial organizations.  After a
definite date the manufacture of radiating re-
ceivers, the all too-prevalent disturbers on the
highway of the ether, shall he discontinued.

It 1s truc that these and other recommenda-
tions of the Conference are simiply the ex-
pressions of opinion of a body of qualified cx-
perts, representing the broadcast listeners, news-
papers conducting radio sections. radio maga-
zines. broadcasting stations, receiving set mat-
ufacturers and opcrating radio telegraph com-
panies.  Many of their recornmendations the
Secretary of Comimerce is not empowered to
carry out. Certainly an informal conference is
not endowed with authority to delegate him
powers which amount literally to those of a
dictator of the ether. Nevertheless, the advice
of the conference, as cmbadied in its reports,
will undoubtedly be a potent influence in shap-
ing legislation which will make possible the le-
gal enforcement of most of its recommenda-
tions,

—Encar H. FeLIX

* * *

A Radin Set for Every Boy
Scout Troop

A RECENT questionnaire sent to the 800,000
Boy Scouts throughout the country revealed that
95 percent of them either own radios—or want
to. In Bov Scout camps the use oi the radio
is practically umiversal: a Boy Scout troop
without a racdio outht is a rare exception. [Fur-
thermore. this may be applicable even to winter
camps, as indicated by 600 Doy Scouts whoe
last winter spent their holidays camping in the
Interstate Park of New York and New Jersey.
Radin sets were almost as thick as snowshoes
and =skis,
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- Jéwett Cone

The Season’s Sensation

Before Radio was born, inventors
were experimenting with drum-
head, cone-shaped reproducers.
They are experimenting yet.

But there is nothing experimental
about the Jewett Cone.

For E. H. Jewett put the problem up
to Youth. And the fearless, origi-
nal, young Radio wizards who do
Jewett designing produced a cone orn
proved acoustical principles.

A cone containing a reproducing
unit and a horn. But no drum-head.

A cone, therefore immune to heat,
dampness, puncture or tear.

A cone, furthermore, that is good
looking both front and back, and
blends harmoniously into any set-

ting.
Abundant Volume, excellent Dis-
tance, and brilliant Quality will

combine to make your Jewett Cone
a joy and a delight.

Yet the Jewett Cone costs only a
little more than the cheap speakers
which it so notably out-performs.

We commend this new reproducer to you as a product of
true Jewett Quality, and a characteristic achievement of an
organization world famous for ability and originality.

JEWETT RADIO & PHONOGRAPH COMPANY

5668 TELEGRAPH ROAD

PONTIAC, MICHIGAN

Factories: Allegan, Michigan — Fonticc, Michigan

“Quality PBroadcasting to Malch
Qunlity Products—Station WJIR™'

In Canada: Jewett Radio-
Phonograph, Ltd.,
Walkerville, Cntario

L
:

Fxport Sales Office
16 Broad Street, New
= York City.

All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY
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Chosen from

cCi1rcults as
BEST PRACTICE i~

g PotoN
\ . .. M 4\

General Radio
Type 277-D

Coupling Coil FOUR TUBE RECEIVER

In selecting the Radio Broadcast ‘‘UNI-
VERSAL” our aim has been to single out
one particular circuit which from a stand-
point of performance, simplicity and econ-
omy of.construction and operation would

General Radio meet the most rigid requirements of amateur

e -

R set-builders under all reasonable receiving
conditions.

Every conceivable type of circuit worthy of con-
sideration has been investigated. Comparisons
were made under a wide variety of receiving con-
ditions by competitive tryouts with other re-
ceivers of creditable performance.

General Radio We found that the Radio Broadcast UNI-
Mic, 1 YRe 368 VERSAL out-rivaled the other circuits in all-
Price $1.25 s round achievement.

All apparatus advertised in this magesine has been tested and approved by Porciar Raplo LABORATORY
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more than 200

representing the

RECEIVER DESIGN

General Radio
Type 285

Audio Transformer
Price $6.00

While the circuit itself is not new in principle its
efficiency can not be doubted-—the best proof of
this being its performance.

To the set builder who expects real results from
his set and wants advance assurance that he will
get them we recommend the “UNIVERSAL" as
the circuit to build.

We have prepared a booklet which contains all
information necessary to the home construction
of the UNIVERSAL. These booklets are available .
FREE to all set-builders who are looking for a Gegeral Radio
reliable circuit built of reliable parts. Rheostat

Price $1.25
Ask your dealer or write for our booklet contain-
ing complete construction details for the Radio
Broadcast “UNIVERSAL.”

GENERAL RADIO CO.
Cambridge 39 Mass.

\

RADIO

MENTTS
of Beller Buill Sels

A apparatus advertised in this magazine ne has been-tested and upprr zed by PorvLar Rapto LABORATORY

General Radio,
Type 349
UX Tube Socket
Price 50c.
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MICARTA & KDKA

RCG. U 3. PAY GFF

Big Names in Radio

Building your
own set? Take a
tip from KDKA
and use Micarta
panels. Build
right.

faces.Won'tdull,
fade, or wear off.

Very strong
and rigid. Eas-
ily and neatly
drilled, too, with

Match vour set no worries about
with mahogany, black, walnut chipping, cracking or breaking
grain or burl, all the popular out. Be particular; Micarta is
effects with beautiful gloss sur- worth asking for by name,.

WESTINGHOUSE ELECTRIC & MANUFACTURING COMPANY

Offices in Principal Citics—Representatives Everywhere
Tune in sometime with KDKA—KYW--WBZ—KFKX

Westinghouse manufaciures, also, a
complete line of Micaria tubing, instru-
ments, and Rectigon Battery Chargers.

Fabricators of Micarta for the Radio Trade

CALVERT SPECIALTY CO.
141 North 11ch Street
Philadelphia, Pa.

PAUL GOLDSTEIN & CO,, Inc.
54-56 Franklin Street
New York, N. Y.

Westinghous

© 1926, W. E. & M. Co.

ot

All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY
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P\ADIO 'RITHMETI C

'ﬁf batteries + B’ batteries . 3 ) ‘
+ RECTIGON= /£ B |
clear radio reception |

."'I:":":

How to Prove

this Result

Complete your set with a Rec-
tigon! Keep your batteries so
full of life that every turn is a
tune, every adjustment of the
delicate knobs a means of fur-
thering your radio joys.

[t's a simple thing with a Rec-
tigon. Just snap the leads into
place and your “A” and «“B”
batteries—your automobile bat-

tery, too—will surprise you with
their old-time pep.

There's no
with 2 Rectigon.
chemicals. No moving parts
and no noise. It’s a handsome,
bright, maroon-enameled helper
that will get the best out of
your radio—and continue to
do so.

muss or fuss
No acids or

No storage-battery radio is comiplete scithout a Rectigon.

WESTINGHOUSE ELECTRIC & MANUFACTURING COMPANY 4 L4 SOUTIHL BEND, INDIANA

Westinghouse manufactures, also, a complete line of Micarta radio panels, Micarta tubes and instruments.

“Ire Yestinghouse
Rectigon Battery Charger

All apparatus advertised in this magazine has been tested and approved by PoOrPULAR RADIO 1LABORATORY
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-
TIMBRETONE

e g

REG. U.S. PAT. OFF.

Mindful of the part the Radio Public has played in the past four
years and of the confidence placed in Timbretone, we take this oppor-
tunity of thanking our many friends.

We have earnestly tried to please. In our small way we have striven
to produce a speaker -that would give 'Quality"—We feel that we have
done so—AND SHALL STRIVE TO IMPROVE EVEN THAT
QUALITY DURING THE COMING YEAR.

We have associated with us the firm of Sanford Bros. who have been
in business over 25 years and we are proud of the fact that they selected
Timbretone as the speaker they wanted to represent in the selling field.
The combination means for you—QUALITY—DEPENDABILITY—
and SERVICE.

ADDRESS THE NEAREST OFFICE
SANFORD BROS.

CHICAGO CHATTANOOGA, TENN. SEATTLE, WASH. SAN FRANCISCO, CAL.
30 W. Walton P1. 615 Broad St. Am. Bank Bldg. 311 Minna St,
Pt
l,i-'-",-\.w. -b..h':ll \
(g i FACTORY
4, € y
\ F;_;) TIMBRETONE MFG. CO.
e HOOSIC FALLS, N. Y,
- Ll

All apparatus advertised in this magasine has been tested and appreved by PoPULAR RADIO LARORATORY
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Ketail Price
InU. §. A $r500
In Canada $2:1.00

Why You Should Use

A Resistance-Coupled
Audio Amplifier

THE tone quality of a radio receiver is vitally
affected by the construction of its audio amplifier.
Poor, overloaded audio transformers are the most
frequent cause of distortion, because they are unable
to amplify equally all the tone frequencies of a2 musi-
cal program. Some tones are over-amplified, while
others are subdued, or entirely eliminated. Harsh,
unnatural tones are therefore produced by the loud
speaker, and the quality of rendirion is extremely
unsatisfactory.

The better type of audio amplifier uses no trans-
former whatever. It is called the Resistance-Coupled
Amplifier, because small fixed resistance units take
the place of the bulky transformer of earlier models
and they produce amplification without distortion.
For clarity and purity of tone, nothing has excelled
the resistance<oupled amplifier.

ab

o
76 Greenfield A Co.

Milwaukee, Wisconsin

Why You Should Choose

Bradley-Amplifier
Resistance-Coupled
PERFECT AUDIO AMPLIFIER

THIS compact resistance amplifier is easily in-
stalled by any one in any type of radio recewver.
Convenient terminals make the Bradley-Amplifier as
casy to connect as a B-Battery. The sockets will hold
old or new tubes without adapters, and a C.Battery
connection is provided for the new tubes.

=il o

The distinguishing feature of the Bradley-Amplifier
is the use of Bradleyunit Resistors. These small,
solid, molded units cannot break, deteriorate or
change with age. They are soldered into place and
require no attention. For amplification without dis-
tortion be sure to ask your dealer for a Bradley-
Amplifier. Try one tonight!

&)

Please send me your latest booklet on the Beadley- Amplifier.

-------------------------------

------------------------------

All apparatus advertised in this magazine has been tested and approved by PoPuLAR RADIO LABORATORY
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ACCEPTED and PROVEN!

The Cockaday LC-26 Receiver is the outstanding success of the radio year. For weeks we have
been working to catch up with the demand. Today we can make shipment cn the complete
parts at once,

= COMPLETEIPARTS FOR THE LC-26
I General Radio Type 269 Variom- | k1 to 10 Megs 1 1 Cabinet. Mahogany or Walnut
cter with knob $5.30 '} g',:ﬁ::;lm“itf/ meg. Rk DL $14.50
1 General Radic Rheostat Type ] Bradleyunit 1§ meg 75 | | Hardwood Baseboard............ .50
214A,7 Ohms. .. - 2.25 3 Amperites A" 3 30| 4 Small Brass Brackets............ .20
1 Precision Octoforr Coil Set , 550 | Amperite No. 112... ... ... 1.10 | 2 Large Brass Brackets. .. ......... .15
] Amsco Double Condenser No. 1814 6.25 5 Benjamin Standard Sockets. 5.00|1 Antenna Connection Block 1 x 2
1 Micamold Condenser .00015 mfd.. 35 | Carter Single Circuit Jack.. . 70 Inches,......oooov v vt 15
] Micamold Condenser 00025 mid.. 55| & Carter No. 2 Jack Switch 2.00 1 Battery Connection Block 1 x 9
2 Daven Resisto-Couplers with |} g Eb SHf NG witches......... ’ Inches....................... .25
P e ey 3.00 1 F y Bmdmg Pos_ts .............. 1.20 -
I Amertran Deluxe 1st Stage Trans- 1 Fynur Vernier Dial.............. 3.50 $77.90
former ; 10.00' 1 Drilled and_Engraved Panel.. . . .. 7.5¢, DBlueprintaforLC-26......... ...

McLAUGHLIN SINGLE CONTROL HAMMARLUND-ROBERTS
DELUXE 8-TUBE RECEIVER BROADCAST RECEIVER

Complete parts—$113.40 Specified parts—$60.80

All parts for the Raytheon plate supply unit—$41.10

WHOLESALE RETAIL

on'so It is our aim to have new material

first, to ship you promptly and, most

ol of all. to send you the exact parts
Eled'.rl(dl SI‘W G,ﬂc called for by you.

15 East 40th Street, New York City

A postcard will bring the list of
parts and full information on these
or any other circuits in which you
arc interested.

ThA¢ Wade Condenatr

uning UnifrOnsLsie
ofa Wade ("ondenstr
vgearedioa d-inch 360
deurce wernrer dial of
i8i0 fraotie

“Spreads’i?tations All Over the Dial

’l“HE Wade Condenser Tuning Unit is geared to a dial
that is graduated all the way around—from zero to
360 degrevs.  This mieans twice as much space between
stutions for close tuning adjustment; even wider separation
of stutions than tho rotor plate types of straightline fre-

Fie A

:‘\gain Carter leads with a _iO()p thi}t quency condensers using standurd 150 degree dinls. Covers
is compact, sturdy, yet highly effi- l\hc whole Il)ruml(-ﬂ.s:. liﬂ;lge aml (lc{wndb?‘low i.;UUI llu"t('r.-sl._
1 . ihili : B A separiately grounded frame. insutated from bhoth sets o
cient -, No p?S.S'h'l'ty of loose wires plutes, shiclds the condenser from all body capacity effecis.
breaking., Weighs one pound, diam- PRICES

cter 16 1nches.  Taps are provided

N h 5 Prices arc for the complete unit.
{or all loop circuits. CaDaclty 000125 nfd.. . ... ....$6.
(‘nmu-:ty .illgl}"zé mﬂ.. P 2'%;
1€ 00 . . . Capuelly 000 mid... . P
DSHE  Sece one at vour dealers. Cupucitv 0005 wmid. | . " 6.50
Write for illustrated folder. ‘The 4-Inch dinl. eallbrated on entire cir-
cumfvrenee, is budt iz id part of the con-

In Canada—Carler Radio Co., Limited, Torenta G

The VIKING TOOL AND MACHINE CO., Inc.
745-B 65th Street, Brooklyn, N. Y.

: WADE :

A apparatus adeertised in this nagasine has been tested and approved by Porvi.arR Ranto LABORATORY
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Complete Panel Service!

ORMICA has improved its service to
the American Radio manufacturer by
offering completely decorated and fin-
ished front panels. The decorations are
done in gold, silver and other colors by
the Veri-Chrome process. They are by
far the most handsome panels used in
radio today-—and the panels with the
most permanent finish.
This service is now extended to ama-
teur set builders who wish to assemble
certain well known kits. In numerous in-

stances the Veri Chromed Formica panel
is a part of the kit.

Dealers can supply you with the fol-
lowing Veri Chromed Formica panels:
Bremer Tully Counterphase, Nameless
and No. 1, Best's Superheterodyne in
two sizes, 7x20 and 7x26; and Browning
Drake four tube for National Kit.

Formica panels in all the usual stand-
ard sizes are sold by most dealers.

Write for booklet “What Formica
Is.”

THE FORMICA INSULATION CO.

4641 Springrove Avenue, Cincinnati, O.

Made from Anhydrous Bakelite Resins
SHEETS TUBES RODS

=——

- All apparatus advertised in this magazine has been tested and approved by Porurar Rapto LARORATORY
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Accurate
and stay aceurate

helps-your DX rcéjo,rd

UCKY nights happen when a set
built our of fence wire by rule of
thumb can get DX, But the surest
way to get the urmost in radio
performance is to have all parts in
correct clectrical balance. Especially
the fixed condensers, for they must
release the incoming impulses at ex-
actly the right time, or there is dis-
cord. This is where accuracy counts
most.

The accuracy of Sangamo Mica
Coundensers is doubly assured. They
are tested individually for accuracy,
and guaranteced to be within 10 per
cent of marked capacity. They are
solidly molded in bakelite, absolutely
impervious to any outside influence.
There are no exposed edges. You can
boil them, freeze them, expose them
to acid fumes or heat the terminals
with a soldering iron, but their ca-
pacity remains unchanged. .

Sangamo Mica Condensers are
made in all standard capacities, with
or without resistor clips. They can he
easily installed in any set, old or new.

Sangamo By-Pass Con.
2 MFD. .90

Also available:
denser 1 MFD. $1.25.

All progressive deal-

MsanGAMG |

4 L c¢rs have Sangamo
Y Condensers in stock,
LR orwill quicklysecure

them 1if you insist.

Sangamo Electric Company
Springfield, Illinois

14L1-7

RADIO DIVISION, 50 Church Street, New York

SA‘LES OFFICES—PRINCIPAL CITIES

I sr Canada — Sangamo Electric Co. of Canada, Lid.. Toronto.
}« ¢ Europe —British Sangamo Co., Ponders End, Middlesex, Eng.
For Far East— Ashida Engineering Co., Osaka, Japan

KORACH

Tuned Loop
. Multiple Switch Board Tamer
. Directional
Base Compass for Logging
o Collapsible

For those who demand

Superior Results

Leads the march toward perfect radio reception
under all conditions. Not merely a “loop” but
an ingenious arrangement of mechanical skill de-
signed for superior results. L. M. Cockaday, using
this loop, reached out across the Atlantic to audibly
hear many trans-continental Stations.

Selectivity Plus Distance

unheard of with common loop aerials. The Korach
excels on all sets designed for loop reception.
Priced at $12.50 and for sale by all good dealers.
Full particulars sent for 2c¢ stamp and name of
local dealer.

KORACH RADIO CO.
20 E. JACKSON BLVD. Dept. 10  CHICAGO, ILL.

Dealers and Jobiers:  Write 1oday for atiractive proposition

Tt esaas
Tebea RS R
e -
Cld

THE KORACH JUNIOR
A modification of the

*#Senior” but possessing all its
jamportant features - - - $10.00

All apparatus advertised in this magazine has been tested and approved by PorvLar Rapio LARORATORY
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Crosley Super-Trirdyn Special
And Crosley Musicone Illustrated

In the Crosley Super-Trirdyn Special, 5 inubes do
the work of 5. Solid mahogany cab- $60 00

inet with popular sloping pawel .
The Crasley Musicone reproduces full tonal qual-

itiesof music and volce VI Now $14.75
Every home should have
an Entertainment Corner

Be it a cottage in the valley or a mansion on the hill, no home can he conmplete f
without jts entertainment corner. YWhat magic in that phrase—~he enferiginment E
corner! What magic in the thought of choosing from countless forms of diversions
the one that suits your mood!

Crosley Pup

A genuine long
range Crosley re-
ceiving set. Easy to
tune through local
slations.

$9.756

In hundreds of thousands of homes throughout the world, the center of the enter
lainment cormer is a Crosley radio. It may be the sturdy Crosley "'Pup''—the
fanious long-range one-tube set that costs but $0.75: or the magnificent $60 Super-
‘I'rirdyn Special—the finest radio that Crosley builds; or one of the many Crosleys
ranging between them in price.

Whatever the model or its price, Crosley is giving 1he flawless service which has
made "‘Crosley” a hallmark of radio throughout the radio world. The present (‘rosley 3 Tube

tremendous Crosley volume Lias been tchieved by developing radio sets of simpler 528. D
design, easier operation and unfailing dependability. And with cach increase In e
production came greater value. When buyving for your enleriainiient oruer you .Ua_hoganyﬁmslged
can buy with confilence—if you buy a Crosley. cabinet, slopin
panel. {tolds all
%ee the :iomp]ete CAr:l::lley li[r)\e at the nearest balteries.
rosley dealer’s. ress Department: 16 for 3
his name and our Illustrated catalogue. Nou 332'50

THE CROSLEY RADIO CORPORATION C™G\§*™ Groaley

Trirdyn
Regular
Alore com puct then
the Sprcial Model
—bnt exactly the
same Superb per-

Powel Crosley, Jr., President
Cable Address: Listenin-Cincinnati

Owning and operating WL, first remote
control super-power broadcasting stalion.

Croslcy manufaciures receiving sels which are licensed under Armstrong U. S. patent Jornmance New
No. 1,113,149 and priced from $o.75 lo $60.00 withon! vecessories. None of the price )
prices quotcd include ballerics, Inbes, headphones, clc. Ada 105 lo all prices west

of the Rocky Mountains. - Now 345.00

ROSLEY -RADIO

B ETTER - - COSTS LESS

All apparatus advertised in this magasine has been lesled and approved by PoPULAR RADIO LABORATORY
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It Stabilizes Any Reflex—

THE CARBORUNDUM
STABILIZING DETECTOR UNIT

%0 make the Carborundum Fixed Detector even more efficient for Reflex
Sets this Stabilizing Detector Unit has been evolved.

With this Stabilizer you can absolutely perfect your Reflex
Set because it adjusts the detector resistance to match the
circuit.
It stabilizes the circuit, controls self oscillation, eliminates
howls, increases sensitivity. Gives you greater range and
increased volume.
By a turn of the knob you supply a potentiometer con-
trolied booster voltage tothe Carborundum Fixed Detector,
adapting the d=tector instantly to the receiving conditions.
A tiny flash-light battery is all you need to complete the de-
- vice. The unit comes to you equipped with a genuine Carbo-
rundum Fixed Detector.

From Yonr Dealer or Direct
Send for Iliustrated Booklef showing Hook-Ups

THE CARBORUNDUM COMPANY, NIAGARA FALLS, N. Y,

New York, Chicago. Boston. Phliadelphis, Cleveland, Detroit
Cincinnatl, Pittsburgh, Mllwaukee, Grand Raplds

$3.50
INU.Ss.

(Without
dry cell)

Full, sweet, mellow and natural, without best Eor

the slightest indication of distortion, is
another achievement that is making the

APEX SUPER FIVE the most popular of condensers

all receiving sets.

VOLUME

That supplies dance music or entertainment
without any loss, is a feature for which the APEX r r a s s
SUPER FIVE is world famed.
DISTANCE

Lends added enjoyment to radio with an inde-
scribable fascination of tuning-in faraway stations,

which is always possible with the APEX SUPER As plates and columns
s Ask your dealer for a demon- Brass has the right temper

atrano!}i Yltin.lr cye': ani}gﬁuxr
t that . -
stands at the high point of per- to preserve alignment with

fection in both performanceand

L e A, small clearances. Brass is

readily soldered in making
proper electrical contact and
its easy machining qualities
give economy in production.

COPPER o BRASS

RESEARCH ASSOCIATION
25 Broadway, New York

APEX ELECTRIC MANUFACTURING CO.
1410 W, 59th St. Dept. 202 CHICAGO

All apparatus advertised in this magazine has been teste;d and approved by POPULAR Rapi0o LABORATORY
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Straight - Line -Frequency Tuning

g - ),
Witheut the 1%
2 /

ALrL-AmericanCondensers, with their smooth-
sliding plates (see sketch at left), require no
tensioning. There is no sensation of raising a
weight or letting it fall.

Compactness, also, far exceeds that of rotor
types. (Sce dimensions on sketch.)

Eihcient shielding prevents the touch of the
fingers from affecting the tuning, and protects
the plates permanently from dust or damage.
Takingfulladvantageof the 360°rotation, there
isan ALL-American Dial with two scales, both
onthe upper half, where theyare always visible.
Used with the Avrr-Anerican Toroid Coils,
these Condensers space out eguidistant on the
dial all wave-frequency channels from 550 me-
ters down even to 17§ meters. Power and
selectivity are greatly improved through the

absence of stray magnetism.
i "\\
ALLAMERICA )y

STRAIGHT-LINE-FREQUENCY

TUNING

ALL-AMERICAN ALL-AMERICAN
Straight-Line-Frequency ToroiD COILS

CONDENSERS Type T-1 é\?.‘l:e;na Cfgthler.$3.§g
. - / Tvpe T-2 R.F, Transformer, 3.
Tynﬁfcﬁ,,iiaﬂﬁa"(&i?,,m'ig‘_’s Set of 3 coils complete 10.50
mmf. at 400 meters) The R. F. Transformer has a
. o small primary, closely coupled to
Type C-50 Max. 500 micro- the secondary, entirely air-insu-
microfarads (Min. 11.8 lated. The coupler has taps for
mmf. at 400 meters) . . .3%5.00 long and short antenna, All
Type C-40,360° Dial. ... 1.00 bases are of bakelite.

OWNING AND OPERATING STATION WENR—266 METERS

Pioneers in the Radio Industry

Ul apparatus advertised in this magazine has been tested and approved by Porur.ar RADIO [LABORATORY
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STUDY
RADIO!

Radio, the field of unlimited op-
portunity, calls for more trained
men.

Prepare yourself for a high sal.
aried position by using your spare
time to study radio at home.

Radio Institute of America, the
world’s oldest radio school, has
graduated more than 7,000 stu-
dents. The value of RIA train-
ingis universally recognized—and
graduates readily secure positions.

This coupon will bring you
a wealth of important and
interesting information,

RADIO INSTITUTE

OF AMERICA
Established in 1909
New York City

Formerly Marconi Institute

322-A Broadway

Radio Institute of America
322-A Broadway, New York City

Please send me full information about your Home
Study Course of radio instruction.

lam interested in the complete course, including code

instruction, which qualifies for the U. S
ment Commercial or Amateur Radio License,

veln-
..............................................

No. 248

E-5841
Under writers 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.

Ask Your Dealer
M’f"d by CIRCLE F MFG. CO.

Trenton, New Jersey u

Akl

" aunaen

2215 Volt
un-acid
everlasting
rechargeable
B
Storage
Battery

$2.95

includes
chemical

45 volts $5.25, 90 volts $10.00, 11215 volts $12.50,
135 volts $14.75, 15714 volts $16.80. Truly the
biggest buy today. I<asily charged on any current
including 32 volt systems. Any special detector
plate voltage had. Tested and approved by lead-
ing authorities such as PopuLar Rabpro 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 litdra-
ture, testimonials and guarantee. Same day ship-
ments.

B. HAWLEY SMITH, 315 Washington Ave.,
Danbury, Conn.

ETTT R TR T TR nf-'l.u.l

AR apparatus advertised in this magazine has been tested and approved by PoruLAR RaDIO LABORATORY



The Best in Radio Equipment

23\

C-H Radioloc

The radioswitch that
locks with a key. Pro-
tects tubes and batter-
tes against children
and meddling adults.
One hole mounting—
quietoperation.Dust.
proof case. Two keys
with every swiic

C-H HeavyDuty
Radio Switch

More than a million
in use. Preferred b

both home Set-bm'lcz
ers and manufacs
turers. Many have
imitatedthe knob, but
no one can duphicate
thepatented floating
contactor”” construc-
tion—the secret of its
long life.

Thus More Than a Million Concerts

C-H Radio
Toggle Switch

The very popular
toggle switch idea ap-
plied for the first time
to radio. Beautiful
appearance. * On”’ or
“of with aflip of the
finger. Neatly etched
plate to indicate posi-
tion. Requires very
little space backof
panel. Contacts are
Sroad and self clean-
ing. Quiet operation.
Dne hole mounting.

Nickel finish.

Start Every Night

’ I ‘HE first panel mounting switch built exclu-
sively for radio service? It carried the Cutler-
Hammer trade mark.

The first radio switch that locked with a key to protect
tubes and batteries from meddling.fingers? It was designed
by C-H engineers.

The first handy toggle type radio switch? Yes—it, too,
was built by Cutler-Hammer.

Little wonder that they are found in more than a million
sets today. For they were designed to render the trouble
proof service for which they are now famous and their
patented mechanism cannot be duplicated. Because they
sell in such tremendous quantities their cost of production
is remarkably low.

That explains why most radio fans build them into
their sets, and why you find them on so many manufac.
tured sets today.

Your new set will, most likely, have a C-H Switch,
whetherit is the product of yourown handsorahuge factory.

THE CUTLER-HAMMER MFG. CO.
Member Radio Section, Associated Manufacturers of Electrical Supplies
MILWAUKEE, WISCONSIN

oA list of some of the
prominent radio
manufacturers using

C-H Radio Switches

Acme Apparatus Co.
Ar(l:rerican Boach Magneto
0.

Argus Radio Corporation

Astral Radio Corp.

Chas. A. Branston Co.

Chelsea Radio Co.

Dayton Fan & Motor Co.

Freed-Eisemann Radio
Corp.

Gilfillan Bros., Ine.

Howard Radio Co.

Malone - Lemmon Labora-
toriea

Wm. J. Murdock

Robbhins Radio Co.

Silver-Marshall Ca,

k. E. Thompson Co., Ine.

Yictoreen Radio Co.

Workrite'M{g. Co.

CUTLER-HAMMER

—* Radio Parts 1o

r Performance, —="

All apparatus advertised in this magazine has been lested and approved by PorULAR RADIO LABORATORY
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Why WESTON
Popularity?

' Continuous and long-life depend-
esu ts ability! Assurancein use! Beauty
*  of design! .

These are the reasons for the great popularity of these two of the famous Weston
Radiv Line,

The Weston Instant-C'hange Radlo Plug. the ploneer automatic deviee of s
kind, Elves fast, posltlve and most satisfactory contact bentween headset and
loudspeaker,

The Weston Model 439 Radio Table Voltnreter supplies a portable Instrument
of &reat vatue In checking ail voltage conditions of radio sets and has given
thousands of radio enthusiasts more cconomical reeeption. longer tube life,
better battery service, more resonance in tone, greater volume aid distance.
To Ret the best from your recelving set use o reflable and dependable volt-

meter, Wrlte for the complete infonnation contained tn our new free
edition of ""Weston Radio Instrunieuts.””

WESTON ELECTRICAL INSTRUMENT CORPORATION
115 Weston Avenue Newark, N. J.

WESTON

Pioneers since 1888

Wonderful Premier B Battery Cabinet
Volume with Clearness

AMPL-TONE

L

Our Premier B Battery Cabinet is a heautiful picee of
furniture.  The B battery compartment will take any
type 13 battery. The space of cach B battery compart-
ment is 474 ° wide, 814 * high and 10* deep.

[ | . For Gennine
No. Panel Deep Walnut
$ OO T18-10) 7x18 10° £18.50
721-10 Tx21 10° 19,00
. e 724-10 Tx24 107 19, 50
Phonograph ‘maksrs have spent years perfecting 726-10 Tx 26 1o*® 20.00
the acoustic properties of their phonographs, Use an T28-10 7x28 10° 21.00
AMPL-TONE Unit and make a real Loud Speaker in 730-10 7 X 30 10° 22,00
an nstant or use it in your horn and get better 1esults. F.0.B. Waukesha, Wis.
After all, speakers are a3 good as their unit. We
make a real unit at a real price. Money gladly re- The tops of these cabinets are figured walnut. the ends
turned if you are not entirely satisfied. and B battery pauels are seleet walaut, all 5 ply vencer.
e e e e SR e e e ——— The bases are built up of massive molding. Nickel
The UNION FABRIC CO. Bt o hest eanimes i orao (i, material and
b b i H ‘L
DERBY, CONN. ohtainable.
Makers of the Excellent French AMPL-TONE Headset
Please send me an AMPL-TONE Unit for which 1 WE MAKE 9 S'I:YI‘ES OF CABINETS FOR 11 SIZE=
enelose $3.00. OF PANELS. send for our 1925-26 line of eabinets
N ‘Factory to User’” prices.
Name...............ccovene. e e
Address [T .]. T C b.
pdress oo e tl lt} ] lnet Compan}r
Phone 721 Waukesha, Wisconsin

Al apparatus advertised in this magusine has been tested and approved by PoPULAR RaDIO LABORATORY
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Radio Power Units

the ideal power supply for any radio set

CIRSUIT

Balkite
Battery Charger

Entirely noiseless.Can be
used whilethe setisinop-
eration.Chargingrate
2.5 amperes. Operates
from 110-120 AC 60
cycle current. Special
model for 50 cycles. Also
for 25-40 cycles with 1.5
ampere charging rate.

Price $§19.50
West of Rockies, §20
In Canada, $27.50

Balkite
Trickle Charger

Can be connected to the
usual 6-volt battery and
left on permanent {or
trickle) charge. Automat-

YY)

ically charges the
battery and supplies “A”
current from the light
socket.

With smaller batteries
can be used as an inter-
mittentcharger,or trickle
charger if a resistance is
used.

Charging rate .4 to .5
amperes. Size 5 2% x
5 inches. Operates from
110-120 AC 60 cyele cure
rent. Special model for 50

cycles, ‘Prlce$1 0

West ofRockre:, $10.50
In Canada, $15

Balkite Radio Power Units are the ideal
power supply for any radio set, They sim-
plify and improve radio reception. They
reduce the amount of attention you must
give your set. Wi ith their use your current
supply is always exactly what is required
for each circuit,

The popular Balkite Battery Charger is
entirely noiseless and can be used while
the set is in operation.

The Balkite Trickle Charger converts
your “A” battery into a permanent “A”
power unit that supplies full “A” current
at all times from the light socket,

Balkite “B” eliminates “ B” batteries en-
tirely and supplies plate current from the
light socket.Balkite*“B” for sets of 6 tubes or
less. Balkite“B”1I for sets of 6 tubes or more.

An ideal installation is a Trickle Char-
ger and “A” battery, and Balkite “B.” This
enables you to operate your set entirely
from the light socket.

“Noiseless——No bulbs—Permanent
All Balkite Radio Power Units are entirely

noiseless in operation. They have no mov-
ing parts, no bulbs, and nothmg to adjust,
break or get out of order, Each is a perma-
nent piece of equipment with nothing to
wear out or replace. They require no other
attention than the infrequent addition of
water. Theyrequire no changes oradditions

to your set,
Manufactured by
FANSTEEL PRODUCTS COMPANY, Inc.
North Chicago, Illinois

FANSTEEL

Balkite

‘Radio PowerUnits

FOR THE LIREET

3 k]

te?;!
g

Balkite *B”*
Eliminates ‘“‘B’? batteries.
Supplies plate current
from thelight socket.Op-
erates with either storage
battery or dey cell tubes.
Keeps‘'B” circuit always
operating at maximum ef-
ficiency. Requires no at-
tention otherthan adding
water twice A year.

Designed for sets of 6
tubes or less. Occupies
about same space as 45
volt dry “*B’? battery. Op-
erates x.-om 110-120 AC
60 cycle current. Special
model for 50 cycles.

Price §35
In Conada, $49.50

Balkite *B” II

Same as the new Balkite
“B’ but will fit any set
including those of 8

tubes or more. Operates
from110-120 AC 60 cy-
clecurrent. Specialmodel
for 50 cycles.
Price $§55
In Canada, $75

=

The Gould Unipower is
equipped with a special
Balkite Radio Power Unit

L

'BALKITE BATTERY CHARGER - mucrna TRICKLE CHARGER * BAIKITE“B™ * BALKITE“B I 9
AS BTANDCAND @Y THE UNDERWARITERS LABPORATORIES

ALL BALKITE RADIO »OowER UNITE ARE PESTED anD LIBTED .~

All apparatus advertised in this magazine has been lested and approved by PortLAR RADIO LABORATORY
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Biggest dollars W77 78t
worth in Interterence Eliminator

No Radio Set Complete Without It

Now you can sclect stations at will, cut out
interference and undesired stations—tune in
loud and clear. Wonderful results with
any tube or crystal set using any kind
of acrial cxcept loop antenna.  Partially ab-

100,000 SOLD sorbs static. R
N mazing Results,
VAT $ Better Reception

Guarznteed or We
Refund Your Dol-
far. Send Order

Formerly with.the Western
Electric En.. and U. 5. Army
lastractor of Radic.

Technically edited by  ~

F. H. DOANE
L Post- Today.
]E_{IEdgreatost bo?:‘t on
adio -ever written. = -
Drice only -$1. - Filled Select Stations At Will
with sound, practical. e L
tested .information for Try this Interference Eliminator on your sct—no tools
every radio'fan, from ~ —nothing to add—attached in_2 minutes to acrial.
beginner.to hard-boiled . Doesn’t disturb present log. Dlrecthns.casy to fol-
owl: Written, compile:d low. -Two big banks testily to our religbility. Order
. and edited by radio ex- today—dollar bill will do—we take the risk—money
perts of national rcputation. L back il you say so.
You (I]‘I].'l)’ dip linto this I. C., Si R:\.f(lio Handbook STEINITE LABRORATORIES
at random, or hunt up sSpecial information you N TTIL
want, or read it right through. Starts with 301 Radio Building, AT(‘“ISO‘\{' KANSAS
simple explunations of Radio phenomena and Five Tube Set-s_29.7:>
leads you along gently until you can under- Write for complete Steinite Radio literature—it's FREE.
stand the most technical diagram. Hundreds Most beautiful and least expensive radio sets in America.

of suggestions for gelling more pleasure out of
Radio. Will save you from wasting money on
things that 'won't work.

New—Authoritative—Complete .__D l ! ' RHA}I_

514 PAGES .
150 ILLUSTRATIONS Variable Leaks

Every page tells you something useful. And And Tube Maker’s Data
there arc 514 pages! More than 150 illustrations
and diagrams! Note this partial list of contents: e
Electrical terms and circuits, antennas, bat- %!ij::;u-;.-

teries, generators and motors, electron (vacs
uum) tubes, many receiving hook-ups, radio
and audio frequency amplification, broadcast Standard Type

iziecor:n':f::;'al :?::,T::;:':erz't‘ﬂm:'"':':5::' Instruction sheets say that you should try
license rules.” Many other features. ’ different values. With a DURHAM this
= - is done with a smooth-running plunger.

Money bach if

Fits your present clips.
New Panel Mount

ﬁ@q.ﬂs..a;ﬁ]-i
TTRE 101 =

Short lead

not. satisfied

Send $1 today and get this 514-page 1. C. S.
Radio Handbook before you spend-dnother
cent on parts. Money back if not satified.

patent

\ to grid plunger
MAIL THE COUPON TODAY!
r————— ———— e ———— Durham convenienceandaccuracy brought
1 International Correspondence Schools | to your fingertips. This type makes short-
| Box 8251-G, Scranton, Penna. ! est path from socket to condenser or coil.
| 1 enclose One Dollar. Please send me—post-paid—the 514- | Fits i yr hol
' page 1, c.“s.l Rndtliu ﬂli:;nijbook. {l. is t.;l?del:n?‘od mﬁb i!(l 1 l 1tsin 24 - hole.
am not entirely satisfie may return § DOoK W 1 Uve
I days and you will refund my money. | There's a DURHAM for every need
No. 100—1,000 to 100,000 ohms (audio)
| Name | No. 101— 0.1 to 5 megohms {(for !V-200 and WD-12)
I U O S S S e e | No. 201A 2 10 10 mesohms (tof UV-100 or 201A)
| Address....ooooeeeneece e et et ep et e e e e | URHAM
| Check here (O and enclose $1.50 {f vou wish the do luxe I _ D 8 CO"IHC‘
L clition, hound in Leatheraid. | 1930 Market St., Philadelphia ™

‘All apparatus-advertised- in this maguzine has been tested and approved by Porviak RADbIO LABORATORY
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AFoetoOld
Man Static

This demon tormentor with his
rattles and hamniers—this tire-
some soloist with his monotonous
concerts—this outlaw of the
ether, will be a stranger in your
home when vou use the “Llec-
trad” Lamp Socket Antenna.

Just plug-in on any electric light
line, no need of outdoor or indoor
aerials. Reduces “canary bird”
reradiations from nearby oscillat-
ing sets. .\ distance getter. The
complete. efficient and economical
aerial.

Price 75c.

At most good dealers together

with other haundy “Electrad”

Guaranteed Radio Fssentials. “The Six Point

Pressure Condenser’

The “Electrad” Certified FIxed
Mica Condenseris a revelation
in accuracy end design. Value
guaranteed to remain within

r -
.:_E—:.j:—-— = 10% of calibration. Standard
e, e caPacities, 3 types, licensed
-, m=— under Pat. No. 1,181,623, May
?* ~ 2, 1916 and applications pend-

ing. In sealed dust and moist-
uresproof packages. List 30c¢
to 75¢

l] “ELECTRAD" LEAD-IN— ; W7 -
Price40c.—Fitsunder laocked X 10y, g

‘ windows. No holes to bore. —— i
Extira waterproofing. Made =l B

* to meet “Electrad's™ high =5 "‘\_\

____—_(-._ -! standard—there is a differ- _
ence.
428 BROADWAY NEW YORK CITY

All good dealers sell other ‘*Electrad’ Radio Devices—Audichms, Variohms,
Certified Grid Leaks, Electrad Royalty Variable High Resistances, Etc.

Vil apraratus advertised in this magazine has been tested and approved by Porri.ar Ranlo LLABORATORY




Why pay $35 or more
for a cone loud speaker
when  vou ean  easily
assemble a splendid super-
sensitive one at home with
the complete parts we
send you—and save $25?

With the parts we send
you is a special complete
cone unit, blue print and
simplified directions for assembling. Iiven if youdon't
know the first thing about radio, the directions are
so clear that you can casily set up this wonderful
speaker in a few interesting hours, Don’t confuse
this eone with the small-size ones heing sold by other
manufacturers. Stands cighteen inches high, com-
plete in cvery detail. Not only unmatched for
beauty, hut reproduces both music and voice with
faultless accuracy. Yet the cost is amazingly low—

B¢ PADIO EXPERT

Radio. the wonder of all ages, has
Erown with gigantic strides. Redio
exPeris aTe needed to Keep pate with the

growth. Thousands of good-paying poal-
= tlons are open to tralned men. Be a
radio expert—earn hig money—travel—get into (he Jime-
light. There's romsnce. power and fortune shead for men
with vision now just es there was when Henry Ford got
stasled oo his aulo. The grouad-floor opportunity §s here.

YOU EARN WHILE YOU LEARN

i No matter what Your prezent oo tmtion {a I ean
Falp ¥ou to wual fy in a short time to write Ihn\n'
wiome ticket in1he feecir allrf, fant-growing, big-
pay. long-profit figld of Radiol And pot only am §
nble to Kivayou a er, more comrlete nowledﬁo
of Radie Itue&, but | will show you how to apply
your knowledge to turn itinto big money guickiy.
- 2,000 to $10,000 a vear!
Millions of dollars & ¥yoar are now being divided
lmun¥ radio pien n°t so well trpined as ropL: o
to train ¥ou. You will command $2.01 0 to $10,0L0 a
;en'r nalary or you can take it in profits from ¢ recl
wviness all your own, 1 will show you,
Fasginating New Profession
1 am nnt going to make You a mere radic mechanie.
1 will tratn ¥ou to handle the big pr ILI'cmn of Radio
nn well, because that'a whore lhn% money lies.
You willha qualified in every braneh of radiv
- Learn Quickiy—At Home
. Under my porsonal direction you will lrarn quickly
ot home - in spate time. ljon’t wait to think thia
cated thou- over. Mail in the coupon at once — and when you
pands for the havo all the factw before you, then give serivus
- better pay- thought to my offer 3nd weur future,
| ng positions The Wonderfut SUPERD™N
[ inradioman- A high powered ndvanced design broadeast re-
ufacturing ceiver.Gets allatations within 3000 mile circle. Mail
and have the conbon Now for full detaila of thin wonderful
taurht in instrument and how to get it FREE. Mail the cou-
o nrlidpl'l:h“e pon Now! Todawl, {1924 A.R.E.
wol L3 Fit-

. oot Lechnical FRWIN 3. MENDELE Director. AMERICAN Radio Cngincers
* schools. Dept. 112, Hearst Square, Chicago
ceeceenanns MAIL THIS COUPON -cccvocncc--

IRWIN J. MENDELS. AMERICAN Radio Engineers
Dept. 112, Hearst Square. Chicago, U. S, A,

Send mc your hig eatalog and full particulars of your camplete couras

of tealning. Alsa tetl e mare abnm the ARE. Twin Superdon Lons

Distanco Heceiver and how | can gt it frea,

P—
B ) MIEEILS
i o my 16 yru,

oxperience, [
m® have metand

cope with
ever

alec-

Ask about our SPECIAL CLASS NOW FORMING

City, oo ... Riate.

The ﬂsl_fn_Rgdio Fauibment

Make Your Own
Cone Loud Speaker
—and Save $2590

(All Parts Supplied)

254 West 34th St.

you pay only $10 for this remarkable instrument—
the most approved form of loud speaker known. We
can offer you this hig saving beeause the cost of
labor in assembling and packing of the cone is a big
item, and our method of selling also climinates all
jobbers” and dealers’ profits.

SEND NO MONEY

Simply send name and address and the eomplete outfit will
be sent you by return mnil. When postman brings package,
deposit with him only $10.00 in full payment. If you aren’t
more than delighted—if you're not absolutely convineed that
vou have a cone speaker equally as fine as any $35 cone
sold—simply return the parts within ten days and your money
will be instantly refunded. Never before has a better radio
bargain been offered.  You would pay at least 835 for a
cone speaker of cqual quality anywhere. Act at onee.
Write NOW!

Scientific Radio Laboratories
Dept. 32 New York City

ARBORPHON

What You Expect of Your Set

With the Arborphone anyone ean tune
in cnough statlons 1o satlsfy the most am-
hitious  gir-advenlurer.  From  statlons
near or far rhere i< a delightiul case of
tnning and purity of tone quality unsur-
pacwed in radio

Honsed In a really beantitul eabinet
Arbhorphone lends o ness chari to your
pn-ttiest ronm .,

You cannot bhuy better radie—at anv
price.  Ask any Arborphone ownter or

$~rzo
55
W g

'$80.00 Most interesting radio facts—written
in Racny ATt,  for cveryone to  umderstand—are  cde-
and Pucine seribed  and  dllustrated in Arborphone

Coast States, Catalog. A copy sent free at your riguest.

MACHINE SPECIALTY COMPANY
Ann Arbor, Michigan

nl

—

I upparatus advertised in this magazine has been tested and approved by Portviar Raplo LABOrRATORY
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eparate All Stations Evenly
T is not necessary to tear down and rebuild your present
set in order to scparate the stations evenly on the dials.
By merely substituting Rathbun Straight Line Frequency
Converters for your present dials—you will be able to se-
cure real S.L.F. tuning. '

Here is a variable vernier control that provides a ratio of
50 to 1 down where the stations are crowded —gradually
and smoothly decreasing in uniform ratio over the full
360° of the dial. The stations are evenly separated around
the entire circle. There are only two moving parts—a cam
and a lever. The action is dependable and accurate—with-
out a particle of backlash. Easier tuning and immeasur-
ably better logging are obtainable from straight line capac-
ity condensers with these new converters.

Remember that we build the Rathbim Single Hole Mounting Condenser

with genuine Bakelite ends. This year's models are enclosed with’

transparent pyralin dustbands which preserve their high cfficiency
for life. They are small, light and rugged —aliays veasonably priced.

Ask vour dealer for Rathbmn Straight Line Frequeney Conuverters
He has them in stock or will get them for you prompuly

PRICE $3.50
RATHBUN MANUFACTURING CO., INC.

JAMESTOWN, N. Y.

All upparatus advertised in this mag

O
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agine has been tested and upproved by POrvLAR RADIO LABORATORY
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CABINET
For LC-26 Receiver

Built exactly to specifications with piano hinge, lid stay,
and splined mounting board.

List prices:
GENUINE AMERICAN WALNUT....817.00
GENUINE MAHOGANY............. 17.00
MAHOGANY OR WALNUT FINISH. 14.50

McLaughlin
Super-Heterodyne

To specifications in October, 1925, issue with piano hinge
and lid stay.

List

rices:
GENUINE AMERICAN WALNUT. $12.00
GENUINE MAHOGANY...........
MAHOGANY FINISH.............

Hammarlund-Roberts Cabinet

Built to take 9x157 sloping pnnel_fnund_ation unit with
fancy panel effect line grooves and piano hinge.

List prices:
)I\MF,RICAN WALNUT OR MAHOGANY $11.00
MAHOGANY FINISH......o.ovv. ... .. 11.50

Standard Cabineta in Stock (Specily model " T.")
Of the same design as the McLaughlin cabinet above ex-
cept having rabbetted instead of grooved front. Piano

hinge and lid stay.

Mahog. Walnut Mahog- Walnut Mahog- Walnut

any or Ma. any or Ma- an or Ma-

Size finish hogany Size  finish hogany Size nnnﬂ. hogany
Tx18-8 $8.66 $9.50 7Tx28.8 S$11.H0 $14.70 7TxZ1-10 $10.90 $13.25
Tx21-8 9.30 11.50 7Txd0-3 12.76 18.85 7Tx24-10 11.70 14.65
Tx24-8 10.10 12, Bx30-8 13 70 17.10 7Tx28-10 12,65 16 80
7x26-8 10.70 13, Txi8-l0  10.20 11.56 7x30-10 13.30 16.65

SPECIAL CABINETS TO ORDER
SHIPPiNG CHARGES PREPAID
CORBETT'S CABINETS have been preferred for

several years by quality set builders and are unquestionably
superior in design and finish. They are backed by our
guarantee to please you. Carefully hand rubbed piano finish.
Well packed for shipment.

WRITE FOR CATALOG showing attractive models for
all sizes of radio cabinets, consoles and tables.

Jobbers and Dealers write for discounts. *

CORBETT CABINET MFG. COMPANY
St. Marys, Penna. :

Clarity
Volume
Beauty

PRICES
Three Finishes
$22.50 $25.00
$30.00

FOR REAL ENJOYMENT

Use the BURNS Loud Speaker on your recciving set.
Produces utmost in volume and clarity of tone.
Reaches full range of musical scale—equal to hearing
the original production.

At your dealers or direct

State and 64th Streets, Chicago

HEADQUARTERS
For LC-26 Parts

General Radio Parts .

E.1.S. Apparatus

Dubilier Condensers

Weston Meters

Formica Panels

Premier Jacks

Cunningham Tubes

General Electric Tungars

Mahogany Cabinets

Special Engraving

Special Condensers, Coils,
Shielding, Etc.

No General Catalog Issued

Write for Quotation on any Radio
Apparatus or Material Required.

NORDEN-HAUCK, Inc.

ENGINEERS
1617 Chestnut Street, Philadelphia, Pa.

All apparatus advertised in this magazine has been tested and approved by POPULAR RabpIo LABORATORY
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et the o SThrOugh

Make Your Old
Set A 1926
Model!

URE tones, beautifully clear and fuil, go out from the hroad.
The Daven Super. casting station, They reach your detector still pure and clear.

ll Amplifier used with any set  But what then?
or circuit carries through the Tull, clear n . . . .
tones of the broadcasting station Rrogrgms. From the detector your amplifying apparatus operates. Dislorlion
“;ny?“ ':{:f’l; to “?ff"b"’ g‘.‘ 'l"'P"'ﬁ.'" arises unless you take advantage of a method of amplifying that
Cludes all parts excors 286, Rit which in. ¢ fighted manufacturers and thousands of set buil ers are now
cludes all party except sockets, £ X e A
adopting — Resistance Coupled Amplification. Resistance Coup-
ling is not new, but Resistance Coupling with real volume
amplification is new, It is the most approved method of letting
The new Daven Spe. Pure tones thmughu )

ﬁztfug‘fﬁwaﬁ'g?:r The Daven Super-Am -lifier costs litile, It is easilf and conven-
Resistance Coupled  iently installed in an) set made. Buy it complete to save hook-
Ampl'ﬁ'caﬁm; sotd up labor. For those preferring to assemble, the Daven 3-siage Kit
?:,'_.'ﬂ,r:':ﬂn Al D:J::: swea all the necessary parts except sockets. You will join hun-
Amplifiers, Kits and reds of others who have written to thank us for the improvement

Resisto-Conplers. For Daveti has given,
ealer volume and

ctier quality, Write us today for The Resistor Manual, an authoritative book on
Resistance Coupled Amplification, 25¢ at good dealers, 30c by mail.

DAVEN PRODUCTS ARE SOLD ONLY BY GOOD DEALERS

ke Sine yﬂ/’fenl"

T Y AR WA RN TR o VAT (L e o e W
DAVEN RADTO \CORPORATI O
Lesistoe Specialists

Newnrk Reg. U. S. Pat. OF. New JGI‘SC}'

LA AL LI DL LD LT PR LY F T LT T P T L Ay

CLIP THIS COUPON

DAVEN RADIO CORPORATION
153 Summit Street, Newark, Nev: Jersey

Please send me the following on Resistance Coupled Amyplification:
Check One
{1 Resistor Manual. 30c is enclosed,
(] Complete Catalog (irec).

The new Daven High MU Tube Type
MU-20. used with the Daven Super.
Amplifier, gives 50% more volume—
6 volt. % ampere. A Daven Power
Tube 'I‘yi)e MU-6 in the last or cutput 3 TIE

stage helps any set repardless of the (b handbeoh of Hesiste INAMC. ot . teneen vnne ciine e ennentneneesesannene s aenenns
method of amplification—6 volt, 14 S ance Coupled Amplihes.
ampere. 8§ tna. Avyenrdealers e Addrers. . e e e e

H p
» By mail postpaid 3gc. For Dealera: Send your letterhead and we will have our nearcst distributor
communicote with you,

THEE BIG LITTLE THINGS OF RADIO

All apparatus adverlised in this magazine has been tested and approved by POPULAR RADIO LLABORATORY
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Sickles Coil Set No. 24 for Browning-Drake
Circuit. Price $7.50.

SICKLES

DIAMOND-WEAVE COILS

(Trade Mark registered Aug. 4, 1925)

For Browning-Drake, Roberts, Craig,

and Hoyt Circuits

{(Patented Aug. 21, 1923)

Compactness of form, rigidity of construction,

and the supremely efficient Diamond-Weave

-y Em e am em Em o P e WP TP am am AP e S W S

COIL PRICES

No. 18\ Roberts Circuit % 8.00 set |
No. 24 B!'owning-Dr'nke 7.50 set
No. 20 Craig Circuit 4.50 set
No. 19  Acme Reflex 4.50 set I
No. 8 Knockout Reflex $.00 set ‘
No. 21  Hoyt" Circuit 10.00 set I
|

method of winding are well-known character-
istics of Sickles Coils.

These refinements of design and construetion
result in low distributed capacity, low dielectric
| losses and large range of frequency with small
variable capacity.

There are Sickles Diamond-Weave Coils for
all leading circuits.

Send for descriptive catalog

The F. W. Sickles Co.

134 Union Street
SPRINGFIELD, MASS.

Connections Rot

when prepared for soldering with
ordinary flux

“PERFECTO”

SOLDERING FLUID

is the choice of 50 leading radio manu-
facturers because it is free from acid. No
set can be better than its connections.
Easy to use, *‘Perfecto’ never creeps, can-
not corrode.

DEALERS

The sale of this 25¢ boltle to each of your
customers insures your parts from blame
—establishes hearty good willtoward you.
Write for display box and our offer.

Fans, if your dealer cannot supply. send
25¢ and his name for this necessary bottle.

FIRTH RADIO CORP.
25 Beaver St. N.Y.C.

j

Heath Straight Line
Wavelength
Condensers

Give better radio recep-
tion all around the
Dial
Write for Booklet

Heath Radio and Elec. Mfg. Co.

206-210 First Street, Newark, N. J.

. T, T LI

All apparatus advertised in this magazine has been tested and approved by PorULAR RADIO LARORATORY
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Unipower gives you continu-
ous, unfailing “A” power of

the highest quality » -
OU click a switch. Your set begins to
operate—feeding on a new kind of ‘A"’
power, rich and quiet and always at full

voltage.

Again you click the switch. Your setis
off. Your *“A” power supply automati-
cally begins to replenish itself direct from
your house current. That is Unipower!

A new thrill in radio

Unipower is now in use in thousands of
sets and has the enthusiastic endorsement
of set manufacturcrs, It does away with
“A"” current failure—the most frequent
cause of poor radio reception.

Unipower is a single compact unit,
quickly and easily installed. Just connect
two wires to your set, plug in on your light
current, and the job’s done! Unipower
is equipped with an exclusive Balkite
charger of special design. It willlast
you for years, and contains no tubes,
bulbs, lamps or parts that require
frequent replacement.

A unique feature of Unipower is
the master-control switch that gov-
erns the operation of your entire set,
When this switch is ON, your set
operates quietly and perfectly,draw-
ing its “A’” power from Unipower’s
rich, full reserve. When the switch
is OFF, your set is off —and Uni-
power automatically rechargesfrom
the house current.

The nearest radio dealer can sup-
ply you with Unipower. Ask him
for a demonstration today.

The Gould Storage Battery Co., Inc.
250 Park Avenue New York

Unip

OwWer ~

TRADE MaRE

At the

. = —mT T —

FREE! wrie for interesting booke

let, “Unipower—a Triumph in Radio
Power”, describing Unipower’s many
advantages and economics,

0,

This shows how snugly
the 6-volt Unipower fits
into limited space

The standard Unipower oper-
atesfrom 110-125 Volt A.C.—
60 cycle, It is supplied in tno
types. The 4-volt type for sets
using UV 199 tubes or equrv-
alent—$35.00. The 6-volt type
for sets using UV 201-A tubes
or equivalent—$40.00. West
of the Rockies, prices are
slightly higher. (Special
models, 25-50 cycle,are avail-
able)

Off when it’s on

n when it’s off

All apparatus advertised in this magezine has been lested and approved by PoPULAR RADIO LABORATORY
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Celatsite Battery Cable

For connecting A and B Batteries (or current
supplv) to radio set. Silk braid covering § flex-
ible Celaisite  wires—=3
feet long—a different
color for each terminal.
Prevenis messy  wiring
and “*blown tubes.
Adds greatly to the ap-
pearance of your set.

0’

Enameled
Antenna
Stranded
The best outdoor an-
tenna you can putup.
7 strands o' enameled

E = copper wire; maxi-
monm surface for re-

o ception. I'nameling prevents
corrosion and consequent weak

signals. 100, 150 or 200 foot coils. boxed.
Loop Antenna Wire

You can make a good loop with Acme wire made
of 65 strands of fine copper wire, green silk covered.
Flexible: non-stretching, neat.

Flexible Celatsite Wire

Flexible stranded wire for
point to point” and sub- |, oo o
panei wiring—iatest method @ACM E
of wiring sets. »  colors, |
black, yellow. green. red and m
brown, onc for cach circnit. o NIRE
25 ft. coils. = S
it H W

r - £ i~

i (e ——

-y
¢ R

The Original Celatsite Wire

Celatsite is a tinned copper bus bar
wire with non-tnflammable *spa-
ghetti” insulation in five colors.
Supplied in 30 inch lengths.

Flexible Varnished “Spaghetti”

perfect insulation tube for all dan-
ger points in set wiring. Costs little
more and is worth a lot more than the
cheaper substitutes offered. Black.
vellow, red, green. brown, for wires

B ——

DON’TC
WAIT!

PEP UP THAT SET NOW WITH

X -L RADIO PRODUCTS

Just install them in your receiver and
hear them speak for themselves

Endorsed by POPULAR RADIO LABORATORY

and other leading radio
authorities in all the latest circuits

Model “N’’ Vario Denser

Capacity range 1.8 10 20 miero-mlero-farads. for halance
in Roberts two tube, Browning-Drake. McMurdo Silver's
};{nockont. Neutrodyne and tuoed radio frequency eircuits.

rice $1.00

Model ¢“G’’ Vario Dencer

For the Cockaday clrcuits. filter and !ntermedinte fre-
{mellalcy tnalng In suber-heterodyne and positive grid blas
n all sets.

G- 1- .00002 to .0001 MF.
G- 5- .0001 to .0005 MF.
G-10- .0003 to .001 MF.
Price Each With Grid
Leak Clips, $1.50

X-L Push Post

A bhinding post that really does exeel'n
icoks. action. service aad convenicnce
Just hush it down- insert wire—cannot
ar loose from vihratl 'n No screw-
ng or danger of shearing off wires.
Furnished attractively plated with
soldecing lug and necessary markings.

Price Each 15 Cents
X-L RADIO LABORATORIES
2422 Lincoln Ave. CHICAGO

No. 10 to No. 18, 30 inch lengths.
Send for Folder

THE ACME WIRE COMPANY, Dept. P

P I B D D P 0 T

\ New Haven, Conn.

(0 P i A D D O 0 O O 0 OO 0 0 L e R D D g O A 5

7

1925-1926
EDITION
DEALERS, send

for our

big live catalog. Contains

nationally advertised high

quality scts, kits and parts.
Use your letterhead.

i apparatus advertised in this magazine has been tested and atproved by PorULAR RADIO .ABORATORY
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A Type for every Tube
Apbplication

~ 4] EGARDLESS of the set—in the final analysis it's the tubes that tell the
"\, story of whether “you get 'em” or not—that makes possible clear, joyous,

reception. That's why Sylvania Tubes are preferred and insisted upon by
every radio user that has ever tried them.

Sylvania Tubes have clearly demonstrated time and time again their absolute
superiority over the average product—yet they cost no more and you can buy

them from any wide awake dealer. If the dealer in your town does not have
them—write us direct.

To Wide Awake Dealers and Jobbers

We are interested in making a connection with wide awake
dealers and jobbers covering the exclusive selling rights of

Sylvania Tubes in the territory covered—For details write or
wire roday.

Radio Tubes
SYLVANIA PRODUCTS COMPANY

Emporium, Pennsylvania

All apparatus advertised in this magazine has been tested and approved by PorvLarR Rapio LARORATORY
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Compare

" AU
BATTERY JWRVE

CHARGER

before you buy
ANY charger

HERE is the smallest, the most compact, the most
efficient charger made. It charges in almost half the
time, because it uses the FULL electric wave. Costs less
to operate, just a few cents for a full charge. Needs no ex-
pensive bulbs, no water, no acids, nothing to spill or get
out of order. Needs no adjustments. Just hook on the

i $ clips, attach the plug to the etectric socket and charge

Model “A” for A Batteries 1 8 yoﬁr BATTERY %VE'ERNIGHT. l 1
Enst of the Rockian

Model “A-B” will charge $ Passed by the National Board of Fire Underwriters
A & B batteries simultaneousiy. 22

Liberty Electric Corp. of New York, 342 Madison Ave.

East of the Rockies

io Dealers
8 WANTED, /)

If you are the type of dealer who hustles
after business, who isn’t content to wait
for trade to come in but who takes sets
out to demonstrate, can talk and sell
quality merchandise, and knows Radio
values, we have a big proposition for you.

Are you that dealer?
509, DISCOUNT TO DEALERS

We manufacture u eomplete line of high grade
receivers und scll to dealers at 50% discount. We are
authorized distributors jor jnore than 223 Nationally
advertised lines,

Less wiring—
Fewer losses

Full, elear, rich tone depends on more
than on justgood apparatus. It depends,
firet of all. upon careful, compact wiring.
AMPERITE eliminates complicated wir-
ing, avoiding leaks and losses. Requires
no attention. Controls the filament per-
fectly, bringing the utmost out of each
individual tube. Permits use of any tubes
or combination of tubes. Used in all pop-
ular construction sets. DPriee, $1.10.

Thercisan AMPERITE forevery tube

Write today for amazing offers
new 112-page catalog and regnlar
monthly eatslogs quoting below-
the-market prices on latest mer-
chandise—all free. kEwverything
in Radio for less. Just fili in
coupon, pin te your letter head
and mmil today, NOW

AMERICAN RADIO MFG. CO.
1416-18 McGee Street, Dept. P., Kansas City, Mo.

e e o g v e i)

»
i hook-
|l AMERICAN RADIO MFG. CO., 1416-18 McGee St., Wimeifon, fiSe oalsums
T 3
Dept. P, Kaneas City, Mo. ARadiall Company~

1 Gentlemen: Mall me your new 112-page catalog. Also 1 P.R.-2 . .
i put me on list for regular monthly mailin I Dept. P-R.-2, 50 Franklin St., N. Y. City
1 XName. L
! |
1 Acldr .. . 1 4 REG. U.5. PaT. OFF.

. ”
' ciy R Srate ; , The "SELF-ADJUSTING” Rheostat

All apparatus advertised in this magasine has been tcstcd and appraved by PoruLar Raplo LABOI{ATOR\
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2L0O Londen
365 m., 2FC Syd-
ney 1100 m.. RH
Vienna 600 m.,
BAY Haeren 1100
m., DKP Kbely
1156 m., KOM-
AROV 1800 m.,
OXE Lynghy,
2400 m., BER-
LIN 430 m., PAS
Amsterdam 1050
m., EBX Carta-
gena 1260 m.,
ROME 470 m.,
LP, Konigswus-
terhausen 680 m.,
WGY Schenecta-
dy 109 m., 3LO
Melbourne 1720
m., KOA Denver
3224 m., BUDA-
PEST 2000 m.,
SBR Brussels 270
m., WEAF New
York, 4915 m.,
HAMBURG 392
m., WMBF Mi-
ami Beach 384.4
m., CFAC Cal-
gary 430 m,
WGY Schenectady

40 m., SMA Ade-
laide 80 m,
CYX Mexico City
350 b., FL Eiffel
Tower 2600 m.,
2BD Aberdeen 495
m., PRG Prague
1000 m., PCGG
The Hague 1070
m., 2FL Sydoey
770 m., STOCK-
HOLM 440 m.,
HB1 Geneva 1100
m., WGY Sche-
neciady 1660 m.,
BRESLAU 413
m., KGO Oak-
land 361.2 m.
CKAC Montreal
425 m., - CHAC
Halifax 400 m.,
PWX Havana 400
m., KDKA Pitts-
burgh 64 m..
FRANKFORT
467 m., WOAZ
San Antonio 3945
m., NAA Arling-
ton 2500 m.
CHXC Ottawa 435
m.,, WOC Daven-
port 483.6.

Traveling Around the World

A yacht cquipped with a Universal Plio-6, traveling around the world, would
hear broadcasting programs every night regardless of its location, because the
Universal Plio-6 tunes all wave-lengths from 35 meters to 3600 meters. An
American owner of this Golden-Leutz Receiver can listen for all European
stations as it tunes to the different wave-lengths used by foreign broadcasters.
In addition. for reception of American broadcasting stations from foreign
countries this wonderful receiver, designed by Chas. R. Leutz, is already breaking
distance records.

Cable, wire, worite or phone for literature today

Manufactured by

GOLDEN-LEUTZ, INC.

(With which has been incorporated Experimenters Information Service and E. L. 5., Inc.

476 Broadway - - New York City

CABLES “EXPERINFO,”” NEW YORK

All apparatus advertised in this magasine has been tested and approved by PorULAR RADIO LABORATORY
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Grid Gates, Resistors
and Resistance Couplers

Grid Gates arc the Amsco
improvement on *“leaks.”
They provide measured and
exact control of the current
flow. Extra large for noise-
less service. Fit all mount-
ings. Insist upon Amsco
Grid Gates,AmscoResistors,
Amsco Resistance Couplers.
The latter are made with
006 condenser in genuine
Bakelite base with mount-
ings for two Resistorss

The New Amsco
Universal Sockets

Especially designed to fit all
the new types and sizes of
U.X.and C, X, radio tubes.
Clicksinto contact—making
positive wipe connection.
Most compact and fool-
proofsocketmade. One hole
mounting. The Ultimate
Socket—will be 1926 stand-
ard. Ask your Dealer.

AMSCO PRODUCTS, Inc.

Broome and Lafayette Sts., N.Y.C,

E ROVOX

FIXED
CONDENSERS

kave won an enviable
Reputdtion

among the foremost radio expertss
~ theres a reason

*Tested and approved by M. L
T., Yale, Radio News, Popular
Radio and Popular Science. Used
by over 200 of America’s leading
set manufacturers.

Made in all capacities. Also manu-

facturers of Grid Leaks, Resistors,
Resistoformers and Rheostats.

AEROVOX WIRELESS CORPORATION
491 Broome Street New York Clty_

Chicago Office: 53 W. Jackson Boulevard
Cincin.aati: 304 Palace Theatre Building

Storage “B” Battery
330t Lasts Indefinitely—Pays for Itself

Econom? and perfi rmenrs ynteard of bafore, Recharged at a negli-
#ihle cont. Delivera il I.H k. wer that §s clear, pure and
valar

- quiet.,
Approved an- listed aw =y by lead =y lo Authorities, includ-
{n& Pop. Radlo Laborac:rien. Pop. Sl i Stidards, Radlo News
1.111 nfefﬁx. Inc.. and other impartant $ryaiilsifiens E‘ﬂufp with
Sotid Ru Case, 90 insurance sgainec a: .l and leskage, Extra
heavy rlavs jara. ﬂelvy rugged DIT,MI. Ovrder you;' todf.y; —

ust stats nomber o & ]

SEND NO MONEY wanted and weo wfll ship dav order
i received. Extra offer: 4 batteries in serien (96 voita), $10.50, cl::g
exp cosman AfLer examining batteries. 5 per cent dlscount for
with order. Mail your order how!

WORLD BATTERY COMP

1219 So, Wabash Ave,, Dept. 77 ago, ML,
ik et i B2 s A
p 1 B IR :

eguy

Sat your Radio Dials at 210
meters for the new 1000
watt World Storage Baltery
Seution, WSHC. Chicago.

TORAGE BATTERIES |[Waten tor snnouncementas.
= WWEAT 2 W~ W15~ FRZ R0 = KEAF= W= KB

All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO I.ABORATORY
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o AN

Operates WMAQ

“Aceopted a position Iwith
Chicago Daily News—B8tation
WMAQ. My income praoti=
esliy deubled, tiianks ‘o ¥Your
fine couree.'” .

ety Kiumari, Chiengo.

Gets Big Job

| "Just been made Snles Manas
g_or of this Radio_concern—a

| big raise in pay. Regret I dig
not take gourse sponer.’’

{ R. E. JosEs, Bay City,

Needs =
% Men
0

il

Send Coupon thesé NATIONAL RADIO INSTITUTE
Send counon today for snecial ! Dept. BT8, Washington, D. C.
limlted niter. including all in- | . n_ .
snrument.;.—_\-ou'il get full par- il }‘"h?”tkoh-l'l:'f?c’nl"'fi n_r:r lisnilmiv{m\l‘l?'" ?\t;u"&l aﬁem’rgl:r
;- ré o 1 WAl n 0 -
o A g e L : nmt;in::m about your practieal, home-siudy Radie
= - course.
National Radio ’
& |
Institute | Namesgrrr . e o Tt § i Age. ...
Dept. BT8, Washington, D. C. \ !
O o o R — “J: Address ..... b S 3 e i Bl LA Bl 3 mE e § Awe
i
1 "BOWE e dd oo opadwEras Bato i s habii §ans
1

prepare e
and help you ©

Get into the great new Big-Pay
Industry—Radio. If youre earn-
ing a peany less than $30 a week,
¢lip coupon now. Send for AMAZING
FREE BOOK. Be a Radio Expert,
and draw down big money for the §
easiest and most fascinating work in the
world. Positions everywhere. Thoroughly-
trained men are in big demand. Need for
Radio Experts in every community. Short
hours. BIG PAY. Free book gives all
the f{acts. Astonishing opportunities—
thousands of them! Every day N.R.I.
trained men are taking good places in
the Radio field. Free book tells all
\ about their success. Send for it now!

.\ LearnQuicklyand El'._asinly e
-\ AT HOME Il v Ber |

how to qualify quickly and easily at home, for

Radio’s fine jobs. We guarantce to train you successfully.
Lack of experience no drawback—common schooling all
you need. Our tested. clear methods make it easy for
you. Send epupon now for free proof.

Famous Training

\ _
InstrumentsGiven That “Pays for

\ with Course

: Itself”

~ = =\ All instruments shown )

. here and maniy olh?rs Spare time earnings
given to students or 4 1
practice work  while are easy 1D Ra'd-lo'
learning. Receiving | Increase your 1n-

sets, from simplest | come almost from the
\  kind to thousand mile | start through practical

recefiver An UN-

wledge we give You.
FQUALLED OFFER, | Knowleds

This is the famous prac-

\

Many other big fea- ] P
Most smaz~ : \ tures for lmited tical iistrl:)l\?:lngway -
ing hook on i time only. piays

Radlo ever
written—
full, inter-
esting facts
about this
great  field
aml how we
you

RADIO

= MAIL THIS NOW

RICH REWARDS 10

start,  You
ean de what
others have (one.
THIS BOOK.

GET

b1

Al apparatus advertised in this magazine las been tested and approved by POPULAR RADIO LABORATORY
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™

((Stop))

and lightning won’t harm
your set

The National Buoard of Fire Underwriters specify
that an approved Radio Lightning Arrester muest
he used with all out-door aerial installations.

Protection i easy. Insure your insurance and save
vour set with a WIRT LIGHTNING ARRESTER
(listed as standard by the Underwriters Laboratar-
i), The'cost is a trifle.

THE WIRT LIGII'TNING ARRESTER s an ap-
moved air gap type, made of bakelite giving ample
insulation, with brass terminals moulded in bake-
lite, far enourh 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 vou install vour
WIRT LIGHTNING
ARRESTER, get a
WIRT INSULATOR
and prevent leakage

along  your lead-in
wires. It keeps the
wire at the proper

distance, providesper- I
fect insulation, and |
prevents  wear and
tear on the wire by
preventing sagging
and swaving.

THE WIRT LIGUHTNING ARRESTER 1S5
LISTED" AS STANDARD BY THE UNDER-
WRITERS LABORATORIES.

WIRT LIGHTNING ARRESTER....... .. $1.00
WIRT INSULATOR ... .. ............. .35

Sold by leading Radio dealirs

Wirt JoMPANY
PHILADELPHIA PENNSYLVANIA

Makers of Dim-A-Lite

'

: IZ-!:all—?f.l Volt Storage ‘B’ Battery
oaltively glven tree with ase
of o WORLD VA™ “Hiiroach purchase
You must umlrshilld. with your order.
WORLD Hatteries are famots for thelr
uaranteed quality and scrvice. Backed
. ﬁ ouy“;’ d:f f-ucci-?-afgl manufmilurie ln:
sands of satisfie re. FEqu!
with Soliq Rubber {tr &n hevurorcd
afainst acid and leakage.
per cent and get &
2-Year Guarantee Bond In Writing
WORLD Battr¥ awners “‘tell their
friends.”” Tha}'a nur beat nroof of per-
frrmance. Send your order In touday
Solld Rubber Case Radlo Batterles
#-Voit, 100-Amperes , . $11.18
6-Volt_ 120-Ampercs " | | &
6-vult, 140- Amperca 14 .20
Solld Rubber Case Auto Batteries
6-Volt. 11-Plate 1.2%
6-Volt, 13.Plmte . . . . . . 0T 13.28
12-Vol:. 7-tlate . [ [ ] o &
Just state batier ted and
SEN“ Nl] MPNEY we will ship u:yy ;521- in rel-
ceived, by Expressa C. (1. D.  nubjeet to your ex-
wmination on arrivel. FREE *‘B'f Jia
cluded. Extra OHer: 5 per cent discount for
cash in full with order. " RBuy now snd get a
kusranteed battery st 50 per cent saving to you,

WORLD BATTERY COMPANY
1219 So. Wabash Ave., Dept, 3 CHICAGO, iLL.

World

STORAGE BATTERIES RADIO

You save 50

ence Instituteof Stan

oratories, o
cast Laboratories.

For
AUTO

= WALAF = WEN = RlE = il = R0 =

{ Fr.

(]

Same device winds both spider web or sol-
enoid coils in different sizes. Coils easily
removed in perfect shape. All metal brass
and aluminum. Approved by Popular Radio.

For sale only by

FRANKLIN COII. WINDER
B 81 Icving Place New York Clty

ﬂl'l canwind Coils forall Circuits

PATENTED
i oct.13
925

e

Apgrovad and Listed
: dard by Leadin,
o lllnmar g

including adioNews Lab.
oratories; Popular SL‘&-

srds. Popular R'diﬁr l;:ls

in the Home, snd Lefax,
1

N

]
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NEW WOODCRAFT LINE

of ENCLOSURES AND CONSOLES WITH
ADJUSTABLE PANEL OPENING

It is now possible to buy Enclosures, Consoles
and Tables for Radio Sets, regardless of the
size of panels used. The Panel opening in all
Woodecraft Models are adjustable up to a max-
imum of 30" x 10”. It is also possible
to mount panel to tilted or perpendicu-
lar position in cach Model.

Beecause of exclusive Wooderaft design
(broad patents pending) it is possible
to effect this quick change in panel
size and position instantly without
screw holes, cutting, cte., beautifying
the panel.

The Wooderaft is by no means a make-shift. Built
of genuine dark Walnut with five coats of lacquer,
rubbed to a piano-satin finish. Many two-tone,
carved and inkid effeets, make Woodceraft Models
ns beautiful ns may be imagined.  All pancls are
completely surrounded by 73" two-tone bevel.

Wooderaft Tables, Consoles and Cabinets will prove

an attractive addition in the most carcfully ap-
pointed Drawing Room.

If vou hesitate to purchase an attractive cabinet
beeanse you contemplate buying o hetter set in the
future, you necd no longer delay, as vour new set,
when purchased or built, may be instantly installed
in this eabinet. In the meantime, your present set
may be made more wonderfully attractive and elim-
imate all unsightly wiring, batteries, speakers, cte.

The Wooderaft line is very complete and the three
madels illustrated are merely representative models.
Write us direet for a complete eatalog of Consoles,
Speakers and other models.

THE DETROIT WOODCRAFT CORP.
Sales Depts. )
4611 Woodward Ave., Detroit, Mich.

MAKE YOUR SET UP TO DATE

AL apparatns advertised in this magasine has been tested and approved by PorvrLar Rapio LLABORATORY
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Product of Nearly 40
Years’ Experience

Bring in those distant

programs clear and loud! _
THE actual originators and world’s oldest

created in The Amplion a long distance radio reproducer
so clear and powerful that many users say it can be used
instead of another tube in a set. Hear The Amplion—in
.'.ompa*rison!--and you will understand the reason it leads
in sales throughout the world —is the choice of the Revalty
and Nobility abroad, and of the musically critical every-
where. Write for the “Amplion Pedigree.”

THE AMPLION CORPORATION of AMERICA

Executive Offices: Suite X, 280 Madison Ave., New York City
Canadian Distributors: Burndept of Canada, Ltd., Toronto

makers of loud speaking devices have

Supreme clari.y of tone
caused Amplions to be chosen
for yse in St. Peter’s, Rome,
to reproutice important papal
veremonies,

AllAmplions are completely
equipped with cords and
panel plugs.

Speakers and console units

$12 to $4250

T T
PSS ESEy LR \\\\'\\ —

.

| SOCKET

range, kn

Listen in on your detector, replace Sweet

oldsocket withan Airgap Socket,
note the wonderful improvement.
You will then use no other.

Cutls

/ 3 thiousand feet of copper aerial wire, i
. ) covered witlh parfhme(r}t. qu!l]’)&)@d T'vpe 1XIL. o0
/ g : A vith special fixed condensers. an 4,00
;"’/ Sent dlrec‘ [fyour dealer can- ;)c l;SCd inside or(out—can be ]nurllg o Type BXL e
) \ -alls. ed under rugs., anywhere. .$2.5¢
A not supply you. 75 cents eaCh W ‘\‘\'ritc rlcl: <(Iistan(ce reports of enthusi- At any radio deale
/ N\ astic ugers. or write direct.
AIRGAP PRODUCTS CO., Mir.
188 N. J.R.R. Ave. Newarl’f. N.J. | THE FISHWICK RADIO CO.
) 137 Central Parkway Cincinnati, O.

TR EARRNIANNAAREANRR I L T T

‘Binghamton. N. Y.
to the Pacific
on this indoor aerial!

[ftarsee

ANTENNAE

REG L. S THRADE MARK

PATLHT FENDING

where report hetter

: Fans every
‘]h? IRGA ) reception with this new scien-
o~ tifically designed antenna than

with outdoor wires. Increased

ife-like selectivity,

THE BEST TEST| =<

'ns Reception!

Increases Selectivity!

Lown Static!

Type INIL. EFFARSEE contains a

¥
;-.-'l Comate”

\ b4

All apparatus advertised in this magazine has been tested und approved by POPULAR RADIO [LABORATORY
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New 5 Ampere Sjize

Cay Tungar
- ﬂﬁ when you wag the best

battery charger

“Tungar” is fast becoming the word for
battery charger. And no wonder!

Tungar is the trouble-proof, easy-to-use

The Tungar isaG-E product, charger for all batteries. It’s the original
Laboratories of Ceneral bulbcharger. It's manufactured byGeneral
Blectric. Electric. It makes no disturbing noise. It
R P e 2 can’t blow out Radiotrons and it cannot
P AL W 104 create radio interference.

as high as 96 volts in series.

East of Rockies

Two ampere size $18.00
Five ampere size $28.00

60 cycles . . 110 volts

P . . R E G. W.5. PAT. orr
ercitandise 'epar men
e o |BATT ERY CHARGER

Tungar—a regdistersd trademark—xs found only
on the genuine. Look for it on the name plate.

GENERAL ELECTRIC

Ail apparatus advertised in this magazine has heen tested and approved by PoPULAR Rapio LLABORATORY
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O(/ou must

protect the
circuit against
leaks and losses

Rapion

The Supreme Insulation

does it/

RADION offers the utmost pos-

sible protection against leaks
and losses. Designed by engineers
exclusively for radio purposes, it is
the most efficient insulation as in-
dicated by authoritative, impartial
tests.

Radion Panels reduce surface leak-
age and dielectric absorption to a
minimum. Their beautiful surface
finish adds to the attractiveness of
any set. Radion Dials match their
beauty of finish and help to get
close tuning. Radion Sockets elim.
inate capacity effects; they are
made both for new UX tubes ex- -
clusively and with collar adapters
for old-type tubes.

Radio dealers have the complete
line of Radion low-loss parts.
Manufacturers will find it to their
interest to write us for prices on
moulded parts. Send for catalog.

FREE Booklet, **Ruilding Your
Own Set’” mailed on requesi.

AMERICAN HARD RUBBER COMPANY
Dept. Bi4, 11 Mercer St., New York City
Chicago office: Conway Building

Pacific Coast Agent: Goodyear Rubber Co., San Franclsco—
Portland

—

“Super’’-Control Meter

T ~
» ‘\.
e - 1
-‘-

FOR PRECISION CONTROL

of Radiola Superhelerodynes Nos. 20, 25 and 28

Instantly attached without any change In wirlng to jacks
alrendy installed for this Purpose. Permits setting rheostat
Irﬂr exact filament voltage for best reception and lungest tube
e.
A HOYT moving-coll voltmeter, type 17, with bronae
rim. wood case to match sct. non-serateh base and cord.

Price $8.50
BURTON-ROGERS CO.

26 Brighton Ave. Boston, Mass.

National Distributors

AND THE

AracAalMN EApio RECEIVER

AuToOMETAL f:u:] RFPORATION
NidcArA FaLLs

All apparatus advertised in this magasine has been tested and approved by PoPULAR RADIO LARORATOKY




The Lest is Radio Equipment

Great names become real folks

The President, the Secretary of

Commerce, and scores of leaders in
politics, science and industry are
no longer mere ‘‘names.’’ Through
.radio they speak direct to you. The

very tones of .their voices are known
to millions.

In bringing Radio broadcast recep-
tion within the reach of everyone,
Bakelite has ‘had a inajor part.
You will find it in receiving sets,
speakers and accessories, for it
improves both appearance and
performance.

Bakelite 1s the most widely used
material for panels, dials, knobs,

tube bases and sockets, rheostats,

vanable and fixed condensers and
other parts requining lasting in-
sulation.

In speakers Balkelite is used for
magnet spools, housings and
diaphragms, as 1t is unaffected
by teinperature and atinospheric
changes. Because of its resonance
it 1s also used for speaker ‘‘bells”
and ‘‘cones.”

It is a fact that over 95% of radio
set and parts manufacturers use
Bakelite, for they know that its
electrical properties, as well as its
beauty of color and finish are
permanent, unimpaired by time or
sérvice.

Write for Booklet 28, a helpful guide when buying a radio set or parts.

BAKELITE CORPORATION

247 Park Avenue, New York, N. Y.
Chicago Office: 636 West 22d Street

e

Shaw  Insulator Co.
Tube Socket

Daren  Radio Corp.
Resisto Coupler

=

Alicamald Radin Corp.
Grid Condenser and
Leak

€.

Carier Radin Co. Fiat
Ping

Shete  Inswlator o,
RBinding  osts  dud
mounting, and (onne-
wey  Flee, Lahoraro-
ries  Iiakelitc  Tube
liase

.

THE

MATERIAL OF

REQHTIRED

4 b PAT. OFF.

The registertd Teadr Mark and Symabol shown abave may be used only on produrts male from matchal

manulsctyred by Bukelre Cororation  Wnder the capnial B
firmte number of presert and futuse wwes of Rakrhite Comoration's provucts.

quarbity. B osymbolibed the

It rumeneal ugn for InfmiLy. of unimuted

LITE

h

A THOUSAND USES

All apparatus advertised in this nagasine has been tested and approved by ’eruLarR RApiO LABORATORY



16 The Best in Rudio Equipment

A RADIO CABINET OF BEAUTY AND ELEGANCE

Lid splined both ends to prevent warping.
Nickeled piano hinge—Iull length.

Nickeled lid support of artistie design.
Anti-vibration cushion feet (not visible in eut).
LEdges of lid moulded to mateh bottam.

Shipped securely packed in strong carton,
Prompt shipment. Big stoek for holidays.
Hardwood, Rubbed Solid Rlack

ahogany American
Fnish Walnnt
T7x18x74
or 10 in. deep $3.50 $5.00
Tx21x74%
or 10 in. deep  3.75 5.25
Tx24x 74
or 10 in. deep 4.00 5.59
Tx26x7)4
or 10 1n. deep 4.75 6.25
Tx28x7L
or 10 in. deep 35.50 7.00
7x30x714

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 is sent with order.
Prices F. 0. B. Hickory, N. C.
Order express shipment, often
cheaper than mail and much safer
from damage.
FREE WITH EACH CABINET
a glued-up stock non-warping 1z-
inch BASEBQOARD,

Free Catalogue.

THE SOUTHERN TOY COMPANY, INC.
Dept. N.

HICKORY, NORTH CAROLINA

” ryRadiola 5 owner

eryRadiols

Should Have This
Tube Saver and

Aid to Better Reception

If your set 1s a RRadiola 25 or 28 yvou ean obtain the
best results only hy correct :adjustment-——ineasuring
your tube fllament voltage to exactly 3.0 volis,

Get the new Sterling Voltmeter especlally deslgned
for liadiolas 25 and 28, Handy-—no leads 10 fuss with
=—plugs right Into the 8et. Save tubes. betiers reechtion.

Ask your . C. A. dealer or wrie aur factory for details

PRICE $7.50

&
terlin
R25-28 Filament Voltmeter €

THE STERLING MANUFACTURING CO.
Dept. G Cleveland, Onio

HELIO-TOR

THE
TRUE
TOROID

PRE-EMINENT because of

GREAT POWER AND RANGE due fo reduced radinl
sprend of secondary tuarns. Conecentrie internal
torofidal primary.

KNIFE-LIKE SELECTIVITY due to extremely low
eapacity effects.

PURE TONE QUALITY due to Isclated nature of
winding.

ABILITY TO SHUT OUT ELECTRICAL INTER-
FERENCE.

UNIFORM INDUCTANCE VALUE for use with
gabg eondenser or multipic control

SMALIL. SIZE (334~ 10 4° din). Sizes for all con-
densers, Tunlng range 200 10 570 meters.

STRONG AND RIGID AIR CORE CONSTRUC-
TION Low resistance losses. DMounts on base
board or condenser

““Better Amplification’ tells how and
why. May we send you a copy?

GEO. A. FREEBURG CO.

165 Lovell St. Elgin, Illinois

All apparatus advertised in this magazine has been tested and approved by PoruLar Rapio [LARORATORY
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ot rtfl e

Simplified

fh 2y Tuning!

Made under Hogan Patent No. 1,014,002
Jan. 9, 1912

Dial crowding has been responsible for blurring radio
reception. You can now get new pleasures from your
radio. Just as each note on the piano has its tone, so
each degree on the dial will have its station. U. 8. Tool
Straight Line Irequency Condensers make this possible.
These condensers spread the stations uniformly round
the dial, each degree has its station and one station only.

The U. S. Tool

New Straight Line Frequency
Condensers

are the latest product of skilled engineers, designed and
manufactured in a factory that for years has specialized
in the making of precision instruments.

When you use the U. S. Tool S. L.. F.
Condenser vou will know the real joys
of radio performance.

Write for booklet

U. S. TOOL COMPANY, Inc.

Ampere ¥ ({‘\'(:(“['[[.il ‘{E‘—-.E_ﬂrg

New Jersey

Il abparatus advertised in this magazine has been tested and approved by POruLar RapiO LABORATORY
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The Best in Radio Fquipment

Better Quality —

Using

Transformers

509 Full Wave
$7.00 List

Chokes

514 20 henry
3$5.00 List

Raytheon Tubes
$6.00 List

Also Transformers and
Chokes for R. C.
and Cunningham Tub

Built complete, includin
Dongan

Manufacturers
l.eading B-Elhminators to-
day use Dongan Trans-
formers and Chokes. One
division of our big plant is
cquipped for large produc-
tion for ‘manufacturers.
Special prices on request.

2983-3001 Franklin St.

Greater Volume

More Economical
to operate your set with

Raytheon Tube

B-Eliminator

Practical in
everyv respect
the new  Ray-
theon Tube 13-
IZliminators add
more to the
pleasure of
radiio than anv
achievement in
two years. Per-
formance is
consistent  and
vour B-Elim-
inator costs less
Lo operate.

It is very easy (o
build your own B-
!Z]imina_tor—and
IHCX])CHSi\'e com-
pared with the cost
of 3-Batteries.

Order from your
dealer orsend check
or monecy order
direct to factory.
. 0. D. Deliveries
made on request.

g winding of coils. in
Plants.

Jobbers
"FFinest all-vear radio mer-
chandise on the market,”
saul one of the country’s
leading jobbers. Dongan
wishes new connections in
certain territorics.

Other Dongan Products
Audio Transformers
Voltmeters

DONGAN ELECTRIC MANUFACTURING Co.
Detroit, Mich.

More Profits
o PROFESSIONAL
Set Builder

E have an unusually
interesting proposition
to make to the man who is

now building (or has the abil-
ily to build) radio receiving
scts for resale.

This is a real opportunity.
Write to-day for full informa-
uon.

Gearhart-Schlueter Radio Corp.

714 Voorman Ave.
Fresno, California

PRECISION ‘BI-PASS
and FILTER CONDENSERS

Every good radio-set needs by-pass condensers.
Use a TOBE .002 Mid. around the primary of
the tirst audio transformer, thus by-passing the
radio frequencey currents out of the audio end
and improving the tone.  You can put this in
vour set vourscl.

On resistance or impedance-coupled amplifiers,
the coupling condensers should be TOBE, not
less than 0.1 Mfd., to puss adl the low notes and
seeure really truthful reproduction.

TOBE Condensers are standard for smooth-
ing and filter work in the Raytheon Plate Supply
Unit.

TOBE Condensers are ACCURATE, durable,
SILENT, dependable, and REASONABLE in
price.

““A BETTER CONDENSER"
In the silver case and the silver carton

AT YOUR DEALERS

TOBE DEUTSCHMANN CO.
CORNHILL BOSTON, MASS.

Al apparatus advertised in this magasine has heen tested and approved by PoruLar Ranio LABORATORY
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'l‘he World's Largest Exclusive
Radio Mail Order House Will Send
You This Wonderful Book FREE

64 illustrated pages containing
thousands of bargains in radiosets,
semi-finished sets and radio kits of

t e
tap

vE,

all styles, sizes and approved circuits. 5-tube sets as low as 329, 2
latest designa and types. Elaborate console models mtl; loud speakers built
uarantced.
neluding batterles, chargers, loud
speakers, transformers, condensers, rlicostatsandany other parts you may want for imbroving

of the ver
right in cabinets of genulne mahogany and walnut. All sets
celving range. Also contalns everything In radio supplies,

Your get or bullding 8 new one. Guarsnteed saving to youof }4 to 34,

The Biggest §-Tube Value on the Market

Regular
Our large quantity produttion enables us to sell this
set for only $29.50, fully built and wired in beautiful mahogany
cabinet of latest design with sloping Bakelite panel of Satin finish,
asillustrated. Constructed of the

2950

the famous Amerlcan
loud speaker with adjustable unlt, 2-45 volt "B’ batterles.
oné guarantecd 100 Ampere Hour, storage "' A'" battery, cable for battery
connection, 5-201A tubes, Aerial apd ground equipment, and every-

5913 NS

Positively the world's greatest 5-tube radio bargains.
$75.00 value.

handsomely etehed and engrave
finest low-loss condensers, coils and sockets. Bakelite
baseboard panel and dials. Price for set only.
Transportation charges extra, shipping weight 25 lbs.

This set with all accessorles, inchullng
Beil

thing complete ready to set up and operate.
clec 1o buy.
Transportation Chargesd ¢xira.

othing
Price,
Sbipping weight 100 1bs.

©1926 (atalog of
TRAID

O

LPH
0, CORD

0, g

50. Beautiful models

5 TUBE SET

Consl 1o coast re-

Order Direct from This Page! Save About One-Half!

. Order dircet trom this page.
Wrlts your order and priees piainly.
commerelal agency regarding our relly

sSave 14 to 145,
Dillty.

Our guarantee protects you.
Send post offlce money order or bank draft for full amount to insure safety.

Money cheerhilly refunded Iif you are not aantisfied.
Refer to any bank or

SEMI-FINISHED 5-TUBE RADIO FREQUENCY SET

‘This spcelal offer §s astounding theradio world. Coast to coast
reception on loud speaker. Low loss condensers and sockets.
Highest quallty trapsformers. Bakellte rheostata.  All wirlhg con-
cealed under Bakellte baseboard. 7x18 panel—10tsInto any standard
7x18 cahinet. Complete instructlons for operating. Guarantecd
saving to you of 550.00. Pricc of set all mounted, 518.75. Cab-
inct ofsame modelas Amerlean Rad ynoly pictured above $5.65extra.

You must have our eatalog no matter what set or kit you
want. Our line is complete and includes all popular sets, such
as Superheterodyne, Neutrodyne, Ultradyne, Reinartz, Regen-
erative, Radio Frequency, Browning-Drake, Super-Heterodyne
Reflex and all other latest cireuits. Kits, sets and parta manu-
factured by all well known manufacturers such as Frost, Howard,
Baldwln, Brandes, Western Electrle, Columbia and others.

Our semi-finished sets come with all parts mounted on Danel and
bascboard ready for wirlng. Do not fall to send for our eatalogz.
Remember-—~we are the largest exclusive radlo mall order denlers in
the world and carry the best of everythine in radlo. We save you
%tt? !4 on the followlng kits. Detalled deseriptions appear in gur
catalog.

SEMI-FINJISHED 8-TUBE SUPER-HETERODYNE

World’'s Famous 8-tube
suporheterodyne.
Fully mounted on panel and
baseboard. Coemes complete-
ly assembled ready to wire
and operate. We have testi-

Complete Parts for Best
45 Kilocycle Super-Het-
erodyne Genuine Remler

Parts

monials from thousands of S4 929-
builders of this set. Same

have reccived foreignstations

on loop aerial. Unsurpassed in volume and tone quality. Low-
losa straight line frequency condensers. vernier dials, finest
guality rheostats. Matehed Columbia long waved transfor-
mers. Requires only three serews for attaching panel and
basehoard and set is ready to operate. 7 x 30 panel. | Price
of set only $43.75.

. Requires following accessories to complete this set: 7x30enb-
inct,8-201.A tubes for storage hattery operation or No. 199tubes
for dry cell operation. 100 Ampere hour storage hattery, 2-45V
“B3" batteries, loud speaker, eenter tapped loop aerial. Allthese
items are listed in our catalog at a tremendous saving.

NEUTRODYNE
GCenulne lleensed  Neutrodyne
kit of parts, come filly assembied
on the nanel and bageboard with

complete Instructlons, €90 76

rendy to wire. Price,

Catalog includes
list of broadcast-~
Ing statlons,
general radio in-
formation and

panel  and

Price.

COCKADAY
3-tube Coekada
parts. fully assem

ready to wire

Complete Parts for Cocka-
day Resistance Coupled
and 5-tub& set at prices
that will astound you. Also
complete pa-is for AC Kit.

kit of IFOUR _ TUBE  BROWNING-
bied on |BRAKE AND COCKADAY'S
basehoard, fNEW LC #5 CIRCUIT PARTS
$15.85 | ARE IN 0UR cATALOG.

facts about our
free service divis-
ion. Write for it
today.

159 N. Union Ave.

RANDOLPH RADIO CORPORATION

Dept. 249 Chicago, Illinois

‘W apparatus advertised in this magasine has been tested and approved by PoruLAR RaDIO LABORATORY
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NEW

The Book
To Go
By

96 pages-— compiled

parts, equlpment

will And the newest
in its puges

COMPLETE
PARTS FOR

HAMMARLUND -
ROBERTS

A tull page devoted ru-
clusively to Jhis ngw
Harli eireuit.  All stand
ard. spercificd pares

ntock Complete
mation in catalaz

info

RAYTHEON
PLATE SUPPLY

UNIT
All Parts

List of tiarts with eom-
plete  detailed informs.
tion Is yours free. Write
for our newly leaned cnt.
alog.

RADIO GUIDE

96 PAGE

Iy experts — and

crammedd full of standard values 1n radlo s,
and apparatus. You circuit, cabinets and
and Anegt in radio for your free copy now

your copy .

KiTor FACTORYBUILT

COCKADAY’S LC-26
BROADCAST RECEIVER

Factory Bullt Set. Inlit of same
party (listed below) used in Orig-
inal lnboratory model Flt.ed
with walnut or mabogany slojnmg

cabinet. Tested and $7 7 . 50

guaranteed .

Gancra!  Radie \'.riometerl; type 267 I Amprrite No. 112

aquipped with (leostat knol & Benjamin standard "Cle-ra-tona’ sonkasts
1 Generst Nadio Rheostat, type 214-a, 7 vhime. | 1 Carter single-vireuit pek, No. 101
ayuipped with rheostat knob 2 Qarter Jack awitehets. No, 2
Precisvion Octaform cofl aet 8 Eby binding posta
Amago specinl double unit condewser No. [ 1 Fynur vernier eontrol kngb ana a.al
1814, ¢arh sretion 0003 mfd 1 niversal deeorated panel, B x 22 incliwd
1 Mleamold fixed rondenser, 00015 mid | Bamsboard
Misamold fised condenser. 00025 mid 4 Baisll Lrass hrsekets
2 Daven resialo-couplers (new type whicrh Iy | Antenna eonnpection bloek. 1 3 2 Incheas
aorporated 1 mid, econdenser concealed in | | Bnuer.\lrJ eonnsotion bloek, 1 1 ¥ ir.cnas
bage) Large brass brackets
Amertran DoLuxe transfornier, first stave 1 linx of aesorted screws. eonsinting of serewn,

1

I Bradlevleak ¥ to 10 m-x.

4 Bradlevunits M megolir: a0 _Fert brass wirs
I Bradleyuni® '; meguhm ~ Feet of tubing

3_Amperites No__l1a 11 Set nf Porctao RAnro renrinis

Tuge, nuts, etc

One tube sets 10 1he new big multi-tube out-
Authorized parts for every new popular
Jatest

& postal brings you
Send for it today,

SEND FOR

worcorvyon | REE

When You
Go To

Buy

devices. Wrlte

Your reeciver

COCKADAY’S
TONE
CLARIFIER

Improves the

tone of

All Parts
in Stock

Wreite for deseriptive ljt.
rtature, pnrts. sr.d
ow. Yours

nfarmalion
‘RE E!

McLAUGHLIN'S
SINGLE CONTROL

SUPER

SILVER
MARSHALL

Complete Parts

DEALERS —WRITE FOR'INFORMATION AND BMSCOUNTS

1

TRANSFURMER

TYPE W-}

They cover the entire hroadeasting wave Dept. G
range and have been used by the best 5
PAT FENDING rudlo Engineers for the past 2 years.
9 Get u full size Riue I'rini of a selec-
) tive 6 tube loop recciver FREE by ‘0. 45
=1 ordering from us direct. Vko.'. g
Werner trinsformers are fully guaran- | “"1'";"
Audio reed and tested on actusl broadeast reproduetion: I-‘orm::eglln
atso cuarantecd damp and molsture proof and wlkl M B £
Freq. give pertect recebtlon in noy ellmate o"i;l-:_r‘l’llég?{!:
$6. WERNER LOOP ANTENNA hatterles and
— Used with any type of loop receiver, Adjustable to for voltage
R.F u jine Jdekree of clearness: can he folded or extended measure-
d_w withont tools. ment ¢f R
$4. Price Postpaid $14.00. batieries.dry
Send for free cireult dingram and descrlptive ltera- "‘-','p and stor-
Ask ture. RBook containing 9 up to date practieal &, F. age.
Your cireult (diagrams and treatise on R. F. Amnlineation,
Dealer. posthald. 25¢,
werner Produets Approved by "Populer Racdlo.”
WERNER RADIO MFG. CO,.
204-206 NINTH STREET BROOKLYN, N. Y.

I8 one who tinds he eannot et seleetivity
amd alsrance becanse he has nsed cheap

sensltive comhinations obtainable with-

WERNLR

WHOLESALE RADIO SERVICE CO., D=bt. 1026, 6 Church St., N. Y. C.

What
show?

rolfage o new

recharged?

requirements with a

terls

ran={orincrs 14t us prove the selective andd

testing.
Radio Frequency
TRANSFORMERS

POCKET

There is a type for every battery testing need and
combination types for ‘“A'" and ‘B’ battery

Do You Knouw

batlery

How lony it can he used 1wilh satisfactory

resufis——irn the detector circuit?
amplifuing eircuit?
When should slorage B

Find out and check your radio battery testing

THE STERLING MFG. CO,
CLEVELAND, OHIO

showld

In the

hatteries be

METER

0-35 nnp.
seile. 1 amp.
davislons
0-50 volt
scale. 1 volt
divislons
List Prk\'c

"
b=

All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY
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They All Tried It~but it took a
j__;_;'gusog to bring the
Chicago~Dartmeuth

game (o Concord N.H,_

-

th:'aam 4. Grong

OU can always count upon a BOSCE 41 M oravmg oy S
Ferguson to win iall Sixrag ERGUsoN Rapro
g » especially N Ribag o, T

when the phenomenal is to be

. Rove
accomplished. Is B, Perguse mber 317 1925,
This letter, like many others 333?33"3“ Esrjgg..
that have come to us unsolicited, 1ty. g

shows that in radio, as in every-
thing else, “the proof of the pud-
ding is in the eating.” ing 1n 4y

L 41 East 42nd St., New York ,ﬁgt got 1t altfogﬁy 86t e:rn the

KYWteun

J wer @ g
the Bet, © very enthuaf:st?;gn foung
a

——
e
LS
o

One Tmu'ug Control—

Calibrated 11 Meters! . .
W itness a comparanve
demonstration at your

Choose your pro- ‘ u 0 Authorized Ferguson

gram, turn to its ) ::)ealer’Sa'nd learn “h:]

. erguson isrecognize

TR e — S LrED as “The Gold Standard

J.B.

comes yourstation. of Radic Rucelvers®
The Gold Standurd of Radio Receivers

AR apparatus advertised in this magazine has been tested and approved by Porviar RADIO 1.ARORATORY
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s b e

[5
!EJI Contrlbutors to your
*|  radio entertainment

i1
Z ERY probably hidden away
(| in the cabinet of your re-
ceiving set,the batteries you

| | use are nevertheless surrendering
| their power unseen and unheard.

And to be able to contribute
their energy and to add to the
complete efficiency of your receiv-
ll| ingequipment, those batteries must
| combine every desirable factor and
|

formula known in the electro-

chemical field.

Such Batteries are Burgess—
| products of the Burgess Labora-
| tories—products which have been
used by practically every famous
||| explorer, the majority of amateurs
||| and the leading radio engineers.

That's why when you use Bur-
| | gess Radio‘A’, ‘B’ and ‘C’ Batteries
|' you are using batteries which as-
sure the utmost dependability, longer
life and complete satisfaction.

Burcess Battery CoMpPANY
GEeNERAL SaLes Orrice: CHICAGO

g?mxd'mn Factories and Offices:
iagara Falls and Winnipeg

T s
i |
- (=
g

i
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BURGESS RAblO BATTERIES

-_J'\_J-

ny
“B” Supply Unit
use ox

FILTER

Condensers

(An American-Made Product)
All sizes—All specifications —Meet all
requirements—Made in 3 voltage ranges.

Full spec:ﬁcat:ons and details
at your dealer’s or direct

POTTER MANUFACTURING COMPANY
North Chicago, Illinois

TONE
Full, sweet, mellow and natural, without
the slightest indication of distortion, is
another achievement that is making the
APEX SUPER FIVE the most popular of
all receiving sets.

VOLUME

That supplies dance music or entertainment

without anfr loss, is a feature for which the AP

SUPER FIVE is world famed.
DISTANCE

Lends added enjoyment to radio with an inde-
scribable fascination of tuning-in faraway stations.

?:r-hlcg-u always possible with the AP SUPER

Ask your dealer for a demon-
stration. Your eyes and your
enrs wdl tell Kou that Alg'
stands at the high point of per-
fection in both performanceand
appearance.

$80 without accessories.

SUPER §5

APEX ELECTRIC MANUFACTURING CO
1410 W. 59th St. Dept. 202 CHICA

All apparatus advertised in this magazine has been lested and approved by PoPULAR RADIO [LABORATORY
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QUANTITY!
is essential

to

EPACEN

/,/

RIG . s, PAT OTF.

UALITY, proportiomng and correet disposi-

Q tion of materials will not, in themselves, give

true reproduction. If you want pure tonal

qguality, get a new Pacent Superaudioformer, It

- gives undistorted tone because the original extra
Lurge coil construction and adequate iron and cop-

per permits better reproduction. Tt is built large
to do a man’s size job.

Get a Superaudioformer TODAY. You will find
that music comes in naturally, ummarred, undis-
torted no matter how high or low the range.

THE SUPERAUDIOFORMER HAS BEEN SELECTED
AS THE NMOST PERFECT TRANSFORMLER BY
THIY ENGINEERS OF THIS OLDEST AND LARGEST
ENGINEERING LABORATORIES IN THE WORLD.

HERE ARE EIGHT BIG REASONS:

1. Specially selected iron
. . 2. Original coil design
Engineering 3. Plenty of iron
Achievements 4. Plenty of copper
. . 5. Extra heavy insulation
St ht L e
Eat;ﬁden,::e Frequen 6. Correct ratio, 3 to 1
Microvern . 7. Undistorted Tone
U'g‘;‘:;:‘:] Isolantite B. Covers the entire musical range.
New U. X. Isolantite Accept no substitute for the Superaudioformer. H your
R:ﬁ:g;f: dealer cannot supply vou, write us direct.,

Radiofile

Rhoostars and Jacks PACENT ELECTRIC COMPANY, lNC

Write for Our 91 Seventh Avenue, New York Clty

Washington Minneapolis  Boston San Francisco Chicago Birmingham
Illustrated Booklet Philadelphia  'St. Louis Bufiale  Jacksonville Detroit  Pittsburgh

Canadiin Licensed Manufacturer: White Radio Limited, Hamilton, Ont.

{{ i DONT IMPROVISE — PACENTIZE" }{ I

All apparatus advertised in this magazine has been lested and approved by PoPULAR RADIO LABORATORY
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Firat in the Field
Specializing in
Cockaday Kits

5. HAMMER RADIO CO0,,

303 Atkins Ave.
Brooklyn, New York

Cockaday Sets Now Made Easier to Build by Our New ““Ready-to-Wire’’ Plan

S07,

of Your Time, Work and Worry SAVED!

All you need do is to connect bus-bar according to dla ram, solder and your set is inished.

These Kits are sent to you completely mounte
bakelite panel, drilled and engraved; in a solid
used in l\fr Cockadly s Laboratory Model. COMPARE

assembled on a Veneerad
Mah o any Cablnat
UR OFFERI

Maho:rany baszseboard and genuine
Genuine, Parts use

TUBE NEW SINGLE DIAL CONTROL
SUPERHETERODYNE

PrecueNo 750 Syncrodensers 1 N. Y Coil fized condenser

................... $9.00 W B |
Prccne No. 744 Coupler.. .60 1 N Y Coil ﬁxed condens«
Precise Aluminum Brackets pr.2.00 00025 .35
Precise No. 1900 Filtolormer. 4.50 2 Dub[ller T Mid. By-Pass
Precise No. 1700 Super Multi- condensers. . 2.50

1 Dubilier No. 640 ﬁxed con-

denser 00025 clips....... .
00 1 Daven grid leak 2 meg..... .30
o 1 I’reclslon Inducto coupler

former. .20.00
Precise Andm 'l'ranlfurmers
No. 480—5to 1 and 234 tul.15.
Marco 4 inch Vernier Dial.. i.s
1
1

Hammarlund, Jr.. Mldget 8 O No.260..............0-0
Carter Imp. Jacks.. 00 1 Gen Radlo 2 Ohm Rheostat
Carter Holdtite Do. Jack.. .00 . 21aA . 2
Carter Holdtite Single .lack W01 Gen Radio 400 ‘Obm " Pat.
Benjamin No. 9050 3.gang No. 2l4-A. .. .oiviiiniinn . 3. 00
socket shelf............. 11.00 1 Genuine  Bakellte Panel
Benjamin Battery Switch.. .35 Drilled and Engnved

Weston No. 301 VoIt Meter.. 8.00 107 x 144"z 3-16".. .4 3‘

\Weston No. 301 Milliammeter 8.00 Wire, screws, et¢., . ........

READY-TO-WIRE KIT, PRICE, . $101. 6
WIRED COMPLETE IS $115.%°
UNASSEMBLED KITS IN STOCK

D. T. W. LOOGP IN STOCK

L e N L. L ]

Cockaday’s New LC-26 Receiver

1 General Radio Variometer 3 Bradleyunits. }{ megohm... $2.25
type 269 with rbeostat 1 Bradleyunit 34 megohm. e .75

kiob. . ... . iiiena .. $5.30 3 Amperitea No. 1a.
1 General Radio Rheostat type

1 Ampetite No. 112. .. ...... 1.10
214-a, T ohms, with rheo- ] Bem-mln standard **Cle-ra-
stat knob.. 2.25 tone” sockets. 5.00
1 Precision Ocr.aform ‘coil et 5.50 1 Carter umgle—cnrcutt “jack
1 Amsco Double Unit Con- No. 100, ... ooiiinann .10
denser No. 1814........ 6.25 2 Carter Jack switches No. 2 2.00
1 Mlcamnld fixed Condenser 8 Eby binding posts. 1.20
00015 mid.. .35 1 Fynur vernler control knob
Micamold fixed Condenser anddia)............... 3.50
00025 mfd. .35 1 Universal decorated panel.
2 Daven resiuo-couplers “(new 8x22inches........... 1.50
type). . . .00 4 Small brass brackets.
| Amertran DrLuxe transfors 2 Bakelite Connectinn
mer, first stage. iea.. 10,00 Blocks 1 x 2 plus 1 x 9.. .35

Bradleyleak !4 to 10 meg. vaes 188 1 Large Brass Brackets. . ..

READY-TO-WIRE KIT, PRICE, .

WIRED COMPLETE ‘“5‘,::3:; 5‘:.,’:;::" $77.0
UNASSEMBLED KITS IN STOCK

HAMMARLUND ROBERTS p
KITS IN STOCK -+

$62.%°

WRITE FOR BOOKLET about these Parts and Kits.

Also for Free Radio Catalog

Transportation Prepaid.

One-third must accompany all C. 0. D. orders.

Not insured unless insurance charges included

as listed below; exactly as |

=

<

You Can See at a Glance
with an

S. O. S. Hydrometer

thestate of your
“A’’ Battery

No figures to read,
no float to stick or
break. The CHAS-
'LYN balls tell the
story. Quickly —
easily — you don’t
even have to remove
the hydrometerfrom
the battery. No
need to spill acid or
get it on your fin-
gers.  Small and
compact, fits easily
into battery com-
partment. You do
not have to move
battery.

Agk Your dealer, it he
can't supply, write us

Swim all three, charge fully.
Sinks the white, chargy atill
right. enclosing price.

Sinks the freen, charge I3 lean.
Sinks the red, charge 18 dead.

THE CHASLYN COMPANY

4611 Ravenswood Ave., Chicago

Sold the world over.

PROVED BY
PERFORMANCE !

AERO COILS

This season—thousands more fans found the answer to
complete radio satiafaetion thru Aero Colls.

Selectivit)'l Distance! Power!
not Yet even approached by any other Inductances.
simply because the Aero Coll patented—both in prin-
ciple and In congtruction. Any set—any circuit 18 greatly
improved by substituting these wonder Inductancea for
thoee you are now using. At your dealers.

Write for free Aero Booklet!

All these—to & degree

{Varlable Primary)

AERO PRODUCTS, INC.

217 N, Desplaines St. Chicago

CT-80 Three Cireuit Tuner........... $8.00
(Variable Primarﬁ)

TRF-110 Ra{{llo Frequency Regenerative 11,00

WT-40 wave Trap Coil.... e 4.00

08-55 Oselllator, .........0c0-00 veeoo  5.50 -

AX-45 Antenna Coupler............. 4.50

All apparatus advertised in this magazine has been tested and approved by PorULAR RAaDpio LABORATORY
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VETERAN set-builder recently remarked about
the purity of tone at tremendous volumes that
i he got through the Super-size Precise No. 480 Audio
Transformer. In particular was he impressed with
! a recent organ recital which he had received. “Why,”
he said, “even the organ crescendo was perfect.”

The big Precise No 480 1s truly a master transformer, de-
signed for radio reception in a concert hall if necessary. It brings
forth the deep rich tones or the high clear tones with magnificent
volume. The ratio of voltage amplification to frequency is
practically a straight line, assuring uniform amplification over

the entire range of useful audio frequencies.
Made in two ratios, 24 to 1 and Stol,
Price, $7.50 either ratio.

Ask your nearest radio dealer to show
you the complete Precise Line,

- PRECISE MFG. CORP. Ul

ROCHESTER, NEW YORK

BRANCH OFFICES:

126 Liberty St., 454 Builder’s Exchange, Canadian Distributors:

New York City. Minneapolis, Minn. Perkins Electric, Ltd.,
[\ 205 W. Harrison St.. 1127 Pine St.. Toronto, W innlpcg Mon-
g Chicago, Illinois. St. Louis, Mo. treal,

821 Market St., 701 A.0.U.W. Bldg.,

San Francisco, 'Cal. Little Rock, Ark,

. = Ty —
= | — ————1

All apparatus advertised in this magazine has been tested and approved by POPULAR Rapio I.ABorRATORY
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SET BUILDERS

FARADON MICA CONDENSERS,

since the advent of radio broadcast-
ing, have been used extensively by
the great broadcasting stations
throughout the country, and are
now available for receiving sets, in
the Model T.

F
| +| ARE YOU THE MAN
| 2| A
_ 3 to be first in your town to sell
& L o and demonstrate POWEROLA,
. i N the famous 5-tube, no-batterv
MODUITRICUVNGIREY ELECTRIC LIGII'T SOCKET
C NDENSER§ RADIO RECEIVER (not an at-
FOR. tachment), universal for D.C. or
Pcrmancnt accuracy A.C. (100-115 v. 40-60 cyele),
= ) . now sold and demonstrated by
~1improved reception the NEW YORK EDISON CO.. (@)
alldlnCI'-t'il'iCdSCtvaluc { public utility companies and
Lo radio, ellv(-tri(;\ :mdl mulsic ldenlc(li.-;
= o= s ; everywhere. Absolately depend-
C&MUTYAT'] — o {I‘OWPNCE ' able, fully guaranteed, powerful, practical,
e M Tested and endorsed

Dealers displaying this distinctive
four coloresign have on hand Fara-
don Model T Condensers to fill your
requirements.

Faradon Wholesalers will furnish
display cards to Dealers. Should
your Wholesaler not have a supply
write us direct.

'y . | .. . Coad
| 4 y »
-1TS 1N une
b )
Your recejving get can be no better than its tubes. CECQ
Tubes give maximum results in clarity of tone, rich volume
and long life.
Our charted tests (results confirmed by laboratories of na-
tional reputation) PROVE CECO TUBES SUPERIORITY
—aa detectors, as amplifiers.
Buy CeCo Tubes whether your sct takes one tube or eight,
Now_ ready! CeCo Tubes with new tg_ne Lonq PRONCG
BASES. Also, power amplifier tubes, {Dry Cell Type),

F (Storage Battery), for last stage of Audio Frequency.
Ask your radio dealer,

C. E. Mfg. Co., Inc.
702 Eddy St., Providence, R . [

“"

—

gerfect in performance.
y Popular Radio, Radio Broadeast, Radio
News, all leading authorities and cnginecrs
of your local electric light company.

Are You the Man Who Seesl Opportuni-
ties Ahead .for Real Money Making?

You, too, can make Powerola

Send $1.00 for wiring diagrams showing parts
used and how to make any set or circuit
(1 to 8 tubes) operate satisiactorily without
A, Bor C hatteries, from A. C. or D. C. This

Wireless Specialty Apparatus Co.
JAMAICA PLAIN, BOSTON, MASS., U.S. A.
ELECTROSTATIC CONDENSERS for all PURPQSES

is the newest and greatest proposition in radio.
Write for literature, terms and prices at once.

POWEROLA RADIO CORP.

Faradon 1845 BROADWAY NEW YORK CITY

All apparatus advertised in this ntagazine has been tested and approved by PoPULAR RADIO LABORATORY
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KARAS Parzs Are Intended Only
for the Few Who Demand Finest
Quality and Workmanship

mendous demand for condensers and trans-

formers in this vast radio market of ours. If
all home set builders were ready to pay the price
which real quality commands, a big proportion of
them would necessarily be disappointed — the
Karas factory could not begin to take care of all,
Karas parts are designed and built for the select
few—ryou builders who want the
utmost in quality, in quiet oper-

'IT takes many manufacturers to supply the tre-

In many places, good dealers who wanted a
stock of Karas products could not be supplied.
If you are still unable to find them in your local
stores, tell your dealer that we are now able to
take care of his requirements. Or, if you wish to
get Karas parts in the quickest possible time, we
will be glad to send them to you direct.

However you buy Karas Har-

monik Transformers or Ortho-

ation, in appearance. You who
take pride in your workmanship
—whose sets have that ‘‘profes-
sional”’ appearance which is the
envy of all your radio friends.

Just as water quickly finds its
level, so did Karas Harmonik
Transformers and Orthometric
Condensers quickly find the ex-
clusive market for which they
were intended.

The most skillfful home radio
set builders the country over,dis-
covered Karas Harmonik Trans-

N all hook-ups de-

signed by Mr. Cock-
aday, Karas Harmonik
Transformers and
KarasOrthometric
Condensers may be
used with the utmost
satisfaction. They have
received the approval
of the Popular Radio
Laboratory and have
been used in many of
the circuits designed
by Mr. Cockaday and
his associates.

metric Condensers, you do not
run the least risk of their not
performing up to your highest
expectations. If there is the
slightest cause for disappoint-
ment during a thirty days’ test,
you are invited to return the
parts to the dealer from whom
you bought them, or to us if you
buy direct. Your money will be
promptly refunded without ques-
tion or quibble,

Karas radio parts are the pride
of an organization that has been
making precision electrical ap-
paratus for more than thirty
years. We believe we are mak-
ing the finest transformers and

Price $7each. Shipped di-
rect where dealers cannot
supply, cost plus a few
cents postage psid to
postman on receipt, Pare
cel post Is prepald where
paymect accompanies
order. Qur 30-day Money
Back Guarantee appiles,
wherever and however
purchased.

THE KARAS HARMONIK
“ALL-STAGE' RATIO AUDIO
FREQUENCY TRANSFORMER

formers soon after they were placed on the market
in 1924. When Karas Orthometric Condensers ap-
peared a year later they were snapped up far
too quickly for our own comfort. Perhaps it was
because they were the first to meet the demand
for a Straight Frequency Line tuning instrument,
More likely it was because of the enviable repu-
tation created the year before by Karas Harmonik
Transformers. At any rate, it was months before
we could fully supply the insistent, clamorous de-
mand that came to us from all sides.

We begin to think now that the number of set
builders who want the very *“Best that Money
Can Buy' is far greater than we first imagined,
Our production has been greatly increased to pro-
vide for the growing numbers who demand Karas
parts and will accept nothing else.

condensers possible to produce
and we are glad to back them up
with this, the strongest guarantee we know how
to write.

23 plate, .0005 Mftd., $7.00
17 plate, 00037 Mtd., 6.75
11 plate, 00025 Mfd.., 6.50
S plate, 0000972 Mtd., 6.50

THE KARAS ORTHOMETRIC (STRAIGHT
FREQUENCY LINE) CONDENSER
Prices and sizes above. Shipped direct where deal-
ers cannot supply. No money Iin advance. Paythe
postman price plus a few cents postage, Or send

cash with order and we prepay parcel post. 30-day
Money Back Guarantee.

KARAS ELECTRIC COMPANY
4036 NORTH ROCKWELL ST. CHICAGO

All apparatus advertised in this magazine has been tested and upproved by PortLAr RADIO LABORATORY
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VARIABLE RATIO
AUDIO TRANSFORMER

6tol 8tol

4tol

all in one transformer

With this new Como Variable
Ratio Transformer the set
builder may secure for each
stage of audio amplhification
the exact ratio best suited to
the purpose. He may match
more closely the primary im-
pedance of the transformer
with the plate impedance of
his tubes, with a choice of 6
diffterent values.

Built by a pioneer in radio
manufacturing, this new Como
product will reproduce music
and speech with lifelike faith-
fulness.

In the familiar Como round-
top, shielded metal case, at
your dealer’s.

Price $6.00

Send for descriptive pamphlet V

COMO APPARATUS CO., INC.
Kelley Street
Manchester, N. H.

The Best Dial for the

!
Finest Tuning N W

There’s no backlash nor lost motion in
the Fynur Dial. It’s absolutely accurate
—durable—and very simply constructed.
It's the finest dial you can buy for dis-
tance tuning or for separating low wave-
length stations. Dual control. No gears.
Operates by traction. Will fit any stand-
ard 14" shaft.

Ir your dealer cannot supply you, write to us

UGUST GOERTZ & CO., INC.
270-286 Morns Ave. Newark, N. J.

FYN U VERNIER

o

e ——

o S

CONTROL
—a distinct innovation in the capacity unit field

The New NATIONAL
EQUICYCLE Condenser

{(Patented Feb. 10, 1925)
The latest development in straight line frequen

control as applied to NATIONAL CONDENSE
design.

Increases range of rotation from 180° to 270°, per-
mlttmg 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
ruggedness that have always characterized NA-
TIONAL DX Condensers. Prices:

Made In Two Sizes With Dlals
D5 ST.(N) £5.00
00025 7.50 5.50

Get the penutne. Insist upon NATIONALS. Your

dealer appreciates your patronage and il gladly get
them fof you. VWrlte for Bulletin 111 PR,

NATIONAL COMPANY, INC.
W. A. READY, President
110 Brookline Street Cambridge, Mass.,.

Without Dials

All apparatus advertised in tiis magazine has been tested und approved by Portrar Rapto LABORATORY
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AN OPEN LETTER

To Big and Little Radio
Set MANUFACTURERS:

Sets to operate by simply plugging in on the house electric current,
eliminating the “A’ battery, are the Dominating Demand successful
radio manufacturers will promptly meet.

If you want to increase your sales, equip your set with the McCUL-
LOUGH AC TUBE to play off the house electric current.

To be prepared for this important development, send us your set
and we will wire it for you to operate using the McCullough AC
Tube, free of charge. Send sets to our Laboratory at 20 Grand
Avenue, Brooklyn, N. Y.

ALSO TO “B”’
ELIMINATOR
MANUFACTURERS:

We will be glad to work with
you to equip sets to use Mec-
CULLOUGH AC TUBES to
eliminate the ‘““A" battery in
happy combination with your
‘B’ Eliminator to eliminate the
“B" battery. This will give
dealers and the public the ‘‘bat-
teryless'’ set everybody wants.

McCULLOUGH
SALES CO.

DISTRIBUTORS

McCULLOUGH
A C TUBES

25 W. BROADWAY, N. Y.

533 Wabash Ave., Chicago
963 Liberty Ave., Pittsburgh, Pa.

|
!

All apparatus advertised in this magazine has been leslted and approved by PorrrLAR Rapio LARORATORY
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' Standard Parts

Mr.Laurence Cockaday's
L.C. 26
Broadcast Receier

BLUE PRINTS FURNISHED
Parts sold in kit form or separately

Parts Used by Mr. Cockaday in
Building his Laboratory Set

1 General Radio variometer, type 269, equipped with
rheostat knob o Vs
1 General Radio rheostat. type 213-a, 7 ohms,
equipped with rheostat knob
1 Precision Octaform coil set. . . T 5.50

I Amsco special double unit condenser No. 1814,
each section .ooo3 mfd......... ... ....... = 0.25
r Micamold fixed condenser, .00015 mfd.......... .35
I Micamold fixed condenscr, oooz2s mfd. ... . . ... .35
2z Daven resisto-couplers (new tyne which incor-
porates .I nfd. condenserin base}............ 3.00

I Amertran Del.iixe transformer, first stage. ... ... . I10.00
Bracdleyleak Y totomeg. . ...................... 1.85%
3 Bradleyunits, ¥ megohm . .. .. ... ... ......... z.258
I Diradleynnit, 26 megohm. ..., ... ... ... ..... .75
3Amperites No.ra. ... ... ... ...cieiiiia... 3.30
1 Amperite No. 112. .. .. . N BE - B D I1.10
§ Benjamin standard “Cle-ra-tone" sockets. ... ... 5.00
1 Carter single cireuit jack, No. 1o1....... .70
2 Carter Jack switches, No. 2. .. ................ 2 .00
8 Eby binding posts. .. . ... ... ........0.0..... 1.20
1 Fynur vernier control knob and dial. . .. .. . 3.50

4 Small brass brackets

I Antenna connection block I x 2 inches

I Battery connection block, I x o inches -80

2 large brass brackets

Complele {inchuding 1 Bakelite

Parts \dritled and engraved Mane! 8 x 22 ') $59. 75

EXTRA SPECIAL

For the convenience of those who want

Mr. Laurence Cockaday’s
L. C. 26 RECEIVER

wa have in stock completely wired L. C. 26 receivers
made un by our radio engineers, |

iN A GENUINE
MAHOGANY CABINET
Ready For Use
SPECIALLY PRICED

59750

M~ WIRED WITHOUT CABINET ONLY $83.50-3]
All parts carried for every
SILVER-MARSHALL CIRCUIT

Immediate shipment on all mail orders.

HEINS & BOLET

L44 PARK PLACE, NEW YORK

TEN DAYS
FREE
TRIAL!

« No strings to
NOte' ahove offer—
made by a famous
hig Hadie Corpora-
tion, one of Amer-
lca’s otdest and most
reliable njakers of
quality sets — sixth
successful vear.

POPULAR NEW LONG DISTANCE
MULTI-TUBE MIRACO SET

An INinois user says: I have Los Angeles, Calif. and

- Y. on my list.” An QOkla. user reborts: “Fave heard
from N. Y. City to San Francisco over loud speaker.”” A
Minn. user writes: 'Have recelved. clear and loud on
sPpeaker. N. Y., Dallas, los Angeles and Canada.” An
Ala.user get8 “nll the sintions in U. 8., some in Canada.”
ReDlnrts from users everywhere nirove MNiraco sets out-
Derform sets 2 or 3 times as costly. Satlstaction fully guar-
anteed. Send for Amazing Speclal Offer today—a postal

brings it.

\ Satisfaction or Your Money Back

Factory Prices Save You 15 to 15

m_IRACO Send no money—hut save or make o

lot of money on sets and supplies by

RADIO writing ;uglny riorI Iaté:st, fre«lzl I:tltémtt;"ei

Y amazing special offer an en O
GETS EM
COAST %
COAST

additional testimony from users. Radio’s
most amazing values in multi-tube sets.

MIDWEST RADIO CORPORATION
Ploneer Bullders of Sets
479-X E, 8th Street Cincinnali, Ohio

LOMBARDI

Straight Line Frequency Condensers

—

r‘

Hil
Al i : Nt Ii

00
e T

. .b‘c’.“

i

Are real precision instruments, fit for the
highest grade of Radio Sets. Their substantial
and careful design is immediately apparent to
anyone who knows Radio. Patented ball and
taper-bearing shaft and watch spring pig tail
insure permanent accuracy. Made in both
single and multiple units. Multiple units
licensed under Hogan patents.

Manufacturers and home set builders
write for full descriptive matter.

LOMBARDI RADIO MFG. CO.
67 Mincrva St. Derby, Conn.

All apparatus adveriised in this magazine has been tesied and a pproved by PorULAR RADIO [LARORATORY
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IS TRUE!

(Not a
Wave Trap!)

188 times the energy!

WOALI signal intensity of 11, on the audibility
meter, jumped above 2000 with Penetrola— 188
times as strong! WCAL signal intensity of 35
was scrambled with WCBD at 29. But with
Penetrola WCAL went to 2000 plus. and
WCBD to zero—selectivity with a vengeance!

Any Penetrola demonstration will show you
things like that on any set with any number or
arrangement of stages. The wanted station is
immensely intensified: interference is over-
whelmed. So much volume is available for
distance that a shorter aerial may be used.
Your set is stopped from radiating and is sta-
bilized. It is needless to approach oscillation.
And dial readings stay substantially the same.

Principles known to be of immense promise, but
hitherto elusive, are now successfully applied

{A permanent
asset to your
radio equipment}

by Walbert Penetrola. The widely heralded
Isofarad Circuit, latest Walbert development,
is the foundation of Penetrola—unduplicated
in any way by anybody. because there is no
other 1sofarad* circuit. Nor is there any sub-
stitute for Penetrola action. which amplifies
ahead of the detector. strengthening signals
which would otherwise never be detected! Rf_:_-
member. signals too weak to detect cannot be
amplified beyond the detector.

In a few moments any receivar, however costly,
can be transformed with Penetrola. Or anyone
can quickly assemble the Penetrola kit and
obtain amazing Penetrola results most econom-
ically. The Penetrola price buys performance
which cannot be obtained with any amount of
investment in a receiver alone.

WALBERT MANUFACTURING COMPANY, 949 WRIGHTWOOD AVE., CHICAGO

*Booklet with complete theo-
retical data and construc-
tion details for 5 or 6 tube
receivers—$ .25.

Penetrola in Black Crystallite. {or instant

Attachment . . . . . . . . . . . . . $35

Penetrola Kit with Complete. Simple $1 5
Instructions &

If your d_ealer is not stocked, remit purchase price direct to factory and you will be prompt-
ly “supplied. State whether you wish Penctrola for eutdoor aerial or for loop receiver

'PENETROLA

Al apparatus advertised in this magazine has been tested and approved by PoruLAr Rapio LaBoraTory

——
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ANYONE CAN BUILD A SET WITH

SIMPLIFIED BLUEPRINTS

!‘l-"v%'.i
p1a

Simplified Blueprints of elght of Porurar RApIO’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

i\ ity | AURENCE M. COCKADAY has personally superused the preparation of

The Panel Pattern can be laid on the panel and all holes drilled as
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
PorurLar Rap1o).

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, issue of PoruLar Rapi0).

Set No. 9 — “Portable Town and Couniry Re-
ceiver”” (six tubes, three stages of transformer
coupled, radio-frequency amplification, loop an-
tenna, tuned by variable condenser as described
in May, 1925, issue of PoruLar Rap1o.)

Set No. 11—6-Tube Tuned Radio-Frequency

Receiver with Simplified Control” (as, described
in August, 1925, issue of PopuLar Raplo).

Set No. 12—‘8-Tube Superheterodyne with Single
Control” (eight tubes, two straightline variable
condensers, as described in October, 1925, issue
of PoruLar Rapio).

Set No. 13—‘‘Ratheon Plate Supply Unit” (a
really dependable method for obtaining a “B”’
source of supply as described in November,
1925, issue of PoruLar Rapio).

Set No. 14—"“The LC-26 Broadcast Receiver” (as
described in December, 1925, issue of PoPULAR
Rapro).

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 PorurLAar Rapl10).

Full constructional and parts details for these Receiving Sets will be found in the issue of POPULAR

RADIO indicated.

Back issues of POPULAR RADIO will be furnished at the rate of 35¢c a copy

627 West 43d Street Dept. 24 New York City
— T T T T s e T - ..

I_OPULAR RADIO, Inc., Dept. 24

| 627 West _43d St., New York City DAt s i i vt is i it onnaanaaacaarbr e ranran I'

| Enclosed is my remittance of 8................., for which kindly send me Blueprint Set (s}

| consisting of Pancl Pattern, Instrument Layout and Wiring Diagram as checked below: | DEALERS

1 O Set Number 4 O Set Number 9 (O Set Number 12 0O Set Number14 ! .

{ O Set Number 6 0O Set Number 11 [0 Set Number 13 O Set Number 15 | Write for terms

| ! on these fast gell-

l IN A 4 ottt evesnrrnsvasnarsssssssscsssssssosessssssassosssssosasonotosaostsastssesns [] in g Blueprint’.

N T 0 800000 00 000 00c 00 BEE 0000650088008 560 0 BEEE08E0 B0 0aRR 88668 aatoaBCaBGEs : An attractive Dis-

'

[ e1s 5068000886850 888600 000056A08 DECO0AN B0R00000 D080 GO0 s B606a60 6000a000 80 0000 I pl‘ay Chart  free

e e e e e e . — . — — — — — — —— —— — . — —— —— — | with orders.

All apparatus advertised in this magazine has been lested and approved by PoPULAR RADIO LABORATORY
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Jigger Radio Baroains
Than Ever Before
BARAWIK’S 1926 RADIO GUIDE

NY real radio bug will find Barawik’s Radio Guide a gold-mine of infor-
mation, for it presents, in concise form, the famous radio circuits vou
have rend about. Besides, it illustrates aud deseribes sets, kits, acces-

sories and parts that are needed by every set builder, fan, novice or begiuner.
As a catalog and guide, it is invaluable; and it shows vou how vou can save
big sums in the very things you need, or it helps you to decide what set will
best meet vour needs and your pockethook.

1t shows the newest straightline condensers, low-loss coils, vernier dials, tubes, cone speakers,
A and 13 eurrent supply. batteries and everything from a erystal to the expensive complete
DeLuxe console reeeiver—and one, two, three, five and sight-tube Superhet sets—ut startlingly
low priees. ‘Whether you just want supplies for your present set or desire a new one, here you
ean seeure them at a guaranteed saving.

<> O»>AO00AN

Fill in the coupon now for your free copy or drop'us’a postal or letter. Do this befgre vou spend
another eent for anything in radio—now, while this announeenient is before you. You'll be well
repaid. Also please inelude name of radio fan or fans who would be interested.

O -

Aa an erample of Barawik values, we offer you here the famous Cockaday I.. . 26 Receiver and
ather famous circuits. Order direct from thiz ad. Satisfaction guaranteed. For nther Lits and cireuits,
consult the Barawik Guide (Frec copy on request).

o
oy

COCKADAY’'S L. C. 26 RECEIVER

The latest Cockaday triwmph, said by many to he the best receiver ever
devised. An improved 4-cirewit tuner, single d’al control, one stage of radio
frequeney amplifieation. Cannot oseillatein the antennaor radinte. The talk
of the radio world aud ofiered to you at the usual Barawik saving.

1 Geaeral Radio Variometer. tyvne}l Amer Tran DeLuxe transformer.
269, equipped with rheostat knol 1B ml'elm a:tmie% o

1 General itadio Rheastat, tybe 214-a. | 1 Bradieyleak o meg.
7 obms, equipped with rhcostar | 3 Bradleyunlts b, megohin
knob ! Bradleyunit ¢ megohm

1 Precislon Octaforin coll set :l; ‘gm:::l:g“‘\l\o‘j-ﬁ%

1 Amsco special double unit condenser | 5 jenjamly standard “Cle-ra-tone’

No. 1814, each sect lon (003 mid sockets
1 Mieamold fixed Condenser. .00015 | 1 Carter single-elreuit Jack, No. 101
mfd. 2 Carter Jaeck switehes, No. 2

1 Micameold fixed condenser. 00025 | 8 by binding posts

mid. 1 vernler eontrol kneb
2 Daven resisto-couplers (new type and dial $ _50

which incorporated 1 mid. con- | 1 panel, § x 22 inthes
——]

denser concealed in hase) Complete parts,

RAYTHEON TUBE Complete $3 (.50
B-ELIMINATOR Kt 20
MAIL

HAMMARLUND- complete $ .50
ROBERTS Parte 57“.= THIS COUP?N

T U N S S s sk G U ee— .
M L hl' Complete $ .50 { BARAWIK CO., 102-104 So. Canal Si., Chicago
C aug ln i Send .ne my copy of your new Radio Catalog and Buid- I

Parts . Se !
8-tube Super er's Guide.

5 . g 1Y ¢+ S USRI
Other Famous Circuits
Tere are & [ew sample hirgatis froin the I AGUTES, s R Wi 0 BE @ it B ol ey i [ xead 3 i e it
Barawik Catalog: BRI 0N o158 56 B Bl o i il i, e i B 6 (5 i i o i
Complete parts for Remler-Best 8-tube Super.. $18.45 AT TS e i 8 s At maine B b b A e i s
Complete parts for B-T Counterphase 6 . 63 .50 I -------

Complete parts for Silver-Super Autodyne...... 62.50

Complete parts for |lazeltine Neutrodyne. .. ... 29.25 I o

Complete parts for Browning-Drake circuit..... 32.25

Guaranteed 201A type Tubes ¢ adm b S 1.15

Guaranteed $5-v. large B batteries.. . ......... 2 .55 \J ]

Order direct from this ald or get a 'free copy of our

P r t' ¥ H y .
complete catalog of everything in radio 102.104 So. Canal St., Chicago, T
A RIS s——

All apparatus adverlised in this magasine has been tested and approved by POrULAR Rap1o [LABORATORY
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The Magic
Dial

As Amazing As—
A Stroke of
Magic!

Variable condensers that are
not straight line frequencey,
tune as if they were, if
yvou install

B
Magic Dials

As if at the touch of a won-

P, drous wand, sta-
E:L’r; & tions other-
| 6:;”#' = wise erowded
% i \; together — are
= * evenlyseparated.
Unerowd theairwith
the Magic Dial! Gen-
- uine moulded Bakelite
1 |"':.a with  fluted  columns
Ty of Arabianinlay. . . $2.50

“SLO-MOSHEN" Vernier Dial, $2.00
POWERTONE ELECTRIC CO.

(Subsidiary of Bruno Radlo Corp.)

Dept. P 223 Fulton St. N.Y.City  [f your dealer can’t supply you, order direct.

0
I&
=~

FREE simpLIFIED BLUEPRINTS FREE

YOU CAN HAVE YOUR CHOICE OF ANY ONE OF EIGHT SETS

You ean have Your cholce of any one of eight"PorULAR ADIO SImpll- Set No. 9—""The Portable Town and (uuniry Recelrer™

tied Blueprints with your new or renewal subseription for PopULAR (slx tubes, three stuges of transformer-coupled, ridlo-

Ramo. with whieh I8 eomblned The Wireless Age, aceompanled by frequency amplitication, loop antenna) as deseribed Lo

]t-.c"ﬂnl?éwe g; fcﬁdﬂ{) lThcms l!lel:lenrlhms ?1”(': Iil)ukt‘ it. nm.ahlhlc f?r y:ln} May, 1925, PoPULAR RADIO,

o but 4 tey and approv act, w OPULAR RADIO for 2

montha will keep you In toueh Wifh the progress belig made i e b e T uned, Radto Frequency Recetre

radlo. 3 ' * LT

You, as'u reader of PoPULaR Hapio, know the many entertalning I'OPULAR RADIO.

interesting and Instructive articles that are published cach month. Set No. 12—"B-Twhe Super-heterodyne with a Single

Every lwaie some new ltem Is saure to attract your attentlon. We Controf”' a3 deseribed In October, 1925, POPULAR

flromis«.‘ thut throughout the coming months PorULAR Rapio witl Rablo.

10ld more and more of interest {or Radlo Fans. Set Yo. 13_.._,?,1””'80" Plate Supply Unit™ (s really de-
Ease, Economy and Accuracy in Construction Boatriies T Koot 3 gt of Bonean 1 ey

Simplified Blueprints were brehal under the personal sitpervision Set No. 14—"The LC-28 Broudcast Recelrer™ (as de-

of Laurence M. Cockaday. They nuke It possible for anyone. scribed in December, 1823, issue of PONULAR HADIO).

without previous knowledge of rndlo. to construct a highly efficlent

radio reeelver. Eunch set of Blueprints consists of 3 prints s follows: Sct No. 15—""The Orthophase Receirer’® (A circuit devel-

optment using a new princlple in radio-frequency sme-

Panel Pattern ml"‘i“iumll' rm\klllm i :wl':\'cr wlith g.‘v:}l. solmliti\'lly,
- mbined with sharp uming and ecase of oberation, as
This Blueprint I8 the EXACT size of the actual set. So accurate b 992 v
that ¥ou need merely 1a¥ It on Your panel ang Arli oy indiested. described in February., 1926, issue of PoruLar Rablo).
You ran readily abbreelate the conveniepee of this Blueprint. Nao POPULAR RADIO

acaling or mensuring to do, no danger of ruining the panel through

faulty ealculation. Dept. 29
. t N Instrument Layout 627 West 43rd Street New York City
erc again you have an actual size brint of cach instrument and i s .
hinding post and its exact location hoth on the banel and within Use coupon beloyv; indicate which set of
the eabibet. liven the eabinet strueture s clearly shown. Blueprints you want.
The unusual feature of this Blueprint is that It is an aetual size O RUEARRESA DI = . ]
picture dlagram of the finished set.  Ench instrument and other | "‘!i,:r‘l:,m't:dm?rr‘(',":‘l'“*l\a‘;::'_p%‘;rsk City in full payment tor sub- !
part3s abbear in exact size and the wires are so elearly traced from one I seribtion, with Bluehrints 58 checked Delow I-‘RIEF 1
contace Lo another that ¥ou can connect all terminals accurately 1 " 3 0 20 ]
without even knowing how to rend a hook-up dlagram. 1 O Set Number 4 [] Set Numkbker 12 :
8¢t No. 4—"Cockaday Four-cirenit Tuner with Resiste H Set Number 1 )
ance-coupled Amplifier” (Hve tubes. distortioniess, : 0 Set Number 6 e ]
two dlals, automatic vacuum tube control) as de- i [] Set Number 9 O Set Number 14 :
scribed In October, 1924, PoruLar Rabio. 1 [0 Set Number 11 O Set Number 15 t
Bet No. 6—"Cockaday R-Tube Super-heterodyne Reflex 1 Il
Receirer” ns deseribed in January, 1925, PoPULAR b M. e 1
]
RADIO. H ]
poStreet... e e aeaaeaa e . =
Iy, oo et State...... !
e e e N T AL T e eTeeerS —_— '

Al apparatus advertised in this magazine has been tested and approved by PoPULAR RADIO [LABORATORY



INDUCTO COUPLER

Price $1.85

James L. McLaughlin,
the authority on super-
heterodyne design recog-
nized the superiority of
Precision Coils when he
recommended the In-
ducto Coupler for use in
his One Control Super-
heterodyne. The Inducto
Coupler is for use where
a split winding coil is
desired.

COCKADAY COIL
Price $5.50

(New Octaform Base}

Because the success of
his 4-circuit tuner so
largely depended on the
efficiency of the coil,
Cockaday in using the
Precision Cockaday Coil
in his L aboratory model,
paid a great compliment
to the marked accuracy
and efficiency of Pre-
cision Coils.

=
AUTODYNE COUPLER

Price $3.50

Used in the Saperheter-
odyne Reflex Receiver
described in the January
1925 issue of Popular
Radio.

PRECISTION ANTENNA

COUPLER

for the McLaughlin De-
Luxe One-Control Super.
May be used when an
outdoor aerial is desired
with a superheteradyne.
Price $3.50.

T'he Best in Radio Equipment

ORTHOPHASE
RECEIVER

the only coils that can be used are the Precision Orthophase
coils. List price 87.50.

The PRECISION
OCTAFORM COIL

shown at the right, is a new type
of inductance used in the Cockaday
LC-26 Receiver and is the only coil
that can be used in this set. List
price 85.50.

KITS IN STOCK

Cockaday [.C-26 and Cockaday
“B” Battery Eliminator Kits are in
stock. Let us ship you one or both
made of exactly the same parts as
uscd by Mr. Cockaday in his labor-
atory modcls. Build a set that's a
year ahead of the present models.
LC-26 Kit, 8$81.90. Cockaday
‘B Eliminator Kit $42.05. Write
today.

Precision Kits are absolutely guaranteed.
Complete Popular Radio constructional blue-
print is included in each kit.

Send money order todav or we will ship a
kit C.O.D. upon receipt of your order.- Post-
paid anywhere in the U. S. A.

Dealers write for information about the com-
plete Precision Line.

Precision” Coi. Co., Inc.
209 Centre Street, New York, N. Y.

All apparatus advertised in this magasine has been tested and approved by POPULAR RAnio LARORATORY
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The Big Obstacle to

SENDING Removed—
Price $17
More than

simply
a key

MARTIN VIBROPLEX SENDING MACIINE
WORKS THE EASY WAY—JUST PRESS THE
LEVER-—the machine does the rest.

Over 100,000 Radio and Telegraph Operators con-
sider VIBROPLEX a first necessity, and use it
daily.  An expert’s speed, clarity and precision re-
sult to beginner and master operator alike from the
use of VIBROPLEX—signals that arc casy (o read.

The illustrated model ($17) can be used direetly in
the majority of DX circuits; furnished with ex-
tra heavy contact points ($25) for direet use in any
circuit (without relay). .

Send check, or money order for cither model, or
pay postman,

VIBROPLEX CO. of AMERICA
825 Broadway NEW YORK

OUR L. C. 26 Receiver will be easier to build

l and look better if you use the TAIT Special
Alloy Bracket-.
i.aboratory.
Radio Standard Cabinet described in the December

Approved by Popular Radio
Made cspecially for the New Popular

issue ol Popular Radio.  Sent postpaid anywhere in
tfhc world upon receipt of price $2.00 per pair. Order
rom

MORISON ELECTRICAL cCO,
15 East 40th St., New York
Or dircct from
TAIT,161st Street and Washington Avenue
New York City

L. C. 26 laboratory-built sets to order $100.00
postpaid and guaranteed.

' 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

Build Your LC-26

_ With the Aid of
Popular Radio Blue Prints

It is Easy, Quick and Accurate

The 1.C-26 is the ideal all-around reeeiver, 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 1.C-26 brought in over 40
stations in one night, the farthest away being KGW, Portland,
Uregon.

At Chicago. Tll., the T.C-26 brought in WKFI, Los Angeles.
evety night for a week, and over 60 other stations. WEAF,
New York, was heard clearly at eleven o'clock in the morning.
At New Haven, Conn.. it brought in WXBF, at AMiami Beach,
Florida, at 4:00 p.m.. as well as New York stations for which
New Haven is a dead spot.

All reception on the T.C-26 is on the loudspeaker, as it "has no
phone connection.

By using PortLar Rapio Blue Prints in building your 1.C-26,
you can save time, climinate the possibility of error, and make
your set exactly like the laboratory models (see page 62).

If your local dealer cannot supply you with Blue Prints of the
LC-26, they will be sent postpaid on receipt of 81.00 per set.
A full deseription of the 1.C-26, with detailed directions as to
how to build it, was published in Deecember PortLar Radlo.

POPULAR RADIO

Service Bureau 24-A
627 West 43d Street, New York

Al apparatus adrverlised in this magazine has been tested and approved by PortLAar Rapio L.ABORATORY
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A Radically New Type of Lower-Loss Design Which Gives a Straight Frequency
Tuning Curve with a Semi-Circular Rotor Plate of Rugged Compact Construction

OUR years ago, Cardwell revolutionized

the radic world by the introduction of

the low-loss condenser. Accepted prac-
tice was flung to the winds—instead of large,
leaky, dielectric end plates, the dielectric was
limited to the smallest practical quantity of
hard rubber, placed perpendicularly to the
plates; and the rotary plates were grounded to
metal ends, eliminating body capacity. Me-
chanically, the condenser was built to last
beyond the life of the set.

It is significant of the perfection of
Cardwell design and construction that to-
day after four yvears of imitation the orig-
inal Cardwell Low-Loss Condenser still has
lower losses than its nearest competitor.

When the crowding of broadcasting stations
made it evident that a straight frequency tun-
ing curve would be popular, many condensers
were rushed on the market with flimsy plates,
and weak over balanced construction. Elec-
trical efficiency and mechanical strength were
sacrificed in order to approach straight fre-
quency by the shaped plate method. Large
panel space was required, and accurate log-
ging was impossible.

Meanwhile Cardwell “engineers were per-

Send Post Card for Full

CARD

81 PROSPECT STREET
“THE STANDARD

fecting a new condenser in which straight fre-
quency tuning curve is secured by a regular
variation of the thickness of the air-dialectric,
with a pronounced gain in compactness, effi-
ciency, and mechanical strength. The new con-
denser is exactly the same size as the original
Cardwell. The whole condenser with plates
wide open will mount behind a 4 inch dial, and
extends less than 3 inches back from the panel.
It can be substituted for Cardwell Type “B”
or “C" Condensers without disturbing panel
holes, other instruments, or connections.
Plates are semi-circular, and so thick that it is
almost impossible to bend them out of align-
ment, and change the logging of the set.
Electrical losses are so low that the user is
assured absolutely maximum selectivity.
Following the well-known Cardwell policy
of never allowing any instrument to reach the
public until it is perfected, this condenser has
passed through months of rigid laboratory
tests, and we now announce that we are produc-
ing THE FINEST CONDENSER EVER

MADE.
PRICE, .00035 Mfd . . . $4.75

ALL SIZES MANUFACTURED

Information on Type E

WELL

BROOKLYN, N. Y.

OF COMPARISON”

Al apparatus advertised in this magasine has been tested and approved by PoPULAR RapIO [LABORATORY
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-
CLEANS & Tims
O GkFrire 1R ]

THE PARTS

the dealer sold you—
You can blame them, your circuit or
static. But most frequently

RECEPTION TROUBLES

are caused simply by a bad connection. A

dirty untinned soldering iron cannot fail to
make a bad joint.

The iron can be properly cleaned only by
the chemicals in

SOLDERCAKE

grooved, always ready to use.

Dealers—Y ou can Insure your reputation
by selling this necessary Soldercake to ev-
ery customer. Write now for our helpful
proposition.

Fans—235c and your dealer’s name will
bring this cake postpaid to you.

C. de P. FIELD CO. 110 East 42nd Street

NEW, YORK CITY
(Estab. 1860)

ELKAY 5-TUBE

SUPER-SELECTOR

Compares favorably in appearance,
selectivity, volume. distance and
tone quality witly sets at twice its
price. las one stage R. F., detec-
tor, one stage of transfoermer couple
amplification and two resistance coupled amplifiers.
Only two dials. A radio frequency choke permits same
smootly operation on low or high wave lengths.
Control over selectivity a [distinct departure—an
ELKAY invention.
Also made with 4 tubes at $70. Blue prints,
$1.00., See the ELKAY at your dealer's.
{Dealers; write for ex¢lusive agency.)

THE LANGBEIN-KAUFMAN RADIO CO.
511 Chapel St., Dept. P.,, New Haven, Conn.

An 1*K Produtt

I|||||m ||||||“
SATISFACTION

The National Company, Cambridge. Mass.
Browning-Drake, Ine., Brighton, Mass.
G. Beissonnault & Company, New York
Clapp Eastham Company, Cambridge, Mass.
Waterbury Butten Company, Hartford, Conn.

including many other manufacturers find it to thelr
advantage to use our Coll Service. Regardiess of
your own facilities you wlll undoubtediy fnind our
service proftable to you. Ask us for estimates and

sample&
107 W. Canton St. Boston.Mass.

I TUNERS SETS.KITS

ELKAY

CONDENSERS

“Madeof Mica and Moulded in
genuine Bakelite”

With Micamold Resistors and Con-
densers y ou need no clips or mounts—
just solder direct to the terminals,
thus eliminating point or loose con~ |
tact and accidental dislodgment of |
the units.

Micamold Products are moulded in
genuine Hakelite and guaranteed
within 5% of calibrations and con-
stant in value. Theyv are noiseless,
moistureproof and indestructible.

Al all good Radio Stores

MICAMOLD RADIO CORP.
Flushing and Porter Aves.,Brooklyr, N.¥.

ACCURACY GUARANTEED
=VALUES REMAIN CONSTANT

MOULDED
UNDER
PRESSUAE
OF 50

X TONS
Ty @

All apparatus advertised in this magazine has been tested and approved by POPULAR Rap1o LABORATORY
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The “ORTHOPHASE”

R. J. Griffith’s Push-Pull
Radio Frequency Circuit

i\ Uses
Y HAMMARLUND

Straight-Iine Frequency

CONDENSERS

DESIGNERS of new circuit adaptations

are extremely careful of the materials
they use.

They can ill afford to sponsor any but the
best and dare not take chances when present-
ing a new idea to the radio public for the st el e
il Stations Equally

During the past year, there have appeared Over the Dials
many new circuit arrangements for which
Hammarlund Precision Products were speci-
fied.

Not because some other good make might
not have worked satisfactorily, but because
Hammarlund quality insured success.

R. J. Griffith’s remarkable push-pull radio-
frequency receiver is one of the first of the
1926 developments to employ Hammarlund
Precision Products.

W rite for Hammarlund Descriptive Literature

HAMMARLUND MANUFACTURING CO.
424-438% W. 331d Street, New York City

Made in
All Standard
Capacities

S\
'c) D——ﬁﬂﬂﬂ?n'{ﬂﬂ}mﬁwﬁ'{“’——ﬂ" ©

All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY
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WHAT DO YOU WANT TO
- KNOW ABOUT RADIO?

PoroLar RaDp1o, with which is combined The Wireless Age,
maintains for the benefit of its readers a Technical Service
Bureau and Laberntory, under the personal supervision of
Laurcnee M. Cockaday which will, without charge, answer
by personal letter any question, problem or request for
information submitted by a subsecriber. - This aservice i
however, also available to readers, other than subsecribers, at
the very nominal rate of 50 cents the inquiry.

In writing please confine your questions to one general

October, 1923

—Practical hints for Coil Catcutations.

—How to make 8 Two-stage Audio-frequen-
cy Amplifier.

—Ten good rules for Broadeast [steners.

—lmwI to make a fRimple Honeycomb Re-
celver.

November, 1923
—The 100 Best Hook-ups (Part 1),
—Recelving without Antennas.

—Iliow 1o build the New Regenerative
Super-heterodyne Recelver (Part I},
—IHow to bulld_a combination Short and

Long-wave Recelver.

December, 1923

—Iow to select your Radio Parta.

—The 100 Best Hook-ups (Part 2).

—How to Read & Dlagram (Part 1),

—How to bulld an efficlent Crystal Recelver.

—How to bulld the Super-heterodyne Re-
ceiver (Part 2).

January, 1924 (Qut of Stock)
(A Reprint of Mr. Cockaday’s article de-
seribing the DX Regeneratl e Recelver may
be had for 25 cents.)

February, 1924

—How to add '"Push and Pull"’ amplification
to the 3 tube Cockadn;\lr‘ 4-ClIrcult tuner.

—The original 4-Clrcuit Tuner as & Port-
able Set with Loop.

—The 100 Best Hook-ups (Part 4).

—Ilow to build a 3-tube Reflex Recelver.

March, 1924

—Hoffman Transformer Measurement Chart
—The 100 Best Hook-ups (Part 5},

—THow to bulld an Amateur Transmitter.
—A 3-tube Reflex Recelver (Part 2).

April, 1924

—Ilow to hulld a Simplifted Neutrodyne
Recelver.

—The 100 Best Hook-ups (Part 6a).

—IHow NOT to Tune the Single Clrcult
Recelver.

—A Novel Substitute for 'B"" Batteries.

May, 1924

—A Compaet Radlo Kit for a Spring IHike.

—How to Get the Maximum Radlo-fre-
quency Amplification.

—100 Best Hook-ups (Part 6.

—Where Interferenice Comes In.

—Ilow to Make An Audlo-frequency Ampil-
fier that Does Not Distort.

June, 1924

—How to Install n Recelver on_your Boat.

—"T"he 100 Best Hook-ups (Part 7).

—How to Build s Regenerative Recelver
for Use with an Indoor Antenna.

—I{ow to Make a Two-8lide Tuner.

July, 1924

—1Iow to Avoid Local Interference,

—Iliow ""Resistance”’ Aflects Radlo Clreults.

—An Ideal Set for Summer-tinie Reception.

—100 Best Hook-ups (Part 8),

—How to 170 Your Soldering Correctly.

—llmt\;lt.o Bulid the POPULAR RaDIO Port-
able.

627 West 43d Street

August, 1924

—How to bulld a single dry-cell tube, four-
clreult tuner.

—How to build a two tube reflex recelver.

—Helpful hints for the broadcast listener.

September, 1924

—How to build a single dry-cell tube reflex
recelver.

—How to bulld a muiti-wave tuner.

—How to imDrove broadcast receptlon,

October, 1924

—How to bulld the (Cockaday) Four Clreuit
Tu:Ier with & Resistance-coupled Ampli-
fler.
—Ilow to Select a Ready-made Recelver.
—How to Bulld a Detector-pmplifier.
—A Radlo Set to Pack In Your Sultcase.
—Harnessing the Radio and the Movie,

November, 1924

—Ht}nr to Locate Interfcrence from Power

nes.

—Cockaday Artiele for Beginners.

—1iow to Bulld & Low-lo8s Tuner for Short-
wave Reception.

—The New Type of Superheterodyne.

December, 1924

—How to Bulld a Non-radiating 7-tube
Superheteroidyne Recelver.

—Cockuaday Artiele for Beginners.

—How to Get the Meost Out of Your Ready-
made Recelver.

January, 1925

—How to Bulld the Cockaday 8-tube Super-
heterodyne Reflex IRecelver.

—Iiow to Improve Broadcast Reception.

—Cockaday Article for Beginners.

February, 1925

—How to Get on a Radlo Program.

—A Loudspeaker for a (rystal Set.

—llow to Bulld £ 4-tube Refiex Receiver
with the New Sodlon Detector.

—Cockaday Article for Beginners,

March, 1925

—THow to Build the Improved DX Regenera-
tive Receiver,

—VJ¥actors that Govern the Capaclty of
Condensers.

—What ‘‘Inductlon’” Mcans to Your Set.

—A Five Meter Vaeuumn-tube T'ransmitter
and Recelver.

April, 1925

—8ingle Control Recelvers.

—How to Improve Broadcast Reception, VI:
Increasing the Selecting Power of Your
Recelver.

—How to get the Most out of Your Ready-
made Recelver.

—Quartz Crystal as a New Wavclength
Rftandard.

dard }E :.I

Dept. 28

subject, writing on one side of the paper only, and enclose a
self-addressed and stamped envelope.

It is possible that your individua
in an issue of PoPULAR Rapio, an
endeavor to keep a supply of back numbers in stock. The
condensed index helow gives a few of the subjects that have
auppeared recently, look this list over and if the information
you want i3 covered, we will be pleased to supply back
numbers at 35c. a copy.

roblem has been covered
so a3 an aid to you we

May, 1925

—Factors That Affect Antenna Capacity.

—How to Wire Your Home to Have Radio
In Every Room.

—Hm'l’d.v T'ools for Radlo Fans, The Hydrom-

eter,
—How to Build the *“Portable T'own and
Country Receiver."

June, 1925
—New Development In Vacuum Tubes.
—How to Bulld s Five-tube A-C Recelver.
—How to Draw Up Your Own Tuning
Chart.
—Watt's Law In & Nutshell.
—"'What Set Shall I Buy?’
First Installment,

July, 1925
—The Best 101 Hook-ups.
—"What Set Shall I Buy?"
Second Installment.
—Broadcast Stations In the Unlted States.
—What's New in Radio Apparatus.

August, 1925

—*"Motlon Pictures” by Ether Waves.

—A New T¥ne of Hornless Loudspeaker,

— ITow 1o Bulld a 5-Tube Radlo-Frequeéncy
Set with S8implified Control.

—Trouble Shooting.

—IIints for Amateurs.

September, 1925

—IHow the Air Affects Radlo.
—When You Turn Your Dials.
—Useful Charts for Amateurs.
—Call Lettera That Have a Past.
—Broadcasta.

October, 1925
—How Earth MAagnetlsm Affects Radio

Waves,
—Ilow to Improve Broadcast Reception.
—What Makes a Low-loss Coll?
—How to Build the New 8-Tube Super-
heterodyne with a Single Control.

November, 1925

—Radle's Newest Instrument—the Photo-
electric Cell.

—How to Bulld the Raytheon Plate Supply

Unit.
—XNew Alethods of Calbrating Your Re-
celver.
—Practical Pointers About Transfermers.
—Multi-layer Colia.

December, 1925
—How to Bulld The New I.C-26 Recelver.
—iiow to Improve Broadeast iteception.
—What Every Radio ExDerimenter Should
Know About Condensers.
How to Get

—"Truthful Reproduction,™
It from Your Set.

—Radio that Runs on a Beam.

January, 1926

—1How to Get the Most Out of Your LC-26
Recelver.

—8ome New and Useful Facta About Coils.

—When Your Set Won't Work.

—stralght-Line-Frequency Condensers.
—What's New in Radie Apparatus,

New York City

All apparatus advertised in this magazine has been tested and approved by PoruLAR RADIO LABORATORY
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1

-
Section of the New
Aeme  FREE-EDGE
CONE Loud Speaker,
showing the two
free-edge cones.

After 5 years and

256 experimental

models—Acme is proud to put its
name on this Loud Speaker

ERE in our laboratories at

Cambridge, our radio engi-
neers and sound experts have been
at work, ever since broadcasting
started, striving to perfect an ideal
type loud speaker.

| Two years ago, after having made, studied
and tested 203 models, we obtained a very
good horn type loud speaker. But our radio
and sound engineers determined to go even

— O S P T T WA ST T B ey Tt

rmady e e

oLy

NOTE the equal volume over the musical range
with the frec-edge cone in contrast to the
ordinary loud speaker.

The latest development in radio reproduction is
the cone type loud speaker but the double Free-
edge Cone is a further advancement because
resonance is eliminated and faithful reproduc-
tion obtained over the whole musical range.

ACME

~ for amplification

further. After 23 months more of experi-
menting; making and testing 53 additional
loud speaker models they at last developed
the ACME Free-Edge Cone Loud Speaker.

As far as it is humanly possible to judge
we feel certain that we have the finest loud
speaker ever produced. This new type loud
speaker does away with inherent resonance
common in other types. Because of this
improvement the new Acme now brings out
the low notes and soft over-tones never be-
fore obtainable in any loud speaker.

President Acme Apparatus Company

Send for the new edition of our famous
book ““Amplification without Distortion"
telling the why and the how of perfect
radio reception.

ACME APPARATUS COMPANY,
Dept. C8, Cambridge, Mass.

Gentlemen:

for your booklet
tion."”

I am enclosing 10 cents (U. S. Coin or stamps)
“"Amplification without Distor-

All apparatus advertised in this magazine has been lested and approved by POPULAR RADIO LABORATORY
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627 West 43d Screet,

This

RADIO MANUAL

FIRIEIE

with

lFopuler Redio

with which is combined The Wireless Age

When You Build Your Own Set

Aside from the feature of economy. there is the thrill
and satisfaction that comes from building your own re-
cviving sct.  Instead of being o mere "dial-twister” you
will neeessarily have a very definite Lasic knowledge of
what radio is all about after constructing a set.

Thousanls of sets have never been constructed be-
cause of the atmosphere of mystery that has enveloped
the whole snhject of radio. Kendall Banning. Editor,
and Laurence M. Cockaday, Techuical Editor of
PoruLak Rapio, through their close contact with the
preat radio public sensed this and compiled a book that
will convince the veriest beginner that technical training
is nol essential. If you have a little time to devote to a
most fascinating pastime, send for a copy of "How to
Build Your Radio Receiver” and discover how simple
and easy set building really is. This famous book has
made it so.

Freez Advisory Service

Porurakr Rapto is full of helpful suggestions as well
as instructive and entertaining articles on radio and
allied scientific phenomena. This information is supple-
mented by an advisory service that is free tn all sub-
scribers. Any problem you encounter that is not
answered in the book or magazine will be answered by
personal letter if you will submit it to the Technical
Service Bureau. For this purpose a big meodern. labora-
tory with a trained staﬁp otP investigators under Mr.
Cockaday's personal direction is always at yvour servicec.

A Valuable Combination

For the next thirty days we will give you a copy of
“How to Build Your Radio Receiver,” FREE and enrall
y.u for all privileges of the Technical Service Bureau
at no further expense, on receipt of your remittance of
$3.00 in pavment for a 12 months' subscription for
PorvrLar Rabpio- (As an alternative offer. if you wish
the combination with Porcviar Ramo for 7 months
only—send hut £2.00). In any event, you run absolutely
no risk as we will refund in full if you are not more than
satisfied with your purchase.

PoPiiLAR Ravio Dept. 25, Offer expires
Feb. 27. 1926

New York Cicy.

Enclosed remittance of $3.00 is pavment in full for a 12
months’ subserintion for PorULAR Raplo and copy of "1low
to RBuild Your Radio Receiver' FREE.

Name. ... ...
Address

Ciey. . ......... . State. . ...
Check here and remit $x.00 i you prefer PoprLar

Rapto for 7 nionths only in combinatiou with "How to
Build Your Radio Receiver.” 'I

in “How to Build Your Radio Receiver™ you will
find complete constructional diagrams. specifica-
tions, photographs and instructions for building
the following sets. Each has been selected as repre-
sentative of its circuit because in laboratory tests
it proved the best for distance, selectivity, tone
volume, simplicity of construclion, ease in tuning,
reliability and all-around satisfaction.

A $5 CRYSTAL SET
e simplest up-to-date set for local broadcast reception.  Apptoxi-
wite range. 15 miles, though distances up to 400 wiles are not
11traordinary. Gives clear signals on headset withomt distortion
No operating cust wiatever,

THE HAYNES SINGLE TUBE RECEIVER
An efficient set that may be made by a novice at an abproximate
cost of only $15 for parts, Simple to tune, selective, good audi-
tahty. Long distance range up to 1,000 miles on earpliones.
~ix-volt storaRe battery and 22'j-volt “B™ battery fequired. or
inay be adapted for dry cells and dry cell tubes,

A TWO-STAGE AUDIO-FREQUENCY AMPLIFIER
| hia instrument may be added to any set, ¢rystal or tube. to
-trengthen the received signals, so (hat they will operate a loud-
peaker, It is casy o constract, efhcient and incxpenaive, costinR
anly $13 for parts. Operates on the zame A"’ battery that it used
on the vacyym-tube detector uuit.

THE COCKADAY 4-CIRCUIT TUNER

A 3-tube set. famous for its high selectivity aml beautuul tone,
50 neat and compact that it may be kept in a bureau drawer, Cost
of pafs about $40. Ileceiving rauge approximately V.504 inile< on
a loud-sapeaker. Operates on a 6-volt storage battery and two
45-volt "B batteries, or may be adapted to dry cells and dry
cell tubes.

A 5-TUBE TUNED RADIO-FREQUENCY RECEIVER

Two stages of tuned radio-fiequency amplification, detector, and
1wo stages of audio-frequency amplification are here emnplaved so
that the possibility of “oscillation and re-radiation’” i eliminated.
I he set can be operated on 4 loun antetina and may be built at a
cost of only $90 for parts. Six-volt storage battery and twa 45-
volt "B ""batterica required. Range about 1.000 miles on loon or
indoor antenna and 2,500 to 3,000 miles on an outdoor antenna.

THE “IMPROVED* COCKADAY 4-CIRCUIT TUNER
I'robably the most important contribution yet made to the equip-
ment of the radio fan. A compact 5-tube set with a receiving ranze
of over 3,000 miles. Cost of parts about $95. Wave length
range from 150 to 675 meters. Automatic tuning and hower
amplification. Maximum volume of sound. excellent repreduction
and no interference. Requires a 6-volt "A' battery, three 45-volt
“B" batteries. one 22 '5-volt “B" battery and a 9-volt ~C’ battery.

THE_REGENERATIVE SUPER-HETERODYNE RE-
CEIVER

More sensitive, more selective and more slmple te tune than any
other G-tube receiver yet developed. A three-section S-lube set
embloying the Havnes Single Tube Receiver as tuner. May be
further extended to a four-section, 8-tube set by the addition of
the two-stage amdio-frequency amplifier. The cost of paris
apurovimater §$100. Range of 3,000 to 4,000 miles on a loud-
~peaker. Has heen called the "Rolls-Royce™ of radio receivers,

POPULAR RADIO

627 West 43d Street, New York City

All apparatus advertised tn this magasine has been lested and approved by PoruLArR Rab1o LABORATORY
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— =
Years of experience |
are behind this radio battery ||

T ———
—_—

TweNTY years ago, when the auto’
motive industry was in its infancy, —=
Prest-O-Lite gave the motor-car its
first dependable eyes. Today Prest-
O-Lite Batteries, for radio and
motor-cars, are sold by millions in |
all parts of the world, and there is |
always a Prest-O-Lite or radio B
dealer service station within a few
steps of your home.

Prest-O-Lite Radio Batteries were
especially designed for radio in the
world’s largest electro-chemical lab- =
oratories. In engineering, materials |
and workmanship nobody offers |
more than Prest-O-Lite. Prest-O- [
Lite Storage Batteries deliver their [
rated ampere-hour capacity at full [—
power, thus lengthening the time
between recharging and assuring |
you good, clear reception,

The name Prest-O-Lite hasalways
represented a product of highest
grade, and a manufacturer with
twenty years' successful manufac-
turing experience has a dollars-and- [
cents value to you. It is a guarantee """
that your money will be wisely [
expended.

Prest-O-Lite Batteries are attrac-
tively priced from $4.75 up. It is
no longer necessary to take a chance
on batteries of unknown make.

Tue Prest-O-Lite Co., Inc. ¥
INDIANAPOLIS, IND.
New York San Francisco
In Canada: Prest-O-Lite Company of
Canada, Ltd., Toronto, Ontario

Send for Free Booklet i

“What cvery owner of a radw should know

about storage batteries™ is a little booklet which b | P,
every radio fan will find intevesting and heip- 111
ful. It is crammed full of hints that will bring

surprising radio results—and save you money.
It’s yours for the asking—without obligation.

Designed especially for radios

Prest-O-Lite

STORAGE BATTERIES FCOR
MOTOR-CARS AND RADIO

All apparatus advertised in this magazine has been lested and approved by POPULAR RADIO LABORATORY
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HE new S.L.F. Bradleydenser is the outcome

of long, carelul research in condenser design.
It provides straight-line-frequency tuning over
the entire circumference of a 360-degree dial. Sta-
tions are widely and evenly spaced over twice the
dial-spacing of ordinary condensers. This unigue
control is obtained by using a special cam on the
condenser shaft which provides the straight-line-
frequency tuning now demanded by all set build-
ers. The efficiency of the condenser is extremely
high, due to the unigue construction that practical-
ly eliminates insulating material in the condenser.

Use the Bradleystar, Bradleyleak, Bradley meter,
and Bradleyohm in your next set. For resistance
amplification, use the Bradleyunit Resistor.

Allen-Bradlev Devices —

A Compact Straight-Line-Frequency Condenser

NOTHER outstanding feature of the new

S. L. F. Bradleydenser is the compact design
which eliminates entirely the long eccentric rotor
plates,ordinarily used with straight-line-frequency
condensers. The Bradleydenser can be substituted
for any condenser in_a set without interfering
with other parts on the panel. The one-hole
mounting also simplifies installation. The S. L. F.
Bradleydenser is the latest Allen-Bradley con-
tribution to better radio. Be sure to bring your
set up-to-date by getting a set of S. L. F. Bradley-
densers from your nearest dealer.

Mail the Coupon .

Allen-Bradley Company,
276 Greenfield Avenue,
Milwau\kee. Wisconsin.

Please send us your latest literature
on the new S, L. F. Bradleydenser
and other items of the Allen-Bradley
tine.

Al apparatus advertised in this maguzine has been tested and approved by PorvLAR Raplo LABORATORY
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Beauty-Quality-Performance

RECORDING DIAL

T is but natural that the Record-
ing Dial, the finest dial of its
kind, should be the product of

the pioneer manufacturers of Vernier
controls.

Iovery step forward in radio has seen
a new dial, by MYDAR, designed
along new lines. And so with the
Recording 1ial you have, we be-
lieve, a tuning masterpiece delicately
responsive and deadly accurate.

On this new dial ample space has
been provided to jot down call
letters. Requires no drilling of the
panel to mount. Rotates a full 360
degrees either clockwise, or counter-
clockwise. The dial itself is beau-
tifully proportioned and made of
genuine Bakelite. Ratio 12 to 1.

MYDAR RADIO COMPANY
5 Campbell St, - NEWARK, N. ].

The World at your
finger tips with
ACCURATUNES

A. J. VERNIER

Used on Super-1letz gl regeuerative

. -
sets, the A J. offers a degree of tuning 2 3
eficiency that will he a revelation.

Muwde of Bakelite,  Geared 150 to 1.

ACCURATUNE

These alials insure clear and precise res

ceptinn of progranm<s, and with cven '

those <tations <o crowded on the low- h s] 5 0
cred wave lengths easily segreganed.

Grarwl 80 to 1,

PRESS OF WILLIAM GREEN, NEW YORK
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The Franklin Model

HE Freshman Masterpiece five tube radio receiver is known all over the

world as the “WONDER SET.” Its ease of operation, its distance
getting ability and mellow tone have spread happiness and education in
hundreds of thousands of homes in every part of the globe.

The Franklin Receiver, illustrated above, with built-in loud speaker of great
volume and superb tone, 1s encased in a heavy five-ply genuine mahogany
cabinet. The front cover opens in desk-like fashion; a most convenient and
attractive arrangement. A console cabinet to match, can be had if you
desire. This cabinet, with spacious compartments for all accessories, is
priced at only Forty Dollars.

Sold on Convenient Terms by authorized Fresh-
man Dealers, who also install and service them.

CHAS. FRESHMAN CO., Inc. fghyn Building, . New York



