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Today's Cinderella needs no fairy godmother. 
She calls up Prince Charming and together they 
waltz at her Radio Dance, while out of the air. 
arer her C R it Receiver, comes the rhythmic 
swing of Schubert melodies, Strauss waltzes, 
fascinalurg modern two-steps, played by the 
nations best orchestras. . . . . . . . 

-T -- Get the Best Program 
with a C W Receiver 

Tested with other broadcast receivers - on the same antenna - 
listening to the same stations, Model 11 -B, the Cutting & 
Washington Receiver illustrated above, proved to give greater 
volume from the desired station, with less interference from all 
other stations. 

Highly selective, a 3 -tube, double -circuit regenerative receiver, 
with remarkably long range and clear reception. Uses dry cell 
A- battery; 3 -UV 199 tubes; special sharp tuning C & W Circuit, 
shock absorbing tube mounts, automatic rheostat switches, shielded 
panel. Leader of the C & W Line, the set that will get your station 
if the station is to be had. Price complete, ready to operate, $160. 

Compare - then choose. Ask for a dem- 
onstration by the nearest C & W Dealer 

Dealers- Distributors: Write at once for details of the Cutting 
& Washington Selling Plan -a real opportunity in Radio. 

Cutting & Washington Radio Corporation -- 
Minneapolis .. .. .. Minnesota ' 

Cutting end Washington 

. 
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The Best in Radio Equipment 

ÇR A N D M A' S happy 
now! Her busy fingers 
and tired eyes enjoy 

their well- earned rest. She's 
busy without working. Time 
doesn't drag. Long hours are 
lightened by the world of 
entertainment and fun 
brought to her by radio. A 
new interest fills her life! 

C. BRANDES, Inc. NEW YORK 

diatched ?'®ne 
Radió Headsets 

t It: ndc.. Ine.. 1021 

Please refer to POPULAR RADIO when answering advertisements. 
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'T'HE GREBE CR -12 
11 Broadcast Receiver is 
a highly efficient Radio 
Instrument employing 

`1 both Regeneration and 
Tuned Radio Frequency 
Amplification with only 
two tuning adjustments. 
A Dial graduated in wave- 
lengths enables you to 
locate the program you 
desire instantly. 
Compartments are pro- 
vided for all necessarybat- 
tories in the attractively 
finished walnut 
cabinet. 
Requiring no cum- 
bersome storage 
battery nor un- 
sightly wires, this 
Instrument will 
grace your library 
or living room. 

} 

Write for "GREBE 
Radio in the Well.. 
appointed Home' 

RAB `- r \. H. GREBE & COMPANY, Inc. 
Richmond Hill, N.Y. 

Wnu.n Branch. 45t Eon 3W Sc, Los Anita., Cd. 
1.t\ 

Lac en.uluad<eArmeUppp --- _ 

U. S. Pat. No. 1,113.149 Type CR-12 1-----__ 
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PAGES WITH THE EDITOR 
ON the bulletin board of the advertising de- 

partment the Editor has just read a notice 
that is so completely in accord with his own 
policy of guarding the interests of our read- 
ers that he is printing it in full below. It not 
only furnishes impressive evidence of the 
truth of this magazine's oft -repeated assertion 
that "the editorial pages of POPULAR RADIO 
are not for sale," but goes even a step further; 
it proclaims that even the advertising pages of 
POPULAR RADIO are not for sale -unless the 
buyer meets the prescribed standards! 

s * * 

Here is the notice in full: 
"LAST week alone we refused orders for 

16 pages of non -radio advertising. Our adver- 
tising pages must remain as all -radio as the 
editorial pages. 

"We refuse, monthly, from 5 to 10 pages 
of out -rate -house advertising -and advertising 
from houses that tend to sell imperfect goods 
or that substitute inferior brands. 

"We extend no credit to the slow -pay ad- 
vertiser. This costs us, monthly, at least 5 
pages of advertising from fly -by -night con- 
cerns. 

* * * 

"I EXPECT to secure for POPULAR RADIO 
within another year, an average of at least 150 
pages of advertising a month and I expect to 
secure this volume by virtue of a courageous 
enforcement of three major policies; 

"1st- Unquestioned editorial integrity. No 
advertiser can buy any mention of 
his goods in our editorial columns. 

"2nd -A reasonable advertising rate, based 
on a circulation guarantee. 

"3rd -The protection of our advertisers as 
well as our readers against the un- 
fair competition of 

(a) Non -radio advertisers 
(b) Cut -rate houses 
(c) Fly -by- nights." 

* * * 

FROM Boston, the traditional if disputed 
center of culture in the United States, comes 
an official order from the director of the De- 
partment of Education for the renewal of the 
Department's subscription to POPULAR RADIO. 
The growing use of POPULAR RADIO in our 
schools and colleges furnishes gratifying evi- 
dence of the high standing that this magazine 
enjoys in scientific circles. 

* * * 
HERE is a rare chance for an experienced 

radio amateur with a soul for adventure -a 
chance that comes from a thoroughly responsible 
source, too, that is personally known to the 
Editor : 

Sometime in September, 1924, a small group 
of scientists, photographers and adventurers 
(including one radio operator who is yet to be 
selected) will set sail from New York in a 
150 -foot, two- masted schooner with auxiliary 
engines, for a four years' cruise to the West 
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Indies, South America, Africa, the Mediter- 
ranean, India, China, Japan and other points, 
east, west, north and south. 

* * * 

"DON'T you know of some good young radio 
amateur who would like to join us and operate 
our radio apparatus for us? Someone who 
would take the trip for just pocket -money of 
about $10 a week ?" the leader of the expedition 
asked the Editor. 

* * * 

THE Editor cannot undertake to answer the 
flood of inquiries that this call for volunteers 
will bring in. But he will see that all letters 
addressed "The Leader of the Expedition," care 
of POPULAR RADIO, will be delivered to the right 
person. 

* * * 

THE demand for some of the back numbers 
of POPULAR RADio,particularly for the January, 
1923, number that contains Mr. Cockaday's now 
famous article, "How to Build a Real DX 
Regenerative Receiver," and for the May, 1923, 
number that contains his even more popular 
article, "How to Build the New Four -circuit. 
Tuner," has been so widespread that these two 
issues went out of print within a few days. 
In order to accommodate our readers, however, 
we have had special re- prints made of these 
two articles; copies may be obtained for 22 
cents each upon application to our Subscrip- 
tion Manager. 

* s * 

"I HAVE been a reader of your wonderful 
magazine beginning with your first issue and 
I have followed its marvelous advance. I 
sincerely think that POPULAR RADIO is the best 
magazine for the radio fan." 

-A. C. CORNWALL 
* * * 

"CONGRATULATIONS on the chaste simplicity 
of your recent covers," writes Charles W. 
Goddard, the well -known dramatist -and per- 
haps the first dramatist to use radio in a play, 
as far back as 1906. "Whoever thought of 
such daring subjects- life -size productions of 
a piece of wire with a knot in it? Here are 
some suggestions for more covers equally. 
simple: 

"1. A small rubber band 
"2. A toothpick 

A baked bean 
"4. A match 

A pin" 

"3. 

"5: 

Well, at least our covers offer more variety 
than -constitute a departure from -the conven- 
tional pretty -girl covers! 

* * * 

THE silver covers that make POPULAR RADIO 
so distinctive in appearance (so far as the 
Editor knows, this magazine was the first to 
adopt a metal -tone cover as a standard) have 
proven so unusually successful that other peri- 

(Continued on page 6) 
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They differ in 
size but not 

in efficiency 
The photograph at the right illus- 
trates the special service trans- 
former installed at the Radio 
Central, Rocky Point, L. I., for 
talking across the ocean. 

The photograph in the lower left - 
hand corner illustrates The 
AmerTran, an audio frequency 
transformer designed for the re- 
ceiving sets of amateur and pro- 
fessional alike. 

-With all tubes- 

By Courtesy of Western Electric Co. 

300 k.v.s., 60 cycle, 3- phase, 22,000 volt, oil -cooled special 
service transformer. Radio Central, Rocky Point, L. 1. 

ME AN 
TRADE MARK REG.US. PAT.OFF. 

Price, 

$7.00 
Ask your Electrice 

Dealer, or. sent carriage 
charges collect. Wt. 1 lb 

-In all stages- 

Each is the result of a long and varied ex- 
perience in transformer design. Each rep- 
resents the highest degree of radio engineer- 
ing knowledge and craftmanship. 
In designing The AmerTran, the first consideration was 
tone quality; the second consideration, amplification. 
Its flat -top distortionless amplification curve assures 
faithful reproduction of speech and of music over the 
full musical scale. In one stage audibility is increased 
30 to 40 times in the flat part of the curve, depending 
on the tube constant -the amplification is approximately 
S times the tube constant. 

Type AF -6: turn ratio, 5:1 

Send for Circular No. 1005 

American Transformer Company 
Designers and builders of radio 
transformers for over 22 years 

175 Emmet Street .. Newark, N. J. 

Please refer to POPULAR RADIO whet answeria g advert events. 



PAGES WITH THE EDITOR 

(Continued from page 4) 

odicals are following in the trail. Gold, copper 
and bronze covers are now beginning to peek 
out on the newsstands -but POPULAR RADIO 
still stands alone with its "sterling" standard. 

* * * 

FROM Earl K. Nixon of Ironwood, Michi- 
gan, comes this commentary that pigeonholes 
POPULAR RADIO in a niche all of its very own, 
and which at the same time classifies it with 
the world's best : 

"As a subscriber and booster for POPULAR 
RADIO I wish to congratulate you and your 
management on the splendid development of 
your magazine as a disseminator of 'what a 
radio enthusiast wants to know! I consider 
your publication as occupying the same position 
in its particular province as do the New York 
Times, the Review of Reviews, the National 
Geographic and others of that caliber in theirs." 

* * * 

WHAT poet was it who sang of the "dreamy, 
heavy -lidded Southland "? Twice within the 
past week our Technical Editor has received 
long -distance telephone calls from eager and 
impatient radio fans down in Dixie who could 
not wait for letters to reach us; the latest call 
comes from B. F. Wilson of Thoebus, Virginia. 

* * * 

IP this practice spreads the Technical Editor 
will plumb have to do his work in seclusion! 

* * * 

No letters that come to the Editor from 
our readers give greater power to the editorial 
arm than those that endorse this magazine's 
policy of maintaining an absolute divorce be- 
tween the advertising pages and the editorial 
pages -a policy that has been insistently main- 
tained from the very beginning, and which will 
be maintained without fear or favor. The 
Editor believes that to guard the integrity of 
the editorial pages is a matter of fundamental 
importance. He believes such a policy is neces- 
sary if the readers are to be protected from 
endorsements and opinions that are paid for by 
commercial interests. More, he believes that 
such a policy is the only honest policy. 

* * * 

No advertiser or prospective advertiser has 
ever caused the Editor to either insert or omit 
from the reading pages of this magazine a 
single word of text or a single picture. Our 
principles and our opinions cannot be bought 
or sold. 

* * * 

"THE editorial pages of POPULAR RADIO are 
not for sale." 

* * * 

AND out of the mail bag the Editor again 
picks at random one of the scores of letters 
that reflects the effect of this policy upon 
our readers; it comes from Jack Gaerity of 
North Branch, Minnesota: 

"The reading of your personal remarks in 
your most excellent magazine makes me feel 
as though I knew you personally, as though 
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you were an old friend. I want to compliment 
you on the high standard of your editorial 
policy, and to say that I think your magazine 
the best radio publication in America." 

* * * 

TWENTY months ago POPULAR RADIO was a 
little pamphlet of 72 pages. The issue that you 
hold in your hand contains 228 pages -a growth 
of 315 percent! One of our subscribers, Harry 
E. Pratt, principal of the Albany (N. Y.) 
High School, who has been watching this 
unusual growth, something more than hints at 
the reason for it when he writes: 

"I have just been comparing your first issue 
with the November number. Some progress! 
The reason is obvious. POPULAR RADIO is 
justifying its name. Congratulations and good 
wishes I" 

"YpUR magazine makes - amateurs like myself 
feel that we are listening in on real stuff." 
writes R. L. Hilton of Waterville, Maine. 
And to prove that he is willing to back his 
convictions, he encloses a year's subscription. 

* * * 

So many readers of POPULAR RADIO have 
written in for extra copies of back issues that 
contain the famous "How to Build" articles 
that three issues of the magazine are now 
entirely 'out of print. In order to accommo- 
date our friends, however, two of the much - 
demanded articles have been reprinted in 
pamphlet form. And now these reprints are 
going out of print! 

* * * 

THERE seemed -to be only one logical solu- 
tion to this problem of supplying reprints of 
these articles -to publish them in book form. 
And that is what POPULAR RADIO is doing. 

* * * 

THE seven most remarkable and most effi- 
cient sets of their kind that have been de- 
scribed in the pages of this magazine- 
ranging from the improved crystal receiver 
up to the new and improved four -circuit 
tuner and the new regenerative super- hetero- 
dyne receiver -are being published in a book 
that is now in the hands of the printer, How 
to Build Your Radio Receiver, edited by the 
Editor and by the Technical Editor of this 
magazine. 

* * * 

THE book will be ready shortly after the 
publication of this issue of POPULAR RADIO, 
and for a limited period only a copy will be 
presented free with a year's subscription to 
this magazine at the $3.00 rate. 

Editor, POPULAR RADIO 

e- 
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'The hoolC4up Marte%) eliminates batten' trouble 
Some radio fans are still slaves to their batteries -lug them to service stations every time they need 
recharging -allow them to spoil many evenings' entertainment by running low. 
Other fans -and they're quickly coming to be the vast majority-have found new economy and con 
venience in the GOLD SEAL HOMCHARGER, the world's best as well as its most popular rectifier. 
With it any radio or auto battery can be charged at home overnight -for a nickel. Simple, depend- 
able, practically silent and absolutely safe. Beautifully finished in mahogany and gold. Approved 
by Underwriters. UNQUALIFIEDLY GUARANTEED. Over 150,000 now in use. 

WHY PAY MORE -OR GET LESS? 
Why buy a 2 or 3 ampere rectifier without CHARGER which does a better job in one 
ammeter requiring from 40 to 50 hours to third the time and at half the cost. Fitted with 
charge your battery and costing twice as much high grade ammeter (eliminating guesswork) 
to operate when,for the same price, you can secure charging cable and battery clips -no extras to 
the genuine 5- ampere GOLD SEAL HOM buy. For sale by all good dealers- s18.50. 

Insist on the GOLD SEAL 
ACCEPT NO SUBSTITUTE. No other CHARGER is just as 
good. Insist on seeing our registered trade mark, the GOLD 
SEAL, on name plate and carton before purchasing. 

RADIO FANS -ATTENTION! 
Ask your dealer for a free copy of the HOMCHARGER international list of broadcasting stations. 
Contains call letters, location, nameond wave length of nearly every broadcasting station in the world. FREE 

DEALERS -JOBBERS! 
Prepare for the big tiOMCHARGER year ahead by writing today for a copy of our elaborate merchandising plans. In it 
is illustrated many attractive sales helps that will enable you to get your share of this business. 

'4eAutomaticElectricalDevicesCo, 132 West Third St.,Cincinnati3O. 

c, Largest Manufacturers of Vibrating Rectifiers in the World 

Please refer lo POPULAR RADIO when answering advertisements. 
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Model X 
$285 Fully Equipped With 

Builtin Loud Speaker 
This radio receiving unit is a newly perfected 
development of the Kennedy Engineering neering 
Staff. It is unusual in that it combines es- 
treme simplicity of operation with the same 
scientific accuracy and selectivity that char- 
acterized the earlier Kennedy models. After 
an initial setting is made only one dial is re- 
quired for all tuning. And, when a dial set - 
lmg of a station is once determined, that 
station will always "come in" at its own set- 
ting regardless of where the receiver is used. 

It is stable in operation, reproduces music and 
voice with remarkable faithfulness and has 
established some unusual distance records. 
Responds to all broadcast wave-lengths- 
operates on any antennae. outside type pre- 
ferred. "Re- radiation" has been practically 
eliminated. 

Beautiful Radio Furniture = 
o o the New Kennedy Receiver, Model X 

As a graceful piece of furniture, the Ken- 
nedy Radio Receiver, Model X, makes a 
charming addition to any home. The 
cabinet is of mahogany, hand rubbed to 
a beautiful finish -with its delicate inlay 
of satinwood and ebony and the grill at 
the front, it is truly typical of the Sheraton 
design. A loud speaker of superior qual- 
ity is built into the cabinet -by this 
means faithful reproduction of music and 
voice is available to an entire family or 
assembly of guests. 

The control panel is symmetrically bal- 
anced and immediately indicates the re- 
markable case with which the receiver 
may be operated -the angle at which it is 
set is the result of much study to provide 
greater Comfort while tuning. 

The receiving unit in Model X' is every- 

where recognized as one of the most note- 
worthy achievements in radio develop- 
ment- particularly since it sets a new 
standard of operating simplicity in com- 
bination with the precision and selectivity 
that have always been a feature of Ken- 
nedy radio receivers. 

The price of Model X, completely equipped 
with all tubes, dry batteries, built -in loud 
speaker and individual Kennedy 3,000. 
ohm phones, with plug, is $285.00. Other 
models range from $125.00 to $825.00, 
completely equipped. 
Ask your dealer to show you the new Ken- 
nedy Radio, Model X, or write us direct 
for fully illustrated literature. 

THE COLIN B. KENNEDY COMPANY 
St. Lovia San Francisco 

A!! Kennedy receiving eeje are ,vgenceaI,ve. 
LA -eared solder Aemarong U. S. Para Ne. 1.117,19. 

KEN N EDY 

no 

Please refer to POPULAR RADIO when answering advertisements. 



He Interprets Radio Messages from Atoms 
By studying the. 'electromagnetic waves sent out from hot atoms 
in the form of rays of .light,'Profesiar Niels Bohr of the Uni- 
versity of Copenhagen, .has discovered, that the atoms of matter 
are really tiny Solar systems each .104 suns and planets of its 
own. These Marvelous new theories, will be described in an 

early number of POPULAR RADIO. 
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Underwood & Underwood 

Radio Enters Congress 
So complete were the arrangements for broadcasting President 
Coolidge's first message to the 68th Congress on December 10, 
1923, that practically the entire United States could have listened 
in and heard his voice. Notice the two microphones on the 

Speaker's desk and the three immediately in front of it. , 
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The Coming 
Kingdom of the Ether 

NUMBER 2 

Some day w; will watch events that transpire at a distance as easily as we watch 
motion pictures now. Some day we will use radio for reading thoughts, for heat- 
ing and lighting our homes, for curing our diseases, for furnishing motive power 
to our railroads and factories. Some of the wonders that are in store for us are 

told in this prophetic article by "the Edison of England " - 
PROF. A. M. LOW, A.C.G.I., D.Sc., M.I.A.E., F.R.G.S., F.C.S. 

THERE is not the slightest doubt that 
no invention since the Stone Age 

has developed with such amazing rapid- 
ity as radio. Already it has proved it- 
self to be one of the most powerful 
forces controlled by man, and it has vast 
possibilities -so vast that the scientists 
of the world cannot predict its ultimate 
evolution. The fact that at present radio 
is without any reasonable degree of 
secrecy, is one illustration of the imma- 
ture nature of the. science. 

The world's knowledge of radio 
science is literally in its infancy. 

It is obvious, therefore, to all thinking 
people, that as each hundred years of the 
world's history has seen a greater ad- 
vancement of civilization this progress 
cannot be expected to stop today, and in 
the near future we may expect rapid de- 
velopments of radio and other inventions 
for the benefit of mankind. Already the 
ordinary person enjoys far greater corn- 

forts than the royalty of olden days, and 
it is interesting to take a peep into the 
future and try to gather some idea of 
what life holds in store for us. 

For the benefit of those people who 
are inclined to scoff at logical scientific 
probabilities I would remind them they 
owe the clothes they wear, the food they 
eat, and the very bed they lie on to the 
much abused scientist. 

We have speeded up radio communi- 
cation to the extent of sending a message 
round the world. in one -seventh of a 
second. Having solved the problem of 
sending a message we now want to see 
the person with whom we are in com- 
munication, therefore "television " -or 
radio sight -may be expected to develop 
quicker than many other branches of 
radio science.* It should not be far in 
the future when we shall take radio sight 

*See "The New Radio Movies" in POPULAR RADIO 
for December, 1923. 
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for granted in the same way as broad- 
casting is taken for granted at present. 

More than seven years ago I obtained 
successful vision over half a dozen miles 
of ordinary telephone wire, and there is 
no reason why equal, or better, results 
should not be obtained by radio. 

The possibilities of radio sight are un- 
limited and many events in our everyday 
life will no longer be barred to us owing 
to the expense and difficulty of trans- 
porting ourselves from place to place. 
Half the necessity of travel will be gone 
and by this means all business will be 
speeded up, heads of commercial firms 
will see and speak to each other from 
their office desks and the busy man who 
breaks a limb, instead of neglecting his 
work while in bed will keep in touch with 
things with the aid of radio. Facility 
of communication is the backbone of 
civilization and often a preventive of 
war. 

All this will be a valuable educational 
asset, for when a lecture is held by a 
specialist at any college it will be pos- 
sible to "connect" a dozen other schools 
by radio, the pupils seeing and hearing 
by that means. This will bring the most 
expensive education within the reach of 
all. 

In wartime, television will have many 
rises, radio -controlled airplanes and tor- 
pedoes will he watched by this means and 
bombs will be released from the airplane 
at will. Laid mines will be watched and 
exploded by radio at any given moment. 
Army commanders will see their direc- 
tions being carried out. It will be diffi- 
cult to move troops and guns as every 
bush may conceal these radio "eyes." 

Another important use to which tele- 
vision will be put will he the detection 
of crime, for naturally all radio develop- 
ments will speed up police methods and 
the life of the criminal of the future will 
be precarious indeed.* ßy attaching 
radio microphones and television ma- 
chines in the known resorts of criminals 

`See "Running Down Lawbreakers by Radio" in 
PoPl6tR RADIO for )une, 1922, and "Radio Puts 
On Cum Shoes" in November, 1923. 

the police could literally keep their eyes 
on suspected characters. This would be 
particularly useful in cases of blackmail, 
for the very walls would have "ears" áitd 
"eyes." The apparatus would bè incon- 
spicuously placed as it would require no 
connection, by wire or otherwise, with 
the watching detectives ! 

Another exceptionally useful branch 
of radio science that will help us in many 
ways in the future is radio control.* It 
will no doubt play a big part in our lives. 
At the present time it is in an elementary 
stage, but experiments are being con- 
stantly conducted in many countries with 
good results and it is mainly a question 
of time before it is brought to a suffi- 
ciently advanced stage to make many of 
our dreams of today the exceedingly use- 
ful realities of tomorrow. 

Radio control will be used to control 
airplanes, torpedoes, submarines and 
tanks both in peace and wartime. And 
one valuable asset will be the fact that 
pilotless airplanes with smaller and 
lighter engines could rise to the upper 
air and attain terrific speeds where the 
wind resistance is less, although lack of 
air prevents a pilot flying at that height 
today without special. precautions. 

Mails could be sent by these small 
radio -controlled airplanes at a great 
speed to all parts of the world. This 
would be particularly useful over jungle 
and desert places where the present 
transport is difficult and slow. Fire 
alarms. public clocks and ticker machines 
will be controlled. Compass control will 
be given to, ships from underwater cables. 
Pilots flying at night and in fogs will be 
assisted by radio control. Eventually I 
believe that trains, street -cars, and many 
motor vehicles will be controlled. It is 
possible that underground wires may 
give both direction and power to all kinds 
of travel in the far future. 

One of the main points of radio con- 
trol is that all signals are sent by a secret 
combination of different wavelengths, on 

*See "1-fow Machines Are Controlled by Radio," 
in Povri..ti RADIO for August, 1922. 
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A RADIO -CONTROLLED 
AIRPLANE IN FLIGHT 

In recent experiments at Villesauvage, near 
Paris, an airplane that was unprovided with 
either pilot or passenger was made to take off 
from the ground, fly and land safely -all by 

' radio signals transmitted from a ground sta- 
tion. Its stability (which is automatic) was 
controlled by gyroscopes connected to auxiliary 
motors; when landing, the machine when about 
ten feet from the ground, righted itself and 
automatically shut off the motor. After touch- 
ing the ground the motor was again auto- 
matically started and the plane rode along the 

earth until the stop was made. 

THE AUTOMATIC PILOT 
The apparatus shown in the picture at the right 
is the Sperry "gyroscope pilot." Once set for 
a given course this pilot will keep the airplane 
balanced and on that course without further 

attention. 

l 

J 

Sne+rv (:rro.0Iw 



ffiggil! - 

114. POPULAR RADIO 

Dina Magnetic Separator Co. 
HELD UP BY RADIO WAVES 

This man is suspended by the attraction of 
this magnetic pulley for the nails in his shoes, 
an attraction which is transmitted, scientists 
believe, by a variety of electromagnetic waves 
originating in magnetised atoms. When we 
understand these magnetic waves more fully 
there will be, the scientists predict, not only a 
new knowledge of the inmost secrets of mat- 
ter but many new uses for magnetism. which 
means, really, a new importance for all kinds 
of ether waves and probably for radio as 

well. 

the principle of the ordinary letter -lock. 
Unless this exact combination of wave- 
lengths or sending speed in known and 
used there is little possibility of any other 
station gaining control of the subject. 

Another interesting radio development 
is the transmission of photographs by 
that means. This is not really a difficult 
matter at the present for photographs 
could be sent by wireless and reproduced 
equally well -or better -than the cabled 
pictures published by newspapers in re- 
cent years. 

While experimenting as far back as 
1911, I was successful in transmitting a 
partial photograph over a distance of 
four miles -and methods have much 
proved since then. I- believe .that photo; 
graphs of current, events from all parts 
of the world will be included in the radio - 
broadcast programs of the future, the 
news bulletin being supplemented by 
views of the events mentioned.* 

Radio photographs will be sent to the 
newspapers from every corner of the 
globe and reproduced as quickly as mes- 
sages are received now. This will be 
particularly unpleasant for criminals who 
will find their description and photo- 
graphs circulated with lightning speed. 

Little is heard of transmission of light 
by radio at present, but although it is 
in an elementary stage it will be of value 
to us in the future. We are so sufficiently 
advanced in experiments with this branch 
of science that I can place six bulbs on 
a table, without any connection whatever, 
and light them with an expenditure of 
about two horse -power, keeping them 
brightly burning for any length of time. 
The radio -control delay in lighting or ex- 
tinguishing the lamps is only three -fifths 
of a second. 

In the far future I think radio light 
will be broadcast generally. All shops, 
houses and factories will he lighted from 
this source, the light being tapped 
through a meter as required. It is a 
curious fact that if we could only slow 

-See "Seeing by Radio," in POPULAR RADIO for 
April, 1923. 
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From a photograph made by C. F. Jenkins for POPULAR RADIO 

THE RADIO- PROJECTED IMAGE OF A MOVING OBJECT -AS SEEN 
BY THE OBSERVER MILES AWAY 

The inventor, Mr. C. Francis Jenkins, held up this clamp before his radio trans- 
mitter; its image was sent and received through the ether as you see it here. This 
is a striking example of the use of television which Professor Low foresees will 

soon be as common as the telephone is now. 

down the speed of the radio waves suffi- 
ciently they would become visible and 
the whole atmosphere round a.broadcast- 
ing station would be lit up ! 

Radio writing, on which many experi- 
menters are now working, will assist 
further in the general speeding up of our 
lives and business by rendering travel 
almost unnecessary. The business man 
of the future will be enabled not only to 
see and speak to other firms, but to write 
to them from his chair. Documents can 
be signed at a distance. Checks can be 
signed by radio, the cashier watching by 

television. 
Drawings and plans of every sort can 

be sent by radio. Survey 'airplanes can 
instantly transmit their work to the earth. 
Radio writing will be put to many other 
uses. A final invention that we still lack 
is a machine that will type to radio dic- 
tation ! 

I believe that in the far future 
growing children will be given by radio 
a continual mild curative treatment to 
build them into first -class citizens. Radio 

heat will be sent out to districts where 
the weather conditions are destroying 
crops. The world will benefit in many 
strange ways by that wonderful force - 
radio ! 

Much interest has been aroused re- 
cently by reports in the European news- 
papers that the repeated failure of French 
airplanes while flying over German ter- 
ritory may be due to the action of secret 
rays discovered by the Germans, who are 
known to have been experimenting for 
some time with directional radio. 

Several theories have been advanced 
to account for the forced landings,- f 

the French airplanes. One is that by the 
concentration of a secret wireless ray, 
or combination of rays, the magnetos of 
the airplane may be affected. This theory 
is, in my opinion, negatived by the fact 
that magnetos in airplanes are protected 
by metal cowls. It would be almost im- 
possible for a ray to reach the magnets 
without damaging the metal covering 
also. In no case has this been reported. 

Another theory is that a new ray has 

© 
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Crouch, Lo..d 

HE PHOTOGRAPHED. THE NOISE IN -THE LONDON SUBWAYS 
Professor Á. M. Low is said to have " %produced-more useful .inventions than any 
other man in England. He is an-expert designer of automobile and airplane en- 
gines, has invented a 'system of radio control for battleships and has made photo- 
graphs by using the invisible infra -red rays. Recently he invented an apparatus 
for photographing the noise in the London:subway as a part of a successful effort 

to make the trains less noisy. 

been discovered which will nñelt' certain 
metals, it being pointed out that most of 
the forced landings of airplanes flying 
between Strasburg and Prague have oc- 
curred in the vicinity of the German air- 
drome at Furth. I am confident that at 
the present time it is impossible to trans- 
mit sufficient power through the air to 
bring down an airplane in flight at, say, 
two thousand feet. The claims advanced 
certainly seem far -fetched and are out of 
all proportion to the state of experiments 
at present. 

For some time now many scientists 
have been working along the lines of 
discovering a force which can be pro- 
jected through air at airplanes; the prob- 
lem is to discover the best means of 

sending in the form of oscillations a 
force which, on coming into contact with 
metal will generate heat. If this force 
could be concentrated and made suffi- 
ciently powerful the rigging of the air- 
plane could be melted and the -machine 
would be brought down. 

In order, to dispel any doubt as to the 
possibility of the transmission of in- 
duced radio power at the present time I 
might mention that by an expenditure of 
about three horse -power we can totally 
destroy a thin iron wire at a distance of 
about three feet without any connection 
between them. 

I am quite confident that in about 
fifty years time, with five thousand 
horse -power at our disposal, we should 
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WANTED Five Inventions 
IN the Institute of Patentees in London is kept a book in 
which members of the Institute and visitors are asked to 
set down notes of inventions that are believed to be needed 
by the world. It is called the "What's Wanted" book. 
In this book Prof. Low, the author of this article, has set 
down a list of what he believes to be needed inventions. 

Here are five of them that relate to radio : 

1. A method of utilizing atomic energy. 

2. A selective method of radio communication with 
really sharp tuning. 

3. An efficient method of varying radio- oscillation fre- 
quencies over an almost unlimited range. 

4. A loudspeaker that is controllable without distortion. 

5. Improved methods of electrical storage and power 
transmission. 

,s 

be able to send a sufficient force to bring 
down an airplane in flight if it is not pro- 
tected in some manner. 

Even at an earlier date it should be 
possible to momentarily divert the sev- 
eral thousand horse -power of a giant 
airplane's engine in order to destroy the 
vital parts of another airplane circling 
within fifty yards of the first one. As 
practically all air fighting takes place 
within that fifty yard radius this should 
be a powerful weapon. Elementary ex- 
periments have been successful and we 
may expect this branch of radio science 
to be of real use later. 

The difficulty at the present time is 

that we can only receive a minute frac- 
tion of the power sent out, even a short 
distance away, for the reason that this 
power is broadcast in every direction. 
This will be overcome in the future when 
radio is directional and it will become so, 

perhaps, by using induced currents of 
high frequency to break down the resist- 
ance of the air -gap or by the use of light 
or some other wave as a carrier. 

The mistaken impression exists that 
the use of radio heat as a destructive 
agent entails sending waves of heat 
through the air. This, of course, is ab- 
surd for it is impossible to generate 
enough heat to travel any distance. It 
would exhaust itself on the journey. The 
problem is to transfer the energy as elec- 
tric oscillations and make these generate 
heat when they actually strike the metal. 
It is with a view to solving this problem 
that experiments are now being con- 
ducted. 

I have frequently been asked if I 
thought there would be future wars. Cer- 
tainly I do think so. War is natural, for 
all nature fights. Although world war 
may become less frequent, I hope it will, 
for mankind to cease to fight would be 
as strange as if they lived for ever. I 
am in complete sympathy with the ob- 
jects of the League of Nations, but it 
will not be successful in preventing fur- 
ther warfare. 

The science of warfare will naturally 
advance considerably in the future and 
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Kadel and Herbert 

HOW A MODEL BATTLESHIP MAY BE BLOWN UP BY RADIO 
Infernal machines secreted in the magazine of a battleship can be blown up by 
radio waves from outside. When the directed beams of radio energy which Pro- 
fessor Low foresees have been perfected it may be possible to blow up any battle- 
ship magazine in this way. Will this mean the end of war -or radio- protected 

. battleships? 

radio and other developments will make 
it infinitely more terrible. 

A new weapon which I feel sure will 
be used in future warfare will be the 
projection of liquids heavily charged with 
electricity. A man standing in the path of 
tfre'stfèaii receibést á slióClr4liát dï'sàlilés' 
or kills. Another new weapon against 
airplanes may be a type of= eleetricálly+- 
controlled rocket operated on a wire: : 

Deadly germs and many forms of 
poison gas will play a big part. Vortex - 
clouds of hydrocyanic -acid vapor will 
probably be released in the path of an in- 

vading air squadron at a sufficient height 
to render them innocuous to those below 
but deadly to any one who crosses their 
path: 

The machine gun of the present will 
develop into- an electric.-impulse, gun. t 

filing elióugh bullets a second to render 
a miss unlikely. 

-Thefe;Willi be aìtnored'boats cápableóf 
diving under water and flying in the air. 
Airplanes flying with silent engines will 
need colored searchlights to'pick them out, 
for aerial camouflage will be a fine art. 

Machinery for rapid tunnelling will be 
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necessary - because with the introduc- 
tion of radio -sight night will afford no 
cover and there will be great activity 
underground. Future warfare will be so 
terrible that no country would be able to 
stand the strain for long. 

Many absurd claims have been ad- 
vanced by tricksters who profess to prac- 
tise mental telepathy. At the present 
time this is not a scientific possibility. 
However, there is a real need for this de- 
velopment of communication and neces- 
sities have ahabit of becoming realities. 

Most sciences are begun by tricksters. 
Justus the alchemist has developed into 
the' chemist; so mental telepathy, com- 
mencing as trickery, may develop into a 
scientific fact. We know that thought is 
an electrical process. The energy ex- 
pended in thought must go somewhere, 
therefore, it might be utilized eventually 
to transmit the thought to another 
mind. 

One might argue logically that speech 
of all kinds is a rough- and -ready physical 

method of communication and that in the 
future we shall be able to converse with 
each other by some form of :suggestion. 
This would enable us to do without the 
actual physical meeting of two people who 
wish to discuss an idea. After all, if I 
wish to convey a thought to anyone it 
seems very crude that before I can con- 
vey the idea that is in my mind I have 
to wiggle my mouth and puff irregular 
gusts of wind through my lips in order 
to produce sound! 

I think that, in all probability, the 
future will find mental telepathy exist- 
ing in some form or other. 

After reviewing the amazing progress 
made by our civilization in recent years 
it is obvious that the future holds many 
strange and wonderful things in store for 
us -and who would now dare to say that 
such a thing as an "impossibility" exists! 
The study of oscillation may be the key 
to discoveries far more wonderful than 
radio. The unexplored spectrum has yet 
to hint to us the meaning of life itself. 

Raritan Copper Works. photographed especially. for POPULAR RADIO 

THIS IS WHAT IS USED IN "RADIO EYES" 
Most of the devices for "seeing by radio" depend on this chemical element called 
selenium, which changes its electrical conductivity whenever light falls on it. The 
three known varieties of selenium are here shown; the glassy variety is at the 

left, the powder variety in the center, and the metallic variety at the right. 
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Gregg laboratories 

A GROUP OF FREQUENCY- AUDIBILITY CURVES FOR AMPLIFYING 
TRANSFORMERS 

FIGURE 1: The four top curves in heavy black lines show the audibility record of 
one transformer used in connection with four different types of vacuum tubes. 
Notice that the amplification is constant over a wide range of audio frequencies. 
This is a good transformer; it does not distort but it amplifies with equality all 
the frequencies within the range shown. The lower dotted curve shows the sudi- 
bility of a poor transformer. Notice how the amplification falls. off at the_higher- 

frequencies. This transformer would produce distortion. 

HOW TO USE THE 

Dry -cell Tubes as Amplifiers 
Many fans have tried to make the small dry -cell tubes work as audio - 
frequency amplifiers; usually they get poor results. This problem comes 
up often when the builder of a radio receiving set has not the facilities 
for charging storage batteries and must, therefore, resort to the smaller 

tubes. This article tells specifically how to do it. 

By FRANK A. HINNERS, I.R.E. 

MANY laymen who are thinking 
about joining the ranks of broad- 

cast listeners, and even large numbers 
of broadcast listeners of experience, find 
it difficult to decide when to use, and 
when not to use the dry -cell tubes. 

When portability is required above all 
else, the dry -cell tubes obviously recom- 
mend themselves. Even when porta- 
bility is not a factor but the considera- 
tion of small first cost and low upkeep 
is important, the dry -cell tubes have 
much to recommend them. The cost 
of a storage battery and the charging 

appliance represents a considerable sum, 
which is, of course, unnecessary with 
dry -cell tubes. 

The dry -cell tube used for some 
purposes performs quite as well as the 
larger storage- battery tubes, yet for 
other purposes it cannot equal the large 
tube. 

To mention some examples, the dry - 
cell tube fitted with the proper grid 
leak when used as the detector in re- 
generative receivers, produces results 
closely approaching the larger tube, if 
not in signal volume. certainly from the 

120 
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DX standpoint. Used with the proper 
grid leak in non- regenerative receivers 
in which radio -frequency amplification 
is not incorporated, results equalling but 
not excelling the crystal detector are 
the rule. I refer to the WD -12 tube 
operated from a singe dry cell. Oper- 
ated in this type of receiver, without 
proper grid leak, results are inferior to 
a crystal detector. As we are consid- 
ering the amplifying properties of the 
dry-cell tube here, its detector action 
cannot be described at length; sufficient 
to say that the dry -cell tubes, which are 
of the hard, highly exhausted type, are 
not especially sensitive detectors. 

In choosing between the two general 
types of tubes now in use, storage and 
dry -cell operated, the public finds itself 
confused by much conflicting informa- 
tion. Many, attracted by the lower first 
cost of the dry-cell tubes, buy them 
with expectations of a performance 
equal to the larger tubes. Frequently, 
disappointment is a result, because the 
listener expects too much from this 
type of tube -due to no fault of the 
tube. Were the information regarding 
the dry -cell tube available in quantita- 
tive form, instead of the prevalent terms 
such as "good," "fair" and "poor," the 
truly remarkable merit of this form of 
tube would become known and needless 
disappointments, therefore, avoided. 

In order to supply this quantitative 
information, a series of observations 
were conducted in the laboratory under 
conditions practically duplicating actual 
service. 

An audio -frequency amplifying trans- 
former of exceptionally good electrical 
design, with a four -to -one turn ratio, 
was used. The results obtained apply 
strictly to this particular make of audio - 
frequency transformer and therefore 
would not be found correct for all 
makes of such transformer. In general, 
however, the differences between the 
amplification obtained from the various 
tubes hold approximately true for 
other transformers of similar design 
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and of the same general characteristics. 
In Figure 1 a family of curves is 

shown. The vertical axis shows the 
audibility or current amplification. The 
horizontal axis shows the audio fre- 
quencies of the alternating- current volt- 
ages applied to the vacuum tubes and 
the audio - frequency amplifying trans- 
former. In the test, the amplification 
and the frequency of the A. C. voltage 
applied to the grids of the amplifier 
were noted. The amplification, together 
with the particular frequency of the 
input current were plotted as the obser- 
vation was made. A curve drawn 
through the points plotted indicates how 
the amount of amplification obtained is 
influenced by the varying frequencies 
applied to the grids of the various 
vacuum tubes indicated in combination 
with the audio -frequency amplifying 
transformer. The frequencies used in 
the experiments correspond to the basic 
range of frequencies produced in music 
and human speech. 

At points where curvature appears 
the change in amplification noted is the 
direct result of the particular fre- 
quencies applied to the grids of the 
vacuum tubes. At these frequencies, 
tones emitted from loudspeakers and 
headphones operated by the transformer 
and vacuum tubes cannot correspond, in 
point of volume, to the original tone 
acting upon the microphone in a broad- 
casting station. This effect is known as 
"distortion," and appears wherever the 
output does not reproduce the input with 
fidelity. 

To illustrate to what an extent an 
audio -frequency transformer of poor de- 
sign may be held accountable for distor- 
tion, the characteristic curve of another 
transformer has been added, which ap- 
pears as curve "D." Obviously a trans- 
former that produces such an erratic 
characteristic ' would be unsuited to 
broadcast reception. Yet, a considerable 
number of such transformers are being 
offered to the public and enjoy a wide 
sale. 

zi 
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From a photograph made for ForuLwa RADIO 

HOW THE TESTS WERE 'MADE 
The author is here shown taking the measurements from which the data for the 
curves and tables in this article were made up. The curves were made by compar- 
ing a signal both before and after it has passed through the amplifier. The ratio 
of the two signals (or rather the ratio of the resistances used in. balancing the 

two signals) is the amplification constant. 

The ideal: transformer would produce 
a straight line parallel to the frequency 
scale. Although the transformer usëd 
in these tests has a sloping character- 
istic below 600 cycles a second, at higher 
frequencies it produces practically uni- 
form amplification., For this reason it 
is well suited to these measurements, as 
we are in quest of information on 
vacuum -tube performance. 

In these measurements the amplifica- 
tion is expressed as "times audibility" 
and .represents the number of times the 
telephone current has been multiplied in 
passing through the particular vacuum - 
tube and transformer -combination Used. 

In all curves' shown in Figure .1, the 
voltage applied to the plates of the 

various vacuum tubes used was 67.5, a 
voltage most frequently specified by 
transformer manufacturers. The 'grids 
of all tubes tested were connected to 
the negative -filament terminal. This 
connection is standard with most ampli- 
fier and receiving -set manufacturers. 

In the table on page 123 the results 
obtained from the curves in Figure I 
have been entered, together with some 
further information obtained by calcu- 
lation. The theoretical energy amplifi- 
cation obtained with UV -201 -a tubes 
has been made the standard of com- 
parison, its value !being expressed as 
100 percent. 

The sound volume delivered by head - 
phones and loudspeakers is governed 
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by the electric energy supplied to them. 
The current increase due to amplifica- 
tion, in itself is not a direct indication 
of the comparative sound output that 
either the headphone or the loudspeaker 
may be expected to produce. To - de- 
termine the comparative sound volumes 
that may be produced by headphones or 
loudspeakers operated by various tube 
combinations, it is necessary to express 
the measured current or audibility in- 
crease as energy amplification, inasmuch 
as such devices are energy- operated. 

The energy amplification may be as- 
sumed to vary as the square of the 
current amplification because the im- 
pedance of the_ load circuit was main- 
tained constant as well as larger than 
the internal plate impedance of the 
vacuum tube. This assumption is quite 
correct, as the relative amplification 
values noted in the above table are 
taken along the flat portion of the char- 
acteristic and thus free . from the in- 
fluence of frequency changes. 

The energy amplification computed in 
this manner is noted in column '3. 

Column 4 shows the percentage out- 
put produced by the various tubes speci- 
fied in terms of 201 -á output. Column 
five shows the percent difference in 
output of such tubes in terms of the 
201 -a output. 

From the observations noted in col- 
umns 3, 4 and 5, it will be seen that 
the WD -12 tube used as a single -stage 
audio - frequency amplifier delivers an 
energy output, equivalent, in round 
numbers, to 60 percent of the 201 -a 
tube output, representing a 40 percent 
sacrifice in result. In the case of the 
199, these figures become 73 and 27 
respectively, 'representing a smaller sac- 

rifice in result, namely, 27 percent. 
Instead of using the percentages of 

column 4, let us refer to the energy 
amplifications listed in column 3. 

Suppose we consider the electric 
energy fed to the amplifier by the de- 
tector as the energy unit. One stage 
of audio -frequency amplification would 
produce a sound volume 625 times 
larger than this unit with the 201 -a . 

tube; 550 times with the tube 201 ;* 
460 times with tube 199 and 380 times 
with tube WD -12. These values differ 
considerably numerically on paper, yet 
the differences seem less impressive to 
the ears of the listener. 

Two stages of audio -frequency ampli- 
fication are more widely used by the 
listener and for this reason an appraisal 
of the dry -cell tube's performance in 
this field will perhaps prove of even 
greater interest. To carry these obser- 
vations this further step forward, calcu- 
lations are again necessary: - .1 

Amplifiers arranged - in cascade am- 
plify in geometric progression if the 
voltage applied to each of the grids 
falls within the straight portion of their 
grid -plate characteristic ; that is, voltages 
whose values are below the bend in this 
characteristic. When so operated, the 
result produced by two stages of ampli- 
fication "A" becomes the product 
"A x A." This relation applies to the 
amplification whether expressed as cur- 
rent or energy amplification. In either 
case the amplification for two stages is 
the product of the amplification of the 

*The improvements in storage- battery- operated tubes 
are also clearly indicated. It is to be observed that 
tube 201 -a produced a trifle less than 14 percent 
more energy amplification than the older 201 tube. 
This by itself is a considerable improvement but. 
when accomplished with one -fourth of the filament 
current formerly needed, represents a decided ad. 
vanee in the art of vacuum -tube manufacture. 

2 3 4 
ONE STAGE 

Tube 
Current Energy 
Ampli. Ampli. % Output 

201 -a 25 625 100 
201 23.5 550 88 
199 21.5 460 73 
WD -12 19.5 380 61 

FIGURE II 
5 6 7 8 

TWO STAGES 
9 

% Diff. 
Current 
Ampli. 

Energy 
Ampli. % Output % Diff. 

0 625 390,000 100 0 
12 550 300,000 77 23 
27 460 210,000 54 46 
39 380 144,000 37 63 
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From a photograph made for POPULAR Remo 

ADJUSTING THE VACUUM -TUBE OSCILLATOR WHICH IS USED 
TO PRODUCE THE STANDARD SIGNAL FOR THE TEST 

It is quite important that the signal follow a sine -wave curve and that its frequency 
be variable over-the audible limits. 

individual stages, however expressed, 
and if each stage produces the same 
amplification "A" the result of two 
stages is "A2." In the case of three 
stages of audio -frequency amplification, 
were there no very serious practical 
limitations, the over -all amplification pro- 
duced would correspond to the third 
power of the amplification of the individ- 
ual stage, equal amplification, of course, 
being obtained from each of the stages. 

This geometric relation which gov- 
erns the operation of the cascade ampli- 
fier is of the greatest significance, and 
yet it is little known to the radio 
listener. 

Vacuum tubes are rated in terms of 
their individual performance, but their 

operation in the cascade arrangement 
leads to results of a different order. 
Differences noted in their individual 
performance, which may be quite small, 
assume astonishing proportions in the 
cascade arrangement. 

It may be of some interest to note 
how the action of the cascade arrange- 
ment would differ if it obeyed arith- 
metical instead of geometrical law. 
The case, it should be remembered, is 
purely hypothetical and except for pur- 
poses of illustration, it has no value 
whatever. Were the-amplification arith- 
metical, two such stages of amplification 
would equal the sum of the individual 
amplification of the two stages. The 
values of columns 6 and 7 would he 
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only twice as large as the values of 
columns 2 and 3. A far greater num- 
ber of tubes would be required to pro- 
duce the amplification values noted in 
columns 6 and 7. The percentages noted 
in columns 8 and 9 would not, however, 
differ from those of columns 4 and 5. 

Take the 199 tube as an example: 
This tube was 73 percent as effective as 
the 201 -a tube. It produced 165 less 
energy units than the 201 -a tube. Two 
such stages of amplification obeying 
arithmetical law would lack another 165 
energy units, reaching a total of 330 
units. This would, however, still be 
equal to 73 percent of the amplification 
produced by two 201 -a tubes. 

Actually, however, because the over- 
all amplification is the product and not 
the sum of the individual amplification 
of each tube, the resultant amplification 
becomes .73 x .73, or 54 percent. 

Referring to Table 2, we find two 
stages of 199 and WD -12 are, respec- 
tively, 54 percent and 37 percent as 
effective as two stages of 201 -a ampli- 
fication. The comparative loss or sacri- 
fice in volume for two stages of 199 
and WD -12 becomes 46 percent and 63 
percent, respectively. Differences in per- 
formance of this order, which are enor- 
mous indeed, account in large measure 
for whatever disappointments listeners 
experience in their use of the dry -cell 
tubes. 

These differences may be more strik- 
ingly illustrated by referring to column 
7 of Table 2. Here the over -all, calcu- 
lated energy amplification has been 
entered. Also in this case consider the 
energy fed to the first amplifier tube 
as the unit. We find that if two 201 
tubes replace 201 -a tubes of like num- 
ber, the energy is increased 300,000 

fold. For two 199 tubes, 210,000 fold, 
and WD -12 tubes, 144,000 fold. 

Now with two 201 -a tubes an ampli- 
fication of 390,000 fold was noted. If 
we consider the loss of energy units, 
it is to be noted 90,000 units less are 
obtained with 201 tubes;* 180,000 less 
with 199 tubes, and 246,000 less with 
WD -12 tubes. 

From the data obtained it must be 
apparent that when cost is weighed 
against results, the use of the dry -cell 
tube as a single- stage, audio- frequency 
amplifier is wise economy. 

However, weighing cost against re- 
sults, the dry -cell tubes used in the 
amplifier of two stages do not, in 
the opinion of many, represent real 
economy. Considering the investment 
represented by the receiving set, two - 
stage amplifier, vacuum . tubes, loud - 
speaker and sundry accessories, the 
added storage -battery and charger cost 
is not prohibitive, particularly as each 
of these units is so much less effective 
when dry -cell tubes are used. 

It should be noted, however, that the 
two -stage amplifier that uses dry -cell 
tubes produces an amplification many 
times greater than the amplification of 
the single -stage amplifier using the 
larger tubes. When it is considered 
that the two -stage amplifier fitted with 
dry -cell tubes costs less than a single - 
stage amplifier that uses the larger 
tube provided with its complement of 
storage battery and charger, the former 
has much in its favor. Do not, how- 
ever, look for performance approaching 
the two -stage amplifier fitted with stor- 
age battery tubes. 

'Here it 'is to be observed that the two -stage 
audio -frequency amplifier using 201 -a tubes produces 
30 percent more energy amplification than the older 
201 tubes. 

How to Build an Amateur Transmitter 
Iii the coming issue of POPULAR RADIO -for March- Laurence M. 

.tJl'!11 Cockaday will describe how to build a CW transmitter at a total cost for 
parts of not more than $70.00. 



From a photograph made for POPULAR RADIO 

THE AUTHOR DEMONSTRATES HOW HE FOLLOWS THE 
HOOK -UP DIAGRAMS 

Although he was boin sightless, Mr. $ughbanks has made a record of accomplish- 
ment as a lecturer, scientist and as a member of the Kansas Legislature of which 
any,iiwn ,nay be. proud. And among these accomplishments is his remarkable ability 

to'biald his own radio apparatus from published instructions. 

How I Learned to Build My Radio 
Sets Without My Eyes 

It is my purpose in this brief article to give to the readers of POPULAK 
RADIO, some idea of the methods I have employed as a sightless man, to 
gain a working knowledge of the art of radio, and how I learned step 
by step to overcome the difficulties which confronted me in the con- 

struction of my apparatus. 

By LEROY HUGHBANKS 

FROM my earliest boyhood 1 have 
been interested in the study of the 

natural sciences, especially physics, 
chemistry and astronomy. I was very 
fortunate at this period to have a teacher 
of serious scientific attainments; he was 
an inspiration to me: Every hour which 
was not demanded for my regular les- 
sons I devoted to the study of the 
sciences, not only in the grades but in 
the high school and college. 

The subject of radio communication 
was just being talked about by a few 

intelligent people about the time when 
I began my early scientific studies. 
There was so little published on the 
subject, however, that I knew of it only 
as a minor branch of electrical science. 

My first step in the study of this vast 
subject was to learn the terms used in 
the subject and gain some knowledge 
of the theory and practice of radio 
transmission and reception. This, of 
course. took considerable reading, and 
as there are no hooks on the subject in 
the embossed systems of printing used 
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by the blind, I had to have all this 
matter read to me. Fortunately I have 
a sister who has acted as my secretary 
for years. It was but natural that my 
interests should be kindled further when 
the great radio wave swept the country 
during the fall and winter of 1921 and 
1922. 

I decided that I wanted to learn to 
construct my own apparatus -at least to 
learn to assemble parts. This brought 
about new problems. Chief among them 
was to find some works on radio that 
would give explanations in full without 
resorting to diagrams. This I found 
was impossible. 

My first step, then, was to solve the 
diagram problem. This is how I did 
it. 

I sought out a bright young radio 

experimenter in my town and had him 
draw me a diagram on a thick sheet of 
paper -a diagram that could be felt 
with the fingers. The first diagram 
that my young helper made was that 
of a simple crystal receiver, but I 
could read it with my fingers. This 
lad had a crystal set of his own, and I 
examined it thoroughly and in detail, 
learning the place and function of every 
connection. I had my helper make 
a crystal receiver for me, and I took it 
home and studied the construction of 
it, also I learned by reading and experi- 
menting, why this set would receive, 
why a crystal would rectify and not 
amplify, and many other essentials. 

As the next step I went to our broad- 
casting station here in Anthony and 
learned something about transmission. 

Kadel & Herbert 
WHERE BLIND BOYS ARE TAUGHT TO BUILD 

THEIR OWN RADIO SETS 
For a person with eyes to complain of the difficulty of assemblying his own receiver 
seems almost like an admission of stupidity; students at the New York Institution 
for the Education of the Blind construct single- ciresrit regenerative receivers as part 

of their regular traifsing. 
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Keystone Vkw Lo. 

MERELY TO OPERATE A SET IS SIMPLE -EVEN FOR A BLIND MAN 
Radio is opening up a new and larger world to the sightless. The fan pictured 
above is a former New York police officer who lost his eyes in line of duty; he is 

one of thousands of blind men to whom radio cones as a godsend. 

In the meantime I kept on reading .and 
did not hurry to start the assembling of 
a tube receiver; neither did I allow my 
family to purchase a good tube outfit 
which they offered to do. I wanted 
to consruct it myself and to know the 
whys and wherefores of it. 

A complete solution . to the diagram 
problem had not yet been found. 
Radio was a new subject to us all and 
the literature on the subject with the 
conflicting opinions of hundreds came 
pouring in every week. I really had 
á problem not only for myself but 
for all blind folks, and I wanted to 
solve it. I think I have done so. Once 
before I had had a similar one and that 
was in the study of Greek in college; 
the point for me to solve at that time 
was how English symbols were to be 
used to impart Greek meanings. Simi- 
larly, my problem in radio diagram was 
how to change a drawing. composed of 
lines and symbols, to a word picture 

that would he intelligible to a blind 
man who could not refer to such a 
picture. 

My young helper and I got together 
and turned the trick so successfully that 
even the most intricate diagrams now 
come within my understanding. 

To be brief, the method is this: 
The person who gives this diagram 

to me must know the main features of 
a radio circuit and understand what 
the symbols stand for. He merely 
translates these symbols into words. 
For example, take the symbol for an- 
tenna on the diagram ; when my helper 
sus "from the antenna binding post to 
connection No. 1 of the primary of the 
variocoupler," I would simply write. 
"From A. B P. to con. No. I of 
V C." 

At first I spelled the words out com- 
pletely, but as I became familiar with 
radio terms I find this unnecessary 
and useless. I try to teach every one 
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who gives diagrams to me to be orderly 
and not confuse the various portions of 
the circuit. 

Take, for example, a single -tuned 
circuit, the antenna circuit, speaking in 
ternis understood by all, is a separate 
part of the wiring diagram and it can 
be given in order, step by step, from 
the antenna binding post to the grid of 
the detector tube. 

I do not feel that the blind have yet 
recognized what radio can and will 
mean to them. Many of our blind 
young men in our schools are taught 
mechanical trades - broom making, 
manual training and piano tuning, for 
instance. These men should be able, 
with a little help, to assemble their own 
radio receivers. 

Many people ask me just how I do 
these things. I have but one answer: 
I master my circuit to the utmost and 
use apparatus that is easily handled and 

trustworthy. I keep in mind, for in- 
stance, that a positive "B" battery con- 
nection should never conic near the 
"A" battery connections ; the blowing 
out of expensive tubes is unnecessary. 
I find it advisable to use a tube socket 
with raised symbols; in this way it 
is a very simple matter to tell the 
positive, negative, grid and prate ter- 
minals from each other. I try out new 
circuits, use all manner of tubes in the 
sanie set, and change battery connections 
to accommodáté the various .types of 
tubes, and I do this alone. Up to this 
writing I -have never blown a tube on 
an apparatus which I have constructed. 

Some people have asked nie if all of 
my sets work. They all do. 

Radio has been a godsend to the 
blind, and particularly to those of us 
who,. after leaving college or going into 
business, are called back to rural com- 
munities. 

CANNED RADIO WHEN YOU WANT IT 
This ingenious outfit, constructed by Mr. C. H. Hewitt, allows good programs to 
be saved when they come in and played over as many times as4desired. A is a sensitive receiver that employs both radio and audio -frequency amplification.; B 
the wax -disk record on which the programs are recorded, acid C is a combination 

sound reproducer and recording phonograph. 



PRACTICAL POINTERS FOR ELIMINATING 
INTERFERENCE IN 

Long Distance Reception 
An American amateur in Bermuda recently solved the problem of con- 
sistent DX reception even through the local interference from a powerful 
government spark station; he did it by means of tuned radio -frequency 
amplification and a directional wavetrap. Information concerning the cir- 
cuits used, the wavetrap and the antenna equipment is here given in detail 
by the man who put up the receiving apparatus which was especially de- 
signed for reception of broadcast programs from stations scattered 

throughout the United States. 

By ZEH BOUCK 

THE permanent popularity of radio 
broadcasting is well evidenced in 

the American's insistence on this form 
of entertainment wherever he may roam. 
In recognition of this demand, Ber- 
muda, 70 percent of the population of 
which is composed of American tour- 
ists, has taken up broadcast reception 
on a practical scale and the more 
progressive hotels there have installed 
receivers for the benefit of their guests. 
The writer personally supervised the in- 

stallation of one of the first, and per- 
haps the most efficient installation on 
the islands. 

Due to the distance from the States 
(some 700 miles) and the necessity of 
having a loudspeaker reception and other 
exacting requirements, there were 
numerous problems to be overcome be- 
fore the set could be operated satisfac- 
torily. The manner in which these diffi- 
culties were solved is of interest to 
broadcast enthusiasts, who desire to 
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achieve the sane excellent results with 
their own apparatus. 

As the apparatus was installed pri- 
marily for the entertainment of visitors, 
it must first of all be capable of "deliver- 
ing the goods" consistently. Signals 
were required of sufficient intensity to 
comfortably fill a good -sized music 
room. 

The set must not be a Flewelling or 
conventional single- circuit tuner, or any 
other type of apparatus which radiates 
comparatively powerful continuous waves 
when the circuit is oscillating! (The 
British government is as emphatic on 
this point as our own government is 
lax.) 

The apparatus must be of a design 
easily operated by one unfamiliar with 
the eccentricities of the more compli- 
cated radio circuits. 

The installation must be capable of 
materially reducing the interference 
from the government station. BZB, op- 
erating a spark set on 450 and 600 me- 
ters less than two miles away! 

During periods of heavy static, means 
must be provided for earphone recep- 
tion of the news and stock reports which 
are daily posted on the radio bulletin 
board in the lobby of the Belmont 
Hotel. 

The majority of these requirements 
rest greatly on the selection of appa- 
ratus, and were met in part, by decid- 
ing on a variocoupler two -variometer re- 
generative set of reliable manufacture. 
A set of this type combines remarkable 
selectivity, reducing the interference 
problem, with high efficiency and ease of 
operation: Using a good antenna and 
ground, with a single step of power 
amplification (in all, three stages of 
audio -frequency amplification) such a 
set gave powerful signals on a loud- 
speaker up to a distance of 500 miles 
over land, and at least double that dis- 
tance over water. This installation, in- 
cluding a radio -frequency amplifier 
which ordinarily was not used, is shown 
in Figure 1. 

The antenna system was of triple 
importance ; several antennas were ex- 
perimented with before results justi- 
fied the expense of a permanent in- 
stallation. A good antenna for ordinary 
reception was the least of our difficul- 
ties. The hotel is located on an ele- 
vation overlooking the picturesque Ham- 
ilton harbor, and a single wire strung 
from the tower of the hotel to a neigh- 
boring tree would furnish an antenna 
far superior to the average. However, 
taking directional possibilities into con- 
sideration (an important effect that is 
almost entirely ignored by the ma- 
jority of enthusiasts) an antenna, 175 
feet long, ivas swung from the hotel 
proper to the Casuarinas annex, running 
north and south, with a 50 foot lead -in 
taken from the northern end. While this 
did not give quite so efficient reception 
from the States as would an east to 
west, or southeast to northwest an- 
tenna (lead -in taken respectively from 
the west or northwest end), it fur- 
nished the greatest possible discrim- 
ination. against the interfering signals 
from BZB two miles to the south. It 
was a compromise justified by. results. 

4 smaller antenna, running east to 
west (lead -in taken from the west) was 
swung on insu'ators under the roof of 
the southern veranda. It was practi- 
cally an indoor antenna. 25 feet above 
ground, having a total length, including 
lead -in, 75 feet long, and it was used . 

with the radio -frequency amplifier. Due to 
the fact that the radio -frequency set, of 
the tuned -plate type, is an excellent fac- 
tor in the elimination of interference, it 
was thought best, in this case, to avail 
ourselves to the greatest possible advan- 
tage from the directional possibilities of 
the smaller antenna. The loop shown in 
the illustration also played an important 
part in our receiving achievements. 

The radio- frequency amplifier, as ' be- 
fore mentioned, was not essential to 
loudspeaker reception under good con- 
ditions. At no time did it greatly in- 
crease -the signal strength of stations' 
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From a photograph made for POPULAR RADIO 

THE COMPLETE RECEIVING INSTALLATION 
FIGURE 1: This set includes the tuned radio -frequency amplifier (on the table at 
the left), the twin- variometer, variocoupler tuner (center), the tiifo=stage, audio - 
frequency amplifier (in the cabinet underneath the loudspeaker) and the single 
stage of power amplification (at the right). The edge of the directional loop -trap 

is shown in the upper right -hand corner of the photograph. 

on the Atlantic seaboard, and so, as it 
complicated tuning, it was eliminated 
except for the reception of stations 
over 1,000 miles distant (in which case 
this form of amplification was a great 
help), and on nights when 600 -meter 
interference or static was particularly 
bothersome. In the first case, the radio - 
frequency amplifier was used in con- 
junction with one of the regular anten- 
nas, with the result that the QRM from 
the naval spark station was scarcely 
audible. In the case of heavy static, the 
loop antenna was brought into action, 
which, totally eliminating the "strays," 
enabled the operator to copy press and 
stock reports. Also, several of the 
nearer stations (6 to 700 miles) could be 
brought in with fair audibility on the 
loudspeaker. It was on loop reception 
that the radio- frequency amplifier proved 
its merit. 

RADIO FREQUENCY 

A radio- frequency amplifier of the 
tuned -plate type is not difficult to build, 
and, as a single stage is equal to two 
steps of the transformer- coupled de- 
sign, it is economical in both construc- 
tion and operation. The circuit is 
shown in Figure 2, which also indicates 
the preferred layout of the instruments 
in which various inductive and capaci -. 
tative feed -back effects, disastrous in 
this system of amplification, are ob- 
viated. The condensers are shielded 
with twin plates (foil may be used) 
connected to each other and to the 
negative connection of the "B" bat- 
tery. The shielding, as well as ver- 
nier adjustments on the condensers, 
not merely facilitate tuning, but it is in- 
dispensable to the most efficient opera- 
tion of the set. 

The condensers may be standard 
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11 -plate variables, mounted on opposite 
sides of the panel. The inductance, 
Ll, is the primary of a variocoupler, 
or it may be made by winding 60 
turns of No. 22 S.S.C. wire on a tube 
three and a half inches in diameter. 
The coil should be tapped every fifth 
turn, one tap (on the panel) being left 
open for loop reception. The binding 
posts, one, two, and three, are arranged 
so as to permit either loop- reception, 
condenser -shunted (posts one and two - 
three, the last two shorted) or antenna- 
ground reception with condenser -shunted 
(same connections as for loop) and 
antenna -ground reception with con- 
denser in series (binding posts two and 
three). 

Potentiometer RI, is a 200 to 400 -ohm 
instrument. The tube should be a 
"hard" one, and the plate voltage in 
the neighborhood of 100 volts. 

The output coil, L2, is an L-50 honey- 
comb coil, or a two -bank inductance 
with twenty -five surface turns (for 
broadcast reception). In operation, 
L2, is placed in inductive relation to 
the detector grid circuit, i.e., within 
three inches of the secondary of the 
tuner. In a three -coil honeycomb set, 
this is most easily accomplished by 
utilizing the primary (an L -50 coil) as 
the output winding ; while in the case 
of the twin -variometer regenerative set, 
the output coil may be placed on top of 
the cabinet over the variocoupler (Fig- 
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ure 1). Hence the tuned -plate radio am- 
plification is to be particularly recom- 
mended to the amateur who desires to 
add radio- frequency amplification with- 
out making any internal alterations in 
his present equipment. 

In thus supplementing a single- circuit 
receiver, the tuned amplifier is doubly 
useful in that it effectually blocks what- 
ever energy the receiver, would ordi- 
narily radiate when oscillating. How- 
ever, the amplifier itself is a powerful 
oscillator when not properly stabilized 
by the adjustment of potentiometer Rl. 
When the amplifier is in an oscillating 
state, it transfers energy not only to 
the antenna but also to the receiving 
set, where it is likely to be mistaken 
for the beat -note of a broadcasting sta- 
tion. For obvious reasons this should 
be avoided. 

It was found that some experimenta- 
tion with the antenna system was neces- 
sary in order to secure the best results 
with this method of intensification. 
Using the large antenna, reception was 
considerably improved, and tuning 
greatly simplified by eliminating the 
ground. This also reduced 600 -meter 
and 450 -meter interference. Using the 
shorter antenna with ground, while not 
affecting audibility, increased the dis- 
tance which could be received. This was 
probably due to the more marked direc- 
tional effect of the smaller antenna. 
Tuning, however, was more critical. 

30 

THE CIRCUIT FOR THE TUNED-RADIO- 
FREQUENCY 

III 
AMPLIFIER 

FIGURE 2: One tube is used and the input and output 
circuits are tuned by means of two variable con- 

densers, i/C1 and VC2. 

VCZ 
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LOOP 

L, LP 

THE DIRECTIONAL WAVETRAP 
FIGURE 3: How the loop and the variable con- 
denser are included in the antenna circuit to 

effectively cut down local interference. 

The best results of -.all were._obtainetil; 
using both antennas and.no ground, the 
smaller antenna being employed as a 
counterpoise! 

The writer has hinted that tuning the 
radio- frequency amplifier is a delicate 
achievement, but by applying the fol- 
lowing procedure, the knack is soon 
acquired. 

. Having turned the potentiometer com- 
pletely to the right (or to the side con- 
nected to the negative "B" battery) the 
receiver proper is first adjusted, by 
means of the tickler or plate variometer, 
so that the circuit is oscillating on ap- 
proximately the wave it is desired to re- 
ceive. The dial of the antenna con- 
denser, and the inductance switch are 
also set at the correct wavelength, or, 
if this is the initial attempt at tuning, 
at half their full values. Moving the 
output condenser slowly by means of the 
vernier adjustment from zero upwards, 

the grid variometer (variometer set) or 
secondary condenser (honeycomb set) 
is twirled back and forth until the 
squeal or beat -note of the incoming sta- 
tion is brought in at its greatest inten- 
sity. (No energy will be radiated dur- 
ing :this procedure, as would he the case 
were the radio- frequency amplifier not 
in the circuit.) The antenna condenser 
and inductance switch are now varied. 
again increasing the intensity of the 
squeal to a still higher maximum. At 
this point a zero beat is effected (the 
pitch "of the whistle lowéred until "it'dis -- 
appears) and local oscillations just 
stopped .by turning back the regenera- 
tii'e control" -(tickler -or plate vario- 
meter). Slight changes are next tirade 
On the Variorìteters and condensers, after 
which the final adjustment is effected 
with the potentiometer, which is turned 
up to the point just below where the sig- 
nals become distorted. 

Although. the above directions may 
appear complex, the difficulties will van- 
ish during an evening's experimentation. 

THE LOOP 

The loop designed for broadcast re- 
:_ceptioit :.with the foregoing amplifier was 

of the solenoid type, three feet square. 
and wound with nine turns of wire. 
spaced one half inch. Tuning with the 
loop . is identical with the process just 
described, excepting that one edge of the 
loop is first pointed in the approximate 
direction of the transmitting station. 

The loop is especially satisfactory for 
reception through heavy local interfer- 
ence and static. However, through fur- 
ther experimentation with the coil an- 
tenna, another system of interference 
prevention was evolved which the au- 
thor -has termed a "directional wave - 
trap." By means of this device forced 
oscillations from BZB were reduced 
without the corresponding great drop in 
signal intensity that accompanies straight 
loop reception. 

The ordinary wavetrap is nothing 
more than an inductance shunted by a 
variable condenser, which, placed in 

V- 
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series with the antenna, absorbs certain 
frequencies or wavelengths which it is 
desired to eliminate. However, a wave - 
trap of the usual design, tuned to 600 
meters, will absorb energy from nearby 
waves, so that the strength of signals 
within 200 or 300 meters of the resonant 
frequency will be decreased. 

While endeavoring to strike a happy 
medium in wavetraps, whereby the naval 
interference would be considerably re- 
duced without an unjustifiable drop in 
360 -meter intensity, it occurred to the 
writer to utilize the directional property 
of the loop, hoping, in some manner, to 
absorb still more of the interfering sig- 
nal. Carrying out the idea, the loop, or 
more exactly four turns of it, replaced 
the coil iri the conventional wavetrap. 
The cutting down of the number of 
turns was compensated for by an un- 
usually large variable condenser (.002 
mfd.) by which they were shunted, it 
being the approved procedure in wave - 
trap* design to reduce the inductance 
while increasing the capacity ,(re- estab- 
lishing resonance) which permits the 

*Subsequent investigation has verified the theory 
of the directional trap suggested by the author, while 
also revealing the fact that this system has been 
known for some years, being employed in certain 
government sets during the war. Other experiment- 

by -pass of the higher frequency (lower 
wave) currents. 

This arrangement (Figure 3) was re- 
markably satisfactory, both from the 
standpoint of the elimination of BZB 
and the comparatively negligible effect 
on broadcasting. The fact that the de- 
gree of interference reduction varied 
considerably in accordance with which 
side of the loop was pointed toward the 
offending station, suggested the theory 
that the directional elimination is due to 
currents set up in the loop, exactly iden- 
tical to those being received on the out- 
door antenna, but differing from them 
in phase (when the coil is correctly 
pointed) by 180 degrees, and so tend to 
"buck" or nullify the received currents. 

The directional wavetrap is apparently 
superior to the conventional trap only 
on nearby stations, where the counter 
oscillations set up in the loop are suffi- 
ciently powerful to affect the incoming 
signals. However, it can doubtless be 
used to an advantage by enthusiasts 
located within five miles of naval or 
commercial stations. 
ers have placed the loop -trap in series with the de- 
tecting grid circuit, bucking the oscillations in the 
secondary, in which position it is quite probable that 
the system will be effective for greater distances Shan 
thnse successfully experimented with by the writer. 

Gilliams Service 

A RADIO STRAW -RIDE 
Entertainment need no longer be exclusively confined to amateur local talent on 
such old- fashioned rural dissipations as pictured above -at least not as long as a 
' loop aerial and a loudspeaker will pick up the world's best broadcasting! 



THE CHANGE-OVER s\\ ITl If 
This enables you to charge your battery or connect it r,, your receiving apparatus 

in a single operation. 

HOW TO MAKE.. 

A BATTERY - CHARGING PANEL 
At a cost of about $20.00 

Do you have to disconnect the wires from your battery to your set when you 
charge your battery? Did you ever accidently let the two wires short- circuit? 
Did you ever connect the positive to the negative by mistake? Is the necessary 
labor to disconnect and reconnect your battery -charging apparatus irksome.? 

How to simplify these operations is told in this article by- 

1:. J. QUINBI', R. E. 

HERE is a simple charging panel 
which makes it possible for the 

operator to put his battery on charge by 
merely pushing in one switch and, after 
the battery is charged up, to start his 
set going again by merely pulling out 
the same switch. 

Moreover, in this charging panel pro- 
vision is made for reading the voltage 
of the battery at all times by merely 
pushing a button, and for reading the 

specific gravity of the acid solution at 
any time by means of the hydrometer 
which is mounted in a handy position. 

Many a good battery has been abused 
by overdischarging merely because a 
convenient means for charging the bat- 
tery was lacking, and the much needed 
charge was repeatedly postponed until 
serious damage to the battery resulted. 
Every radio installation that requires the 
use of a storage battery should not be 

136 



POPULAR RADIO 137 

considered complete without some such 
device as is herein described. 

This charging panel is equipped with 
a unique switch, which performs sev- 
eral duties at once. It was first de- 
signed to transfer from transmitting 
to receiving, or vica- versa. It is pro- 
vided with two double -throw blades and 
one single -throw blade and it is mounted 
on an attractive marble base; further- 
more, it passes the Underwriter's speci- 
fications for 125 -volt service up to 30 
amperes. This puts official approval on 
the scheme for connecting it into the 
domestic power supply for charging the 
storage battery. 

The Parts Required 
The parts required for building this charg- 

ing panel, are listed below: 
A- Trumbull triple -pole transfer switch 

(radio type); 
B- storage- battery voltmeter, 0 -6 volt or 

0 -10 volt range, panel type. (Weston, 
Westinghouse, General Electric or any 
other good make should he used); 

C- Testright battery hydrometer syringe 
outfit; 

D-drip glass and glass holder (an ordinary 
lavatory fixture may be employed). 

E -a vacuum -tube battery charger or other 
types of battery chargers (which oper- 
ate on the vibrator principle) may, of 
course, be .used; 

F-6 -volt, 100 ampere -hour storage battery; 
any reliable make can be used; 

.G=- bifiding' 'posts, large insulated type; 4 
are required; 

H -front panel, 18 inches by 18 inches by 
3' inch, -three -ply board; 

I -base, 12 inches by 16 inches by 74 inch 
plank; j- braces, 1 inch by 2 inches by 20 inches 
long, pine, cypress, oak, or any strong 
wood; 4 are required. (Vertical pair 
will be 18 inches) ; 

K -brass clip (for holding hydrometer) ; 

this may be made from strip brass, or 
it may be purchased at any hardware 
store; 

L -push- button, as is used on door bells; 
M -30 feet of 'No. 16 rubber -covered elec- 

tric -light wire; 
N- flat -head, brass wood screws, 1% inches 

long; 12 are required; 
O -% -pint can of black -asphaltum varnish; P- hard -rubber tray (a photographer's de- 

veloper tray will do. 

THE FRONT AND SIDE VIEWS OF THE CHARGING PANEL 
FIGURE 1: This drawing shows in detail the layout for the various instruments; 
the charger, the battery, the change -over switch, the voltmeter, the hydrometer 

mounting and the drip cup. 



138 POPULAR RADIO 

MOO izzs 1t50 
Svcc*lc axA,tY 

CURVE SHOWING CONDITION OF THE BATTERY DURING CHARGE 
FIGURE 2: It will be noticed that as the battery is put on charge, the specific gravity of the solution increases from 1,200 up to 1,250 (at half charge) and up to 1,275 (when the battery is fully charged). This curve shows how important 
the hydrometer is in determining when your battery needs charging or when it is 

charged enough. 

How to Assemble the Parts 
When the experimenter has acquired all the 

items on this list, the panel, frame and base 
should be assembled. 

First fasten the front panel H, to the two 
upright braces J, which should be located 
just one inch in from each edge. Three 
screws should be used for this purpose, on 
each brace. 

Next, the back braces J should be attached 
to these front braces at the top, and run 
down to the sides of the base I, near the 
back, and secured with screws. The front 
panel H should be secured to the base I 
along the lower front edge with three screws. 

Now trace around the edges of all the units 
to be mounted on the front of the panel H 
in their proper positions, and mark the loca- 
tions of all holes to be drilled. Be sure to 
include the eight holes for wires to pass 
through the panel beside the eight terminals 
on the transfer switch A, two holes for wires 
to the voltmeter B, two holes for wires to 
the push -button L, and four holes for the 
binding posts G, two of which should be 
located near the center of the left -hand edge 
of the panel and the other two near the right - 
hand edge, directly opposite. Three holes 
about one inch in diameter should be drilled 
directly in front of the position occupied by 

the rectifier, so that the operator may observe 
(through the front of the panel) whether the 
rectifier bulb is lighted or not (if the vacuum - 
tube type of charger is used). 

After all these holes have been drilled, the 
woodwork should be given a generous coat of 
the black -asphaltum varnish (item O) and be 
allowed to dry thoroughly. 

Next, mount the various units in their 
proper positions on the front of the panel H. 
Be sure to set the switch A so that the switch - 
handle is up. 

Now place the storage battery F in the hard - 
rubber tray. P, behind the panel H, on the 
base I, with the positive terminal to the right 
and the negative terminal to the left. 

Behind the right -hand side of the panel H, 
locate the rectifier E, as indicated in the 
diagram (Figure 2). Move this about, a little 
one way or the other, until it is in the most 
advantageous position for observing the bulb 
through the peepholes in the panel H. 

How to Wire the Unit 
Now the unit is ready for wiring. 
It will be found that the kind of wire 

specified under item M is sufficiently rigid to 
retain its shape without any supports other 
than the terminals to which it is connected 
in the circuit. Make all connections as shown 
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THE WIRING DIAGRAM FOR THE INSTRUMENTS 
FIGURE 3: By following the connections indicated in this schematic drawing you 
may be sure that your battery will always be connected with the correct polarity, 
whether you are charging it or using, it to supply your set with the necessary 

current for. lighting the filaments. 

in the diagram (Figure 4), running wires 
along rear of panel, and carefully check the 
work when the job is finished. 

Be sure to see that the wire marked positive 
on the rectifier output, runs to the. upper 
right -hand terminal of the switch A, and that 
the negative output wire of the rectifier goes 
to the upper left -hand terminal of the 
switch A. 

The positive side of the storage battery 
F should beconnected to the right -hand center 
terminal of the switch A, and the negative side 
of the storage battery should be connected to 
the left -hand center terminal of switch A. 

The upper left -hand binding post on the 
panel H should he connected to the lower 
right -hand terminal of switch A, and also to 
one side of the voltmeter B. 

The lower left -hand binding post on panel 
li should hé connected to the lower left -hand 
terminal on switch A and also to one side 
of the push -button L; the other side of push- 
button L should be connected to the remaining 
side of voltmeter B. 

The upper center terminal of switch A 
should be connected to upper right -hand bind- 
ing post on panel H. 

One side of rectifier input should be con- 
nected to lower right -hand binding post on 
panel I1, and other side of rectifier input 

should be connected to lower center terminal 
of switch A. 

This completes the wiring part of the job. 
All wires should be run straight and square. 
following the course shown in the diagram 
(Figure 4). 

How to Operate the Panel 
Locate the charging panel as close to the 

radio set as convenient and run a pair of 
wires from the 6 -volt DC output, at the left 

of the panel, to the filament binding posts of 
the radio set; be sure to get the polarity right. 

Next, connect the 110 -volt AC line to the 
two binding posts at the right -hand side of the 
charging panel. 

When the handle of the switch A is pushed 
in, the battery F is disconnected from the 
radio set, is reconnected to the, output of 
the rectifier at the same moment t' rectifier 
E is connected to the 110 -volt AC line: thus 
the process of charging the battery is begun. 

During this charging process the specific 
gravity of the acid solution in the cells of 
the battery may be read from time to time, 
and a watch may be maintained on the prog- 
ress of the charge in this manner. 

A chart showing the relationship between 
the specific gravity of the acid solution and 
the charge. is shown in Figure 3. 
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After expelling all the acid solution from 
the hydrometer syringe, it is returned to its 
position in the clip on the front of the 
charging panel, so that the lower end will 
set into the drip glass, thus avoiding any 
possibility of damage from this acid. 

When the battery has reached a fully - 
charged condition, it is necessary merely to 
pull out the switch A -all the way out -and 
the battery F is at once disconnected from 
the rectifier E, and the rectifier is disconnected 
from the 110 -volt AC line; at the same 
time the battery is connected once more 
to the radio set, without the irksome job 
of changing any wires. 

Whenever it is desired to read the voltage 
of the battery F, set the switch A in the last 
position mentioned (handle all the way out) 
and then push the button L. At any time 
when it is desired to have the battery totally 
disconnected from the radio set and the 
rectifier also, the switch A may be set half 
way between the two extreme positions, so 
that the blades do not engage either set of 
jaws. 

A pair of flexible wires with battery clips 
on each end may be kept handy, so that if 
desired the voltage of any single cell in the 
battery may be .read separately from the 
others, by running these leads from the volt- 
meter to the cell desired. If the voltmeter 
reads backwards, it means that the connections 
are reversed. 

In charging a battery, the charge should 
be continued until the cells begin to "gas" 
freely (that is, to emit bubbles), and carried 
on for about one hour after this point has 
been reached. The little vent caps on top of 
each cell should be unscrewed and laid loosely 
on top of the opening during the charge; this 
prevents dust and dirt from entering the cells 
and at the same time avoids the possibility 
of confining the gas that is generated during 
a charge. 

It should be remembered that the acid in 
the solution does not evaporate, but that the 
water in the battery solution does evaporate 
and requires replacement. Add sufficient dis- 
tilled or approved water to each cell before 
commencing the charge, to cover the plates of 
the cells about a half inch. 

When reading the specific gravity of the 
electrolyte in each cell of the battery, draw 
sufficient solution up into the hydrometer 
syringe to float the hydrometer clear of top 
and bottom, being sure to ,exert no pressure 
on the bulb while taking the reading. The 
figure at the level where the surface of the 
solution circles the hydrometer -float is the 
specific gravity. When the reading drops to 
about 1,195, the battery should be placed on 
charge. It should never be allowed to go 
below 1,150. A fully- charged battery should 
read about 1,280. An old battery will not quite 
come up to this figure on full charge. 

Keep the top of the battery clean and wipe 
a thin coating of vaseline over all metal parts 
on the battery, including the terminals and 
connection bars. After charging and after 
replenishing the water in a battery, it is best 
to wipe off the top of the battery and all parts 
exposed to moisture, with a rag. A fully 
charged battery of three cells should read a 
little over 6.6 volts on the voltmeter. Near 
the end of the safe discharge period, the 
voltage (under load) will drop to about 5% 
volts for a comparatively new three -cell bat- 
tery. When near the danger point the voltage 
will drop off rapidly. 

Dimensions have been avoided in describing 
this unit, so that the man who builds it will 
not be tied down to any particular devices 
or apparatus, but can use whatever equip- 
ment he has already purchased, together with 
a few extra parts needed to complete the job. 
The satisfaction obtained from good battery 
service will more than repay for the work 
required in building this appliance. 

Kade1 & Herbert 
A MINIATURE LOOSE -COUPLER THE SIZE OF A WATCH 

This baby tuner, made by M. W. Obermiller, covers the sanie broadcasting wave- 
length range as its larger brothers. It may be used with a crystal detector or with 
the more modern vacuum -tube detector. There are two sliders for the primary 

circuit and the secondary is tuned by means of a variable condenser. 



THE TWO-LIDE TUNER,-NON- REGENERATIVE CIRCUIT 

Cost of parts: Not more than $13.00 (Note: 
The costs of tubes and batteries are con- 
sidered "extras" and are not inclúded in 
the costs given in thèse descriptions). 

Selectivity: Fai r. 

Operation: An easy vacuum-tube circuit, to 
tune. There is. one slider for the antenna 
circuit and. one for. the secondary circuit. 
Thé only adjustiüent'fur the detector is 

. the rheostat, which controls the brilliancy 
of the filament. 

Ease- of construction: Extremely simple.* 
Approximate range: 100,miles. 
Outstanding features: This is probably the 

next set for the beginner to.build after he 
has experimented.with the crystal receiver 
and found out -how it works. This cir- 
cuit will give good clear signals. It can - 
not re- radiate. 

"(Sce POPULAR RAUw, October, 1922, page 148, for cunslnntional dclails.) 

100 BEST HOOK -UPS 
INSTALLMENT NO. 4 

IN this series of hook -ups is being published -for the special benefit of 
the radio novice who is undecided as to just what circuit he wants - 

100 of the best radio receiving circuits, each thoroughly tested. The 
approximate ranges given here are averages based on actual records made 
with receiving sets throughout the country. During the summer the actual 
ranges may fall to 50 percent of the value given, while in the winter, in 
the best of conditions, the actual ranges may exceed the values given by 
as much as 500 percent. All of these circuits have been described in 
detail in previous issues of POPULAR RADIO. 
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GROUND . ... IHE SINGLE- CIRCUIT REGENERATIVE RECEIVER 

Cost of parts: Not more than $20.00. 
Selectivity: Poor. 
Operation: Simple. 
Ease of construction: Not complicated.* 
Approximate range: 500 miles. 
Outstanding features: Easy to build and easy 

to operate; much simpler than most re- 
generative circuits. The great drawback 
to the use of this circuit, however, lies in 

"(See POPULAR RADIO, November, 1922, page 192, for constructional details.) 

e 

the fact that it re- radiates strongly. In 
other words, while it is being used for re- 
ceiving, it generates radio -frequency cur- 
rents in the antenna system which cause 
radio waves to be sent out to produce 
interference in other receiving sets in the 
neighborhood. In the hands of an expert 
operator this might not happen but in the 
hands of an average radio fan it is almost 
sure to be the case. 

-r 
Juba' 

THE THREE -TUBE, 
Cosi of parts: Not more than $40.00. 

Selectivity: Excellent. 
Operation: Very simple. There is one dial 

which controls the wavelength and one 
dial which controls regeneration. This dial 
can be set for the whole band of wave- 
lengths over which regeneration will be 
constant. tivity and selectivity. 

"(See POPULAR RAmn, May. 1923; also August, 1923, Page 165, for constructional details.) 

4- CIRCUIT TUNER 
Ease of construction: Not complicated. Be 

.sure that the best parts are obtained, and 
the results will exceed expectations. Poor 
parts will render the circuit useless.* 

Approximate range: 2,400 miles. 
Outstanding features: Loudspeaker reception 

from distant broadcasting. Regeneration 
is independent of wavelength. Best sensi- 

4.è 
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CONDUCTIVELY COUPLED," TUNED -PLATE, '51NGLE -TUBE CIRCUIT 

Cost of parts: Not more than $23.00. 

Selectivity: Only fair. - 

Operation: Simple. A variable condenser is 
used for wavelength control anc: a vari- 
ometer is used in the. plate circuit to con - 
trol regeneration. 

Ease of construction: Not complicated.* 

Approximate range: 500 miles. 
Outstanding features: This modification will 

tune à little better than the straig:.t single - 
circuit set, and can be kept in more stable 
operation by means of the potentiometer. 
The set is guilty, however, of permitting 
interfering re- radiation in the hands of 
the inexperienced operator. 

"(Sce POPULAR RADIO, Jte, 1923, page 430, for constructional details.) 

AFI 

J 

TWIN- VARIOMETER, VARTOCOUPLER REGENERATIVE CIRCUIT WITH TWO 
STAGES OF AUDIO- FREQUENCY AMPLIFICATION 

Cost of parts. Not more than $45.00. 
Selectivity: Good. 
Operation: Difficult. 
Ease of construction: Just an ordinary ac 

quaintance with tools and some ability in 
wiring up the circuit is necessary.* 

Approximate range: 1200 miles. 
Outstanding features: All the tuning is in- 

ductive and this makes for louder signals, 
at a slight loss of selectivity. Both tun- 
ing and regeneration arc controlled by 
varionteters. 

"(See POPULAR RAmo, October, 1923, page 329. for constructional details.) 

lrY:Rt*+41111114-,trwaw:"-9lo-r_----:- - - 



144 POPULAR RADIO 

R 
-+ - + 
1I1I1I----illllll1l 
f1` B°222 t! 

TEL. 

MODIFIED COLPITTS REGENERATIVE CIRCUIT 
Cost of parts: Not more than $15.00. 
Selectivity: Fair. 
Operation: Extremely simple. There is one 

tuning control, a variable condenser, and 
the rheostat is used as a simple means 

'(See POPVLAR RADIO, October, 1923. 

GL 

to control regeneration. 
Ease of construction: Very simple.' 
Approximate range: 500 miles. 
Outstanding feature: Simple to build and 

. operate. It re- radiates. 
page 329, for constructional details.) 

T 

TRIPLE -COIL HONEYCOMB REGENERATIVE RECEIVER WITH TWO STAGES 
OF AUDIO -FREQUENCY AMPLIFICATION - 

Cost of parts: Not more than $45.00. 
Selectivity: Good. 
Operation: Rather difficult to tune. 
Ease of construction: The building of such a 

set is more difficult than the single- circuit 
tuner but better results in tuning will be 

worth the extra trouble, and the amplifier 
will make the set suitable for loudspeaker 
reception.* 

Approximate ronge: 1,200 miles. 
Outstanding feature: The set can be used for 

reception on any wavelength range by 
merely changing the size of coils. 

'(See POPLLAR RADIO, April, 1923, page 305. far can.struetional details.) 
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ONE STAGE OF RADIO -FREQUENCY AMPLIFICATION 

AND A REGENERATIVE DETECTOR CIRCUIT 
Cost of parts: Not more than $40.00. quaintance with tools and some ability in 
Selectivity: Good. wiring up a circuit is necessary.* 
Operation: Fairly simple. The antenna tun- Approximate range: e: 800 to 1,000 miles. ing is done with a variable condenser and a 

tapped coil and regeneration is controlled Outstanding features: Radio- frequency ampli- 
in the two circuits by a potentiometer and fication gives clear reception even from 
a variometer. distant stations and the regeneration used 

Ease of construction: Just an ordinary ac- in combination helps in sensitivity. 
`(See POPULAR RADIO, November, 1922, page 104, for Constructional details.) 

000 

ëepjrbky 
FOUR -TUBE REFLEX WITH THREE STAGES OF RADIO -FREQUENCY AMPLI- 

FICATION, VACUUM -TUBE DETECTOR AND TWO STAGES 
OF AUDIO -FREQUENCY AMPLIFICATION 

Cost of parts: Not more than $60.00. cated. There are a number of precan- 
Selectivity: Excellent. tions that must he taken to get the cir- 
Operation: Very simple. Just one control for cuit to function properly.* 

tuning -a variable condenser connected Approximate range: 1,000 miles (on a loup 
in shunt to the loop. Regeneration is con- antenna). 
trolled in the radio- frequency circuits by Outstanding features: No outdoor antenna 
means of potentiometers. needed for DX reception. Simplicity of 

Ease of construction: More or less compli- tuning. No crystal detector to bother with. 
'(See POPULAR RADIO, No:cm7ler, 1923, page 418, for constructional details.) 
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"CLASSES IN THE NORTH ATLANTIC STATES WILL NOW COME TO ORDER" 
Such is the startling announcement that may conceivably be made when teachers 
broadcast their lectures to the schoolrooms within radio. range. The above, picture 
shows Mr. Frank A. Rexford; head of..the Civics Department, of, 1hë i \iew ..York City 
High. Schools; broadcasting a school lecture as .furl of. a:demónstraliou to illustrate 

the application of radio to the educational field. 

Teaching School by Radio 
An experiment in broadcasting that points the way to 
what may prove to be an extraordinary development 

in our scheme of education 

By FRED SIEGEL 

RADIO has been discovered again - 
this time by the educators. After 

watching this new medium of communi- 
cation grow from a laboratory demon- 
stration to a tremendous power, they 
concluded that there might be some 
place for this new science in the process 
of education. So they have been ex- 
perimenting with it as a Medium -for 
disseminating education. .. 

Specifically,. the public school of New 
York City have been experiménting with 
it. 

The methods by which radio was in- 
troduced into the classroom are suffi- 

ciently .novel to warrant the following 
report of the experiment, which was 
conducted at the Haaren High School in 
collaboration with broadcasting station 
WJZ: 

The first demonstration was with a lesson in 
machine calculation, stenography and type- 
writing. 

In the classroom was installed a receiving 
set; a similar installation - was made at the 
Board. of Education building. 

In the classroom were -installed thirty -five 
accounting machines; to each machine was as- 
signed a student who had had one term of 
machine accounting. At the Board of Educa- 
tion, in the presence of the Board of Super- 
intendents and other educators, was also in- 
stalled an accounting machine with a student 

146 
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operator, while at the broadcasting station 
there was a similar accounting machine with 
a student operator, by whose work the dictator 
was to be guided. 

(Incidentally in the classroom at the -high 
school were also four students f rom the ste- 
nography and typewriting department who 
took the speeches that were transmitted be- 
fore the lesson began; these speeches were 
copied, transcribed and delivered to the Board 
of Education, before the speakers reached that 
place an hour later.) 

A teacher conducted the lesson in machine 
accounting. Before he dictated the problems 
he explained to those who were listening in 
that the work of the day involved the four 
fundamental processes of addition, subtractii,n, 
multiplication and division, and that the stu- 
dent operators were trained to work by the 
touch system and could devote their time to 
listening and thinking about the problems, 
rather than to the operation of the machines. 

Then the lesson began. 
The problem was dictated. Then there was 

a pause, in order to allow the operators to 
do the work. Then the answer was given. 
Each step in the computation of the problem 
was shown on the tape which the machine 

printed. A visible record was made of pupils' 
reactions; those who did not get correct an- 
swers were given personal attention after the 
lesson to correct any deficiencies in the knowl- 
edge. - 

The results of the experiment proved that 
the class in machine accounting heard, under- 
stood, and did the work as well as they would 
have done if the instructor were present in 
the room during the dictation. One girl made 
a record of 95 percent on the test. 

Several weeks later a series of four other 
demonstrations of "education by radio" was 
held. The first was a model lesson in eco- 
nomics, and was conducted in regular class- 
room fashion. If every school within a 
radius of 500 miles had had a receiving set, 
the pupils and instructors in each of these 
schools could have heard how the subject was 
taught; they could have heard the questions 
propounded by the instructor and the responses 
of the pupils. The demonstration was consid- 
ered an excellent one from every point of 
view. 

The second experiment, held the following 
week, was a history lesson which was given 
to show an out -of- the -ordinary method of 
conducting a history recitation. In this in- 

Radio Corooratl,e of America 
\VORKING OUT PROBLEMS THAT COME INTO THE CLASSROOM BY RADIO 

Thirty -five accounting machines were used by as many students in this classroom 
of the Hoare'', High School in New York for solving problems in machine account- 
ing that were propounded by the instructor via station WJZ. In this manner classes 

could be conducted throughout the schools of a large area. 



148 POPULAR RADIO 

stance, as in the previous experiments, the class 
was present in front of the microphone. At 
the beginning of the lesson the teacher dis- 
tributed slips of paper to the class. He then 
proposed ten questions, each of which could 
he answered "yes" or "no." As each question 
was read the pupil wrote either "yes" or "no" 
on his paper. After the questions had all 
been dictated the discussion began. 

"Mr. X how did you answer the first ques- 
tion?" 

Mr. X had answered "yes." 
"Why did you answer `yes' ?" 
Mr. X had to defend his stand. Mr. Y had 

answered "no "; he took exception to some of 
the statements of Mr. X. So the discussion 
began, with the instructor acting as umpire. 
The recitation did not revolve about the in- 
structor but was in fact a recitation in which 
every member of the class took part. The 
demonstration was of value to every teacher 
and pupil who listened in ; it would have been of 
inestimable value to the teachers and scholars 
in the smaller schools throughout the east. 

The third demonstration was a shorthand 
and typewriting contest in which six high 
schools entered. The matter that was dictated 
was néw to the contestants and of moderate 
difficulty. There were two tests, one of eighty 
words a minute for the less advanced students, 
and one at one hundred words a minute 
for the more advanced students. Each test 
was three minutes long. Before the test began 
there was a short practice dictation for all 
of the students to accustom themselves to 
dictation by radio. The winner of the 80- 
word contest had but three errors, as did the 
winner of the 100 -word. These demonstrations 
show the possibilities of the uses of radio for 
the giving of controlled tests of all types, as 
the students were in widely scattered places, 
yet each received the dictation under the 
sane conditions. Such practice for students 
in all of the schools of a large territory could 
thus be handled by one teacher, dictating from 
the broadcasting station, while the transcripts 
of these practice dictations could be cor- 
rected by the students themselves under the 
guidance of one of their own instructors. 

The fourth experiment was a lesson in Com- 
munity Civics. The teacher concluded his 
lesson with an assignment of work for class 
the next day. In this demonstration we have 
an interesting instance of how the educational 
head of a large group could direct the work 
of the teachers and pupils in his particular 
subject over a wide area. In this case the broad 
general viewpoint was presented, with sugges- 
tions for further study, new developments 
were explained and the background was se- 
cured upon which the class teacher could 
build and amplify to meet the needs of his 
own group of students. 

Interesting as these demonstrations have 
been, the real significance of them lies 
in the broader application of radio to 
our educational system -an application 
so broad, indeed, as to foreshadow a 

change in our present -day conception of 
what "education" really means. For 
example: 

Training for citizenship forms an 
important part of the public school cur- 
riculum. The functions of the govern- 
mental agencies can best be described 
by those engaged in their performance. 
First -hand information is valuable and 
inspiring, but it would be physically 
impossible for the Governor (for ex- 
ample) to ,visit every schoolhouse in the 
state and describe the work of his office. 
This information is, of course, em- 
balmed in text books and it is duly 
studied in all the schools. but how much 
more meaning would this information 
have if the sound of the Governor's 
voice penetrated the schoolroom, and in 
his own way he told of his problems and 
the work of the state? 

It would not be at all impossible to 
induce the Governor to give an occa- 
sional talk to the school children of an 
entire state, or to induce other depart- 
ment heads to explain their activities. 
In this way the work of the teacher 
would be given more value and the pupil 
would be getting his information and 
inspiration from living sources. 

The whole world could be his fac- 
ulty! The schools in our larger cities 
are often honored with the presence of 
distinguished visitors, both from our 
own country and from abroad. The 
pupils in these schools are assembled 
to hear what these visitors have to say. 
But how many children can hear them? 
Only a room full. How much better 
would it be if these addresses could be 
broadcast to all of the children within 
the range of the sending station! In 
this way there would enter into the Lit- 
tle Red Schoolhouse the world's com- 
manding figures in education, in science, 
in art and in statesmanship. 

The teachers in rural schools are usu- 
ally young people without much experi- 
ence as teachers, with even less training 
for their jobs than has the average 
teacher in city schools. The quantity 
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HOW THE SCHOOL TEACHER BROADCASTS HIS "RECITATIONS" 
In the headquarters of the Board of Education in New York the instructor pro- 
pounded school problems before the microphone that carried his voice by wire to 
station WIZ, :there it was broadcast. The problems were also worked out by 
students in the instructor's office; these students served as guides for the tinte 

required to complete the answers. 

as well as quality of their teaching 
should be the best possible. Any instru- 
ment, or device which would aid in at- 
taining this end is a great asset to the 
school and the community. Radio can 
enter here as a factor laden with un- 

1 limited possibilities. 
It is not inconceivable that the state 

may in time have its broadcasting sta- 
tions, and that each schoolhouse may be 
equipped with a receiver. The staffs 
at the broadcasting stations may consist 
of experts who may work out courses 

of study which would be printed and 
distributed to the various schools. Quiz 
questions and suggested readings could 
be supplied ; at stated periods the classes 
with the teachers in charge might gather 
in front of the receiving set and listen 
to the lesson, as presented by the in- 
structor from the broadcasting station. 
After the lesson has been presented and 
fully covered, the follow -up work in the 
shape of written exercises or oral exam- 
inations could be conducted by the class 
teacher. In this way, it would be pos- 
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Courtesy Culver Military Academy 

INSTRUCTION IN RADIO BECOMES PART OF THE SCHOOL COURSE 
Work in both reception and transmitting lias at least one extraordinary advantage; 
it teaches physical science in terms that the student can understand and in which 
he lakes a practical interest. Coursés in the theory and practice of radio are being 

incorporated in the curricula of both public and private schools. 

sible to standardize our teaching and 
raise it to a higher level. Uniform ex- 
aminations, which would be based upon 
the lessons covered and not merely 
upon a printed course of study, which 
allows a great latitude in interpretation. 
would then be possible. The questions 
could be read from the broadcasting 
station by the person in charge of that 
branch of the work, and the pupils 
could answer the questions after they 
were read. This type of uniform ex- 
aminations would admit of no oppor- 
tunity of knowing in advance, what the 
questions were to be. The other evils 
that go with the examination paper which 
has to be printed in advance and dis- 
tributed with the greatest secrecy, would 
thus be eliminated. 

All of these observations on the use 
of radio in the rural schools apply to the 
city school. Indeed, one of the great- 
est problems that confronts any school 
system is to obtain a constant supply of 
well -trained teachers. In this phase of 
educational administration radio can be 
of immeasurable assistance. Young 
teachers and teachers -in- training can 
learn a great deal by observing the 
teaching methods of their more experi- 
enced co- workers. It has always been 
difficult to arrange this type of observa- 
tion. If a microphone were installed 
in the classroom and the recitation held 
under ordinary conditions, any number 
of teachers might listen in on this reci- 
tation. New methods in teaching could 
be presented to all of the teachers of 
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that subject, with the resulting benefit 
to the school as a whole. 

In larger school systems, conferences 
could be called by radio; notices and 
instructions for the day could be an- 
nounced.; special announcements could 
be distributed to all concerned, while the 
subject matter is still vital. In many 
other ways, the efficiency of the educa- 
tional system could be increased by the 

use of radio for broadcasting to classes. 
And some day it will be. 
A start has been made. There is a 

vast field still unexplored both for the 
school man and for the radio enthusiast. 
But the goal is worthy of the effort. 
Radio can be used in educational work 
in a useful and important way. It is 
up to the radio fan to point out those 
ways to the school man. 

xead & Herbert'. 
AN INDOOR ANTENNA THAT TUNES ITSELF 

This small loop consists of two windings on a square frame. These two windings 
act as the coils of a variometer so that the wavelength of the antenna may be 
adjusted by simply revolving the inner winding. Signals from any particular 
direction Inc y be picked up by turning the two windings together on a vertical axis. 

The loop was built by M. W. Obermiller, a New York amateur. 
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THE ELECTRICAL CIRCUIT CONNECTIONS 
This diagram shows how to wire up the various instruments used in the hook -up, 
so that they will function properly. Be sure that they are followed out EXACTLY 

m order to get good results. 

How to Use the Four -circuit Tuner 
--AS A PORTABLE SET WITH A LOOP AERIAL 

Here is a clever modification of the receiver described 
in the May issue that makes a neat little portable 
receiver and which has given the author satisfcctory 

results on local reception. 

13y O. B. PARKER 

DURING the past summer, more than 
ever before, the attention of radio 

fans has turned to portable receiving 
sets. Few of these portable sets are 
self -contained; most of them require 
some sort of an antenna and a ground. 
If a loop antenna.is used, the set re- 
quires the use of radio- frequency trans- 
formers, and only a few of these give 
good. amplification from 200 to 600 
meters. 

As I have had such good results with 
the Cockaday circuit both with and 
without antenna and ground, the thought 
occurred to me to build a portable set 
that utilized this circuit in a more or less 
modified form. This circuit embodies 

the following features: 
1. loop reception without 

frequency transformers 
2. uniform amplification' 

wavelength range of 
meters; 

3. freedom from static: 
4. portability. 

The following is a list of the more 
important parts that are required i i 

build this set: 
A-"Ultimate" cabinet; 
B -two 7 -inch by 10 -inch Bakelite or hard 

rubber panels; 
C -two .0005 mid. Cardwell variable con- 

densers; 
Done first -stage Cardwell transformer 

(9:1) ; 

E -one second -stage Cardwell transformer 
(4%:1); 

F -two .00025 mid. uncoil condensers: 

the use of radio - 
or reflex circuits; 
over the entire 

from 200 to 600 
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HOW THE SET IS CONSTRUCTED 
This picture gives the manner in which the instruments are arranged in the cabinet. 
The various parts are designated by letters which correspond with those in the 

list of parts and the wiring diagram." 
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G-one 2- megohm leak and mounting; 
H -nine binding posts; 
I -four 1 -inch lengths of hard rubber 

tubing, 4 -inch O.D.; 
J -30 -ohm Klosner rheostat; 
K -20 -ohm Klosner rheostat; 
L-12 lengths of bus -wire; 
M -three UV -199 sockets; 
N -three UV -199 tubes; 
0-two dials; 
P -two dial verniers; 
Q -three jacks; 2 single closed and 1 single 

open; 
R -% -pound of No. 22 D.S.C. or D.C.C. 

wire; 
S- miscellaneous screws. 

The layout of the panel depends on 
the individual taste of the constructor ; 

the same observation applies to the ar- 
rangement of the amplifier. 

The only details that need description 
are the loops. The door forms the 
frame for the loop. Four holes are 
drilled, one in each corner so that the 
square formed by them measures nine 
and one half inches on a side. 

THE COMPLETE RECEIVER 
The face of the panel has a neat symmetrical 
appearance that would not be out of place in 
any home. The two large dials are the tuning 
condensers and the two smaller ones are the 

rheostat controls. 

Four 1%-inch 8/32 round -head screws 
are slipped in with the heads outside. 
Over these screws are placed the 1 -inch 
lengths of hard- rubber tubing. A nut is 
put on each screw and tightened up. 
This forms the loop frame. 

Securing the wire by means of a 
screw or small brad, wind on 13 turns 
of No. 18 D.S.C. copper wire and fasten 
the end. This is the main loop. Now 
start and wind the absorption, loop right 
alongside of the first. . This second loop 
has nine turns of wire. A small ter- 
minal block is fastened to the cover and 
flexible leads brought down to the bind- 
ing posts on the sub -panel, as shown in 
the illustrations. 

Small clips to hold the three -cell tubu- 
lar flashlight batteries are mounted in 
the top of the cabinet. The space below 
the sub -panel is large enough to -Contain 
the small "B" batteries and still leave 
enough room for a small horn. 

This set may be used on an antenna by 
simply fastening the regular Cockaday 
antenna loading coil on the inside of the 
cabinet door and placing it in series with 
a single turn of wire around the two 
loops. The antenna and ground binding 
posts are then put on the inside of the 
door. In this way the set may be used 
with antenna and ground for DX, while 
the loop is used for local reception. 

It is very important that the con- 
densers used in the set have practically 
no dielectric losses and a minimum ca- 
pacity of less than .00002 mfd. The 
condenser should be of shielded con- 
struction with the rotor grounded. 

The tuning of the four -circuit tuner, 
when used with a loop antenna, is done in 
the same manner as when the ordinary 
antenna circuit is in operation. 

The secondary condenser is employed 
for picking out the various wavelengths 
and the stabilizer condenser is used for 
regenerative control. The loop must be 
turned with rotation about its vertical 
axis, to pick up stations in different direc- 
tions, and this is done by swinging the 
door on its hinges. 



Capacity 
Calculations 

-AND THEIR APPLICA- 
TION TO THE ANTENNA 

Article No. 7 

Many considerations enter into the calculations 
of antenna capacity; such, for example, as 
height above ground, proximity of nearby 
buildings and other objects, and the shape and 
type of .the antenna itself. Those of our more 
experienced readers who have been following 
-this author's series of helpful articles will 
profit by this newest contribution to the data 
he has already given them on the mathematical 

determination of antenna capacity. 

By SIR OLIVER LODGE, 
F.R.S., D.Sc., LL.D. 

THE capacity of a body depends not 
only on itself but on its surround- 

ings, especially on how near it is to 
other conductors. It also depends on 
the medium in which it is immersed. .A 
condenser with glass or paraffin or mica 
or other insulating material between the 
plates has three or 'four times the ca- 
pacity which it would have if the plates 
were separated only by air. 

In estimating the capacity of an an- 
tenna, however, we have no medium to 
deal with except air, which is practically 
the same in this respect as absolute 
vacuum, or in other words, ether. For 
it is the ether of space and its properties 
on which electric capacity wholly 
depends. It is this which stores the 
energy in an elastic manner during 
charge, and yields it again during dis- 
charge. 

:The conventional, unit of capacity is 
the farad, which is able to hold one 
coulomb, or c.g.s. unit of electric 'quan- 
tity,. when charged to the potential of 
one volt. Such a quantity of electricity 
can be supplied by a current of one am- 
pere flowing for ten seconds. This 
quantity is enormous, front the electro- 

static point of view ; and accordingly "the 
cistern or capacity needed to' hold it, at 
such low pressure as one volt, must be 
enormous too. Few of us hate ever-had to 
deal with one farad of capacity. We have 
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to, be. satisfied with a, microfarad, that 
is to say, the millionth part of a farad. 
But even that is too big for electro- 
static purposes; so we take the thou- 
sandth or even the millionth of that, 
and speak of millimicrofarads or even 
micromicrofarads. 

Interpreting these capacities as 
lengths *, we may say: 

1 micromicrofarad= 9 centimeter 
1 millimicrofarad = 9 meters 
1 microfarad = 9 kilometers 

while the length equivalent to a farad 
would reach far beyond the moon, 
twenty -four times the distance of the 
moon, or one -sixteenth of the journey 
to the sun. 

The figure 9 which enters into these 
relations is rather a nuisance, but is 
inevitable. It comes in because the 
square of the velocity of light is in- 
volved; and as that velocity in c.g.s. 
measure involves a 3, its square natu- 
rally contains a 9. For ordinary pur- 
poses it is sufficiently near if we con- 
sider a micromicrofarad as a centimeter, 
instead of 10 percent less. It would 
be the capacity of a knob two centi- 
meters, or rather less than an inch, in 
diameter. 

On this principle we can estimate the 
capacity of an antenna by eye. Ex- 
pressed as a length, the capacity of a 
vertical wire is just about one -twentieth 
of the height of the wire. Suppose the 
wire were 9 meters high, its capacity 
would be one -twentieth of 9 meters, that 
is, one -twentieth or .05 of a millimicro- 
farad. To get a single -wire vertical an- 
tenna of a whole millimicrofarad ca- 
pacity, it would have to be 180 meters, 
or about 600 feet high. 

But we must now consider this matter 
a little more strictly, and show how to 
calculate the capacity on orthodox prin- 
ciples. 

To get the capacity of an isolated wire 
of length I and diameter d we have 
only to calculate 

*See appendix to Sir Oliver Lodge's article in Sept., 1923, issue POPULAR RADIO. 

.1 

21og. 2 1. 
d 

or what is the same thing 

.2171 

log, d 
It does not matter what units 1 and d 

are measured in, provided they are ex- 
pressed in the same units, and the 
capacity will come out also in the same 
units; that is in units of length. To 
interpret that in millimicrofarads is easy 
enough in the light of what we have just 
been saying. 

Thus, suppose that the length is 60 
feet, and that the diameter is 1 /10 inch; 
the above fraction is 

.217X60 13.02 13.02 
120X 12 log,. 14400 4,16' 13 feet 

logis 
110 

which is just about 1/20th of the length 
of the wire. This equals about 1 meter; 
so the capacity will be 1/9 millimicro- 
farad. Or take another example, using 
the upper of the two formulas above. 
Let the length of the vertical single 
antenna be 40 meters, and the diameter 
.8 millimeter. 

The capacity 

40 meters 40 meters 40 meters 
8000 centim 2 loge 105 23 

2 log. .08 centim 

which again would practically be one 
twentieth, or 5 percent, of the length, 
for a little extra allowance must always 
be made for the inevitable partial neigh- 
borhood of the earth. Interpreting this 
into conventional units of capacity we 
must divide by 9, and we find that it 
3quals 40/207 or say 1/5 of a millimicro- 
farad. 

If the wire is very thin, say ..008 
centimeter, its capacity would be rather 
less, but not much less ; we should then 
theoretically have to divide the length 
by 27 instead of by 23. Or conversely, 
if the wire were thick, say 8 millimeters. 
which could be a thin rod, we should 
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nunnau of Standards 

ONE WAY OF TESTING THE CAPACITY FORM OF ANTENNA 
Such an antenna, ictured above, consists of two rectangular pieces of copper -wire 
mesh suspended from a wooden frame by insulators. One end of the tuning 
inductance is connected to one plate and the other end of the coil is connected 

to the remaining plate. 

have to divide the length by 18.4 to get 
the capacity. So in any practicable 
case we can estimate the capacity of a 
vertically arranged single wire as round 
about one twentieth of its length, with 
a 10 percent addition for the neighbor- 
hood of the earth. 

The capacity of a horizontal wire is 
reckoned similarly, only then the de- 
nominator of the fraction contains four 
times the height above the ground in- 
stead of twice the length of the wire. 

Suppose a horizontal wire at an ele- 
vation of 30 feet, of diameter 1 /40th 
inch, and of any length 1, what would be 
its capacity. The formula is 

1 0-2 
log, d or 

4.6 login 
4 

d 
h 

All we need to reckon is the denom- 
inator. 

Now 
4 h 120 feet 

57600; 
d ¡6'inch 

So 

log'. 
4a 

loge 57600 =10.96 

And the capacity is 1T one twenty - 
second of its length. Every centimeter 
of this length is practically a micromi- 
crofarad. 

But the wire for a horizontal antenna 
would probably be somewhat thicker; if 
it was % inch thick instead of 1/40 inch, 
the denominator would become 16 in- 
stead of 22. A double wire antenna 
with a space of 2 or 3 feet between the 
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wires would have a capacity about 1y, 
times that of one of the wires. A quad- 
ruple wire would have 2% or 2)4 times 
the capacity of a single wire. 

Consider a four -wire antenna with 
the wires a yard apart, each wire 1 milli- 
meter diameter, and the whole arranged 
either vertically, or horizontally at half 
its length above the ground, say 10 
meters high and 20 meters long. Each 
wire if alone would he likely to have a 
capacity roughly estimated at its length 
divided by 4.6X1og10 40,000, which is 21. 
So the capacity of the whole would be 
about 2% times the length of the an- 
tenna divided by 21, that is, 2.4 meters, 
or roughly about an eighth or ninth of 
the length of the wire grouping. If the 
wires were further separated, say by 2 
yards, the combined capacity would he 
rather greater, and might be three times 
that of a single wire. 

E.ramn pits 

1 might take a few examples to illus= 
trate that the capacity of a wire antenna 
does not depend very much upon the 
thickness of the wire. Consider a verti- 
cal or isolated wire 20 meters -long. If- 
its thickness is .04 centim. or 2/5 millim., 
its capacity reckoned by the formula 
will he : 

1000 1000 
2000 log 106 11.513 

log ,02 

or say 90 centim. which is the same as 100 
micromicrofarads. 

If the thickness is 1 /10 of the above, 
say 1/25 millim., the denominator of the 
above fraction will be 10° instead of 105, 
and the capacity comes out 72 centi- 
meters, instead of 90. 

If, on the other hand, the wire is 4 
millimeters thick the denominator is 10 *, 

and the capacity cones out 110 centi- 
meters. 

I will take one more example, with 
the length expressed in feet and inches, 
to show that it does not matter what 
units aré employed, so long as we deal 

1000 
56.35 

with them in common -sense fashion. 
Let 1 be 110 feet and d be .1 inch. Then 

, 2 
will be 

-'OX 1 L 
'64411) 

So, taking the log of this as the denomi- 
nator of the fraction whose numerator' 
is the length, we find that the capacity. 
comes out about 5% feet, or, with allow - 
ance for earth neighborhood, 6 feet. 
Every foot being 33 micromicrofarads. 
\Ve can think of this as the equivalent of 
an isolated 'sphere -12 feet in diameter 
or as ;180 micrómiciofarads. Capacity 
can always be expressed in linear meas- 
ure, but the ethéreal- constant K has al- 
ways to be üiiderstood if any rational 
meaning is to be attached to the length' 
specification of capacity. But as K is 
unknown, it is conventionally taken as 
unity, when electrical quantities are spec- 
ified on the electrostatic system. It is 
convenient, then, to express capacities as 
lengths, sand inductances also as lengths. 
for then the square root of the product 
of these two lengths, that is their geo- 
metric mean, gives a length proportional 
to . the wavelength, and only requires 
multiplying. hy.2 . in'order .tò give the . 

wavelength itself in the same length 
units, whatever they are. 

But it will always be found that the 
capacity is expressed by a small length. 
while the inductance is expressed by a 
big one. One may be in meters, while 
the other may be in kilometers. But 
whether they are expressed in meters. 
or centimeters, or feet, or yards, matters 
nothing, so long as one always writes 
down the unit of measurement after the 
figures. Units of measurement ought 
not to appear in algebraical equations or 
expressions, but should always be writ- 
ten after arithmetical figures, except 
when those represent a pure number. 
This would avoid a great deal of confu- 
sion and trouble, and is a matter not 
sufficiently attended to. Hence the em- 
phasis here laid upon what ought to be 
an elementary and fundamental consid- 
eration. Unfortunately mathematicians 
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Bureau of Standards 
ANOTHER SET -UP FOR TESTING OUT THE CAPACITY FORM OF ANTENNA 

In this case the two mesh "plates" are suspended horizontally. The sane general 
law for capacity determination holds true for this miniature antenna as for your 

own antenna which is ten or fifteen times the size. 

who are not physicists do not always 
agree with this, and, like the late Mr. 
Todhunter, think that an algebraic ex= 
pression is incomplete unless the units 
are stated. Physicists know that the 
units only ought to be stated in connec- 
tion with arithmetical specifications. 
The velocity v, for instance, is complete 
in itself, and is the same thing whatever 
units are used; whereas a velocity 36 
means nothing, unless feet -per- second, 
or miles- per -hour, or centimeters-per - 
second, are explicitely added. To say 
that the height of a post is 50, means 
nothing. But to take the height of a 
post as h is quite correct and complete. 
The post is the same height whether it 

be measured in feet or centimeters or 
anything else. So also the velocity of 
light is the same velocity, however ex- 
pressed, and can be written completely as 
either y or c, according to taste. 

Units should be expressed after 
figures, but not after algebraic symbols; 
except when these are used in some 
shorthand technical formula, which is 
essentially an arithmetical one and must 
be so treated. 

When writing down a capacity always 
say what units are intended, otherwise 
the specification may he misinterpreted 
many hundred -fold. A microfrad is 
equivalent to a length of 9 kilometres. 

This might be learned by heart. 

IT is only a nmtter of time when transatlantic radio telephony will be 
as common as line telephony is today. How science is preparing the way 
for this new marvel will be told in a coming issue of POPULAR RADIO. 



AN ELEMENTARY TEST OF INSULATION 
With a regular "B" battery and an extremely sensitive niicroammeter connected 
in series with a piece of insulating material, it is sometimes possible to get a 
current of 15 microamperes to flow through the insulation. This test is a crude 
test, however, and would only serve to show up a very poor piece of insulating 

material. 

Practical Hints About Insulation 
-THAT EVERY RADIO FAN SHOULD KNOW 

By RAYMON I) FRANCIS YATES, R.E. 

ALTHOUGI -I Professor Einstein did 
not specifically say so, insulation is 

a relative tern. A substance that will 
effectively insulate at one voltage will 
pass current under -another as freely 
as water passes through a sieve. In- 
deed. there is nothing that will not pass 
a certain quantity of electricity. There- 
fore, we insulate to minimize the leak- 
age of currents. 

Electric leakage is an insidious thing 
from the viewpoint of the radio fan. 
When a water pipe, boat or air tank 
leaks it is a simple matter to find the 
outlet and to apply the needed remedy, 
but in a radio set we can have a leak 
as big as all outdoors and still we can- 
not see the invisible fluid that manages 

to escape. if there is anything that 
will quickly reduce the efficiency of a 
radio set, it is poor insulation. This 
is doubly true about transmitters, and 
even in receivers it is an important 
factor. 

The degree of insulation necessary 
depends upon the voltage used. A water 
pipe that carries ten gallons of water 
per minute at a pressure of 60 pounds 
to the square inch would probably burst 
if the pressure in pounds to the square 
inch were suddenly multiplied by five. 
The same might hold true of a wire 
carrying electric current; if the voltage 
were suddenly multiplied by five or even 
by two, the insulation would become 
ineffective and we would experience 
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heavy leakage. Although insulation can- 
not burst, it can break down electrically 
and burn up when the voltage reaches 
the rupture point where it can puncture 
things in its path that offer resistance. 

There are two things that are most 
important in considering the subject of 
insulation: One is voltage, as we have 
already seen. The higher the voltage 
the greater the resistance of the insula- 
tion must be, to effectively keep it in 
its path of virtue, so to speak.. The 
other factor would probably be little 
suspected by the average experimenter. 
It is frequency. 

The way in which frequency affects 
an insulating substance may be a bit 
obscure, but nevertheless this fact is as 
true as the law of gravity. Some notion 
of the importance of frequency and its 
effect upon dielectric strength (insulat- 
ing strength) may be gained from the 
fact that an insulator that will stand 
up under an application of 100,000 volts 
at a frequency of 60 cycles per second 
may break down and become totally 
ineffective under a voltage of 20,000 at 
150,000 cycles per second. From this 
we learn that radio -frequency currents 
are much more difficult to handle and 
insulate. They are the wilder and more 
unruly members of the electric -current 
family. 

It is usual to measure resistance of 
insulating materials in ohms just as the 
degree of resistivity offered by a copper 
wire is measured in ohms (or fractions 
of an ohm). In measuring resistance 
of real insulators we have such "gobs 
and gobs" of ohms that we use a more 
convenient term, the megohm (1,000.000 
ohms). That this term is more con- 
venient will be appreciated when it is 

understood that a unit cube of a good 
insulating material might have a resist- 
ance of 100,000,000,000.000,000 ohms. 

The dielectric strength of any sub- 
stance (and by this we mean its ability 
to resist a voltage that would tend to 
break it down) can be likened to the 
mechanical strength of the metal in a 

high- pressure tank. Any dielectric or 
insulating substance has a critical volt- 
age point at which it will rupture or 
break down and allow current to pass 
through it freely. If it is a good in- 
sulator the amount of voltage that must 
be applied to do this is necessarily high, 
ranging from 1.000 to 500,000 volts for 
the different thicknesses of insulation. 

Dielectric strength is measured in 
terms of the number of volts required 
to puncture any definite thickness of 
the material. It is a sort of indefinite 
quantity, since it is difficult to meas- 
ure with any degree of accuracy. In 
the accompanying illustration we see a 
small high -potential transformer of 
7.000 volts potential, set up to puncture 
a small thickness of insulation of the 
much -used "mud" variety, which is 
usually a combination of lampblack and 
shellac. The voltage at which punctur- 
ing takes place, depends upon the fre- 
quency of the current, the time during 
which the voltage is applied and the 
size and shape of the electrodes and 
their distance apart. 

For instance, the use of needle points 
will often cause a breakdown at voltages 
where flat surfaces will not. This, of 
course, can be understood since what 
we might call the voltage gradient in 
the insulator is larger in the case of 
the needle points and a smaller area 
of the insulator is called upon to with- 
stand the entire strain. If the same 
load were distributed over a larger area 
the insulator might successfully with- 
hold it. 

The insulating materials that we use 
in our radio sets should be of the best 
variety. The "mud" referred to should 
be used only where it is not called upon 
to resist the passage of radio - frequency 
currents. no matter what their voltage 
value may be. The writer has made 
a number of tests on the insulating 
strength of some of the lower grades 
of this substance and he finds that at 
radio frequencies they pass a considerable 
amount of current even when the voltage 
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A TEST OF THE DIELECTRIC STRENGTH OF AN INSULATING SHEET 
A high- potential transformer A is connected across the terminals of a spark gap B. 
The sheet of insulation of known thickness is then fastened between the electrodes of the spark gap and then the voltage of the transformer is raised until the dielectric 
strength of the sheet is overcome and a spark passes through the insulation. The 
voltage at which this electric breakdown occurs is the dielectric strength of the 

material, and it is measured in volts per mil. 

is seemingly insignificant. Some of this 
material makes beautiful -looking grid 
leaks and it is only necessary to mount 
the binding posts in it at a definite dis- 
tance apart to obtain any number of 
megohms or fractions of a megohm as 
a grid leak! Even with a direct volt- 
age, this material shows the passage of 
dangerous amounts of current. A 
simple experiment with a microani- 
meter, similar to that shown in the 
photograph gives indisputable proof of 
this statement. If a small piece of the 
stuff is connected up in series with a 
100 -volt `B" battery, appreciable quanti- 
ties of ,current will be allowed to pass, 
even when the electrode separation is 
comparatively large! With a separation 
of % inch the writer has had an 
ammeter reading as high' as 15 micro- 
amperes. According to Ohm's Law, 
R=. . If " we have a current of 
.00000025 amperes and a voltage of 

100, it is evident that the insulation is 
only 4 megohms which is disgustingly 
low for anything that is dignified by 
the name of insulation. This material 
is probably alt right to use for knobs, 
dials and the like, but its performance 
as a restrainer of electric pressure is 
not sufficiently noteworthy tò warrant 
its use in radio equipment. 

Any of the synthetic -resinous prod- 
ucts are well suited to radio use whether 
in transmitters or receivers. They offer 
a fairly substantial resistance to mois- 
ture, their dielectric strength is high 
and their mechanical strength is enor- 
mous. The writer can say little in 
favor of vulcanized fibre as far as its 
use for radio insulation is concerned. 
Its use for panels is to be discouraged, 
since it has a terrific appetite for water 
and sucks in atmospheric moisture with 
sponge -like efficiency. Fibre has a di- 
electric strength of 330 volts per mil, 
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or 13,000 volts per millimeter with a 
thickness -of 1/32 of ' an inch. This, 
of course, is in the perfectly dry state 

( which is unusual and which can be 
maintained only in the laboratory under 
experimental conditions). Compared 
with this, the resinous materials show 
a dielectric strength of 1,000 volts per 
mil or 39,400 volts per millimeter. in a 
thickness of 1/32 of an inch. A 
good piece of this material has. a volume 
resistivity of about 1,000,000 megohms 
(1012 ohms) per centimeter cube. The 
surface resistivity may be anywhere 
from 100 megohms to 10,000,000 
megohms. These figures show us that 
any of these products can be used with 
perfect safety as panels and for other 
insulating purposes in a radio set. 
There are numerous grades of this type' 
of material. One is formed by allow 
ing sheets of paper, white duck, or 
cloth to soak in raw resinous liquid 
varnish. The sheets are then placed 
one on top of the other in a powerful 
steam -heated hydraulic press. The press 
comes down, giving the sheets a tre- 
mendous squeeze and heating them at 
the same time. When the sheets come 
forth from the press they are in a 
much changed condition. What was 
once 50 or 75 sheets is now a single 
flat block of exceptionally hard material 
that will resound healthily when it is 
struck a sharp blow with a hammer. 

The sheets are 1veldcd together, forni- 
ing a homogeneous material. 

Other forms of insulating materials 
are molded. For instance, molded. 
synthetic-resinous or rubber materials 
are placed in the mold and subjected 
to heat and pressure at the saine in- 
stant. The material fluxes and becomes 
almost semi -fluid, filling every interstice 
of the die. There is both a chemical 
and physical change. The chemical 
change is irreversible and permanent. 

Most of the "spaghetti" that we buy 
is composed of cloth tubing impreg- 
nated with either oxidized linseed oil or 
raw bakelite varnish. This material 
should be freely used where bus or 
Other wire conies in contact with the 
wooden parts of the cabinet. In no 
case should the connecting wires be 
allowed to make contact with the wood 
without being heavily insulated. Wood 
is an exceptionally poor insulator and is 
usually filled with atmospheric moisture. 

The writer hopes that those who 
havé read this article will give more 
thought to the insulation of their radio 
outfits henceforth. Insulation is a 
mighty important thing, and since we 
cannot see the leakage that is taking 
place there is only one thing left to do. 
That is to insulate our outfits, in the 
very best manner that we know how, 
using materials that have proven their 
real worth in the workaday world. 

Another Measurement Chart - 
for use in designing a transformer 

IN the next issue of POPULAR RADIO will be published 
the 6th of the series of practical time and labor- 
saving charts designed by Raoul J. Hoffman. The 
previous articles contain charts For Determining the 
Constants of Radio Circuits and Calculating Capaci- 
ties of Condensers in Series, in February, 1923; For 
netermining the Dimensions of Your Coil, in March, 
1923; For Determining the Capacity of a Condenser, 
in May, 1923; For Determining the Capacity of 
Your Antenna, in July, 1923, and For Determining 
the Constants of a Loop Antenna in August, 1923. 



From a photograph made for POPULAR RADIO 

Preparing to revise the old four- circuit tuner and 'to add to it the push -and -pull 
power; amplifier. This does not incur any large expense and greatly raises the 

efficiency of that already efficient tuner. 

HOW TO IMPROVE THE THREE -TUBE 

FOUR- CIRCUIT TUNER 
For the benefit of the many experimenters and radio fans who have built 
the Four -circuit Tuner described in the May issue of this magazine and 
who may not want to tear it down to build the new and improved tuner 
described in the January issue, we are giving in this article the necessary 
instructions for adding to the old set in order to bring its efficiency up to 

that obtained in the improved set. 

COST OF PARTS : -About $30.00 

RECEIVING RANGE: Up to 3,400 miles 

THE ITEMS YOU WILL NEED- 

One pair of Como push- and -pull 
transformers ; 

one filament rheostat, 20 ohms; 
two vacuum -tube sockets; 
one switch lever; 
four switch points; 
two .switch stops; 
one Bradley -leak; 

amplifying one Amplex grid- denser; 
two single- circuit jacks; 
two telephone plugs; 
six binding posts; 
one panel, 5 inches by 8 inches; 
one cabinet to match set; 
one Amertran amplifying transformer; 
three Lavite resistances, 50,000 ohms each. 
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IN 
order. to improve -the. old set.aiid 

make it as efficient as the five -tube set 
described in the January. issue it . would 
be advisable to use the Amertran trans- 
former for -the first stage of amplifica- 
tion and shunt the primary winding with 
the small variable condenser (the. grid - 
denser). The fixed grid leak should 
also be replaced, in-cl the Bradley -leak 
inserted instead. This will help greatly. 
in increasing the sensitivity and will 
allow of nicer adjustiiient of the circúit. 

This includes all of the improvements 
necessary on the set ̀ itself.. The rest of 
the work includes laying out one stage 
of power amplification on the new panel 
so that it may be (when placed in the 
new cabinet) set next to the old three - 
tube set on the right side. This will 
give the same volume and characteristics 
as the new five -tube set. 

The new panel (which is the same 
height as the one in the old set) should 
be laid out with a neat arrangement of 
the rheostat and the two jacks. The two 

HFT 

jacks should preferably be placed on the- 
same horizontal line as in the receiver, 
and one should- be at the left of the 
panel and one at the right. One of these 
is used, in connection with the two tele- 
phone plugs and two pieces of stranded 
wire, for connecting the output of the 
receiver with the input of the power 
amplifier, Place one plug in the last jack 
of the receiver and the other plug in the 
first jack of the amplifier. 

The switch lever and switch points 
should be mounted on the amplifier panel 
and connected to the resistances. These 
are used for controlling the volume out- 
put of the amplifier. 

The wiring diagram for the complete 
amplifier is shown in Figure 1. The 
same "A" battery should be used as for 
the receiver but a separate "B" battery 
would be preferable for the amplifier. 
Two UV -201 -a tubes are recommended. 
Be sure to use the correct value of "C" 
battery as indicated on the diagram. 

When you want to use the set alone 

f7FTE 

-C+ -fl+ - 
9V .6V 90 -130V 

HOW TO WIRE THE AMPLIFIER PANEL 
FIGURE, 1: This diagram gives the proper connections for all the instruments 
and parts that go into the amplifier cabinet which may be placed at the right -hand 
side of the .set. The power amplifier is plugged into the second stage of amplifica- 

tion by means of the Plug Pl. - 
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withóat the power amplification, merely 
.take out the interconnecting plug and 
iìisert the telephone. plug on your tele- 
phones or .loudspeaker:. If you want to 
listen 'with. the power amplification in- 
sert the interconnecting plug into the 

:proper jack on 'the set and the. proper 

jack on the amplifier and insert the loud- 
speaker plug into the last jack of the 
amplifier tubes and listen -in. 

The addition has a good appearance 
and it is worth while for those who have 
the three -tube set and do not wish to 
tear it down to make the five -tube set. 

Kadel & Herbert 

A RADIO STATION FOUR THOUSAND FEET IN THE AIR 
This picture shows the control car of the great Navy airship SHENANDOAH, taken 
recently as she was flying over Providence, Rhode Island. The wire hanging down- 
ward front the side of the car is Nie radio antenna, which can be rolled in when the 
car approaches the earth. On her recent trips as far north as Boston and as far 
west as St. Louis, the commander of the SHENANDonu has kept in. continual touch 
with his base by radio. The saule procedure will be followed next year when the 

SHENANDOAH attempts lo fly to the North Pole and bark. 



From a photograph made for POPULAR RADIO 

The author is here shown seated at his receiving table upon which are arranged 
the three -tube set (at the right) and the oscillator (at the left). 

HOW TO BUILD A 

THREE -TUBE REFLEX RECEIVER 
PART I 

By WALTER A. REMY 

Cosy jr o PARTS: About $7o.00 . 

RECEIVING RANGE: Up to 3,000 Miles 
HERE ARE THE ITEMS You WILL NEED- 

B- primary coupler coil; 
C- secondary coupler coil ; 

D -grid loading coil : 

B1- primary switch arm; 
Dl -grid coil switch arm E- variable condenser, .00025 mfd.; 
Fl, F2, F3 -mica fixed condensers, .001 mfd.; 
G- grid .leak and holder, 2 megohms; 
H -mica grid condenser, .0005 mfd.; 
I -mica phone condenser, .005 mfd.; 
J- telephone jack, single circuit; 
Kl, K2- radio -frequency transformers; 
K3. K4- audio -frequency transformers; 
1.-potentiometer, 200 ohms: 
M -mica fixed condenser, .002 mfd.; 

N1, N2, N3- vacuum -tube sockets; 
01. 02, 03- filament rheostats, 6 ohms; P- composition panel, 7 by 24 inches; 
Q- composition panel, 3 by 9 inches; 
R- composition panel, 2% by 9 inches; S- composition panel, 1 by 9 inches; 
7 -inch by 24 -inch cabinet; 
12 binding posts; 
4 switch stops; 
16 switch points; 
3 vacuum -tube bezels; 
2 vernier dial controls; 
2 four -inch dials; 
4 two -inch rheostat dials; 
%-inch brass strip for shelf support. 

ONE of the most practical receivers 
that can be had is the so- called 

reflex receiver. 
The main advantage of a reflex re- 

ceiver is that it permits high amplifica- 
tion with a minimum number of vacuum 
tubes. In this circuit each tube acts as 
both a radio -frequency and an audio- 
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frequency amplifier, thus making for an 
economical arrangement. 

The circuit is by no means new. It 
was developed by the French almost a 
decade ago. Vacuum tubes and coupling 
transformers for amplification were un- 
reliable in those days and were known 
only to the engineers. It was the recent 
war that put this circuit on a practical 
basis. 

A general idea of the action of the 
circuit will be helpful. 

There are two kinds of amplification; 
radio -frequency, in which the signal re- 
ceived is amplified before it is rectified 
(or detected), and audio- frequency, in 
which the signal is amplified after it is 
rectified. 

In an audio- frequency amplifier the 
output of the amplifier is approximately 

proportional to thesquare of the voltage 
impressed on the grid of the tube. .It 
is easily seen that strong local signals 
would, therefore, drown out weaker 
distant signals. For instance, consider 
that in the detector circuit of a conven- 
tional two- stage, audio -frequency ampli- 
fier receiver, a local signal is four times 
as loud as a distant signal. Then in the 
first amplifier stage it may be sixteen 
times as loud and in the second stage it 
may be two hundred times as loud. In 
this way the tuning of an audio- ampli- 
fier set is "broadened." 

Exactly the reverse is true in radio - 
frequency amplification. The louder 
the signal the more the tubes will tend 
to "paralyze" and, therefore, fail to 
amplify. A weak signal is greatly ampli- 
fied, however : that is why local stations 

THE ELECTRICAL DIAGRAM 
FIGURE I: The wiring diagram, which shows how to connect 
the various instruments in their correct' places in the rirn t. 
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do not seem to be much louder on a 
radio- frequency set than on an ordinary 
outfit, while distant stations are heard 
almost as loud as the local stations. 
Hence it is clear that much sharper tun- 
ing is attained with a set that uses 
radio -frequency amplifiers. 

The one drawback to a radio -fre- 
quency amplifier lies in the fact that the 
signal strength is not usually great 
enough to operate a loudspeaker. To 
overcome this objection a stage or two 
of audio- frequency amplification is added 
to the detector circuit. This necessitates 
the use of four or five tubes, and this 
involves an expense that places such a 
set out of .reach of the average en- 
thusiast. 

The reflex circuit solves this prob- 
lem. 

By referring to the schematic diagram 
in Figure 1 it may be seen that the 
radio -frequency transformers are con- 
nected to the negative filament through 
condensers. These condensers bypass the 

L 
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radio- frequency currents in each stage. 
The signals are then rectified and are 
fed into the primary of an audio -fre- 
quency transformer. The secondary 
of the transformer transfers the audio - 
frequency current (which has been rec- 
tified and converted into an audio -fre- 
quency current) back to the first tube. 
Here it goes through the first amplifying 
tube a second time. This tube is also 
passing the radio- frequency currents 
simultaneously, but no trouble occurs 
because an audio -frequency current can 
be impressed upon a radio- frequency 
current with little distortion effects. In 
the plate of the first tube the audio- 
f requency current cannot pass to the 
filament through the condenser, as the 
condenser will only pass the radio -fre- 
quency currents. 

In this way the audio -frequency cur- 
rent reaches' the primary of the second 
audio- frequency transformer where the 
sanie action takes place and the signal 
is finally heard in the phones, which are 

1111 11I1F--1I1I1 
A" 1822 "B" 90 v TI 

G 

H 

3 



170 POPULAR RADIO 

INTERIOR VIEW OF THE SET FROM THE REAR 
FIGURE 2: This photograph shows the general arrangement of the instruments 
which are mounted on the main panel, on the shelf,' and beneath the shelf. The 

binding posts are fastened to a thin composition strip at the back of the shelf. 

in the plate circuit of the second tube. 
Thus we have a three -tube receiver with 
two stages of radio -frequency amplifica- 
tion, detector and two stages of audio- 
f requency aniplification. 

So much for the operation of the 
circuit; now for the practical construc- 
tion of a reflex receiver. 

The receiver described in this article 
was the result of several months ex- 
perimentation with the circuit.* The 
illustration at the head of the article 
shows the complete outfit as used at 
station 2KV. The small. cabinet at the 
left is an oscillator and will be taken 
up in the second part of this article. 
Figure 2 shows a photographic view of 
the outfit. This receiver is applicable 
to both loop and outdoor- antenna re- 
ception. Excellent results have been 
obtained during the past season on the 
broadcasting wavelengths. With an out- 
door antenna, Pacific coast stations 
KZY, KSL, KFDB, KFI and KHJ 
were heard; the two latter were received 
dften. On a two -foot loop WBAP, 

This circuit won first prise at the Radio Conven- 
tion at the Hotel Pennsylvania, New York, March, 
1923. 

PWX, WOC, and WDAP were heard 
as well as many other nearer stations. 
The results on the 200 -meter amateur 
wavelength were equally. gratifying; this 
will be described in a following article. 
The set lias a range from slightly lower . 

than 200 to above 500 meters, and uses 
three vacuum tubes. 

The Parts Used for the Set 
figThe list of parts given at the head of this. 
article includes the exact instruments 
used in the set from which These specifi- 

cations were made up; however, there are 
many .other reliable makes of instruments 
which may be used in the set with equally good 
results. 

By referring to the various drawings it 
will be seen that the parts listed. corresponding 
to the letters in the diagrams, will be necessary 
for the construction of the outfit. 

How to Construct the Set 
We will start with the construction of the 

tuning circuit first. The tuning circuit is 
rather unusual; it makes use of a variocoupler, 
a grid or secondary loading coil and a variable 
condenser. This arrangement permits greater 
eifigiency on short waves, as the loading coil 
is equipped with a simple dead -ending device. 
The use of an antenna condenser as an aid to 
sharpen the tuning of its own circuit is op- 
tional. 

The primary of the variocoupler is wound 
on a 4 -inch composition tube. 3 inches.long. 
Drill the tube as shown in Figure 5. Wind 
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on the tube 48 turns of number 22 DSC. wire, 
starting the winding / inch from the bottom. 
A tap is taken off every eight turns. 

The secondary is wound on a moulded 
composition ball of 3/ inches maximum 
diameter. It consists of 30 turns of number 
24 DSC. wire wound 15 turns on a side. 

The parts are now ready for assembly. 
Cut two pieces of / -inch threaded brass 

rod 1% and 3 inches long respectively. Put 
three / -inch, 6/32 flat -head brass machine 
screws in the three holes on the primary as 
shown in Figure 5. Solder the beginning of 
the primary winding to the lower screw. 

Now take the two / -inch threaded rods and 
slip them through the two large holes in the 
primary tube, putting the long one in front. 
Fasten them with nuts to the rotor as shown 
in Figure 5. Put washers over the thread- 
ed rod between the primary and second- 
ary so that the rotor will revolve accurately 
and will not wobble. The two ends of the 
secondary winding are soldered to the two 
threaded rods inside the rotor. From each of 
the top machine screws solder a flexible 
lead to the threaded rod. The two top ma- 
chine screws are now the terminals of the 
secondary winding and the bottom screw is 
one of the primary terminals. The other 
primary terminal is the primary switch arm. 
Two mounting strips are made as shown in 
Figure 5 from / -inch by i's -inch brass strip. 
They are mounted as shown and hold the 
variocoupler to the panel. 

The grid loading coil is the next item of con- 
struction and is simply made. This is a com- 
position tube 4 inches in diameter and 4 inches 
long. It is drilled as shown in Figure 6. On 
it are wound 100 turns of number 24 DSC. 
wire. Taps are taken every 10 turns. We 
are now ready to construct the shelf and the 
terminal panel. 

Two brass supports are made as shown in 
Figure.8 from / -inch by is -inch brass strip. 
The shelf consists of three parts; the tube 
shelf, the transformer shelf and the terminal 
panel. The 3 -inch by 9 -inch panel is drilled as 
shown in Figure 8. The two audio -fre- 
quency transformers are mounted on top to- 
gether with the phone and bypass. condensers. 
The radio -frequency transformers are mounted 

below the panel as shown in Figure 9. This 
method of mounting permits one machine 
screw to hold both the radio and audio -fre- 
quency transformers. 

At this point it might be well to state that 
the author obtained best results with this set 
with Acme transformers in both radio and 
audio stages. For broadcasting, two R -2 
radio -frequency transformers were used. If 
best amplification is desired between 400 and 
500 meters the R -3 transformers should be 
used in place of R2's. For amateur wave- 
lengths use an R -1 in the KI stage and an 
R2 in the K2 stage in the circuit. The trans- 
formers can be easily interchanged. - 

The 2/ -inch by 9 -inch panel is drilled as 
shown in Figure 8. The three vacuum -tube 
sockets are mounted on the top of the panel. 

with 6/32 machine screws. The grid leak is 
held underneath the panel by one of the 
socket screws. The three filament conden- 
sers and the grid condenser are mounted below 
the panel and are held in place by the wiring. 

The dimensions of the terminal panel is 
1 inch by 9 inches and is drilled as shown in 
Figure 8. It carries 8 binding posts for the 
antenna, ground, filament, detector and ampli- 
fier "B" batteries. No connections show on 
the front of the panel of the receiver. The 
shelf is now ready for assembly and is as- 
sembled as shown in Figures 2, 4, and 9. 

Thé next job is to lay out and drill the main 
panel. This is 7 inches by 24 by tk inches 
and is drilled as shown in Figure 7. The large 
l% -inch holes for the tube bezels require a 
special tool to cut them and if the builder does 
not feel up to the job he can drill a series of 
small holes for the tubes, as described before 
in POPULAR RADIO. Care should be taken in 
drilling for the vernier knobs. The holes 
should be drilled so that the rubber tire on 
the vernier makes a snug friction fit with the 
edge of the dial. After drilling, the panel is 
rubbed with emery cloth or fine sandpaper to 
give it a grain finish. It is then polished with 
machine oil and a dry flannel cloth. The 
marks for the dial indicators are scratched in 
the panel with a sharp instrument, using a 
straight -edge to guide the tool. The scratches 
are then filled in with ordinary white. wax 
crayon. 

THE LAYOUT OF THE FRONT PANEL 
FIGURE 3: This drawing shows in derail how the knobs and dials, the switches and 

the laps arc mounted on the panel. 
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THE WORKING DRAWINGFOR THE SET 
FIGURE 4: This view of the receiver (from above) ? gives a clearer idea of the 

arrangement of the parts and instruments. 

The various parts are now ready for as- 
sembly. 

The variocoupler is mounted on the panel by 
means of the two brass supports with 8/32 
flat -head machine screws. Leads are soldered 
to the primary taps and are made of No. 18 
copper wire covered with empire tubing or 
"spaghetti." The six leads are connected to 
the lower set of switch points which are shown 
in Figure 3. 

The grid loading coil is next mounted and 
is shown in Figure 6. Two pieces of % -irfch 
brass tubing, 1 inch long, are cut and slipped 
over two 1% -inch, 8/32 machine screws. The 
loop terminal panel is now drilled as shown 
in Figure 6 together with a brass angle peice. 
The panel is of 2 by 2 -inch composition. Four 
binding posts are mounted on the panel to- 
gether with the angle piece. The hole in the 
angle piece is slipped over one of the long ma- 
chine screws between the tube and the brass 
spacing tube as shown in Figure 6. The grid 
coil is held rigid by the long machine screws 
and the two brass spacing tubes. No. 18 wire 
leads covered with empire tubing are soldered 
to the taps on the coil and the upper set of 
switch points. A wire is soldered from the 
last switch point to the switch arm. This 
short -circuits the unused portion of the coil 
and in this way the arm acts as a dead -end 
switch. 

The rheostats and potentiometer are now 
secured to the panel with 6/32 brass machine 
screws and the shelf is held to the panel by 
means of four 8/32 flat -head machine screws. 
The variable condenser and telephone jack are 
next mounted. The dials and switch arms 
should then be put on and the verr.iers ad- 
justed. 

The set is now ready for wiring. 
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THE PARTS OF 
THE COUPLER 

FIGURE 5: These draw- 
ings give the details of 
the. parts of the coupler. 
These parts may be made 
by the builder' oftheset:' - 
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THE DETAILS OF THE GRID LOADING COIL 
- FIGURE 6: This diagram shows how to cut the tube and pane?, and gives the 

dimensions for drilling the holes for mounting. 

How to Wire the Set 
Figure 1 is self -explanatory; it would be 

useless and confusing to attempt to describe 
how to connect this wire to that in a circuit as 
complicated as this. A few general hints will 
not be amiss, however. 

Use the square tinned bus wire. It is easily 
handled and is very rigid. 

The secret of wiring is orderly proced- 
ure. A circuit of this type appears to be 
hard to wire but if it is done in an orderly 
manner the job is completed in a surprisingly 
short amount of time. A great deal of time 
can be saved by removing the tube shelf and 
wiring it as a unit as far as possible. Start 
with the first tube and wire the radio -fre- 
quency amplifier, then the detector and finally 
the audio- frequency part of the system. Less 
mistakes are made in this way. 

Mount the shelf on the panel and wire the 
rheostats and potentiometer. Then wire the 
tuning circuit. 

In this circuit the secondary of the coupler 
is connected to one set of binding posts on 

the grid -coil panel. This is the lower set. The 
grid coil and condenser are connected to the 
top set. 

A neat wiring job shows up in the quiet 
operation of the set. Try and keep the radio 
and audio circuits as far apart as possible. 

A standard 7 -inch by 24 -inch by 6% -inch 
cabinet may be readily purchased. A slot will 
have to be cut out of the back with a key- 
hole saw so that the terminal panel and bind- 
ing posts will project through the back. 

Oberation of the Set 
The first thing to remember in operating 

this set is that it is just like any other new 
set. The adjustments are rather critical; the 
set would not tune sharply if they were not. 
It takes about two weeks to a month to learn 
all of the tricks of operation but the results 
will be worth it. Do not light up the tubes 
and expect to hear KHJ the first crack. 

For outdoor -antenna reception the Lp and 
Sec. binding posts on the grid -coil panel are 
connected together and the antenna is con- 
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HOW-TO PREPARE AND DRILL THE MAIN PANEL 
FIGURE 7: This diagram gives the spacing for the drill holes far the instruments and the switches and switch points. The .three large cif-Mar holes at thé right aVe 

peep -hole.[ for the tubes. 



POPULAR RADIO 175 

o o - o ® 

THE DIMENSIONS FOR THE SMALL PANELS AND BRACKETS 
FIGURE 8: The sises for the composition panels are given above, together with the 
correct spacings for the drill holes for mounting the instruments and the binding 

posts. The specifications of the brackets are also given. 

nected to the regular terminal on the rear 
terminal panel. For loop reception the grid - 
coil binding posts are disconnected and the 
loop connected to the top set of posts. Only 
the grid coil and secondary tuning condenser 
are now in use. 

The set is functioning properly when a high 
metallic sound is heard as the amplifier tubes 
are turned up. If this is not heard, try adjusting 
the potentiometer until it is heard. The po- 
tentiometer is usually worked with its lever 
at the negative end of the filament. A dull 
roar is heard when the detector filament is 
turned up. The set should howl when all the 
resistance is cut out of the filaments and the 
potentiometer is at the negative end of the 
filament. The howl can be controlled either 
by the filament rheostats or the biasing poten- 
tiometer. The latter method is more advisab'e. 

To tune the receiver, set the coupler dial at 
about 45 degrees and use full primary induc- 
tance. Use about half of the secondary in- 
ductance and tune with the secondary conden- 
ser until the station is brought in. If you 
find a great deal of capacity is used, increase 
the grid inductance and decrease the amount 
of capacity used. It is always best to use a 
small amount of capacity and a large amount 
of inductance. 

When the station is finally tuned in, the set 
can be checked by the following test: - 

Remove one of the amplifier tubes at a 
time. The set should go dead. With the 
amplifiers going, remove the detector tube. 
The signals should not be heard at all (or 
very faintly). If this is not the case then one 
of the amplifier tubes is detecting and should 
be replaced. A good reflex is largely a matter 
of proper tubes. The author has obtained 
best results with this set by using G. E. VT -14 
tubes as amplifiers and a UV -200 detector. Good 
results were obtained with two UV -201's as am- 
plifiers and excellent signals were obtained with 
a UV -201, 202, and 200 combination. The latter, 
however, is quite a drag on the filament bat- 
tery. The second combination is the best for 
general use. The author has found several 
UV -201 tubes that were good detectors and 
did not work properly in the amplifier stages. 
UV -201 tubes are not quite as well suited 
for this work. WD -11 and UV -199 tubes 
may be used in this circuit. KZY was heard 
using three WD -11 tubes. 

About 90 to 112 volts is right for the am- 
plifier "B" battery, using 22% volts for the 
detector tube. 

Use good tested mica condensers for the fila- 
ment bypass condensers. They receive the full 
voltage from the "B" battery and should be 
built to stand the voltage. 

If the directions given are adhered to 
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A VIEW OF THE TWO SHELF PANELS, SEEN FROM BELOW 
FIGURE 9: This drawing shows how the two radio -frequency amplifying trans- formers are mounted on the bottom of one panel and how the mica condensers and 

the grid leak are mounted on the bottom of the other panel strip. 

and the constructor takes pains in the 
construction of the set he will have a 
receiver which will give him satisfaction 
both in DX reception accomplished, 
quality of speech, and in mechanical 
design. It is advisable that the con- 
structor should have had previous ex- 
perience with vacuum -tube sets as a re- 
flex receiver is quite a project for a first 
attempt. 

As will be noted, the circuit is a non - 
regenerative one. It is practically im- 
possible to secure regeneration by the 
tuned plate .method in a reflex receiver 
without causing the set to howl. In the 
opinion of the author, for broadcast 
reception the non- regenerative receiver 
is best because it does not distort the 

voice. While a reflex theoretically 
should give some distortion it has been 
found that this circuit gives a fine mel- 
low quality. Everyone, without excep- 
tion, who has heard the receiver here 
described has commented upon its pleas- 
ing tone -quality. 

On low waves, where amateur CW 
transmitters are received, some form of 
heterodyne is necessary. The best way 
to accomplish this is to use an external 
oscillator, which is shown in the small 
left -hand cabinet in the illustration. 
This exceedingly useful instrument will 
be described and the application of the 
reflex receiver to amateur reception 
will be taken up in the second part of 
this article. 

PART II of this article will give full instructions for building a single -tube oscil- 
lator in which the frequency of the oscillatory currents generated can be controlled. 
This oscillator may be used in connection with the receiver that has just been 
described, to allow of reception of amateur CW signals by the heterodyne method. 

Every radio experimenter should own an oscillator of this type. 



A Tube without 
a Filament 

Here is the new ionization tube (called the "S" 
tube) that has no filament to burn out and no 
filament current -and which consequently re- 
quires no rheostat. How this tube is made and 
how it is used for rectification is described in 

this article. 

By JULIAN K. HENNEY 

THE past few years have witnessed 
the evolution of the vacuum tube 

..from- a. family of one member -the pre- 
war tubular audion -to a large and 
growing household. The family has ex- 
tended itself in both directions, for the 
genus ;` vacuo" now includes everything 
between the tiny "peanut" variety, which 
burns with such a feeble glow as to be 
nearly invisible, and the giant tubes that 
have been described in POPULAR RADIO. 

Between these two extremes are many 
tubes with many names and performing 
many useful functions. There is the 
Tungàr which charges our batteries while 
we sleep; another important member of 
the family is the Kenotron, which gives 
us direct current from alternating for 
broadcast stations; then there is the great 
Coolidge'tube that produces the mysteri- 
ous and penetrating X rays of increasing 
importance in medicine. 

A dry battery has sufficient energy to 
sustain life in the latest peanut tube for 
many hours, for only six hundredths as 
much current is required for this tiny 
device as for its ancestors. At the other 
end of a long line of tubes lie those mon- 
ster brothers of the audion family which 
are able to handle as much as 100 kilo- 
watts of energy -enough to supply a fair 
sized village with electricity -and 100,- 

000 times as powerful as the lowliest 
member of the group. 

Somewhere between these two limits 
is the tube without a filament, known as 
the "S" tube after the name of its in- 
ventor, Mr. C. G. Smith. 

At first thought, a vacuum tube .with - 
.out a filament seems to be in the same 
category as a "ship without a sail," but 
such a tube does exist and paradoxical 
as it seems, it works. 

In radio parlance. a vacuum tube 
means an evacuated vessel in which are 
two or three elements, a plate, a filament. 
and perhaps a grid. The action of the 
instrument depends upon the presence of 
electrons which are furnished by the 
heated filament. Thus it would seem 
that the filament would be the first 
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essential of a workable vacuum tube. 
Yet while we have loafed along, con- 

tent with tubes that require batteries, 
the electrons have not been idle; in fact, 
they are always waiting for some enter- 
prising and inventive genius to discover 
some new modes of making use of their 
limitless capabilities. This time they 
have demonstrated that a vacuum tube 
does not necessarily signify a lighted 
filament shooting off electrons into the 
surrounding vacuum. 

In order to understand the action of 
this new type of tube, we must remem- 
ber that our friends the electrons are 
always present in matter, regardless of 
the state in which that matter may exist, 
solid, liquid, or gaseous. Some of the 
minute electrons in solids are held tightly 
in place in the atoms that compose the 
matter, and some of the electrons are 

. free to move about, fenced in between 
their brothers which are held fast. In 
liquids the free electrons have more free- 
dom, for the atoms themselves move 
about. In a gas, the free electrons have 
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HOW THE TUBE IS BUILT 
The general construction of the tube is shown 
in this diagram. Note the peculiar opening in 

the large upper electrode. 

still greater liberty, and are able to roam 
around among the heavier atoms of gas. 

If, then, a small quantity of gas is 
sealed in a glass tube that contains two 
electrodes, a few electrons -a hundred 
million or so -will be shut in also: A 
positive potential applied to one of the 
electrodes would attract the electrons, 
as these latter are negative charges of 
electricity, and a drift of these minute 
charges would take place. Owing to the 
presence of the gas atoms, which are at 
least 1,800 times heavier than the elec- 
trons the latter will have much difficulty 
in finally reaching the positive plate 
for they will continually bump up against 
atoms and thereby lose their momentum. 

By increasing the potential on the posi- 
tive plate we can speed up the plectrons, 
and by pumping out some of the gas we 
can provide a freer space in which they 
can move about. Thus an electron can 
move further before colliding with one 
or more of these huge atoms in a space 
which is comparatively free of the larger 
particles. As a result it will have a 
greater chance to get up speed before 
losing its momentum in a collision. 

By placing a still higher potential on 
the plate and pumping out more and 
more of the gas atoms until a very good 
vacuum is reached, the electrons will at- 
tain enough velocity to cause some dam- 
age to an atom which happens to be in 
the way. As gas atoms themselves con- 
sist of a heavy positive nucleus and 
a certain number of electrons -one in the 
case of hydrogen -we can see that a 
high- velocity, free electron may disrupt 
an atom, dislodging its electron and leav- 
ing a positive part behind. Thus there 
are two electrons instead of one, both 
hurrying on their way toward the positive 
electrode of the tube, bumping into more 
gas atoms as they proceed, releasing more 
and more of their fellows from captivity. 
Thus the action goes merrily on, or as the 
scientists say, the action is "cumulative," 
which means that after the first success- 
ful collision takes place, liberating one 
electron, many more may follow and the 
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HOW THE TUBES ARE USED ON A CW TRANSMITTER 
Pour of the "S" tubes mounted in the CW transmitter used by Station 30E. They 
are used to change the alternating current from the power transformer to direct 

current, for supplying the plates of the oscillators with energy. 

total number of freed electrons builds 
up and up. 

In this manner a current of electricity 
may be carried from one electrode to the 
other by these invisible carriers, and, as 

4 one might suppose, the more carriers the 
greater the current. As a matter of fact. 
it is said that at least five collisions are 
necessary for a continuous current. No 
successful collisions take place until the 
attainment of a potential of a certain 
value, depending upon the gas, and 
known as the "ionization potential" of 
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the gas. For instance this quantity for 
hydrogen is 13.6 volts, and for helium 
29 volts. Up to the point where ioniza- 
tion takes place the velocity of the elec- 
trons is not sufficient- to cause another 
carrier to be liberated. 

In connection with currents through 
evacuated vessels, it is important to note 
that the distance between electrodes 
plays a conspicuous role. In air, and 
under ordinary pressure, the farther two 
electrodes are apart, the greater voltages 
it requires to maintain even a small cur- 
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rent across the gap. In a vacuum tube 
only a small current will flow unless the 
distance between the electrodes is large - 
in exact opposition to what happens.in: 
air. 

When the electrodes are close together 
only a few electrons carry current across. 
By increasing the distance, or the path 
the electrons travel, they may get up 
enough, momentum to batter other car- 
riers out of gas molecules en route. 

For instance, a tube may have two 
paths for the discharge to take place, 
one a short path and the other a more 
circuitous route. The greatest current 
will follow the longer path. This is due 
to the fact that the bulk of the current 
is carried on liberated electrons produced 
by ionization by collision. 

This relation between electrode dis- 
tance and current flow is important in 
the theory and action of the "S" tube. 

Lowering the gas pressure in a tube 
decreases the total number of gas atoms 
present, and provides a greater space for 
the speeding electrons to move in. In- 
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creasing the potential applied increases 
the attraction of the positive plate for 
these tiny charges, and placing the two 
terminals further apart gives the charges 
time to get up to the minimum speed for 
dislodging other electrons from gas 
atoms and molecules. 

An alternating potential applied to the 
tube will send the electrons back and 
forth through the space, and the atoms 
will be bombarded on all sides. If some 
means could be provided so that ioniza- 
tion by collision would take place only 
when one given terminal were positive, 
current would-flow in only one direction 
through the tube instead of back and 
forth. Thus the device could be used as 
a rectifier, changing alternating current 
to direct. 

So thought Mr. C. G. Smith who be- 
came interested in research in this direc- 
tion* with the result that the new fila- 
mentless tube was developed. 

To understand what takes place within 

In the laboratories of the American Radio and 
Research Corporation. 
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HOW TO CONNECT UP THE "S" TUBES AS RECTIFIERS 
This wiring diagram shows the proper way to . connect up the flamentless rectifiers 
to a power transformer and an oscillating circuit. The oscillating circuit shown 

is the Hartley. 
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500-/000 VOLTS D.C. 
200 M.A. DC. 

1111111111/ 

0 0 

/000 VOLTS D. C. 
400 M.A. 

/500 VOLTS D.C. 
200 M.A. 

/500 VOLTS D.C. 
400 M.A. 

FOUR WAYS TO USE. THE "S" TUBES 
These four diagrams show how to connect up the_ "S" tubes to the secondary ter- 
minals of power transformers of different types to get different outputs in voltages 
and currents. The first circuit arrangement (upper left) will give a current of 
200 milliamperes at 500 to 1,000 volts D.C. The second (upper right) will give a 
current of 200 milliamperes at 1,500 volts D.C. The third (lower left) will give 
900 milliamperes at 1,000 volts and the fourth (lower right) will furnish 400 milli- 

amperes at 1,500 volts D.C. 

this tube, let us see what happens when 
an electron bumps another electron out 
of a gas atom. The two electrons are 
still attracted toward the positive plate 
although they may be thrown off their 
course by the collision that produced the 
second carrier. The remainder of the 
atom, the heavy positive part, is attracted 
toward the negative plate. Owing to its 
greater size and weight, its velocity to- 
ward its respective goal is relatively slow. 
If the potential is suddenly reversed. the 
electrons turning toward the new posi- 
tive plate will run into a cloud of positive 
remains of disintegrated atoms. It is 
this relative mobility of the two carriers, 
negative electrons and positive gas ions, 

that Mr. Smith has utilized in the devel- 
opment of the "S" tube. 

Instead of using two metal electrodes 
for the terminals of the new tube, the 
general shape of the device is as shown 
in the illustration on page 178. When 
connected to a source of alternating cur- 
rent one terminal and then the other is 
alternately made positive. When the 
cup -shaped electrode is negative, elec- 
trons will be attracted towards the flat - 
surfaced anode from all parts of the cup. 
As the distance from inside the cup, out 
through the restriction to the positive 
terminal, is longer than that required 
for ionization by collision, gas atoms will 
be broken up by the speeding electrons 
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and a steady current will flow across. 
When the cup is positive, a different 

action takes place. The positive ions. 
moving slowly, because of their greater 
mass -like a heavy football player - 
gather near their points of emission in a 
kind of fog, termed a "positive space 
charge." The negative electrons are at- 
tracted to the positive plate, but only a 
few manage to get through the positive 
space charge. Those few which succeed 
in getting into the cup are engulfed in 
the cloud of sluggish positive ions, the 
remains of previous atomic disintegra- 
tions, and their effect _ is neutralized. 
Thus it is seen that current can flow 
through the tube in only one direction. 
and that the device acts as a rectifier, 
changing alternating current into a pul- 
sating current traveling from one plate 
to the other, but not in the reverse di- 
rection. 

Two tubes properly placed in an alter- 
nating- current circuit rectify both sides 
of the cycle, and instead of a jerky flow 
of electricity, we can get a more uniform 
passage, comparable to that generated by 
a direct -current dynamo. If the proper 
"filters" are used, the final product will 
be direct current which may be used for 
radiophone or telegraph transmission. 

Unlike most tubes, the life of this de- 
vice is not limited by the life of a fra- 
gile and disintegrating filament. The 
safe limit of current through the tube is 
about 100 milliamperes, and for heavier 
currents several "S" tubes may be placed 
in parallel.. Thus the device is useful in 
rectifying the output of high- voltage 
transformers for radio -telegraph or tele- 
phone transmission. For voltages higher 
than a thousand a single tube may be re- 

placed by two in series as shown in the 
diagram of connections. 

The "S" tube, as produced .at present. 
may be used for charging storage "B" 
batteries as well as high voltage for the 
plates of amplifying tubes. 

'The construction of the tube is typical 
of all vacuum -tube manufacture. The 
elements are assembled by hand and'en- 
closed in the outer bulb. A seal is made 
then between this bulb and the slender 
glass neck that carries the two wires out- 
side. The device is pumped as free front 
gas as possible while the elements are 
subjected to a: potential of 800 volts and 
the entire tube is heated in an oven. 

Even with the lowest- pressure to 
which it is customary to pump ordinary 
vacuum tubes, there remains a vast num- 
ber of gas molecules swarming about 
within the space. Professor Morecroft* 
estimates that "it is likely that in the 
highest vacuum tubes used today (10-8 
mm of mercury) there are of the order of 
100,000,000 gas molecules per cubic 
centimeter." The pressure in mercury re- 
ferred to corresponds to about 8 x 10-15 
pounds per square inch -about 8 thou- 
sand million millionths -which is not a 
very great pressure. 

When the "S" tube is sufficiently ex- 
hausted, helium is admitted until the 
pressure is about 12 mm of mercury. 
Helium is an inert gas, that is, it will not 
react chemically with other elements. 
It provides the necessary atoms for the 
process of ionization by collision. 

Now that we have a tube that func- 
tions without á filament,. who knows 
what the electrons will show the radio 
engineer next? 

'In his book "Principles of Radio Communication.- 

is Your Receiving Antenna Put .Up Correctly? 
UNLESS it is, you cannot get the proper value from your 

receiving set, no matter how efficient that set might otherwise 
be. How to install an ordinary .single -wire, outdoor receiving 
.antenna-and install it right -will be told in the March number 

of POPULAR RADIO. 
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THE FRENCH AMATEUR TRANSMITTER THAT REACHED AMERICA 
The two 250-watt tubes are just left of the center. To the left are the condensers 
for the counterpoise and the antenna, the vacuum -tube grid -leak and the inductances. 

To the right are the transmitting keys and the transformers. 

Across the Atlantic on 
100 Meters 

Captain Leon Deloy of Nice, France, is not only one of 
the best -known radio amateurs in the world but also 
is President of the Radio Club of the Côte d'Azur and 
one of the most capable of radio engineers. Many 
American amateurs will remember Captain Deloy's 
service in this country in the latter part of the World 
War, when he was attached as a radio expert to the 

French Military Commission in America. 

By LEON DELOY 

ON November 27, 1923, aviateur 
radio spanned the Atlantic in 

two -way communication for the first 
time in history. Captain Leon Deloy, 
of Station 8AB at Nice, France, ex- 
changed a series of messages with the 
well -known American amateurs Mr. 
F. H. Schnell and Mr. John Reinartz. 
Last year, just as he was leaving the 

United States to return to France, Cap- 
tain Deloy said to the Technical Editor 
of POPULAR RADIO, "I am going back 
and work America on one hundred 
meters." He did it. In this article, 
written especially for POPULAR RADIO, 

he tells how it was done. 

The accompanying simplified diagram shows 
the connections of the main 'pieces of ap- 
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RECEIVING EQUIPMENT AT DELOY'S STATION IN NICE 
The receiver at the left, directly under the disk of the loudspeaker, is the Grebe 
No. 13. The home -made super -heterodyne which Captain Deloy also used is on 

the part of the table to the right. 

V2/ 
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NO 
THE CIRCUIT DIAGRAM FOR THE DELOY TRANSMITTER 

. This a rra agemcnt, designed by an American, John Reinart.. is the one used in 
the transatlantic transmission. The two transmitting tubes arc on the right of the 

diagram, the third tube bring the grid -leak. 
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paratus employed in my station during the re- 
cent two -way communication tests carried on 
with American amateurs. 

The antenna is a four -wire cage, ten meters 
long and one meter square, about twenty -five 
meters above ground. The down lead is taken 
from one end and consists of two wires two 
inches apart. The counterpoise is a four -wire 
cage, one meter square and a few meters longer 
than the antenna. It goes downward from the 
window of the operating room (which is 
located about ten meters above ground) to a 
point two meters above ground. It is nearly 
underneath the antenna. 

The antenna and counterpoise run in a north 
and south direct'on with their insulated ends 
toward the south. Both the antenna and 
counterpoise are made of seven - strand copper 
cable, each strand being enameled. The vari- 
able condensers in the antenna and counterpoise 
are Cardwell transmitting condensers and are 
always kept on the same reading. 

This particular combination of antenna and 
counterpoise with two condensers is due to Mr. 
John Reinartz and is certainly very efficient. 

The ground system is composite : water, 
gas and steam pipes, lightning rod, tin roof 
and about eighty meters of wire fence buried 
in the garden mostly under the antenna. A 
Jewell thermocouple ammeter is used in the 
antenna circuit. During the tests referred to 
the reading was between 2.3 and 2.8 amperes. 
The helix is home -made with copper tubing. 
All the fixed condensers are home -made from 
photographic glass plates. 

Two A. KW. (input) S. I. F. French tubes 
are used in parallel. The filaments are heated 
by a twelve -volt storage battery with a rheostat 
in series. The Chauvin and Arnoux voltmeter 
and ammeter connected in the filament circuit 
read 5.5 volts and 14 amperes. The plates are 

connected through a home -made choke coil to 
the secondary of a 4,000 -volt transformer. 
(In practice several transformers are used with 
their primaries in parallel and their secondaries 
in series.) 

The key is in the primary of the high - 
tension transformer. As a grid -leak I use 
the plate -filament space of a 50 -watt (input) 
S. I. F. tube the filament of which is heated by 
an 8 -volt storage battery. This filament draws 
2.5 amperes at 6 volts. Its temperature and 
consequently the plate- filament resistance can 
be varied by a rheostat, which is extremely 
useful in working the main tubes at their 
best efficiency. This grid -leak device is due to 
Mr. Thomas Appleby. 

Although, as this is written, I have been 
testing with America only for the last three 
nights, my signals have been received there 
regularly and strongly. Last night (November 
27) two -way communication was established 
for the first time in the history of radio be- 
tween amateur stations of the two continents 
when I exchanged messages and long conver- 
sations with Mr. Fred H. Schnell and Mr. 
K. B. Warner of IMO and Mr. John Reinartz 
of 1XAM, who reported my signals as read- 
able on the loudspeaker and twenty feet from 
the phones. 

For reception I use either a Grebe CR 13 
receiver, which is proving very efficient and 
practical, or a home -made super -heterodyne 
which gives me regularly the voice of KDKA 
readable six feet from the phones with only 
one step of audio amplification. 

With a given number of tubes the signals 
from IMO are the loudest American signals 
I have heard so far, including all amateurs 
heard during last year's transatlantic tests and 
all the high -power stations. 

THE HIGHEST RECEIVING STATION IN NEW YORK STATE 
The tallest mountain in New York state is Mount Marcy, 5,344 feet above the sea. 
A receiving set was carried to the top recently by Hall E. Shepherd and Sherwood 
Marvin, an antenna wire was stretched between two boulders and concerts from 

WGY, WEAF and WMAF were picked up. 



HELP your neighbor. If you have discovered any little Kink that helps to eliminate 
trouble in your radio apparatus, or if while experimenting with the connections of 
your set you should run across some interesting phenomenon, or if you should dis- 
cover some new hook -up that gives better results -send it to the "Listening In" page. 

How the Anti -trust Laws May 
Affect the Radio Fan 

UNDER a request from the House 
of Representatives for information 

that would aid in determining whether or 
not the anti -trust laws of the United 
States were being violated, the Federal 
Trade Commission has made a careful in- 
vestigation of the radio industry. The 
report of the Commission, recently sub- 
mitted to Congress, will probably prove 
one of the most important documents 
ever issued for the radio industry. The 
following quotations include some para- 
graphs of the report that are of especial 
interest to the amateur and the broadcast 
listener. 

After outlining the history and present 
stock ownership of the Radio Corpora- 
tion of America the Commission Con- 
tinues: 

"The Radio Corporation has entered into 
agreements with the various companies which 
own or control practically all patents covering 
radio devices considered of importance to the 
art. The number of patents involved approxi- 
mates two thousand. Agreements of this char- 
acter have been entered into with the General 
Electric Company, Marconi's Wireless Tele- 
graph Company, Ltd., American Telephone & 
Telegraph Company and its subsidiary, the 
Western Electric Company, the United Fruit 
Company and its subsidiary, the Wireless Spe- 
cialty Apparatus Company, The International 
Radio Telegraph Company, the Westinghouse 
Electric & Manufacturing Company, and the 
Radio Engineering Company of New York. 
With certain minor limitations, the Radio Cor- 
poration under these agreements has secured an 

exclusive divisible right to sell and use the 
radio devices covered by the patents involved 
or by patents which these companies may ac- 
quire before the termination of the agreements. 
The agreements with the American Telephone 
& Telegraph Company and the Western Electric 
Company are to terminate in 1930, while the 
remainder are to terminate in 1945. Provision 
is made for the mutual exchange of informa- 
tion relating to radio, and, in most instances 
the Radio Corporation has granted to the other 
company a license under its patents to make and 
use devices in the particular field in which the 
other company is interested. 

"The Radio Corporation, under these agree- 
ments, is made the selling company for practically 
all radio devices to be sold to the public under 
the hundreds of patents involved. The General 
Electric Company and the Westinghouse Elec- 
tric & Manufacturing Company are to manufac- 
ture and to sell to the Radio Corporation only, 
these devices and apparatus, the Radio Corpora- 
tion agreeing that sixty percent of its annual re- 
quirements would be purchased from the General 
Electric Company and forty percent from the 
Westinghouse Company. Until the expiration 
of the Fleming patents in 1922, the Radio Cor- 
poration had an absolute monopoly in the sale 
of vacuum tubes. On the expiration of these 
patents, the DeForest Radio, Telephone & Tele- 
graph Company, which had retained a right to 
manufacture and sell, commenced the sale of 
such tubes to the general public. In the sale 
of receiving sets, the Radio Corporation has 
competition from seventeen concerns licensed 
under the Armstrong patents, although their 
sale of sets for use in conjunction with tubes 
is being contested in the courts at the present 
time." 

The Commission then proceeds to ana- 
lyze the situation with regard to ship -to- 
shore and international communications. 
With regard to the latter the Commis- 
sion states : 

"The Radio Corporation is the only concern 
now engaged in transmitting and receiving radio 
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messages between the United States and foreign 
countries and contends that in order to function 
properly it must of necessity secure a monopoly 
in this field. The company has secured a virtual 
monopoly and controls all the high -power, sta- 
tions with the exception of those owned by the 
Government." 

In conclusion, under the head of "Sale 
o f . Apparatus" the. Commission. continues :. 

"Tho refusal to sell or. lease. apparatus td 
competitors for international communication 
purposes is included in 'the, well- defined 'policy . 
of the' Radio Corporation 'of 'Arherica: .It Also 
affixes to the apparatus sold a license notice, the 
object of which is to restrict the purchaser's 
use of the device to amateur and experimental 
purposes. In supplying ships with apparatus,. 
devices and appliances, the shipowners are re- 
quired to execute an agreement which provides 
that the apparatus, etc., furnished by the Radio 
Corporation is licensed only for use on board 
ships and aircraft in communications destined 
to or originating on such ships or aircraft. 

"The Radio Corporation distributes its prod- 
ucts chiefly through wholesale concerns han- 
dling electrical supplies. In order for a dis- 

s 

tributor to handle these goods it must furnish 
evidence that it has the facilities for conducting 
a wholesale business and give an initial order 
amounting to not less than $25,000. Independent 
manufacturers of sets are not sold vacuum 
tubes and other patented devices for resale in 
connection with sets manufactured by them. 
This was a hardship, particularly when there 
was a shortage of tubes, as the dealers were 
unwilling to furnish them with tubes. The in -, 
vestigation shows that the shortage in tubes. 
was confined to three of the six types manu- 
factured and prevailed during 1922 and first 
few months of 1923. There was a marked inn 
Crease iii: the demand for tubes as the industry. 
developed, as is shown by the orders received 
by the Radio Corporation, which were as fol- 
lows : 1921, 112,500; 1922, 1,583,021; and for 
the first .nine months of 1923, 2,931,262 tubes. 
Although the officials of the Radio Corporation 
admit that they do not carry dealers who con- 
fine their orders to tubes exclusively, there is 
little evidence that the Radio Corporation re- 
quired dealers to handle their goods exclusively 
or favored such dealers, in the supply of tubes, 
as compared with dealers who also handled 
apparatus manufactured by others. 

'The DeForest Radio. Telephone & Tele- 

I Underwood & Underwood 

AMERICAN RADIO AMATEURS PICK UP EUROPEAN BROADCASTING 
STATIONS 

A special loop antenna, presented to Arthur Lynch, editor of Radio Broadcast, by 
Dr. J. H. Rogers, tlic man of "underground -antenna" fante, was used in con- 
junction with this .super- heterodyne receiver to pick up the European broadcasting 
stations' .signals in a recent test held at Garden City. A number of the trans- 
atlantic .signals were recorded by amateurs. In a short time we will all he listening 

in to broadcasting front across the water. 

- :71--- - - - 
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graph Company, which is now engaged in the 
manufacture and sale of a modern vacuum 
tube, also affixes to its product notices with 
respect to use similar to those used by the 
Radio Corporation. This company has recently 
adopted the policy of making the distributors 
of its products, agents. 

"The Commission submits no conclusions in 
this report as to whether the facts disclosed 
constitute a violation of the anti -trust laws, as 
the House resolution under which the report 
was prepared called only for the facts and data 
'as in the opinion of the Commission may aid 
the House of Representatives in determining 
whether . the anti -trust statutes of the 
United States have been, or now are, being 
violated .; and such other facts as in the 
opinion of the Commission may aid the House 
in determining what further legislation may be 
advisable.'" 

Useful Hints 
on the Test Buzzer 

TO the beginner who is enjoying 
local broadcast programs through 

the medium of the useful and inex- 
pensive crystal set, the following in- 
formation will be of real value: 

If a vibrating buzzer circuit is placed in 
inductive relation to either the open or closed 
crcuits of a receiving set, the fluctuations of 
the battery current act inductively on the re- 
ceiving circuits and set up therein feeble cur- 

T VC 

rents which are rectified and made audible in 
- the head telephones. 

The maximum response in the head telephone 
is obtained when the crystal is adjusted for 
the best degree of rectification (or is on the 
most sensitive spot) ; hence the buzzer affords 
a ready means for adjusting the detector. A 
perfect reproduction of .the tone of the buzzer 
is obtained in the phones, the pitch varying 
in accordance with the interruptions of the 
vibrator. 

The method of placing the buzzer in in- 
ductive relation to the antenna system is shown 
in Figure 1. The coils L3 and L4 are wound 
on a tube 1% inches in diameter and lyy 
inches long; L2 is wound with 8 turns of No 
20 D.C.C. wire; Ll is wound with 6 turns of 
the same size of wire. The coil Ll is con- 
nected in series with the battery and the buzzer, 
and consequently when the buzzer is set into 
action, a change of flux takes place through 
13 which sets up a difference of potential 
across L4 and, therefore charges the antenna 
system, causing it to oscillate at the particular 
frequency to which it is adjusted. Then, when 
the secondary circuit of the receiving tuner 
is adjusted to resonance with the antenna cir- 
cuit, and the crystal detector is adjusted for 
the most sensitive operating condition, the 
loudest sound will be obtained in the phones. 

The coils L3 and L4 may be placed either 
inside or outside of the receiving cabinet. They 
may be installed inside the cabinet and a pearl - 
center push button mounted on the panel; this 
gives a neat and handy mounting, as the buzzer 
and batteries are placed inside the cabinet out 
of the way. -Guy SIMMONS, JR. 

DT. 
'U 
ME 

PUSH BUTTON 

TEL. 

FIGURE 1 

How test buzzer should be connected up to the ground circuit of the receiving set 
by mercis of two small coils L3 and L4 for the easy adjustment of the crystal 

detector. 



Do not hook -up one of the accepted 
standard circuits and, after using it for 
awhile, with poor or indifferent results, 
condemn it. 

If you have once decided to build a 
set incorporating a certain circuit, you 
have probably done so only after read- 
ing about someone else's splendid re- 
sults with the circuit. Therefore, it 
stands to reason that you must have 
done something wrong, or neglected to 
do something which would have been 
right in building your own version of 
the circuit. Before condemning the cir- 
cuit, try out all the connections, investi- 
gate all the instruments to see that you 
have the right capacities, inductances and 
resistances as specified by an authority, 
and then think of all the little places 
that you have skimped and done things 
in a hurry or substituted some cheap 
piece of apparatus. After you have 
rectified all the things that are wrong 
in the set and after you have really 
learned to tune it, then is the time to 
kick. However, it will usually work well 
and you will be enthusiastic. 

But, perhaps you have expected too 
much from the circuit from the begin- 

` ping. This all goes to show that a cir- 
cuit may be good but the fans who use 
poor parts or do careless work in mak- 
ing it think that it is worthless. 

* * * 

A RHEOSTAT of the wire -wound type 
should have the separate turns of wire 
spaced accurately and all the wires 
should be of the same height where the 
sliding contact passes over them. This 

will insure even regulation and prevent 
the lever catching on the wires as it 
passes over them. 

The wires should be wound on tight- 
ly and the whole resistance unit should 
be fastened onto the rheostat base so that 
it cannot wobble when the the knob is 
turned. Be sure when buying a rheostat 
of this type to make these investigations 
and buy one that has the correct re- 
sistance for the tube you are using. 

* * * 

IN using insulating tubing on the 
wires in your receiver be sure to get the 
best grade of tubing. Do not use a cheap 
grade that is made of cheesecloth, cov- 
ered with some kind of gummy rubber 
compound. Get good, seamless, var- 
nished- cambric tubing that is firm and 
does not bend out of shape. The 
cheaper grade will cause you trouble; 
it will absorb moisture, it will corrode 
the copper, and it will cause electric 
leakage. The better grades are expen- 
sive but it pays to use them. 

* * * 

A VERY good way to tell when your 
filaments are burning at the correct bril- 
liancy is to use a voltmeter which can be 
shifted so that its terminals can be con- 
nected across each tube, one at a time. 

The manufacturers of the various 
tubes give a data sheet with the tubes 
which states the proper operating volt- 
age for their tubes, and if a voltmeter 
is used, the rheostat can be adjusted 
until the reading in the voltmeter is in 
accordance with the voltage called for 
on the data sheet. 
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THERE are many fans who have in 
use in their radio receiving sets a loud- 
speaker of the type that employs a 
Baldwin phone unit for the reproducer. 
This unit is sometimes used with a 
horn, of one description or another, or 
in a phonograph. When these units 
are new, and not subjected to signals 
of too great a strength, the quality is 
good. But when they have been used 
for a considerable length of time, and 
have been forced by signals that are 
too strong for them, they soon develop 
rattles and vibrations that are objection , 
able, to say the least. 

Sometimes they begin to chatter; 
sometimes they squeak on one particular 
note; sometimes they just give out 
raspy grunts. 

This is almost always due to one of 
two causes, or both. 

The little pin which connects the 
armature with the center of the mica 
diaphragm may have become loose. Or, 
the outer edge of the mica diaphragm 
may have chipped loose. 

Both of these troubles may be elim- 
inated, causing much better operation 

of the loudspeaker as a whole, and 
probably restoring 'all of its original 
tone quality and volume. 

These are the suggestions: 
Drop a small quantity of shellac on 

the little pin joint in the middle of the 
diaphragm so that it . will unite both 
the metal and the mica and stop vibra- 
tion. (See Figure 1.) 

Cut a narrow ring -disk of blotting 
paper. and place it within the cap so 
that it laps over the edge of the mica 
diaphragm. (See Figure 2.) 

Try these hints. and see if they don't 
make a great difference. 

* * * . 

KEEP the lead -in from your antenna 
well away from the walls of the build- 
ing. Do not let it hang right alongside 
of any brick structure, a fire escape, a 
drain pipe, metal smoke stack, or any 
other body of large dimensions. It 
should swing free by a few feet: the 
greater distance away the better, up to 
a distance of about fifteen feet. 

* * * 

DON'T try to light up the WD -12 
vacuum tube above a dull red color. 

Kadel & Herbert Kadet & Herbert 

HOW TO ELIMINATE VIBRATIONS 
FtcuRE 1: The chatter in a Baldwin loud- 
speaker unit may be eliminated by placing a 
small quantity of shellac about the pin which 
connects the mica diaphragm Io the armature. 

This prevents vibration. 

FIGURE 2: .4 small washer of blotting paper 
will also stop vibration on the outer edges of 
the mica diaphragm. It should be placed as 
shown and the hard- rubber rap .screwed dawn 

upon it. 



ITEMS of general interest that you ought to know; bits of useful information that 
every radio fan ought to know. 

Ambulances Equipped with Radio 

SEVERAL Texas cities are equipping munici- 
pal ambulances with a radio equipment. Hous- 
ton, Dallas and Fort Worth hope within a 
short time to have municipal broadcasting sta- 
tions at police headquarters and ambulances 
while responding to one emergency call may 
pick up other calls from headquarters and 
go direct to the scene of the accidents. It is 
believed that the new method will prove a 
great time saving device. 

* * * 

New Station Operated Altogether by Batteries 
IN the attempt to prevent interference and 

poor quality of transmission due to rotating 
electric machinery in the neighborhood of a 
transmitter, the new broadcasting station, 
WTAM, in Cleveland has been equipped 
entirely with storage- battery power. As the 
power of the station is 1,000 watts and the r.e- 
cessary voltage is 2,500 volts, hundreds of bat- 
tery cells are necessary. Moving electric ma- 
chinery of all kinds has been carefully ex- 
cluded from the station building and from its 
immediate neighborhood. The quality of trans- 
mission actually attained will have much inter- 
est for students of broadcasting technique. 

* * * 

An Electron that was Worth $40,000 

DR. MILLIKAN of the California Institute of 
Technology has received the Nobel prize in 
physics for his work in isolating the electron 
and determining the exact amount of elec- 
tricity on it. The prize is $40,000. 

* '* * 

Duplex Radiophone for Explorers 
A NEW radio outfit for the use of explorers 

in communicating with civilization, for installa- 
tion in isolated camps in the desert or jungle 
and for similar uses has been put on the market 
in England by the Marconi interests. It con- 
sists of two portable sets capable of either 
receiving or transmitting at either one of two 
wavelengths, 300 meters or 350 meters. The 
antenna wire is made in two sections with an 
insulator between. One section of the wire and 
one of the wavelengths is used for transmitting, 

the other for receiving, the receiving part of 
one set being tuned to the transmitting part of 
the other. The outfit is made in two powers, 
5 watts and 50 watts. 

* * * 
The Rasp in President Wilson's Voice 

ONE of the most interesting features about 
the broadcasting of ex- President Wilson's 
speech on Armistice Day was the fact 
noticed by so many listeners that the Presi- 
dent's voice sounded harsh and tired, the 
voice, one felt, of a sick and disappointed man. 
Probably nothing that the President or his 
friends could have done or could have said in 
print would have aroused so much personal 
sympathy for him (regardless of the listener's 
political opinions) as this simple circumstance' 
of our being able to hear him speak. Radio is 
the only known way of reaching the entire 
public without losing the personal touch. 

* * * 
Multiplying Frequencies to Prevent 

Interference 
AT the recent meeting of the British Asso- 

ciation for the Advancement of Science Mr. 
John Scott -Taggart suggested a new way to 
minimize interference. It consists in multi- 
plying at the receiving station the frequency 
of the incoming signals by a thousand or more 
before attempting to read them. For example, 
two waves of 15,000 and 15,100 meters, re- 
spectively, are too close together for distinct 
reception but if these frequencies are each mul- 
tiplied by 1,000 (dividing the wavelengths, of 
course, in the same ratio), the resulting fre- 
quencies of 20,000 and 19,868 kilocycles are 
sufficiently far apart for distinct reception. 

* * * 

Radio Blamed by the Ignorant for 
Thunderstorms 

THE claim that radio broadcasting is pro- 
ducing bad weather, especially thunder and 
lightning, seems to have been taken seriously 
by a large part of the farming population in 
Europe, with resulting opposition to the growth 
of the radio industry. 
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New Broadcasters Overseas 

SINCE our last list of the European broad- 
casting stations (POPULAR RADIO for Decem- 
ber, 1923, page 531) four new short -wave sta- 
tions have come on the ether in Europe with 
regular programs. Lt Great Britain, the British 
Broadcasting Company has added two stations 
to their previous six. One, at Bornemouth 
(6BM), transmits at 385 meters; the other, at 
Aberdeen, Scotland (2BD) is on 495 meters, 
having the longest wave in use among the 
British stations. In France, station YN at 
Lyons has begun a broadcasting service on 
470 meters. Music is transmitted at 5 :30 A. M., 
New York time; news and similar material at 
6:30 A. M., 10:15 A. M. and 12:15 and 2:30 
P. M. In Germany a broadcasting service has 
been begun by two stations on 290 and 400 
meters but transmission is at present irregular 
in time and does not reach any great distance. 
There is also a new station at Algiers, Africa 
(8AY), on 200 meters, but the only material 
transmitted is the weather bulletin at 8:00 
A. M., New York time. 

Armstrong Perry 

A LOUDSPEAKER FOR THE GARDEN 
This unique structure, built of stone and 
moulded concrete, was made by M. C. Hopkins 
at his lodge at Waterford, Va. When the 
reproducing unit at the throat of the horn is 
connected by two wires to his radio set, the 

music is broadcast ta the whole village. 

A New Kind of Broadcaster's Fee 
COLUMBIA University is broadcasting a series 

of ten lectures on the poetry of Robert Brown- 
ing, and every student who wishes seriously to 
follow the course is asked to buy a printed 
outline and syllabus, for which five dollars is 
charged. In this instance the fee is to cover 
only the cost of printing but the idea has, per- 
haps, a wider application. Might not the clients 
of a broadcasting station be willing to pay a 
small regular fee like this in order to obtain 
complete information conducive to better en- 
joyment of the programs and to greater cultural 
profit therefrom? Broadcasting must be paid 
for somehow if the quality of the programs is 
to be maintained and improved. It is unfortu- 
nate, we believe, to allow the advertising value 
of the service to carry all the cost and thus to 
control the nature of the material broadcast. 

* * * 
Police Reserves to be Radio Experts 

THE New York Police Department announces 
that the Reserves attached to its force are to 
be instructed in radio and will become, it is 
claimed, the best trained force of radio experts 
in the world. 

* * * 

Relay Broadcasting to the Pacific Coast 
THE Westinghouse Company has installed a 

radio relay station at Hastings, Nebraska. 
Concerts broadcast from Pittsburgh will be 
picked up at Hastings and relayed automatically 
to points farther west. It is planned that trans- 
mission from Pittsburgh to Hastings will be on 
about 95 meters and from Hastings west on 
about 110 meters. Thus comes another step 
in two developments which POPULAR RADIO has 
been forecasting for months : first, the growth 
of relay broadcasting and, second, the increas- 
ing use of the shorter waves. 

* * * 

German Broadcasting Begins 
THE first regular private broadcasting has 

begun in Germany, a studio in Berlin supplying 
programs on a 400 -meter wave. Other stations 
are to be installed. Broadcast listeners must 
secure a license and the regulations surround- 
ing it would be considered, in America, so 
troublesome as to be almost prohibitive to the 
growth of the industry. However, the Ger- 
mans are more accustomed than we are to be- 
ing told what they must or must not do, so 
perhaps the regulations will work well enough 
there. 

* * * 

The Honor Roll of Broadcasting Stations 
THE Bureau of Standards has certified six 

American broadcasting stations as maintain- 
ing a wavelength so exact that their transmis- 
sion call be used for the calibration of wave 
meters. They are WGY at Schenectady, 
KDKA at Pittsburgh, WWJ at Detroit. 
WCAP at Washington, WOS at Jefferson 
City, Missouri, and WSB at Atlanta, Georgia. 
Other approved stations are the navy station 
at Annapolis and the Radio Corporation sta- 
tions at Tuckerton, Rocky Pnint, Comm Hill 
amid Marion. 



Cadet & Herber 

RADIO APPARATUS USED FOR DETECTING SUBMARINE SOUNDS 
The U. S. Navy is equipping its battleships and submarines with, sensitive sound 
devices, one of which is pictured above, that enable the operator to determine the 
proximity of nearby passing motor- propelled vessels. The device amplifies the 
engine and propeller sounds which are transmitted through the water, and also 

enables the operator to determine from which direction they originate. 
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French Government Keeps Tight Rein on Radio 
THE expectation that the severity of the 

governmental control of radio in France would 
presently be relaxed does not seem to have 
been realized. New regulations recently pro- 
mulgated are, if anything, more severe than 
the old. All receiving sets, even for private 
use, must be licensed and must pay a tax. If 
a receiving station is used for public entertain- 
ment or any similar purpose it must pay a 
much larger tax. Broadcasting stations are 
surrounded with such a maze of regulations 
as to be, in effect, prohibitory except for a very 
few stations, mostly under strict government 
control. American amateurs, inclined at times 
to protest at the mild and non -restrictive regu- 
lations considered necessary by the United 
States Government, should remember that radio 
is a hundred times freer in this country than 
it is anywhere else in the world. 

* * * 

Will We Have Exclusive Radio News Service 
for Newspapers. 

IT is easier to recall the past than to foresee 
the future. Indeed the best way to foresee 
the future is to attempt it in the light of the 
past. There was a time when newspapers used 
no telegraph news and when the more con- 
servative editors regarded the new invention of 
Dr. Morse as a dangerous and unreliable inno- 
vation in the business of news gathering. If 
one wanted real news one sent for an author- 
ized statement to come by messenger or by 
nail. Why trust it to a wire on which anyone 

might listen? This is the present attitude of 
many newspaper men toward radio. But for- 
tunately there are more progressive ones. It 
is safe to say that in hventy years time, or 
possibly in five years, radio will be as indis- 
pensable in the gathering of news as the wire 
telegraph is today. 

w * I 
Edison Says Radio Gives Scientific Training 

IN a recent newspaper interview Mr. Thomas 
A. Edison went on record as to what he be- 
lieves to be the greatest value of radio to the 
community. Radio is, he says, "one of the 
greatest things for young men ever brought 
out." It is because it gets them interested 
in science and in scientific literature. It teaches 
them to think in a 'scientific way. The boy 
broadcast listener of today is the experiment- 
ing amateur of a few months from now and 
the scientific research worker or engineer of 
future years. 

* s. * 

Spiders Spin Trouble for Broadcast Listeners 
ANTENNAS, like brains, should not be allowed 

to grow cobwebby. Several recent reports in- 
dicate that fans have had trouble with fad- 
ing signals because adventurous spiders had 
stretched their webs across the antenna insu- 
lators or from antenna wires to nearby chim- 
neys or other grounded objects. The leakage 
of the high -frequency impulses over a single 
stand of spiderweb is large enough, especially 
in wet weather, to decrease seriously the energy 
of the received signal. 
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Ether Waves Emitted from Furnace Pipe., 
RADIO waves emitted from transmitting an- 

tennas are not the only kind of ether waves 
that are of household importance. The shorter 
ether waves of radiant heat are important 
also -at least to those of us who live in cold 
countries. A part of the heat given out by 
radiators and stoves and furnace pipes is dis- 
charged merely by contact of the hot metal 
with the air around it. But another part of 
the .heat is sent out as radiant heat waves 
emitted by the heated pipe. And just as the 
nature of an antenna system affects the radio 
waves emitted from it, so the nature of a 
furnace pipe affects its emission of heat waves. 
Polished pipes, for example, emit much less 
heat in the form of ether waves than do dull 
or painted pipes. If you want the heat to 
stay inside a furnace pipe or a steam pipe give 
it a shiny polished surface. If you want as 
much heat as possible to come out in the 
form of ether waves, paint the pipe black. 

* * 
Fake Code on the Stage Gets Amateurs' Goat 

WE all remember the complaints of the lip 
readers in the early days of the motion pic- 
tures. What the actors really said to each 
other was quite visible to persons so equipped 

Fotcgrams 
A RADIO SET FOR 60 CENTS 

That is the claim made by John P. Buckley, 
of the Bureau of Standards, for a crystal re- 
ceiver composed of two small boards wound 
with primary and secondary coils of No. 27 
DCC wire. Connections for the taps and for 
all other circuits are made in the space be- 
tween the boards before hooking up the set. 

and it had, too frequently, no relation at all 
to what was supposed to be said. The sanie 
thing has turned up in radio. Several plays 
recently on the boards in New York have made 
use of radio messages supposed to be sent in 
code from a spark transmitter installed on the 
stage. The stage managers evidently forgot 
how many amateurs there are nowadays to 
whom code is as familiar as English. Anyway 
the supposed operator on the stage merely 
twiddled the spark a little and the amateurs 
got disgusted. There were so many protests 
that when an occasion arose to send a spark 
message as a part of the setting for a film 
play in one of the Broadway motion picture 
theaters, the manager hired a licensed operator 
to send out in correct code the exact message 
called for in the action of the play. 

* * 
100,000 Miles of Carrier -Current Syste ns 

the United States 
THE rapid growth of the carrier- current 

or "wired- wireless" systems is attested by the 
recent announcement that the Bell system now 
includes 20,000 miles of lines equipped for 
carrier -current telephony and 88,000 miles 
equipped for telegraphy by the same radio 
method. The advantage is, of course, that a 
number of separate messages or conversations 
can be carried over the saine wire without 
interference. When you talk nowadays over 
any of .the much -used long- distance wires it 
is a better than even chance that you are talk- 
ing for at least a part of the distance not by 
ordinary telephone currents at all but by radio - 
frequency waves carried over the wires. 

* * * 
Radio Links Australian Backwoods to 

Civilization 
ONE of the great problems in the less settled 

parts of Australia has always been the diffi- 
culty of communication, as the continent is 
sprinkled rather generously with desert areas 
that are all but impassable. ..The increase of 
radio stations is rapidly curing this trouble 
and removing the isolation of even the most 
distant settlements. 

* * 
Does the Telephone Make Us "Lef t-eared" ? 

A EUROPEAN scientist reports that people are 
acquiring better and better hearing in their 
left ears and worse and worse hearing in 
their right ears. He ascribes this curious 
development to the use of the telephone. Most 
people hold the receiver to the left ear so that 
the right hand may be free for taking notes. 
The continued practice of careful attention 
to the left ear trains that ear to hear more 
acutely than the other. And it must hear 
acutely, we may remark, if it is to hear any- 
thing whatsoever over the average European 
telephone. If this scientist is right it may he 
that we will find one of the benefits of radio, 
especially of DX work, to he an increased 
acuteness of hearing in both ears. Animals 
hear much more acutely than we do. Men 
used to hear, in prehistoric times, more acutely 
than they do now. Perhaps we can get back a 
part of this lost power. 

if; 

>r 



POPULAR RADIO 195 

Underwood & Underwood 

HE IS COMPILING A "RADIO CENSUS" 
W. E. Downey, supervisor of radio in the Department of Commerce, is ut work to 
find out something about radio fans and radio sets in the United States. He has 
already estimated that 70 percent of the sets have vacuum tubes and 30 percent 

have crystal detectors. 

Who Said Farmers Were Behind the Times? 
AGENTS of the United States Department of 

Agriculture have made a survey of the number 
of radio receiving sets owned by farmers in 
780 counties in farming districts. The results 
indicate that the number of sets on farms in 
the United States is probably over 145,000. 

* * * 

Blow up Your Loop and Listen 
A NEw collapsible loop invented in Europe 

has the wires attached to a rubber tube like a 
bicycle tire. When you want to use the loop 
you pump up the tire which extends the loop 
and makes it operative. 

* * * 
One Radio Application in Which China Leads 

THE use of a radio link in long- disfance tele- 
phone service, covering a gap in the wire sys- 
tems, is already in use in ,China according to 
Captain R. S. Wood in the New York World. 
A conversation between Hongkong and Pekin 
goes by land wire to the Hongkong radio sta- 
tion, thence by radio to the Pekin station, and 
thence by land wire to the instrument of the 
Pekin subscriber. 

* * * 

An Absolute Vacuum of Sound 
lx is almost as hard to keep every trace of 

sound out of a room and thus obtain absolute 
quiet as it is to get all the air out of a vacuum 
tube and make an absolute vacuum. And every 
DX hunter knows how disturbing a very small 
outside noise can be when one is listening with 
every atom of car for sonic very faint sound. 

The psychological department of Princeton Uni- 
versity is adding to its new building a room 
provided with every known device for keeping 
out sound. Although built within the larger 
building, this room of sound- vacuum is an en- 
tirely separate structure, having even a founda- 
tion of its own so that not the slightest pulse 
of sound will be conducted into it. 

* # * 

The Smallest Wire in the World 
THE scientists of the Western Electric Com- 

pany have produced a wire made of a copper - 
nickel alloy and far smaller than any wire 
previously made anywhere. The wire has a 
diameter of less than one five -thousandth of an 
inch. It is practically invisible except under 
the lens of a microscope. Wire so small as 
this cannot be drawn in the usual fashion. 
It has to be eaten away by acid, thus reducing 
the smallest drawable wire to a still smaller 
size. The new superfine wires are used in mak- 
ing vacuum thermo- couples for measuring 
radio- frequency currents. 

* * * 

A Funeral with Radio Dirge 
AT the recent funeral of an assistant fire 

chief of the Dallas, Texas, fire department. 
Chopin's funeral march, played by a pianist 
at the central fire station, was picked up by 
a radio loudspeaker on a fire truck and the 
beautiful notes of the march resounded along 
the procession to the grave. The fire truck 
bearing the radio apparatus followed the 
hearse and the funeral mardi furnished a 
unique feature of the procession. 



QUESTION : I am starting to build one 
of the super- heterodyne receivers de- 
scribed in the November and December 
issues of POPULAR RADIO. Will you 
please give me the proper connections for 
the Haynes tuner circuit showirtg the 
binding posts? 

I would like to have a diagram drawn 
up in the same style as the two dia- 
grams showing the oscillator and the 
amplifier units. 

I notice that the filament battery is 
connected with the negative terminal to 
the negative terminal of the "B" battery. 
Is this a mistake or does it make much 
difference which way round the "A" bat- 
tery is connected ? The Haynes -Griffin 
Company states that the instructions for 
connecting the "A" battery, as published 
in the December issue of POPULAR RADIO, 
are "incorrect." I have tried it both 
H2O-- 

ways and fail to find any difference 
whatever. 

DOUGLAS EHRLICH 
ANSWER: The connections for the "A" bat- 

tery, as published in our December number, are 
correct; the Haynes -Griffin Company's state- 
ment that they are "incorrect" is misleading. 

There are, however, two methods of con- 
necting the batteries, and the circuit you require 
is shown in Figure 1. You will notice that the 
binding post connections are given in tie same 
manner as in the units described in the No- 
vember and December issues. 

There is no difference, in the operation of 
the whole set, with the "A" battery connected 
in one direction or the other, as long as all the 
units are connected the same way. However, if 
the "A" battery is connected with the negative 
terminal to the negative terminal of the "B" 
battery, the oscillator tube will draw a little 
more plate current. 

To cut down this current we suggest that you 
connect the batteries as follows : 

top post- telephones 
next below- telephones 
third post- positive "B" battery 
fourth post- negative "B" battery 

L0/917 

H3 H4 
D 

FIGURE 1 : The Haynes circuit tuner with the 
binding posts marked so that the tuner may be 
used as the first unit of the super -heterodyne. 
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fifth post- positive "A" battery 
bottom post- negative "A" battery. 
This will be found to be an improvement 

over the connections suggested in the December 
issue in that the "B" batteries will not be called 
upon to supply quite so much current, and they 
will last longer. - 

- * * * 
QUESTION: Will you please give me 

a diagram of the Overland circuit? Is 
this a double -circuit tuner or a modified 
single -circuit tuner? I have had an 
argument with some other radio fans 
who claim it is a double circuit while I 
claim it is a modified single circuit, so 
I am sending to get the exact diagram 
to make sure. We are none of us cer- 
tain how the circuit works. 

RAYMOND PARKER 

ANSWER: The circuit you refer to, shown in 
Figure 2, is a single circuit, with a slight modi- 
fication in that it has an extra fixed condenser 
of .001-mfd. capacity included in the ground 
lead. This same condenser is also included in 
the plate circuit, as a bypass condenser across 
the telephones and "B" batteries. The an- 
tenna tuning is accomplished by means of a 
variometer working in conjunction with a 
variable condenser. 

The grid is tuned by the action of the vari- 
ometer. It is tuned at the same time as the 
antenna tuning takes place. The circuit is 
regenerative. 

* * * 

QUESTION : Does the size of wire 
used on a coupler or variometer or any 

GL 
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kind of inductance matter much ? I read 
in the magazines that most of them in 
describing a set or instrument give a 
specific size of wire, although they do 
not 'a11 use the sane size. &ime instru- 
ments call for No. 22 DSC, some for 
No. 18 SCC and a number of different 
sizes. - 

I bought quite a quantity of No. 18 
and thought I would use it in all the 
descriptions, but first, I want to be sure 
that this would he all right. 

A. ANDREW BORNICK 

ANSWER: Yes, you should use the size of 
wire called for in each description. The re- 
sistance of the wire figures in the calculations 
in most regenerative circuits on account of 
damping, and the size of the wire figures in 
the calculations for self -inductance, and mutual 
coupling. 

It stands to reason that if you use a smaller 
diameter wire its resistance will be greater, and 
this may impair the proper circuit character- 
istics. 

If you use a wire that is thicker than called 
for and you use, say, thirty turns, the coil or 
winding will be longer and the coupling will 
not be as close as specified in the original de- 
sign. This will affect the efficiency. 

Then again you may use DCC instead of 
SCC or DSC instead of SSC wire. This will 
also cause fewer turns to the.. inch and affect 
the coupling and the efficiency in a similar 
manner. 

It is best to follow the designer's specifica- 
tions to exactly duplicate his results. The de- 
signers tell you what to do: go and do it I 

The designer tells you what to do, not because 
he just happened to have some of -that . size 
of wire on hand, but because it is the best to 
use for the set described. 

T FIGURE 2: Modified single- circuit regenerative receiver, that 
includes a bypass condenser in the plate circuit which also is 

in series with the antenna and grid circuits. 
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QUESTION: Will you please give me 
a circuit showing how to add one stage 
of audio amplification to my detector dr- 
cuit, and one stage of - push- and -pull 
amplification? I want to use this with 
my regenerative receiver. Can the circuit 
you recommend be used with a Western - 

Electric 10 -D horn? This is what I want 
to use if possible. Also include a list of 
parts. I have two Como transformers as 
mentioned in your article in the January, 
1924, issue of POPULAR RADIO. 

DONALD K. BEARD 
ANSWER: The circuit you need is shown in 

Figure 3. This circuit will give good results 
with the apparatus you want to use with it. 
You will need the following additional appa- 
ratus : 

AFTI- audio -frequency amplifying trans- 
former; 

AFT2 -input push -and -pull transformer; 
AFT3- output push -and -pull transformer; 

(The above two you have) 
11 and J2- double- circuit jacks: 
J3- single- circuit jack; 
RI and R2- filament rheostat, 20 ohms; 
R3, R4, and R5- resistances. 50,000 ohms 

each; 
Cl -mica fixed condenser, .0005 tnfd. ; 

C2 -mica fixed condenser, .00025 tnfd.; 
switch lever and 4 switch points; 
three UV -201 -a tubes or three C -301 -a tubes; 
three tube sockets ; 

"C" battery, 9 volts; 
"B" battery (three 45 -volt sections). 
You will be able to use the same storage bat- 

tery as used on your present set. Just connect 
the two posts marked "A" negative and "A" 

positive on the diagram to the corresponding 
terminals of your present battery. 

The switch lever connecting to the re- 
sistances R3, R4, and R5 constitute a volume 
control so that you will be able to get just 
the right amount of signal strength to meet 
your conditions. 

* * * 

QUESTION : What is the best method 
for tuning the grid circuit, a variometer 
in series with the secondary or a varia- 
able condenser shunted across the sec- 
ondary winding? I mean, which is the 
best, from a standpoint of selectivity 
and sensitivity. 

HOWARD SAYRP: 

ANSWER: This is rather a complicated ques- 
tion to answer. From a standpoint of selectiv- 
ity alone,. the condenser -tuned method would 
probably be preferable. The variable con- 
denser would be connected across the sec- 
ondary winding and this would give an oscil- 
latory circuit in which the frequency is vari- 
able with a change in capacity. The capacity 
of the' condenser would be large in comparison 
with the tube capacity and the capacity of the 
operator's hand against the dial. This means 
that the tuning would not be appreciably affect- 
ed by body capacity. However, for a particular 
wavelength range the capacity of the condenser 
should not be too high, or the signal strength 
will be lessened and tuning will become ex- 
tremely critical. On the other hand, with ex- 
ceptionally low minimum capacity, the capacity 
in the circuit will approach the value of ca- 
pacity encountered between the operator's hand 
and the shaft of the condenser. 

From the standpoint of sensitivity, the va- 
riometer method would he preferable. This 
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would allow of greater inductance in the sec- 

' - ondary circuit with a correspondingly higher 
'turn ratio between the antenna (primary) cir- 
cuit and the secondary circuit. Theoretically, 
this would produce a higlfer grid voltage and 
if other conditions of resonance are satisfied 
this is the case, practically. This method, how- 
ever, is commercially possible only on the 
lower wavelengths as the series variable in- 
ductance would have to be of an enormous 
range to cover a large wavelength. band. 

So you see your question takes into account 
too many considerations (of wavelength, of 
coupling between circuits, of resonance, turn 
ratio, cost, practicability, ease of operation, as 
well as circuit design) for a proper and com- 
plete answer in this space. 

Considered briefly, from a standpoint of both 
selectivity and sensitivity, the condenser meth- 
od fits most of the - problems most economically. 
- However, some 'manufacturers stick to one 
method and some prefer the other, each -with 
seemingly just claims for either of the two 
methods. 

Both of the two systems make use of the 
saine principles of electrical resonance, except 
that in the one, the capacity is predominant 
and in the other the inductance is predominant. 

* * * 

: QUESTION : Is there any type of re- 
ceiver that will eliminate the inter- ... 

.F-ference from nearby single- circuit re- 
-':ceivers? .What would be the .best, way 

tó sólve this troublesome question? ' It 
certainly is- annoying to try to receive 
a little. DX' with a really good receiver 
and theii to find that it is -almost im- 
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FIGURE 3: Circuit 
diagram of one stage 

) ) of straight audio and 
one stage of push - 

and -pull audio-frequency 
amplification. 

possible, because someone in the neigh- 
borhood is indulging in the pastime of 
twisting the dials of one of these trouble- 
makers. I think they should be for- 
bidden by law. 

A. J. ROBINSON 

ANSWER: H you have oné of these single - 
circuit fiends in your vicinity, and he persists 
in allowing the set to oscillate while trying to 
tune in distant stations, there is no receiver on 
earth that will "cut him out." 

The best way, at present, is to find out his 
location and go over and visit him, then when 
f riendly relations are established, invite him 
over to your house and show him just what 
his set does to his neighbors' reception. 

This should make him repentant and willing 
to learn to use his set without allowing it to 
oscillate. Or, you might have even better luck 
and convince him that he really would get 
better results in a receiver of the two, three or 
four -circuit type, or with a circuit employing 
radio- frequency amplification. 

* * * 

QUESTION : What value of "C" bat- 
tery should I use On an amplifier which 
contains two C -299 vacuum tubes with 
90 volts on the plates? 

ARTHUR J. BRAUN 

ANSWER: A "C" battery potential of 4.5 volts 
will be correct for use with these tubes. The 
negative terminals of the batteries should be 
connected toward the secondaries of the two 
amplifying transformers and the grids of the 
tubes. The positive terminals of the batteries 
should be connected toward the negative leg 
of the filaments. 
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QUESTION : I want to use the circuit 
known as the "Inverse Tickler" circuit on 
my. 10 -watt CW transmitter. I do not 
know if this is the correct name for the 
circuit, but it is the one that uses an in- 
ductance coil with a smaller coil inside 
of it connected in the grid circuit of the 
oscillator tubes. The smaller coil is 
shunted by a variable condenser, as I 
understand it. I hope you will be able 
to identify the circuit I want from my 
meagre description. 

- I have made up ten electrolytic rectifier 
jars to use with a power transformer for 
the plate supply and would also like to 
have the dope on a good filter for taking 

. out the hum. What I want to have is a 
good, pure CW signal without any hum 
if that is possible with an A. C. supply. 
Will you give me the necessary data to do 
this? ARTHUR COLLINS 

ANSWER: What you want, we believe, is the 
British Aircraft circuit which is shown in Fig- 
ure 4. The larger inductance, Ll. may be made 
by winding about 30 turns of No. 12 bare cop- 
per wire on a four -inch tube. The smaller 
grid -tickler. L2, can be made by winding 20 
turns of No. 18 bell wire on a 3% -inch tube 
inserted in one end of the larger inductaneF!. 

The variable condenser, VC. is a .0005 f4. 

L3 

C3 

Z-QQ_Oor 
L4 

It should be well insulated because it must 
stand quite a high potential. 

Condensers C3,'C4, and C5 are 1 mfd. paper 
condensers that should be capable of withstand- 
ing 500 volts, or more, continuously. 

Condensers Cl and C2 should be .001 mfd. 
for by- passing the radio- frequency currents 
around the filament windings. 

The choke coils L3 and L4 are audio -fre- 
quency chokes of the order of 1% henries 
each. They should be capable of passing about 
150 to 200 milliamperes. 

The hot -wire ammeter, A, should have a full - 
scale deflection of 2 amperes. 

The milliammeter, MA, should have a full- 
scale deflection of 250 milliamperes. 

The two tubes, VTI and VT2, may be two 
radiotrons, UV -202. It will be noticed that the 
key (for telegraphy) is included in the lead 
going from the grid circuit to the filament 
circuit. 

The lead plates of the rectifier should all 
be connected towards the end of the circuit 
marked L on the diagram and the aluminum 
plates should be connected to the end marked 
A. This insures the proper polarity for the 
plate- voltage supply. 

* * * 

QUESTION : Should or Should Not, the 
coils on receiving sets be painted with 
moisture -proof paint? 

FRANK BURROUGHS 

ANSWER: No kind of covering varnish. 
paint or filler should be used on radio -fre- 
fluency coils. Such use contributes to both the 
dielectric losses in the coils and in the value of 
the distributed capacity of the coils. 

it 
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VT1 VT2 

?Ai R 

ct 

- C2 

n,uuL 4: Circuit j 'r a two - 
tube CW transmitter, employ- 
ing a reversed grid tickler coil. 
and using rectified A.C. on the 

plates. 
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QUESTION : Kindly give me a hook- 
up so that I can use a spark coil with 
my CW set (one 5 -watt tube). At pres- 
ent I am using it with 200 volts of "B" 
batteries but they die down too fast and 
I am only able to get about 25 miles. I 

have a Ford spark coil and I have been 
told that it will work as an inter- 
rupted plate supply if T use a condenser 

6L 

of some kind across the secondary. 
A. D. BELMONT 

ANSWER: The circuit you require is shown 
on this page in Figure 4. This is the same 
circuit you sent in except that the spark coil 
has been substituted in place of the "B" bat- 
teries as a plate -voltage supply. This circuit 
will give you a signal that sounds like a 
straight spark -coil transmitter except that it 
will be sharp in tuning and will enable you to 
transmit to much greater distances. 

VC. 

e 

HEY 

o"0-- 

SPARK COIL 

Cz T 
Fn.uiu 5: Diagram showing how to connect up a spark coil to a .5 -watt, 

single -tube. CW transmitter to .supply the plate voltage. 



IN THE WORLD'S 
LABORATORIES 

Will Radio Help Solve the Mys- 
teries of Thought? 

ONE of the first American pioneers in radio 
and one of the most prolific inventors who ever 
worked in this field is Mr. John Stone Stone, 
formerly of Boston, now living in San Diego, 
California. A short time ago, the 1923 medal 
of the Institute of Radio Engineers was pre - sented to Mr. Stone in recognition of his services 
to radio science. In his remarks at that times 
Mr. Stone made some prophecies which will interest every radio engineer who has even 
the slightest leanings toward scientific re- 
search. 

"The art of radio communication," said Mr. 
Stone, "differs from other electrical arts in that 
the early growth of these latter has depended 
almost wholly on empirical developments, while 
the advances in the art of radio communica- 
tion, even from its earliest days, have been 
almost exclusively through the astute applica- 
tion of the principles of the pure sciences. It 
is this fact that accounts, I believe, for the 
rapidity with which the art of radio com- 
munication reached its advanced achievements. 

"For this reason radio communication is under a greater debt to the sciences than is 
any other of the electrical arts. In looking 
forward I am not, therefore, so much con- 
cerned to see startling advances in the art or 
profound modifications of its processes as I 
am to see it repay its debt to science. That 
this is imminent we may feel reasonably sure, 
and though I have not the hardihood to at- 
tempt to predict the exact nature of its contri- 
bution to science, I may, nevertheless, venture 
to point out that the audion, or three -electrode 
vacuum -tube amplifier, is a veritable electrical - 
microscope whose power to magnify electrical 
effects is enormously greater than the visual 
magnifying power of the corresponding optical instrument. The microscope has made possible 
bacteriology, with its inestimably important ap- 
plications to pathology and therapeutics. 

"May we not reasonably expect, therefore, 
that in the near future this prodigious magni- 
fying power of our electrical microscope will 

As reported in Radio (San Francisco), Vol. 5, No. 
11, page 10 (November, 1923). 
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be used to detect and measure the minute 
electrical impulses upon which all our physical 
functions are predicated? . Indeed, may we 
not look even further forward with the hope 
that by means of this electrical microscope 
of almost limitless magnifying and resolving 
power we may be able to detect and study the 
brain currents which accompany thought -the 
brain currents which may indeed be the stuff 
of which our thoughts are made." 

Continuing, Mr. Stone suggested that the 
selectivity of radio receivers for a certain 
wavelength made them analogous to the spec- 
troscope which separates and measures the 
wavelength of the rays of light. And as the 
spectroscope has analyzed the stars and created 
the science of astrophysics, so there is a possi- 
bility, Mr. Stone thinks, that a radio- spectro- 
scope would tell us much about the condition 
of the other worlds off in space. "We also 
know," he continued, "that the heavens are 
pouring down on us all manner of electro- 
magnetic waves, and I should be much surprised 
if they did not bear a message as significant 
as that brought to us by the light waves from 
the same source. 

"There is nothing very difficult about de- 
signing a directive receiver which shall receive 
electric waves from any particular part of the 
sky to the exclusion of that from the rest of 
the vault. And as such a receiver is, by virtue 
of its selectivity, essentially of the character 
of a spectroscope, we have within easy reach 
a means of hearing and understanding what- 
ever of nature's messages are being rained 
upon us from the sky. If such a directive re- 
ceiver as that which I have indicated were 
pointed at the sun during a total eclipse it 
could scarcely fail to give interesting results." 

Can Radio Waves Stop 
Automobiles? 

To the repeated reports of mysterious radio 
waves capable of stopping the engines of French 
airplanes flying over Germany there is added 
now an experience described by the editor of 
a Parisian newspaper, La Liberté. According 
to this observer's report a Parisian engineer. 
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whose name and residence arc not disclosed, 
has perfected an apparatus by which he can 
stop at will, any automobile passing in front 
of his laboratory. 

The report is surrounded by too much secrecy 
as to the names, dates, places and the like 
to have much weight as a scientific document. 
We imagine that the engineering world will 
wait without much excitement until this at- 
mosphere of mystery has been dispelled. It is 
interesting, however, to inquire whether such 
an interference with the operation of internal 
combustion engines is possible at all on the 
basis of what we now know about radio waves. 

There are two ways, theoretically, in which 
such interference might he accomplished; first. 
by disturbing the current in the' ignition cir- 
cuit, and, second, by generating enough heat 
in the metal parts of the engine to destroy 
some essential clement of it, as. for example. 
a part of the wiring or.some delicate adjust- 
ment of the carburetor. 

The Paris reports mention the automobiles 
as being able to proceed again at once as soon 
as the interfering influence was removed. If 
this is correct there could not have been any 
interference of the second class, accompanied 

by actual destruction of parts. The saine is 
true, according to the reports, of the alleged 
interference with airplanes and automobiles in 
Germany. We must inquire, therefore, whether 
it is possible to have interference of the first 
class, that is a disturbance of the current in 
the ignition system. 

It is very difficult to sec how this could be 
accomplished. It is quite possible, of course, to 
project radio waves, either by broadcast or in 
directed beams, and to have them' impinge 
against the engine of an automobile or an air- 
plane.' But the voltage thus generated in the 
metal parts of the engine would be at most a 
small fraction of a volt, quite comparable in 
amount with the voltages generated in ordinary 
radio antennas close to transmitting stations. 
The. superposition of tiny voltages like this on 
the considerable voltages of the ignition cir- 
cuits could have no perceptible effect. 

Furthermore, the metal parts of the engine. 
such as the cylinders and the metal cases of 
the magneto or spark coils, would act as 
shields and would absorb the major part of 
the radio energy. All in all, an interfering 
effect by any known kind of radio waves on 
engine ignition seems very improbable even if 

Tank School. II. S. Army 

\\t\l TANKS NO W HAVE RADIO EARS 
At the Tank School at Camp Meade, Maryland, the 0: S. Army has devised a radio 
system for communication. between the crews of armored tanks in action and their 
base station, which may be as touch as ten miles .away. The _._Iransntitling.outfil.iç_ -':. 

shawls nn the'small earl at Ili; right: 
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Seem a photograph loaned by Ds. R. B. Abbott 

HEARING YOUR HEART BEAT BY RADIO 
This is the first radio stethoscope ever constructed; it was developed by Dr. R. B. 
Abbott of Purdue University and magnifies the sounds of the beating heart so that 

they can be heard throughout a large room. 

the waves are projected in more or less con- 
centrated beams. 

An actual heat effect sufficient to melt fine 
wires or delicate metal parts would be much 
more probable. Indeed such effects were ob- 
tained by Tesla with his powerful oscillators 
many years ago. Wires were melted and lamps 
lit at distances up to many feet away from 
the transmitting coils. 

But such effects would be permanent and 
do not explain the reported observations either 
in Germany or in Paris. If these observations 
are true at all (which is, of course, still an 
open question) they are probably produced by 
some entirely new procedure the nature of 
which it is difficult even to surmise. 

Heart Throbs that Shake the 
House 

ONE of the newest scientific uses of radio is 
to magnify the sounds of the beating human 
heart until they, seem like blows of a sledge 
hammer on the roof. A microphone is placed 
on the chest over the heart and is connected 
to an amplifier unit of usual character. By 
properly selecting and tuning the circuits it is 
possible to secure a magnification of many 
thousands without important distortion of the 
sounds. 

The orginal object, of course, was medical. 

Physicians place great dependence on the exact 
character of the heart sounds in diagnosing 
disease and it was a limitation of the former 
methods and instruments that only one person 
could listen to the sound at once. With the 
new radio devices any number of persons can 
listen to exactly the same sound. An in- 
structor, for example, can discuss before his 
classes the varieties of heart beat and illustrate 
them simultaneously, all of the students hearing 
the heart of the same patient at the same 
instant. The patient need not even be before 
the class but may be quietly in bed in the 
hospital, perhaps even miles away. 

This method appears to have been used first 
by Professor R. B. Abbott, of Purdue Univer- 
sity, last year.* It has since been applied to 
medical teaching by Dr. Richard C. Cabot, of 
Boston f and by Dr. Leo Jacobsohn, of Berlin.$ 
Doubtless it will be before long a feature of 
medical work everywhere. 

There is an obvious extension of this method 
that does not seem to have been tried. This is 
the recording of heart sounds. Since the sounds 
can now be given any desired intensity it will 
be possible to make phonograph records of them 
or to record them in any of the ways now 
available for audio- frequency oscillations, for 

*Physical Review, February, 1923. 
tlournal of the American Medical Association, July 

28, 1923. 
*Die Umschau, July 14, 1923. 
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example, by the phonofilm of Dr. Lee DeForest. 
A medical school can possess a set of records 
giving absolutely normal heart sounds, just as 
it now possesses models of normal human 
organs or motion pictures of the normal mo- 
tions of the joints. Furthermore, the heart 
sounds of a single patient can be recorded 
from time to time and the progress of disease 
or recovery thus traced. There is a great 
field of research and. achievement open here 
for some physician who is also a radio en- 
thusiast. 

Static Poses for its Portrait 
AT the experimental station of the British 

Radio Research Board at Aldershot, England, 
a detailed and comprehensive study of radio 
disturbances of the atmospheric class has been 
under way for some years. A number of the 
results were described by Mr. Watson Watt 
last summer in a brilliant lecture before the 
Radio Society of Great Britain, the text of 
which has since been published.* It is one 
of the most important contributions ever made 

- to the study of this great bane of radio. 
The investigations include two points of 

especial interest. One is the actual picturing 
of the form of the static wave. ..The other is 
the tracing of some hundreds of individual 
disturbances (mainly of the "click" variety) 

R. A. Watson Watt, "Observations on Atmos- 
pherics." The Wireless World (London), Vol. 12, 
pages 601.612 (August 1, 1923); discussion, pages 
636 -637 (August 8, 1923). The full text of this lec- 
ture should be read by every serious student of radio 
science. There is another paper by Watson Watt and 
E. V. Appleton in the Proc. of the Royal Society 
(London), Vol. 103A, pages 84 -102 (1923). 

to their places of origin on the map of the 
earth. 

The pictures of the static waves are made 
by a special adaptation of the cathode -ray oscil- 
lograph. Photographs can be made but, in the. 
main, the investigators have relied upon pencil 
drawings made from moment to moment as 
the wave forms appear on the oscillograph 
screen. A few of these drawings are re- 
produced herewith. Perhaps the most interest- 
ing feature of them is their variety, and this 
variety offers much hope to the scientist. The 
exact wave forms of the clicks and groans 
that bother us so much are certain to tell us 
a great deal about their origins when once 
we have learned to read what these wave forms 
mean. It is always the unvariable things in 
science that prove the hardest to unravel. If 
we could detect, for example, any variations 
in gravitation, that remarkable phenomenon 
would soon cease to be the mystery it is. 

And so the atmospherics, because they differ 
among themselves, have given us, probably, 
the key with which to unlock. their secrets. 

The second feature of Mr. Watson Watt's 
results, the tracing of static to its geographic 
lair, was accomplished by training two or more 
direction finders in separate stations on the 
same static click and then plotting on the map 
the lines of 'direction, in exactly the same way 
in which a surveyor "triangulates" the position 
of a distant mountain peak. Out of all the 
individual clicks recorded, about 1,000 gave 
simultaneous records at three or more stations. 
In about 300 of these instances the records 
indicated a point of origin which was inhabited 
and from which simultaneous weather infor- 

e 

Redrawn from The Wireless World (London) 

WHAT THE WAVES OF STATIC LOOK LIKE 
The apparatus used by Mr. Watson Watt for investigating static shows a picture 
of the wave form of each static impulse on an oscillograph screen. These curves 
are reproductions of pencil drawings recording some of the typical wave forms. 
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'nation, as, for example, the occurrence of thunderstorms, could be secured. 
In only 45 of these fully traced instances 

was there a record of actual thunder and 
lightning, but in 207 instances, or sixty -nine 
percent of the cases rain was falling at the 
suspected locality. Static seems, then, to be 
more commonly associated with a mere thunder - 
less rainstorm than with visible electric dis- 
charges of the lightning variety. So far as we 
know this is a new conclusion, and it seems a 
very important one. It is well known that 
electric phenomena of the general nature . of a 
silent discharge accompany the fall of rainy 
The rain drops themselves. are known to be 
electrified. Perhaps the mere formation or 
evaporation of clouds produces electrical 
changes with which the radio engineer must 
reckon if he is to understand transmission and 
control it fully. 

As Mr. Watson Watt himself puts the mats 
ter. "The absence of thunder .and lightning 
reports from rainfall areas identified as sources 
of atmospherics poses a very interesting prob- 
lem for the meteorologist. Was the elec- 
tromagnetic wave train constituting the atmos- 
pheric radiated from a discharge identical with 
the visible and audible discharge called light- 
ning? If so, are such discharges taking place 
above the cloud sheet .of all, or nearly all, 
rainfall areas? And if so, why are the dis- 
charges not audible? We may conclude .that, 
they are not visible in the ,daytime because 
of the opacity .of the cloud sheet, but why are 
they not visible over the edge of the .cloud 
sheet at night? And, - if not, what possible 
discharge can be imagined, capable of radiating 
energy at a rate comparable with' that involved 
in the propagation of atmospherics ?" (A rate 
which Mr. Watson Watt calculates, for the 
typical thunderstorm atmospheric, as about that 
of a 20,000,000 -meter- ampere transmitter, or 
250 times that of the great St. Assise trans- 
mitting station in France.) 

These questions remain mysterious but we 
may feel sure that they will not remain mysteri- 
ous long. The accurate and continued record- 
ing of facts exemplified by Mr. Watson Watt's 
work is the first step toward an understanding. 
In the words with which he concluded his lec- 
ture before the Radio Society, "What is needed 
to clear the fog of mystery which seems to 
have enveloped atmospherics is not a specu- 
lation, is not a pound of theory perilously 
perched upon an ounce of fact, is not an occa- 
sional observation isolated in space and time 
with unspecified circuit constants, but is simply 
measurement -measurement which need not he 
elaborate or difficult, but which must be or- 
ganized, systematic and sustained." 

Continuing with some suggestions of what 
the Brtish radio amateurs could do to help 
the study of atmospherics. Mr. Watson Watt 
said, "The recording of the atmospherics oc- 
curring immediately after time signals . 

can be done by most amateurs who care to 
add a simple recording device to their ampli- 
fiers. . Many of you have frame aerials 
with which you can make systematic directional 
observations on atmospherics.... Some.. of you 

may care to attempt a solution of the most 
untouched problem of - the inclination to the 
vertical of the wave- front in atmospherics. 
Some might prefer to try forecasting local 
weather by observation of- the types of atmos 
pherics preceding different meteorological 
events." ' 

These suggestions, are just as live for the 
American amateur as for - his British colleague 
:Why !not :of these really valuable 
scientific -inquiries?' Remember that Benjamin 
Franklin got his name in all the text -books With 
the simple apparatus of a key and a kite. 

Will Radio Help Bring a New 
"Age of Aluminum "? 

THERE is .evident. in -modern industry, espe- 
cially in the 'radio industry, an event which 
future historians will probably. regard as a 
turning point in human history. It is the pas =. 

sage of humann :society. from the Age of Iron, 
now some 3,000 years old, into the Age of 
newer metals -of Tungsten, perhaps, or of 
Aluminum. 

Historians have been accustomed to divide 
history in accordance with the material that 
men used for tools. First was the Age of 
Stone, then the Ages of Copper and of Bronze. 
finally the Age of Iron. But this Iron Age 
was not. to .be, it is evident, the final one. Al- 
ready it is passing into an age that will depend 
on other metals. probably. in the main, on 
aluminum. 

A dozen or so of these newer metals are al- 
ready indispensable to radio. Tungsten, for 
example, for tube filaments; selenium for 
light- converting devices; molybdenum for the 
plates of power tubes; thorium, sodium, tan- 
talum, tellurium and several others. 

Aluminum, the most promising of the new 
metals as a structural material, has not found 
as yet much use in radio but there are indica- 
tions that it will. For example, antenna towers 
and masts made of the new aluminum alloys 
devised for airship construction would be far 
lighter than steel construction and far more 
durable than wood. They have been suggested 
and no doubt will be tried out. Aluminum 
panels for receiving sets, equipped, of course. 
with insulating bushings for the shafts of in- 
struments. would have many advantages of per- 
manence, lightness and automatic shielding. 
We have seen one line set recently in which 
the panels were supported by light- weight 
braces of an aluminum alloy. It is not at all 
beyond the bounds of possibility that the alloys 
of aluminum, which are numerous and widely 
varied in their properties, will provide our 
grandchildren not only with airships and 
antenna towers but with houses and tools 
and furniture and many ether things. 

Do Clouds of ionized Air Affect 
the Radio Compass? 

THE appearance of a special report of tim 
British Radio Research Board on systems of 
direction finding by radio, calls attention to 
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the fact that the radio compass, in spite of 
its extraordinary practical value, has not yet 
reached a stage of perfect dependability. 
American readers will recall the recent de- 
stroyer wreck on the Pacific Coast, when the 
radio bearings were so much distrusted by the 
officer in charge that they were altogether 
ignored. In this instance the bearings hap- 
pened, it seems, to be right, but it must be 
admitted, even by the most enthusiastic de- 
fenders of radio, that bearings obtained by 
radio compass are wrong often enough to 
furnish a certain justification for ignoring 
them when they conflict with other positional 
data. 

The systems tested and described in the 
British report* include the single revolving coil 
(frame antenna), which gives direction by the 
position of the coil for largest signal strength, 
and two other systems, the Robinson and the 
Bellini -Tosi, which make use of two receiv- 
ing coils fixed at different angles and which 
determine direction by the relative strength of 
the signal in the two coils. The theory and 
operation are discussed. There is no discus- 
sion of the several other systems that have 
been proposed and tried, such, for example, 
as the systems employing coils of special 
shape adapted to pick up signals from a single 
direction only. 

In our opinion, however, the chief difficulty 
with the radio compass lies not in the coils 
nor in any other feature of the apparatus. It 
lies in the ether. For some reason, as was 
pointed out by Dr. Fessenden in POPULAR 
RArno for November, the waves do not always 
go outward from the radio stations on shore 
in straight lines. When a station is really 
southwest from a ship at sea the ship may 
receive the radio waves apparently from the 
south or the east or even from the southeast 
or northeast, an error of a full ninety degrees 
in the compass bearing. 

The cause is probably, as Dr. Fessenden 
suggested, the bending of the waves by inter- 
posed clouds of ionized air or by other ob- 
stacles. The use of several simultaneous waves 
of widely different wavelength will help. These 
waves are bent, Dr. Fessenden finds, to differ- 
ent degrees, thus permitting, by comparison 
between them, a good guess as to the real 
direction of the sending station. 

But this is at best a partial solution of the 
problem. What the navigators need is an 
apparatus that will give them automatically, 
without calculations or guessing, the exact di- 
rection of a sending station on shore. Per -' 
haps some way can be found to overcome the 
tendency of waves to bend or possibly Dr. 
Fessenden or someone else can devise a re- 
ceiving instrument which will make, auto- 
matically, the comparisons and calculations 
necessary to deduce the true direction from 
signals received at several different wave- 
lengths, much as the tide machine makes, auto - 

"A Discussion of the Practical Systems of 
Direction Finding by Radio," by R. S. SmithRose 
and R. H. Barfield. Special report No. 1 of the 
Radio Research Board. Published by H. M. Station- 
ery Office, London. Price 9 pence. 
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Bureau of Standards. 

HOLDING A METAL GIRDER 
ONE THUMB 

These girders of an aluminum alloy designed 
for use in airships are so light that a girder 
capable of supporting many pounds can be 

suspended comfortably on a man's thumb. 

matically, the calculations necessary to pre- 
dict the times of the tides. The problem is 
one not beyond the reach of amateur experi- 
menters and there are few devices that would 
be of more value to world transportation than 
a fully dependable radio compass. 

ON 

Are Ether Waves Composed of 
Minute Particles? 

MOST of the characteristics of ether waves 
have been discovered and investigated with 
one particular kind of them, the kind we call 
light. This has happened, of course, because 
the light waves chance to be visible while the 
other kinds, like radio waves and heat waves 
and X rays and the others are not visible. 
To detect and examine these other kinds of 
waves, we need various kinds of apparatus, 
photographic plates for the X rays, coherers 
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General Electric 

A MACHINE THAT CATCHES ALL THE ETHER WAVES OF LIGHT 
This is a spherical photometer used to measure the light rays that are sent out by 
an. incandescent lamp. The round globe catches the rays sent out in all directions 
so that their total can be measured at the same instant. Similar machines have 

been suggested for short radio waves, but they have never been built. 

or other detectors for the radio waves, and 
so on. 

And among the ether -wave properties that 
have been discovered with light wayes there 
has been for some years one that is most 
mysterious. This is the phenomenon of the 
quantum. It is, in effect, the fact that light 
is sent out and received in small separate 
particles rather than in a continuous wave. 
We do not know for sure that this same thing 
happens with radio waves, but presumably it 
does. All ether waves, we suspect, are really 
received in small chunks or squirts, like the 
drops of a rainstorm as contrasted with a 
really continuous sheet of falling water. 

How can one imagine something that is a 
wave and which nevertheless appears to be in 
particlesP The answer is that one cannot. 
That has been, and to some extent still is, one 
of the great mysteries of modern physics. The 
facts are contradictory to each other. Light 
is a wave. Many facts prove this. But light 
also seems to be in particles. An equally large 
number of facts prove this. Many physicists 
have spent sleepless nights over this mystery 
in the last ten years. 

The present state of scientific opinion on this 
up -to -the- minute question has just been sum- 

marized by Sir Oliver Lodge in a brilliant 
series of articles in the London engineering 
journal, Beama.* Sir Oliver suggests a prob- 
able cause for the mystery. It lies, he says, 
in the structure of the atoms of matter. 

Whenever we perceive light we do so, of 
course, through the help of matter. Our eye 
consists of matter arranged in atoms, as every 
other material thing is arranged. Without 
atoms we have nothing, at least nothing mate- 
rial. Light is produced, also, by atoms. The 
filament of an electric lamp shines ;because 
the atoms of matter in it are hot and give out 
light. A gas flame shines because the atoms 
in it are light givers. All other ether waves 
are produced, similarly, by matter. A radio 
wave goes out through space, not from noth- 
ing, but from the electrically charged wires 
(composed of matter) of the antenna. 

Now it is probable. says Sir Oliver. that the 
property of light and other ether waves of 
coining in small chunks, each one of which is 
called a quantum, is a property not of the 
ether wave itself but of the atoms of matter. 
" "The Quantum and the Structure of the' 3tó. 

and its Radiation," by Sir Oliver. Lodge. Reamer Vol. 
13, pages 11.19, 80 -88, 148.157. 211220 1.1111y, August, 
September and October, 1923). 
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The ether wave may be smooth and contin- 
uous, as we naturally think of it. But it af- 
fects atoms or is produced by atoms, only in 
separate pulses. 

Sir Oliver uses an excellent analogy. The 
atoms, he says, are like banks that pay out or 
receive coined money. The money is in small 
equal chunks, like pennies. The bank pays 
out or accepts so many pennies. It cannot pay 
out nor will it accept any fractional part of 
a penny. You cannot pour into a bank a 
continuous small stream of copper and have 
it accepted, nor will the bank issue coinage in 
a continuous metallic stream. It is either a 
penny or nothing. 

Just so with the atom. If ether waves are 
to have any relations at all with the atomic 
banks it must be in .certain small ch» nks of the 
wave, in a.kind of ethereal penny. It is either 
one of these ether -pennies (one quantum) 
which the atom emits or accepts, or else it 
is nothing at all. 

This peculiar property of atoms, responsible 
for this long -standing mystery of the quantum, 
is related, Sir Oliver thinks, to the fact that 
atoms consist of electrons that revolve around 
a central nucleus much as the planets of our 
solar system revolve around the sun. So long 
as the electrons stay each one in its own proper 
orbit no ether waves are given out or re- 
ceived. But the electrons can jump sometimes 
from one orbit to another, as though our 
earth suddenly jumped closer in to the 
sun and occupied thereafter the orbit of the 
planet Venus. When this happens a sudden 
pulse of ether waves, usually light or X rays. 
is sent out from the atom. In a flame the 
light is due to billions on billions of such elec- 
trons jumping busily from one atomic orbit 
to another. This is why the light seems, 
if we study it closely enough, to be in sepa- 
rate particles or squirts. It is in squirts; one 
squirt for each little electron jump. 

This theory that there are a number of sep- 
arate orbits for electrons inside of atoms and 
that the production of light or X rays or any 
other kind of ether waves is due, usually, to 
jumps of the electrons from orbit to orbit, 
is the famous atomic theory of the great 
Danish physicist Niels Bohr.* It is the latest 
word of science about the mysterious things 
that go on inside the atom. 

Just how these new ideas of the atom and 
of the quantum will affect our theories of 
the longer ether waves used in radio is not 
yet apparent. That the radio theories will be 
affected in some fashion is beyond doubt. 
Radio waves are produced, of course, by the 
movement of electrons; by the surges of elec- 
tric charge back and forth into the antenna. 
The quantum relations probably apply to these 
longer waves just as definitely as they apply 
to the shorter waves of light. Future radio 
theories must take them into account, and radio 
engineers who desire to inform th:mselves of 
scientific progress in this field will find no 
better introduction to it than these authoritative 
and clearly written articles of Sir Oliver Lodge. 

`This theory will be described in an early num- 
ber of POPULAR Remo. 

Measuring Radio Waves with a 
Yardstick 

THIS has been accomplished, quite literally, 
at the United States Bureau of Standards. 
Dr. F. W. Dunmore and Mr. F. H. Engel have 
devised an apparatus by which radio waves are 
measured off in feet and inches (or in meters) 
directly, just as you would measure rope or 
wire. This was done as a part of a method 
developed for the calibration of standard 
wavemeters for the use of the Bureau's radio 
inspectors.* 

Such wavemeters have to he checked, of 
course, by comparing them with some fixed 
standard. It is not enough merely to compare 
them with another meter. So Dr. Dunmore 
and Mr. Engel set up a wave generator con- 
sisting of a single vacuum tube and inductances 
and capacities designed to generate very short 
waves, 9 to 16 meters long. These waves were 
communicated to two parallel copper wires 
strung between supports so that a standing 
wave was set up in these wires. The next 
problem was to measure the length in meters 
of this standing wave. 

The device for this was merely a delicate 
thermo -galvanometer hung on the two wires, 
one terminal on each wire. This galvanometer 
could be slid along the pair of wires like the 
carrier baskets sometimes used in department 
stores. A standing wave having been set up, 
the galvanometer was slid along the wires until 
it showed a maximum current passing through 
it, that is between the two wires. This place 
was marked. Then the galvanometer was slid 
along again until another place of maximum 
current was reached. The distance between 
these two places of maximum current was 
exactly the length of a half -wave. Putting a 
meter -stick on this distance gave a direct meas- 
ure of the wave in meters. 

These standing waves were too short, of 
course, to be used in direct calibration of 
radio wavemeters. This was accomplished by 
comparing the harmonics of a third circuit 
with the short standing waves and then using 
the circuit so measured to standardize the 
wavemeters. 

By a succession of such comparisons, the 
wavelength used being increased step by step, 
it is possible to establish a definite and abso- 
lute standard of length for waves of any de- 
sired frequency. 

The investigation marks, not only a substan- 
tial increase in the accuracy in wavelength 
measurements but a new step in the control and 
utilization of the very short waves. Ten years 
ago any wave under two or three thousand 
meters was considered "short," too short to 
be of any practical use. Nowadays these 
waves are the most used of all and the "short" 
waves are those under a hundred meters. Per- 
haps a decade from now we will be broadcast- 
ing at 10 or 15 meters and talking about 
"short" waves an inch or two long. 

Dunmore and Engel. "A Method of Measuring 
1'ery Short Radio Wavelengths and Their Use in 
Frequency Standardization." Proc. Inst. Radio Rngi 
nerrs. Vol II. page% 467 -477. (October, 1923). 
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A limited number of questions of general scientific interest will be answered each 
"month in this department. Readers are invited to send in questions that have puzzled 
them -but the selection of questions for answer cannot be guaranteed nor can ques- 
tions outside the radio field be answered by mail. 

Will it do any harm to erect an antenna 
close to a lightning rod? 

No. A lightning rod is merely a grounded 
wire. So long as the antenna wires do not 
touch it and are kept a couple of feet away 
from it neither the lightning rod nor the antenna 
will interfere with the other. 

Can good "radio weather" be predicted 
by a barometer? 

So far as now known it cannot. The 
barometer measures the pressure of the air 
and nothing else. It is true that the air pres- 
sure gives some indication of the state of the 
weather, especially if you have for comparison 
the barometer readings at many places in dif- 
ferent parts of the country, as the Weather 
Bureau has when it prepares its weather fore- 
casts. But a single barometer reading means 
little, even about such things as rain or tempera- 
ture and, inasmuch as the effects of weather 
on radio transmission are still mysterious and 
mostly unknown, a barometer reading at your 
house will be practically useless in predicting 
the possibility or impossibility of DX work. 

Why is it necessary to solder the con- 
nections of a radio set? Electrkity passes 
easily, does it not, between two wires if 
they merely touch one another? 

THE electricity passes easily enough if the 
wires really touch but unless they are soldered 
together they usually do not touch; they merely 
seem to. In between the surfaces of two wires 
that are wrapped together there exists, really, 
a tiny film of air. This air film is too thin for 
you to see it, but it is thick enough that feeble 

electric currents cannot cross it. Soldering the 
wires together removes this air film and replaces 
it with a film of solder, which is an electric 
conductor. Then even the feeblest currents 
can pass from wire to wire without difficulty. 

Why does oilcloth, used to line a panel 
or elsewhere around a set, make the set 
work less satisfactorily? 

BECAUSE most varieties of oilcloth are really 
conductors of electricity. They contain me- 
tallic compounds like zinc -white or white -lead. 
These compounds are conductors. The oilcloth 
has a considerable capacity, just as a sheet of 
tinfoil has. It acts also as a channel for cur- 
rent leakage. It is even possible to make grid - 
leaks out of oilcloth. 

Why is a vacuum tube worthless when 
the point is broken off? 

BECAUSE air gets in through the tiny hole 
thus made and destroys the vacuum in the tube. 
With air in the tube the filament burns up 
instantly as soon as you heat it. 

What is a gravity cell? 
Ir is a kind of electric battery in which the 

two different liquids necessary to operate the 
battery are kept apart by a difference in density 
or "gravity." For example, the electric bat - 
teries formerly used a great deal in telegraph 
work, had a plate of copper at the bottom of a 
glass jar and a plate of zinc at the top. The 
two solutions were copper sulphate at the bot- 
tom of the jar and zinc sulphate at the top. The 
zinc solution, being lighter, floated on the 
copper one like oil on water. 

210 
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. 14'hat stakes the bubbles of gas when 
two wires are dipped into water and an 
electric current is passed between them? 

THE electric current decomposes the water 
into the chemical elements of which it is com- 
posed. These are two gases, oxygen and hydro- 
gen. The oxygen collects at one of the wires, 
the hydrogen at the other. These gases make 
the bubbles that you see. 

Why does the X -ray machine used by 
dentists interfere so much with nearby 
radio sets? Is it possible to screen off the 
X rays in some way? . 

IT is not the X rays that do the damage. It 
is the radio waves sent out by the machine. 
An X -ray apparatus is operated by means of 
high -voltage electric current. Whenever this 
current is turned on or off the whole apparatus 
acts exactly as though it were a radio trans- 
mitter of the spark variety and sends out a 
pulse of ether waves. The problem of cutting 
out interference is exactly the same as the 
problem of preventing interference from high - 
power spark stations or from electric substa- 
tions. It is a very difficult problem and has 
not yet been solved completely. 

What material is the most perfect in- 
sulator 9 

THE answer to this question depends upon 
what you want to use the insulator for. The 
voltage of the current, . the temperature, the 
degree of moisture that is about and many other 
things, affect the perfection of insulating ma- 
terials. Some idea of the value of different 
insulators can be obtained from their dielectric 
constants. For a definition and discussion of 
the dielectric constant it is necessary to consult 
a treatise on electricity. Here are some com- 
parative values of the constant. This does 
not, however, determine all the properties of 
an insulator. 

Pilch .1 to 2 
Vaseline 22 
Paraffin 2 to 3 
Ebonite 3.0 
Shellac 3 to 4 
Sulphur 4.0 
Porcelain 4 to 7 
Rock Salt 5.6 
Mica 6 to 7 
Glass 6 to 10 
Pure Water 70 to 80 
Pure Ice 93 

Why is it necessary to use distilled 
water instead of ordinary water in mak- 
ing up the acid for a storage battery? 

BECAUSE ordinary water is not quite pure. 
There are always small amounts of various 
chemicals dissolved in it, as you can prove by 

evaporating some of it from a clean dish. A 
little crust or scum of solid material will be 
left behind in the dish. These chemicals in the 
ordinary water may combine with some of the 
materials on the plates of the storage battery 
and damage it for use. Distilled water is pure 
and does not contain any of these possibly 
dangerous chemicals. 

I have seen mentions of the "absolute 
ampere" and of the "international am- 
pere." Are there two kinds of amperes? 

THERE are not exactly two kinds of amperes 
but there are two ways of defining this elec- 
tric unit. They are almost alike, but not 
exactly so. The absolute ampere is based on 
the fundamental units of electricity used in 
precise scientific work. It is defined as the 
current which will deposit in one second, under 
standard conditions, .00111827 gram of silver. 
The international ampere is the one defined 
by the last international conference on elec- 
trical units. It will deposit, under the same 
conditions mentioned, .00111800 gram of silver. 
For practical purposes the difference between 
the two values of the ampere is negligible. 

Why do some of the books say that 
electric current flows from the positive to 
the negative pole, while other books say 
that the electrons which compose the cur- 
rent flow front negative to positive? 

THIS is a puzzling confusion which is due. 
altogether, to the fact that when we first began 
to use electricity we did not know what it really 
was. The electricians of the time of Benjamin 
Franklin knew that there was such a thing as 
electric current but they did not know which 
way it flowed. So they assumed, merely for 
convenience, that it flowed from positive to 
negative and this assumption got into all the 
books and all the mathematical formulas. 
Later on, we discovered that this assumption 
happened to be wrong. The electricity, that is 
the stream of electrons, really flows from 
negative to positive. It would be better if all 
the electrical formulas recognized this but it is 
so much of a job to change them all that most 
electricians continue to use the old ones. 

1 am told that the dust from coal smoke 
settling on my antenna will decrease the 
strength of the signals I receive. Is this 
true? 

YES. The dust usually contains more or less 
iron and carbon and other substances which 
conduct electricity. If there is a coating of 
soot on the antenna it will cover the insulators 
as well as the wires themselves and a part of 
the received energy will leak away through this 
soot. layer, just as the energy on a grid leaks 
away slowly through a pencil mark used as a 

grid -leak. 



IF you are getting good results with your receiving set, tell your fellow- readers of POPULAR 
RADIO how you get then. Give the call letters of the stations you hear, the locations of them, the 
type of apparatus that you arc using and How You ARE USING IT. 

WHAT ONE TUBE CAN DO 

WITH the single -tube receiver described in 
the April number of POPULAR RADIO, H. P. 
Krag of Kensal, N. D., has heard as many as 
eleven stations in one night in summer weather. 
He uses a peanut tube in the two -circuit hook- 
up described. 

His record for one evening is the following 
list: WLW, Cincinnati, O.; WJAZ, Chicago, 
Ill.; WOS, Jefferson City,'Mo. WBAH, Min- 
neapolis, WHAS, Louisville, Ky.; 
WBAP, Fort Worth, Texas; WDAF, Kan- 
sas City, Mo.; CFCN, Calgary, Can.; WLAG, 
Minneapolis, Minn.; WOAW, Omaha, Nebr., 
and WOC, Davenport, Ia. 

* * 
WHAT HIS CRYSTAL DID 

A VARIOCOUPLER and two variable condensers 
in a crystal set made entirely at home by C. E. 
Van Kirk of St. Paul, Minn., are tuning to 
Pittsburgh, Pa., Davenport, Ia., and a number 
of other stations. His record reception is 
from KSD, WHB, WCX, WWJ and KDKA. 
The condensers,' made at home from eleven 
plates of brass are closely spaced to give them 
a capacity of almost .0005 mfds. The coupler 
is wound with number 22 enameled wire on a 
shellacked tube about 3% inches in diameter 
for the primary and a spherical wooden ball 
for the secondary. The clearance between 
the two is about 1/16 of an inch. The pri- 
mary of the coupler has 100 turns, tapped at 
every tenth turn, and the secondary has 60 
turns. One condenser is used across the 
secondary and the other in the antenna cir- 
cuit. 

Van Kirk has been told, as holders of 
crystal records are usually told, that he is re- 
ceiving re- radiation from a near -by tube set, 
but he states that he can pick up the distant 
stations most any night and hold them for as 
long as a half hour. 

REFLEX ELIMINATES STATIC 
ORAN DOGGERT of Catlin, Ill., says he elim- 

inates static entirely through careful tuning 
of his single -tube reflex receiver, which uses 
dry cells. 

"My record is CWA, Montevideo, Uruguay," 
he claims. KYJ of Los Angeles, Calif., and 
KQY of Portland, Ore., he receives on an 
average of twice a week. He uses an antenna 
of 130 feet, 20 feet high. He has made two 
loop antennas with wire taken from a Ford 
spark coil and has picked up WLW, Cincinnati, 
O., and WGY, Schenectady, N. Y. Signals are 
somewhat louder, he finds, when he connects 
both outside antenna and loop to his set. 

Some of the stations he has heard are WSY, 
Birmingham, Ala.; WFI. Philade:phia, Pa.; 
WFAA, Dallas, Tex.; PWX, Havana, Cuba, 
and CHYC, Ottawa, Canada. 

s 
THE SINGLECIRCUIT AGAIN 

WHILE the single- circuit set is seldom selec- 
tive and although it is condemned because it 
sometimes sends its squeaks into a neighbor's' 
receiver, it is still a leader as a distance getter. 
Dr. W. W. Lewis of Marvell, Ark., who con- 
structed one from a diagram on page 233 of 
POPULAR RADIO for March, frequently hears 
Los Angeles and Denver with one dry -cell 
tube. 

His antenna is a long one as antennas go 
for single- circuit sets, a stretch of 100 feet 
with a lead -in of 90 feet. He uses one variable 
condenser of 43 plates; a variocoupler of 60 
turns, tapped every five turns, with 40 turns on 
the rotor, which serves as a tickler coil; the 
ordinary grid leak and condenser and a pair 
of 2,200 -ohm phones. 

With careful tuning he also heard Memphis, 
Tenn., Davenport, Ia., Kansas City, Mo., At- 
lanta, Ga., Ft. Worth, Tex., and a long list of 
others. 

212 
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Now for the hook -up 
THE radio set builder's eyes shine 

with pride as he inspects his 
drilled Celoron panel. He has done a 
good job. The finely finished Celoron 
panel reflects his good workmanship. 
He is ready to mount his instruments 
and make the final connections. 

A Celoron panel insures good looks 
to the radio set. Celoron panels are 
finished in black, oak and mahogany. 
Each Celoron panel is wrapped in a 
dust -proof glassine envelope to pro- 
tect its lustrous surface. Grit cannot 
scratch it. Hands cannot fingerprint 
it. You are the first to unwrap it. 

Celoron, a bakelite product, has 
high dielectric strength. It is approved 
by the U. S. Navy and the U. S. 
Signal Corps. 

Special -sized Celoron panels are 
cut to order from sheet Celoron. 
Standard Celoron panels come cut and 
trimmed, ready to use, in these sizes: 

1-6x 7x% 5- 7x18x3/16 
2 -7x 9xys 6- 7x21x3/16 
3- 7x12x% 7- 7224x3/16 
4-7 x 14 x 3/16 8-12 x 18 x 3/16 

9-7'x 26 x 3/16 

Write for our interesting booklet, "Getting 
the Right Rook -Up." Sent free upon request. 

To radio dealers: Send for special dealer price list showing standard assortments 

Diamond State Fibre Company 
(near Philadelphia) PENNSYLVANIA BRIDGEPORT 

Branches in Principal Cities 
Toronto, Canada - London, England 

CONDENSITE 

ELORO 
STANDARD RADIO PANEL 

Please refer to POPULAR RADIO when answering advertisements. 
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"T 1 i F . A I R IS F U L L O F T H I N G S YOU SHOULDN'T MISS" 

Eveready "Three" 
qS volta. three distinct uses. Length, 4 in.: 
width, t% in.; height, 3 in.; weight, rs oz. 

At all reliable radin dealer,. 

This "C" Battery 
is a Wonder Worker 

Please refer to POFUI.AR RAnin when nnscrering advertisements. 
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THE A I R I S F U L L O F THINGS YOU SHOULDN'T MISS" 

For Quality Reproduction 
YOU can make the loud speaker respond with a new fullness and 

naturalness of tone. You can save money by adding months to 
the life of your "B" Batteries. These things you can do by using the 
new Eveready - "Three ' as a "C" Battery. 

You already have an "A" Battery for the filament and a "B" 
Battery for the plate. A "C" Battery is connected to the third 
element of your vacuum tube, the grid, affording a control that is 

marvelous in action on audio frequency amplifiers. - 

As a "C" Battery the Eveready "Three' prevents distortion and 
excessive flow of current from the "B" Battery, lengthening its life. 

It is a wonder worker that saves its small cost many times over. 
Connect it in your audio frequency amplifier and note the difference. 
Full directions on the label and in "How to Get the Most Out of 
Your 'B' Battery," a booklet on "B" and "C" Batteries, sent free 
on request. 

This triple -use battery can also be used as an "A" Battery in 
portable sets. Light and full of pep. Its third use is as a "B" Battery 
booster. 

Use the Eveready "Three " -a tested product of the world's 
leading electro- chemical battery laboratory. It serves more radio 
uses and effects more economies than any radio battery heretofore 
developed. 

If you have any battery problem, Radio Battery Information Headquarters will solve it for you. Write 
G. C. Furness, Manager, Radio Division, National Carbon Company, Inc., 128 Thompson Ave.. Lang 
Island City, New York. 

NATIONAL CARBON COMPANY, INC. 

Headquarters for Radio Battery Information 

New York San Francisco 

CANADIAN NATIONAL CARBON CO., Limited. Factory and Offices: Toronto. Ontario 

EVEREADY 
Radio Batteries 

-they last longer 

Please refer to POPULAR RADIO when answering advertisements. 
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DUBILIER 
Radio - Frequency 

Amplification 
over all 

wavelengths 
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The Dubilier Duratran is the supreme radio frequency 
transformer. 

It amplifies twenty times over the wavelength band 220- 
550 meters and is therefore adapted for receiving on all the 
broadcasting stations equally well. 

The curve shows you exactly how uniform is a Duratran 
amplification over the broadcasting wavelength band. 

Price $5.00. 
Write for booklet of Duratran hook -ups. 

The Biggest Little Thing in Radio 
Dubilier Micadons are fixed 

mica condensers, permanent in 
capacity. 

They have been adopted by 
the leading radio manufacturers 
and by discriminating amateurs. 

Dubilier Micadons are made in 
many styles and capacities to 
meet any circuit requirement. 

See if your set is equipped with 
Micadons. If it isn't, your tubes 
are probably oscillating too much. 

Price 35 cents up. 
Write for booklet of Micadon 

hook -ups. 

Please refer to POPCI.AR RAM) when answering advertisements. 
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DEVICES 
11111111111111, 

The Ducon in a Light-Socket 
takes the place of 

the antenna or loop 

The Dubilier Ducon is the stand- 
ard socket -plug. Four hundred 
thousand are in successful use. 

Simply screw the Ducon in any 
convenient lamp- socket, and the 
broadcasting station comes in strong 
and clear. 

With the Ducon you can carry 
your set to any room, whenever you 
please, and receive from any lamp - 
socket. 

No lightning arresters or switche, 
are needed. 

Tuning is sharper than with the 
usual antenna. 

If unsatisfactory, your money will 
be refunded after five days' trial. 

Price $1.50. 

Dubilier Condenser 
& Radio Corporation 
40 -50 West Fourth Street, New York 

BRANCH OFFICES 
Huntington, N'. Va., Atlanta, Ga., Pittsburgh, Pa., Chicago, Ill., St. Louis, Mo., 

Los Angeles, Cal., Washington, D. C. 

Please refer to POPULAR RADIO when answering advertisements. 
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flayneø-Griffin 
41 West 43rd St., N. Y. City RADIO SERVICE, Inc. 

PARTS FOR THE 
FAMOUS HAYNES CIRCUIT 

A. J. HAYNES 
Assas Insultare of Radio Engineers 
Designer of the Haynes Circuit 

The Haynes Condenser 

$3.50 
Meets every re- 
quirement - ex- 
treme low mini- 
mum capacity 
and maximum 
capacity of exactly .00023 mfds. No 
other condenser achieves just the right 
balance between perfect selectivity and 
overcritical adjustment. 

The Haynes Bank Wound 
Vario- Coupler 

$4.35 
Furnished with 
only the taps you 
actually use and 
just the right 
number of turns 
on the secondary. 
Bank winding provides 100% efficiency 
on higher broadcasting wave lengths. 

We have on hand a supply of 
interesting booklets describ- 
ing the Haynes Circuit. Also 
a leaflet telling how to build 
the Haynes Amplifier for use 
with the Haynes Circuit. 
These Booklets will be mailed 
by us anywhere upon receipt 
of a 2c. stamp for each book- 
let desired. 

1000 Miles for $15.00 
The Identical Parts Used by Mr. Haynes in His Own 
Personal Receiving Set -Assuring the Utmost in Selec- 
tivity, Long Distance Range, Economy and Simplicity 
of Arrangement. Invaluable to experimenters con- 
verting ordinary simple regenerative sets to include the 

Haynes Circuit 

AURENCE M. COCKADAY, R. E., technical editor of 
La "Popular Radio," describes the Hayne; Circuit as the 
ideal set for the average man who demands not only the best 
in local reception but the extreme in long distance range as 
well. 

Its appeal is universal: to the experienced amateur because of 
its astonishing long range reception and wonderful selectivity; 
to the radio novice because of its ease of construction and op- 
eration. So simple that no one can possibly go wrong. 

The outstanding feature of Mr. Haynes' own set is its sim- 
plicity and compactness of arrangement with all the instru- 
ments panel mounted. 
Most experimenters find it well worth their while to substi- 
tute parts recommended by Mr. Haynes for those they may 
have on hand. 

Haynes .00023 Condenser._.__. .....$3.50 
Haynes Bank Wound Coupler 4.35 
Fada Rheostat- .75 
Fada Socket (Panel Mounting). 1.00 
Switch Arm. .20 
4 Switch Points and 2 Stops.___ .06 
10 Binding Posts.___ .- .50 
2 3 -inch Dials. ._ 1.00 
1 Dubilier Grid Condenser .00025 mfds 

(with leak mounting) _ .45 
1 Grid Leak 1 meg .35 
Bus Bar, Solder, Copper Lugs and all 

miscellaneous material._ ......... .55 
7x15 Grade A Hard Rubber PaneL ._ 1.50 
Panel Drilled for Mounting all the above 

instruments (extra)...__ 1.50 

Accessories 
7 z 15 solid mahogany 
cabinet, piano finish, 
$4.25; Haynes -Griffin 
Head Phones (2200 
ohms) $4.75; W. D. 
12,U V 201 A orUV 
199 Vacuum tubes, 
$6.50; 221 volt vari- 
able B B a t t e r i es, 
$1.25; 14 volt dry 
cell A batteries, 40c 
each. 

Complete parts to build the Haynes Two -Stage Amplifier cost 
$15.00 additional, including drilled panel. Tubes, cabinet, 
and batteries are not included at this price. 

All these items are in stock - prompt shipment will be made. 
Carriage charges prepaid anywhere east of the Mississippi River. 

HAYNES -GRIFFIN RADIO SERVICE, Inc. 14V1e ó v cs> . 
New York's Largest Radio Store 

Please refer to POPULAR RADIO when answering advertisements. 
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flaynes-riffin 
RADIO SERVICE, Inc. 41 West 43rd St., N. Y. City 

SPECIAL SERVICE To BUILDERS 
of COCKADAY CIRCUITS 

January Popular Radio 
IMPROVED FOUR CIRCUIT TUNER -Mr. Cockaday 
advises many changes from the original design of this 
world famous circuit, and recommends the use of new and 
improved apparatus. 

November and December Popular Radio 
SIMPLIFIED SUPER. HETERODYNE - In these two 
issues Mr. Cockaday tells how to construct the Separate 
Oscillator and the Intermediate Wave Radio Frequency 
Amplifier. These two units, used with the Haynes Circuit, 
constitute a SuperHeterodyne Receiver. 

September and October Popular Radio 
THE HAYNES CIRCUIT - These two articles describe 
the Haynes Circuit -1,000 Miles for $15.00 -reviewed in 
detail on the opposite page of this advertisement. HaynesGrifffn 

Transformer 

$4.25 
A new air core radio frequency trans- 
former sharply tuned to 3,000 meters. 
Upon the use of this transformer de- 
pends much of the success of the sim- 
plified Super -Heterodyne. Heynea. 
Griffin Input Transformer also $4.25. 

Special 
Oscillator 
Coupler 

$3.50 
Specially designed by Mr. Haynes for 
use in the Super -Heterodyne. An in- 
dispensable adjunct for the proper op- 
eration of this wonderful circuit. 

4Circuit Cockaday 
Coils . . . $2.35 

Como "Push and 
Pull" Transform. 
ers, pair . . . 12.50 
The above is only a partial 

list of the "hard to get appara- 
tus," now in stock. Send a 2c 
stamp for complete price list. 

THE IDENTICAL PARTS 
SPECIFIED BY MR. COCKADAY 

Located in New York City, the headquarters of the 
radio industry, Haynes -Griffin is able to supply 
immediately each and every article used by Mr. 
Cockaday in his experimental sets. Every en- 
deavor is made to ship within 24 hours after receipt 
of order. 
Special apparatus designed by A. J. Haynes, and 
specified by Mr. Cockaday, is now on hand in 
sufficient quantity to meet the extraordinary i 
public demand. / 

COMPLETE PRICE LIST / 
mailed Free on request. Leaflets describing the / 
Haynes Circuit, 2 Stage Audio Amplifier, the 
Separate Oscillator, and Intermediate Wave /Haynes- Griffin 
Amplifier sent on receipt of 2c. stamp for / 41 3 York each leaflet desired. Use the handy 

me at once mm- coupt n. / plate data and prices on 
Parcel Post Prepaid in U. S. anywhere / all material mentioned in 

east of the Mississippi River / Mr. Cockaday's articles de- / scribing the Haynes Circuit / and the Super -Heterodyne. Ien- / close a two -cent stamp for each of / the leaflets checked below. 

/ Haynes Circuit Separate Oscillator 

HAYNES- GRIFFIN RADIO SERVICE, Inc. % Haynes Amplifier intermediate Amplifier 

41 West 43rd Street, New York City // 

Now York's 
Largest Radio Store 

Please refer to POPI'I.AR RADIO when answering advertisements. 
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Anu set is better with this 
switch on the panel. 

The CH Radio Switch can be 
b.talkd on any panel in only a 

eminutes. lust one 7.16 Inch 
L required. Large. convenient 

binding posts with cupped washes 
make wiring caw. 

The C-H Engineers designed this 
tads, switch mechanism so that 
the contact member floats. inde- 
pendent of the button. Touching 
Its or Jarring the table does not 
came noise in the phones. 

The wiping knlh blade type con - 
.truds,n Ironies clean contacts for 
freedom from micmphonle noises. 

and the Same Program Will 
Be There When You Want It 

The Tuning of Your Set Is Not Disturbed 
When You Have C -H Control 

The Cutler -Hammer Engineers have provided a real 
convenience for every panel in the little radio switch which 
bears their famous signature of approval, the C -H trade 
mark. They have built it worthy of the finest sets yet so 

simple to mount that any one can install it in less than five 

minutes. 
And it can oe used to serve you in many ways. In your 

"A" battery circuit it makes it possible to interrupt a pro- 
gram without loss of the station received. It protects both 
your tubes and batteries and indicates at all times whether 
the current is On or Of (with the new tubes that do not 
burn bright there is no other way of knowing). It is built 
sturdy to do well any task you may assign, and has broad, 
self cleaning knife -blade type contacts that give perfect 
connection and freedom from microphonic noises. 

Have your dealer show you the genuine C -H Radio Switch. 
Snap the button in and out! You can tell by its action that it was 

built by switch specialists. Their trade mark on both the dustproof 
case enclosing the mechanism, and on the bright orange and blue box 

in which the switch is sold is your protection. 

THE CUTLER -HAMMER MFG. CO. 
Member Radio seek., Associated Mannfa&urers of Eleerical Supplies 

MILWAUKEE WISCONSIN 

1.-1 RADIO SWITCH 
Please refer to POPULAR RADIO when answering advertisements. 
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Ì have a Manhattan Loud Speaker in 
my home because I love fine music 



Will you make the same test 
that Miss Pennington did? 

Go and hear the Manhattan and you, 
too, will acclaim it as Miss Pennington 
did, "a superb musical instrument, 
capable of reproducing the broadcast- 
ing programs with great fidelity." 

Go and hear the Manhattan and 
compare it with others. Compare its 
mellow richness of tone and its re- 
markable range, with the reproducing 
qualities of other instruments. Note 
carefully its adjustable Concert 
Modulator that banishes all distortion 
and makes the Manhattan Loud 

Speaker adaptable to every condition, 
so that the best results are always 
possible.' 

Go to your nearest dealer and insist 
upon hearing the Manhattan, "the 
Loud Speaker with the Concert 
Modulator." Or write us for descriptive 
booklets. 

Manhattan Electrical Supply Co., Inc. 
17 Park Place, New York 

Makers of the famous Red Seal Dry Battery 

New York Chicago St. Louis San Francisco 

AN HATTAN 
"The Loud Speaker with 
the Concert JViodulator 
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MAIL COUPON 
for interesting facto 

about batteries 

FULL voltage battery current all the time! That's what 
you want. Westinghouse Radio Storage Batteries will 

give it to you. No more operating with run -down bat- 
teries! No more sudden drops in battery voltage! No 
more throwing away worn -out batteries! Westinghouse 
Batteries last. They hold their charge. They can be 
easily recharged. There's a size and type for every radio 
need. Built by Westinghouse, you know it's RIGHT! 

Westinghouse YSTALÇASE Batteries have one -piece clear glass cases, with solid 
glass cell partitions and high plate rests (deep sediment spaces). Perfectly insulated 
against current leakage. "A" Batteries. 2 volts, for low- voltage tubes, such as 

WD -11 and WD -12. 4 volts, for tubes like UV -199. 6 volts, for tubes UV -201A 
or C -301A. Also rubber -case types. "B" Batteries. 22 volts. Regular and quad- 
ruple- capacity types. "C" Batteries in 6 -volt units. 

WESTINGHOUSE UNION BATTERY CO., Swissvale, Pa. 

WESTINGHOYJSE 
RADIO 

"A " "B " and "C" 
BATTE RIE S 

I Westinghouse Union Battery Co. i 
Swissvale, Pa. I 

Send me Westinghouse Radio Battery 
I Folder A -3 -B. I 

1 I 

L----- - - ---J 

, 
1 

Please refer to POPULAR RADIO when answering advertisements. 
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RHEOSTATS - POTENTIOMETERS 
General Radio type 214 rheostats and potentiometers are a quality 
product. The base is made of genuine moulded bakelite and the 
wire is tightly wound on a specially treated fibre strip. A perfect, 
non -arcing contact is thus assured. 
Where a smaller rheostat or potentiometer is required the type 301 will be found 
very satisfactory. These units are similar in construction to our type 214. 

Type 214 

Type 301 

The diameter of the 214 rheostat is three inches 
and that of the 301 is two inches. 

G R rheostats and potentiometers also embody- 
Fineness in adjustment 
Smoothness in operation 
Temperature resistance stability 

Type Price 
214 A 2 ohm Rheostat - $2.25 
214A7 " - 2.25 
214A20 " - 2.25 
214A50 " 44 2.25 
214 A 400 " Potentiometer 3.00 

301 10 ohm Rheostat 1.25 
301 30 " 1.25 
301 200 " 1.25 

Send for bulletin 916U 

GENERAL RADIO COMPANY 
Massachusetts Avenue and Windsor Street 

CAMBRIDGE 39 MASSACHUSETTS 

Please refer to PnrC1.AR 12 AUN0 when answering advertisements. 
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FADA "ONE SIXTY" WITH THE 

¡stance 
The real thrill of radio is in 

listening to voice or music on the 
loud speaker from broadcasting 
stations located in cities a hun- 
dred or a thousand miles away. 

To tune them in almost at will 
is a feature that has made hosts 
of enthusiastic friends for the 
FADA "ONE SIXTY" radio re- 
ceiver. Here is a four -tube re- 
ceiver combining the famous Neu- 
trodyne circuit with the crafts- 
manship and experience that have 
made the name FADA synony- 
mous with quality in radio. It is 
a receiver that is the equal of any q y 
five -tube set of any type or make. 

"How to Build It" book -the 
circuit -sold by all dealers or 

F. A. D. ANDREA, 
1581 Jerome Avenue, 

1 

NEUTRODYNE CIRCUIT 

Selectivity, volume, distance 
clarity are outstanding features 
of the FADA "ONE SIXTY" radio 
receiver. Once the dial readings 
of any station are recorded that 
same station can always be tuned 
in again by returning to the same 
settings -and almost always with 
loud- speaker volume. Price, with 
out tubes, batteries or phones, 
$120 at all dealers. 
NOTE -For those who wish to build their 
own Neutrodyne receivers, FADA Neutro- 
dyne parte are sold at $25; the complete 
knock -down parts for four -tube set 
book of instructions $64; and the com- 
plete parts for five -tube receiver at $65.60. 

authority on the Neutrodyne 
direct for 50 cents per copy. 

INCORPORATED 
New York City 

and 

with 

- 

A. I O 
Please refer to POPULAR RADIO when answering advertisements. 
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a5 for $10 
Dom i nati 
the Wor 

AcousTicAL Anporio- 

BE bas CANT -TRADE MARK 

Direct from 
Factory to You 

NO DEALERS 
SALESMEN 
JOBBERS 

Their profit is your saving. 
This is truly a wonderful 

opportunity to buy this na- 
tionally known speaker at a 
tremendous saving. 

Call at the factory, send us 
your money order or pay the 
postmaster $10.00 C. O. D., 
delivered at your door. 

6 Points of 
BEL -CANTO 

Superiority 
(1) Fiber horn. Crystal- 

line finish. 
(2) Our own adjustable 

loud speaking unit, giv 
ing a wide range of tone 
Quality and volum o 
without distortion. 

(1) The base Is of cast Iron. 
weighing four pounds. 
eliminating top- heavi- 
ness. 

(4) All other metal parts 
are of heavy east alum- 
inum, highly polished. 

(5) Complete Instrument 
stands 24 inches high. 
10 inch bell. 

(C) Guaranteed for one 
year from date of pur- 
chase against mechani- 
cal defects of any kind. 
and it found mechani- 
cally defective within 
that period of time, we 
will replace it with a 
new one without charge 
to you. 

GUARANTEE 
Money back any time 
within ten days if dis- 
satisfied. We further 
guarantee to the pub- 
lication carrying this 
advertisement that each 
and every speaker sold 
will be exactly as adver- 
tised in this issue. 

BEL CANTO MFG CO. 
BENSIL -BONIS CO., Inc. 

General Office and Factory: 417. 419 -421 E. 34th St.. Dept. PR. New York City 

Please refer to POPII..AR RArno when answering advertisemertts. 
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RADIO FREQUENCY 
AMPLIFICATION 

\VITIi 

Ballantine Variotransformers 
Patents Pending) 

Prefe.ed Circuit fo. Indoor Antenna' 
Using One Mode: 5R E Amplifier Unit. 

:Tube Detection and 2 Stage Amplifier. 

Model 5 $9.60 

"TURN THE KNOB" 
1. Continuous variation in wave length. 
2. Self -contained and shielded. 
3. Control of regeneration and tuning by 

single knob: no potentiometer. 
4. Fits your set - either base or panel 

mounting. 
5. Improved tone quality. 

"Radio Frequency Amplification with the 
Ballantine Variotransformers " -a 25- 
page booklet- mailed free on request. 

BOONTON RUBBER MFG. CO. 
Pioneers in Bakelite Moulding 

224 FANNY ROAD BOONTON, NEW JERSEY 

Please refer to POPULAR RADIO when answering advertisements. 
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Electrad Products 
Their Quality Absolutely Guaranteed 

You are safe when you buy Electrad Products. 
They are absolutely guaranteed, electrically and 
mechanically, to be of the finest materials and 
workmanship. 

Most good dealers carry them because they are 
fairly priced, and give their customers good 
service. 

Double Your Distance with an 

Electrad Variohm 
The latest invention is 
grid leaks. A simple turn 
of the knob and you can 
get any resistance from 
to 30 megohms. Elim- 
inates circuit noises, is 
moisture proof and non - 

microphonic. Absolutely guaranteed. 

Electrad Lead -in 
Fits under closed window. 
Can be bent to any shape. 

Covered with fireproof 
insulation which pre- 
vents grounding on wet 
window sills. No holes 
in window frames and 

takes the place of unsightly porcelain 
tubes. Fitted with Fahnestock Clips. 

Electrad Indorarial 
Ideal for sharp tuning. 
Wonderful directional 
effects. Particularly ef- 
fective where several lo- 
cal stations are broad- 
casting at once. Can be 
used also as ground. By 
using Indorarials for antenna and 
ground you can get any coupling you 
desire. Hang on wall, door or lay 
under rug. 

Electrad Grid Leaks 
30c 

ELECTRAO 

Absolutely unifo:m unvarying fixed 
resistance. A superior product of 
dependability, in all resistance from 
Yi to 10 megohms. 

Dealers: Write for samples and details on our special group assortment. 

ELECTRAD, INCORPORATED 
Department C 428 Broadway, New York City 

Please refer to POPULAR RADIO when answering advertisements. 
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"Built First to Last " 

Stop the Leaks with this Good 
Coto Air Condenser 

r HIS high grade condenser often increases I signal strength as much as an added stage of 
Audio Amplification. It takes full advantage 

of all the energy in the antenna. It avoids the 
insulation losses that cripple a radio set.. The 
economy is obvious. 

Coto Condensers have low losses because of single 
bearing construction and hard rubber insulation 
(the best for radio use.) The plates are of copper, 
soldered together and SILVER PLATED. Strong, 
handsome and compact, with VERNIER adjust- 
ment free from backlash. Moderately priced. 

Type 3505 Type 3510 QZ 
.0005 Mfd. a iC J .001 Mfd. alp 

The Complete Answer to your demand 
for a real good Variable Condenser. 
Complete with handsome dial and 
vernier knob. 

Other Coto specialties are Cotogrip Tube 
Sockets, Moulded Variometers and Vario- 
couplers with GUARANTEED range of 200 
to 600 meters covering the broodcastmg wave 
lengths, Tapped Radio Frequency Trans- 
formers, Audio Frequency Transformers 
(Type 4000, $5) and Honeycomb wound 
Coils. 

If your dealer cannot supply you, 
write us at once giving his nine and 
address and a list of the Coto Radio 
Parts that you need. You'll get them. 

COTO -COIL CO., 
87 Willard Ave., Providence, R. I. 

BRANCH OFFICES: 
Los Angeles, 329 Union League Bldg. 

Minneapolis, Geo. F. Darling, 
705 Plymouth Bldg. 

Atlanta, C. P. Atkinson. Atlanta Trust Co.Bldg. 

Canadian Distributors: 
Perkins Electric Co., Ltd.. 

Montreal Toronto Winnipeg 

Type 4500 
The 3 to I Ratio 

Transformer for All Stages 

You can now settle all arguments as to 
desirable Transformer Ratios in different 
stages. The question has been needlessly 
complicated. As usual the simple answer is 
most economical and best in performance. 

Use Coto Specials in all stages and you 
will be delighted with the ample volume 
and freedom from distortion. Hundreds of 
buyers praise them. For reflex circuits 
they are simply great. `Once you have 
tried them, you will recommend Coto 
Specials to all your radio friends. Price $2.50 

17.111.1111111N 1111111t ill1iilili 
Please refer to Pol'rLAR RADIO when answering advertisements. 
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This new Ace Type 3B Armstrong Regenera 
rive Radio Receiver is the height of perfection. 
It is equal to a combination of the Ace Type 
V and the Ace two -stage amplifier. Forvolume 
and distant reception it out-performs most sets 
costing a great deal more. The new Ace Type 
3B has a filament switch which eliminates ne- 
cessity of turning out rheostats when set is 
not in use. Sells for $50.00 but worth much 
more. Has genuine mahogany cabinet with 
engraved panel. 

ACE TYPE 3C CONSOLETTE 

This is the last addition to the Ace Family. 
Has beautiful solid mahogany, wax finished 
cabinet. Set consists of a regenerative tuner, 
detector and two stages of amplification with 
built-in loud speaker. Due to the particular 
method of winding Crosley coils it is excep- 
tionally selective. Has sufficient room inside 
Cabinet for dry batteries, making a complete 
self- contained long range receiving outfit. 
Phone jack for tuning with head phones; 
Crosley multistate filament switch, engraved 
Formica panel. Uses all kinds of tubes. An 
efficient set at a remarkable price, $125.00 - 
without tubes or batteries. 

Your dealer can supply you. 
Ask for "Simplicityof Radio" 
-your copy is free. 

DEALERS: Write on your 
letterhead for attractive sales 
proposition. 

Determining 
unlit y 

RADIO set or 
product is no 

better than the 
science and skill 
that creates it. 
Those men in this 
Institution who are 
intrusted with the re- 
sponsibility of produc- 
ing up to the standards 
of Powel Crosley, Jr., 
are experts who have 
won national recogni- 
tion in their chosen 
scientific field. 

Honest Merchandise uses Truth in Advertising 
Ace Type 3B and Ace Type 3C Consotette manufactured under Armstrong U. S. Patent No. 1.113,149 

THE PRECISION EQUIPMENT CO. 
316 VANDALIA AVE. POWEL CROSLEY, JR., Pres. CINCINNATI, OHIO 

Please refer to POPULAR RADIO when answering advertisements. 
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(Ihe WANDERING MINSTREL of TODAY 
HOWOW far have we progressed from the days 

the minstrels, singing their self -com- 
posed ballads to the accompaniment of harp 

or lute, or telling their stories illustrated with 
crude mimicry, wandered from castle to castle 
in old England furnishing to the nobility prac- 
tically the only entertainment available. 
Today every American, no matter how far re- 
moved from the centers of activity, has within 
his reach up -to-the minute news and amuse- 
ments that would have delighted the hearts of 
the nobility of old. The air is filled with merri- 
ment waiting to be captured and brought to 
your very fireside. 
Radio is the magic wand that attracts to you 
the desired entertainment. Crosley Radio Re- 
ceivers are the instruments by which this enter- 
tainment may be clearly and distinctly con- 
verted into a truc reproduction of the original 
voice thousands of miles away. 
You can own and enjoy a Crosley Radio Re- 
ceiver. Unique features and quantity 
production have enabled us to offer 
the greatest value in radio ever pro- 
duced. Actual tests by hundreds of 
satisfied users in all parts of America 
have .proven that in perform- 
ance, Crosley Instruments arc 
unexcelled. And the prices arc 
remark- 
ably low. 

MODEL VI $30 
Two Tube Set 

lMODEL e 
XJ 65 

MODEL XL 14U Four Tube Set 
With Buitl in IoadSpenker 

Better -Cost Less 

Radio Products 

Let a Croslcy Radio Receiver Bring Perpetual 
Entertainment to Your Home. 

For bringing in distant stations no set can excel it 
For Sale By Good Dealers Everywhere 

Crosley Manufacturing Company 
Larger(' manafaef f Radio Receiver. in tha World 

Powel Croaky, Jr., President 
216 Alfred Street Cincinnati, O. 

Special mahogany 
stand for Model 

X -L. $25 extra 

Cost of necessary 
accessories $40 up 

MODEL VI -$30. A wonderfully efficient two tube set, 
one stage of Tuned Radio Frequency Amplification and 
Detector. 
MODEL XJ -$65. A four tube radio frequency set com- 
bining one stage of Tuned Radio Frequency Amplification, 
a Detector and two stages of Audio Frequency Amplifica- 
tion. A jack to plug in on three tubes for head phones, 
the four tubes coupled up for loud speaker. 
MODEL X -L -$140. A duplicate of Model X -J except 
the arrangement and mounting into a beautiful cabinet 
with the addition of a built -in loud speaker and space in 
the cabinet provided for housing the necessary batteries. 

Omky Masafactming Company owns and operates broadcasting Station WLW 

Mail This Coupon Today 
Crosley_ Manufacturing Company 
Powel Crosley, Jr., President 
216 Alfred St., Cincinnati, Ohio 
Gentlemen: 

Please mail me free of charge complete catalog of Crosley 
instruments and parts. I cnclose soc for which also send your 
booklet entitled "The Simplicity of Radio" by Powel Croaky. Jr. 

Name. 

Address 

Please refer to POPULAR RADIO when answering advertisements. 
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YOUR SET WILL 

BE A MUSICAL 

INSTRUMENT 
WHEN YOU USE 

THE THORDARSON SUPER 
AUDIO FREQUENCY AMPLIFYING TRANSFORMER 

Heretofore, amplifying transformer manufacturers have given too much 
attention to volume of amplification and have sacrificed the most important 
function of their transformers, -that of perfectly reproducing the broádcaste4 
programs. Consequently many listeners in have complained about the 
musical qualities of radio reception. 

No matter how good your phonograph, you could not expect to obtain good music from a poor 
record. Likewise, although your loud speaker be the hert, you cannot expect to enjoy radio 
reception if the signals you put into it have been distorted in the process of amplification. 

The new THORDARSON SUPER Audio Frequency Transformer was designed to correct the 
shortcomings of amplifying transformers of the past and embraces the following cardinal features: 

(1) Perfect reproduction of voice and instrument 
(2) Even amplification over the entire musical range. (You will be 

surprised to hear the amazing reproduction of the bass notes.) 
(3) Increase in volume to the extent that tonal purity will permit. 

This SUPER TRANSFORMER is the result of several months research work in the thoroughly 
equipped Thordarson laboratory and represents the culmination of twenty -eight years experience in 
manufacturing small transformers. 

Such leading set manufacturers as the Colin B. Kennedy Company, Chicago Radio Laboratories 
Company (Zenith) and the Western Coil and Electric Company (Radiodyne) along with many 
others proclaim the merits of the THORDARSON SUPER TRANSFORMERS. 

Install a pair of Thordarson Super Transformers now and your receiving set will he converted 
into a real musical instrument. 

YOUR DEALER HAS THEM 

JJJORDARSO$ 
ELECTRIC MFG CO 

CHICAGO, ILLINOIS 

Please refer to Pnrt a.Au RADA when answering odrerlise.nents. 



Rheostats and 
Potentiometers 

With knob or dial -suit- 
able for either table or 
panel mounting. 

Variable and 
Vernier Condensers 

Precision -made for accu- 
rate tuning. 

Arosre qun itrl nppnratns 
Iras been selected by Mr. 
Laurence Cockade); for use 
in his neu, Improved Four 
Circuit. Tuner as described 
in detail in the January is- 
suc of Popular Radio. 
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Tuned Radio - Frequency 
RECEIVER 

$ atisfies ¿ery.Radioli4shi 
D X performances by enthusiastic owners 
prove conclusively that the MELCO- SUPREME 
is in a class by itself when it comes to 

REAL LONG DISTANCE 
RECEPTION 

Brookfield, Mo. to 
Brooklyn, N. Y. to 
Cleveland, Ohio to 
Portland, Ore. to 
Leechburgh, Pa. to 
Porto Rico to 

Glasgow, Scotland 
Los Angeles, Cal. 
Havana, Cuba 
Schenectady, N.Y. 
Dallas, Texas 
Philadelphia, Pa. 

(Name., and addresses on request) 

Extreme Selectivity - Exceptional 
Clarity - Simplicity of Operation 

Write for complete descriptive literature 

i 

A MSCO PRODUCTS,Inc. 
FAIRBANKS BUILDING 

BROOME &LAFAYETTE STS. NEW YORKCITY 

Please refer to POPULAR RADIO when answering advertisements. 
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An Easy Way 
to Cut Out 
Interference 
Add a Ferbend 
Wave Trap to 
Your Set 
Enjoy your radio set. Get the station you want, quickly. 
Listen in on one thing at a time without annoying 

squawk -k -k -s or irritating whistles. 

The Ferbend Wave Trap Makes 
Every Night Silent Night 

New radio broadcasting stations are making 
receiving constantly more difficult. Many 
owners of long -distance sets are discovering 
powerful amplification is of little value so 
long as local stations are "all over the dial." 
Hundreds of users have solved the difficulty 
with the Ferbend Wave Trap-the missing 
link in Radio. A St. Louis user reports: 
"Heard Havana clearly with three St. Louis 
stations broadcasting. My receiver works 
like a new set. The 'Ferbend' is certainly 
a wonder!" 

YOU Can Obtain These Remarkable Results 

You can obtain results as satisfactory as 
this St. Louis user. If you don't, it doesn't 

FERBEND ELECTRIC CO. 
21 E. South Water St. Chicago 

r-- - - --- - - 1 
l Ferbend Electric Co. 

21 E. South Water St. 
I Chicago 

i N:.me 

l Address 

Send me a Ferbend Wave Trap. I will pay Post- 
man $6.00 (plus postage). I understand you 
guarantee the "Wave Trap" to tune out my local 
stations or my money will he refunded. 

cost you a penny for the "Wave Trap" is 
sold with a positive guarantee that it will 
tune out your powerful local stations. 
Don't wait. Order now at our risk. 

SEND NO MONEY 
You need not send a penny. Pay Postman 
$6.00 (plus postage). If you prefer, send 
$6.0o with order and Wave Trap is mailed 
postpaid ready for panel mounting. Money 
back guarantee either way. You see vein 
take no risk, so order TODAY. 

FERBEND 

The 
Original 
Wave 
Filter 

PATENT APPLIED FOR 

The Ferbend Wave Trap can also be 
supplied completely mounted ready 
for instant use on formica panel in 
mahogany finished cabinet. 6 x S x 6, 
$8.50. Get full benefit of all the dis- 
tance your set will give you. Order 
your Ferbend TODAY. 

Please refer to POI'l'I.AR RADIO when answering advertisements. 
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3;j inches actual size of 
diaphragm in Timmons 

Talker 

On Any Radio Set 
Why the extra large diaphragm of Timmons 

Talkers give such wonderful volume 
Sounds from a loud speaker are caused by the dia- 
phragm vibrating and displacing air. The more air the 
diaphragm displaces the greater the volume. 
Timmons Talkers have an especially large diaphragm 
(3y inches). This enables them to displace a great 
amount of air and in consequence give exceptional vol- 
ume without forcing tubes. And, as you possibly know. 
it is the forcing of tubes that causes most distortion. 
We would like you to hear Timmons Talkers and know 
for yourself their great volume and wonderfully clear 
tone. 
Your dealer will be glad to let you hear a Timmons 
Talker in a comparison test with any loud speaker in 
his place. He will also give you our folder, "Volume 
without Noise" or write us. Type A (adjustable) $35: 
type N (non -adjustable) $25. 

J. S. TIMMONS 
339 E. Tulpehocken St. Germantown, Phila.. Pa. 

The most beautiful 
In,d speaker in the 

world 

Timmons Talkers 
Please refer te l'eri LA R.nnln when answering advertisements. 
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What's Inside 
THE most important thing to know about an amplifier is "What's Inside." Out- wardly there is little vital difference. Inwardly there's all the difference in the world - the difference between clear, mellow reception and poor reception full of squeaks and squawks. Many radioists unconsciously put the "squeaks and squawks" into their sets through the use of improper transformers. They have yet to learn that "RATIO" means absolutely nothing -that 10 to 1, 9 to 1, etc., do not spell max- imum amplification. 

The very next time you buy an amplifier insist on a Genuine JEFFERSON for these reasons: 1st -A JEFFERSON is scientifically designed. 
2nd -The windings are carefully calcula- ted 

to produce 
i00',,' amplification -they are not built up to a ratio, 3rd -The JEFFERSON line embraces a variety of amplifiers to men every 

Radio Frequency six Audio and two requency types. 

As pioneer transformer manufacturers 
JEFFERSON Engineers designed audio amplifi- 
fiers long before Radio reached its present popu- 
larity. You will appreciate JEFFERSON'S 
extra years of experience. 

And remember this -the first cost of an amplifier is un- 
important. Results count -buy an amplifier for what it 
will do -the service it will render -the tone and volume 
it will produce. Receiving is fun when one doesn't have 
a lot of pesky distortion to struggle with. You eliminate 
distortion when you use JEFFERSON. Your set operates 

more quietly and clearly -the volume is greatly increased - distant stations are easily tuned in. 

You are invited to write our Radio Engineering Department 
for amplification data. Attractive descriptive literature is 
also available. This service is gratis. 

JEFFERSON ELEC. MFG. CO., 427 South Green Street, Chicago, III. 

"Jefferson. Sinpei- s elm SitlYe ArnplîFyînc3 Transformers, 
Please refer to POPULAR RADIO when answering advertisements. 
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Radio is a triumph of Youth 
The great names in radio are those 

of young men -men who, as boys, 
made invaluable contributions to the 
development and perfection of this 
still new wonder. Armstrong, 
Cockaday, Tuska, Reinartz- starting 
with crystal sets -brought out their 
inventions when in their 'teens, or 
early twenties. The imagination, per- 
severance and eternal curiosity of 
boyhood kept them experimenting, 
testing, striving for improvement. 

The spirit of boyhood has not 
changed. Millions of boys to -day, 
starting with crystal sets, work their 
own way up the ladder. Their hoarded 
savings go for the parts with which 
to build. Success leads them to new 
efforts. Parents, interested, buy them 
better, more expensive sets to experi- 
ment with. But each new set is but 
the starting point for further im- 

provement. Boys are never satisfied 
-their curiosity will not let them be 

M 
TNE 

BoY 
° Tho Ellggaet, Brlghtaet, Beet Magazins 

for Boys in All the World' 

is radio authority and mentor to 
500,000 wide- awake, aggressive, radio - 
saturated boys, averaging 15,A to 16 
years old. Some of them are at the 
bottom of the radio ladder- starting 
with cat's -whiskers. The vast majority 
are advanced radio enthusiasts who 
naturally turn to THE AMERICAN 
BOY'S stories and articles for new 
suggestions, new methods -and turn 
to its advertising columns for the 
newest and best radio equipment. 

Half a million sons of well -to -do 
parents are buying somebody's radio 
products- spending their own money 
and getting their parents to spend for 
them. Brand the radio wants of this 
vast army of AMERICAN BOY readers 
with your name. Wirt their good- 
will and loyalty. Open your door to 
their tremendous trade by advertis- 
ing your products in their own re- 
spected magazine -THE AMERICAN 
BOY. 

THE SPRAGUE PUBLISHING COMPANY 
(Member A.B.C.) 

548 Lafayette Boulevard, Detroit, Mich. 

Please refer to POM-I.AR RADIO ;./ten answering udrerlisemenls. 
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ADESCRIPTION of actual Mu -Rad performances, without . 
such supporting evidence, might seem exaggerated. The 
New Mu -Rad MA -15, a long range receiver, adds to the 

well known sensitivity, easy operation and selectivity of Mu- 
Rad receivers, loud speaker volume with only a 2 foot loop. 
Detector, three stages of radio frequency and two stages of audio 
frequency amplification. 1,000 miles Reception Guaranteed. 
Write for Literature. 

Mu-Rim LABORATORIESJNC 
809 FIFTH AVE. ASBURY PARK. NEWJERSEY: 

í i 

Please refer to POPULAR RADIO when answering advertisements. 

e. 



-9 

as 

t 

The Best in Radio Equipment 33 

Ilse Grapbite Disc Rheostat 
Sa'pponmzentrddlo ererr 

RA_D10 
FACTS FOR 

O 

E ERY11 

NEWS 
KOF 

WÉLESS 

bindle Nearly 
All St andvd 

Yubes wat 
G,,, t dta L°" 

Vexx`pO 
Type 

t, Seim Water's. 

et rn ""e<°ë°;,"mwu 
;läum.nl r 

Mn°v r. 
" NIV°o vw H; : ̀l.M w^li, 

fWar ` 
m:a >.äwraw9eWV`áy¡i^ 

°eOAlñenn°ri°a:tslo 

*arp°t199n 

n, 

Ì 

ni 

V.: 

lan ¡::: 

_. 

r 

.a;.nt 

eY 

JOm.e ^~éPP 
e 

ái 
ncam40l a 

r 

1 

lem 

! to 

^ . 

0v n°E 
o;,á çrii":47'" 

a 

Nki"° a C*112 :7é 

Ñ 
fe M ,d 

¡du 
`h 

, 

0. 

lñe tn 

i 

-w 
W M 9n ad ra 

xa.ba 
f vW iA 

-°i~M°v°úimM 
n Y 

! 

xr° ¡ 

e`M Y T.¡ <r 
M 11.-s- ; -r 

`rtN 

W lwt"or e1G p 
iÉÓ uni!! 

e 

: 

5em^W rlc 
aKn m~`unl w a., m mr 

".Zl 
,M qr, IdMv 7.,-.........,,,,e...;5,5, 

-.4.1:-:"41,,.,...3.%.v 
::'°11t: 

.^'wami.ë f u . 

,m 

mÿ. 

a.ew i. °e; áó 
a`Qe 'Mavl:: y.: 

T° aTMñWa°`::eml° aine..' °.v 
pn.. °^. 

`^ awPner lu1n 
., M órealseemeau °t 

Good for 
ALL tubes 

^li:ös-or In° 
4 2aa rnM 

.ée 
,ñ 

m 
vúr e m m 

x 

CI.COina (coin 
Chicago Dail, Neap 
October 11.103 

Retail Price$185 
IN CANADA 2.50 
POSTAGE 103 EXTRA 

What Is Meant by a "Carbon Pile" Rheostat? 
MORE than 20 years ago, the Allen- Bradley Co. 

developed a successful compression rheostat for 
big power circuits- It was made of fiat carbon discs and 
the electric current flowing through the column was 
regulated by applying or removing pressure on the discs. 
The idea of the carbon pile was not new, even then, 
but successful commercial rheostats were unknown. 

Graphite discs, however, soon replaced the carbon 
discs and to this day all Allen- Bradley rheostats are 
graphite disc rheostats, although many prominent en- 
gineers still speak of them as carbon piles. 

The Bradleystat Won First Place. 
in the Radio Broadcast long distance 
contest. The first prize winner used a 

Bradleystat and the greatest mileage 
record was made with a Bradleystat. 
More Bradleysun were used in this contest than 

the nest lour types combined. Bradleystat aupreur 
acy has become an actual fact through sheer force 

of superior performance. 

THE Universal Bradleystat is sometimes called a 

carbon -pile rheostat. It is, however, a graphite disc 

rheòstat. The discs are produced in an electric fur- 
nace under the most terrific temperatures known on 
earth. Carbon discs, carbon powder, metallic powder 
or other materials have long since been abandoned in 
favor of the reliable and noiseless graphite discs. 

Your radio set needs a Universal Bradleystat for long - 
distance range, loud reception and noiseless control. 
By all means, avoid substitutes. Insist on the Univer- 
sal Bradleystat. 

C 
Electric Controlling Apparatus 

274 
Greadoill 

Are. 
Rave, 

Just Mail This Coupon! l 

AIkn-Bradley Co., 
276 Greenfield Ave., Milwaukee, Wis. 

Please send me your latest bulletin on the Universal 
Bradleystat and why it improves radio reception. 

Name 

Address 

L 

Please refer to POPULAR RADIO when answering advertisements. 
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Reduce Tubes b y Half 
With Erla Synchronizing Transformers 

Vacuum %7uber 

inERLA Duo 
Reflex Circuit( 

Increased amplification and 
elimination of distortion 
inevitabl follow installa. 
lion of Erla transformers. 
Reflexandcascade types. $5 

Crystal troubles vanish on 
installing an Erle rectifi- 
er. No adjustment required. 
Proof against jolt and jar. 
Lasts indefinitely. List $1 

Look for the words "tested 
capacity, found exclusive - 
ly on the labels of Erla 
fixed condensers. Made in 
eleven sizes, 35c to 75c ea. 

1 
3 

Vacuum Nube` 
ar Ordinarily 
Employed --- 

Nation Wide Loud Speaker Reception 
With Only Three Tubes 

Greater range and volume with fewer tubes than ever 
before are attained through Erla Duo -Reflex circuits, 
using Erla synchronizing radio and audio transformers. 
In Erla circuits, tubes do triple duty, as simultaneous 
amplifiers of received radio frequency, reflexed radio 
frequency, and reflexed audio frequency currents. 
Through accurate superimposition of currents identical 
in phase and frequency, by means of Erla synchron- 
izing transformers, this triple function is flawlessly 
performed, resulting in tremendously magnified 
amplification without distortion. 
Even one tube provides excellent loud speaker recep- 
tion over a wide range; two tubes blanket the zone 
ordinarily covered by four, while three tubes bring in 
stations on the loud speaker from coast to coast. 
Other notable improvements, contributing vitally to the 
superiority of Duo -Reflex circuits, are the Erla fixed 
crystal rectifier and Erla tested capacity condensers. 
Combining advanced characteristics for reflex work 
with unduplicated uniformity, they are indispensable 
to complete stability and purity of reproduction. 
Detailed diagrams and descriptions of Erla Duo -Reflex 
circuits are presented in Erla Bulletin No.16. Ask 
your dealer, or write, giving your dealer's name, 

Electrical Research Laboratories 
Dept. R 2515 Michigan Avenue, Chicago 

The Copper Giant "A" Battery 
For WD1 I, WD12 and other low voltage 
tubes. Equal to 20 dry cells. Can stand 
idle for years without deterioration and re- 
quires no attention whatever. Ideal for 
multi -tube circuits using UV199. Write 
for circular. 

THE COPPER GIANT BATTERY CO., Lansdowne, Pa. 

PATENTS 

Erla audio transformers add 
tremendously to the purity 
and volume of any receiving 
unit in which they are used. 
Ratios 354 and 6 to I. $5 

Screen unsightly openings 
for tube ventilation with 
Erla bezels, made in I' and 
I55r sizes, in bright nickel 
of dull enamel. Lists 20c 

Erla sockets combine maxi- 
mum beauty and strength, 
withheavy,nickeled shell cast 
into moulded Bakelite base. 
Many other advantages. 75e 

Domestic and Foreign, Trade Marks 
and Copyrights. Infringement Suits 
and Interference Cases. 

Booklet "More Light on Patents" Sent Free 
MAX D. ORDMANN, Reg. Pat. Lawyer, 

Mech. and Elect. Engineer, 
Specialising in Radio 

1503 Woolworth Bldg., N. Y. City Tel. Whitehall 7040 -1 

Please refer lo I'tnri..ta R.trttu when answering advertisements. 
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TWAÎER K1ENr 
RADIO EQUIPMENT 

Atwater Kent Model g Receiving Set 

Clear Reception Without 
Annoying Interference 

THE ATWATER KENT Model 9 is an easily 
operated, highly efficient receiving set 

which gives excellent loud speaker perform- 
ance on distant broadcasts. With this in- 
strument it is easy to return to the dial 
settings once they have been noted. 

You will find the fidelity with which the 
ATWATER KENT Loud Speaker reproduces 
tones delightfully pleasing. No batteries 
required. 

ATWATER KENT Equipment embraces a vari- 
ety sufficiently wide to meet the require- 
ments of every user of radio. It includes 
complete sets and every instrument neces- 
sary for the assembling of sets from tuning 
unit to loud speaker. 

If you are now work- 
ing with a one -tube 
set, the ATWATER 
KENT 2-Stave Ampli- 
fier will give you the 
necessary volume to 
use a loud speaker. 

Phonograph Attachment 

Literature describing the entire line of Atwater 
Kent Radio Sets and Parts sent on request 

ATWATER KENT MANUFACTURING COMPANY, PHILADELPHIA, PA. 

4933 STENTON AVENUE 

Please refer tò POPULAR RADIO when answering advertisements. 
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COIL VARIOMETER BINDING POSTS DETECTOR UNIT AMPLIFYING UNIT 

PANEL SWITCH 

24" 
RHEOSTAT- SOCKET UNIT AMPLIFYING UNIT # I 

Tuned Wave Trap Radio Frequency 
Receiver 

BUILT ON FAMOUS COPP CIRCUIT No. 4 

1 Stage Radio -frequency - -2 Stages Audio -frequency 
Efficient for all wave -lengths from 200 to 700 meters 

Range up to 2000 miles 

Any person can build the above set with A -C DAYTON Complete Units 

$43.35 
Units packed complete in one carton with wiring diagrams, 
photographs, instructions, etc., for complete installation. 

SEE YOUR DEALER OR WRITE US DIRECT 

We manufacture a complete line of Radio Parts and Units -Catalog on request 

THE A -C ELECTRICAL MFG. CO., Dayton, Ohio 
Makers of Electrical Devices for over 20 Years. 

National Audio 
Frequency 

Transformers 
The New 6 to 1 Ratio Nation- 
al Transformer is for use ou 
the first stage of amplification. 
Its greater ratio means in- 
creased volume, b t the tone 
qualities that characterize the 
334 to I ratio have been 
filly retained. Price of G to I 
ratio $4.50 postpaid; of the 3 l 
to I ratio, $4.00 postpaid. 
Dealers: Write fur Interesting 
sales proposition. 

Nationsl Transformer Mfg. Co. 
154 Whiting Street 

Dept. 211 Chicago, III. 

A -ALO 
De Luxe Dials 
The artistic qualities .d Na -aid Dc 
Luxe dials distinguish these dials 
as truly beautiful They add to 
the appearence of any set in which 
they are used. 
Na -old Dios have a high gloss 
finish. They are moulded of 

pat- 
ented 
genuine Bakelite 

struction. Dials ant 
matched and made in aa, 30, and 
31 1" sizes. 
Alden Manufacturing Company 
Largest maker. of Radio sash,. 

and dial, in the ,world 
Dent. C 52 Willow St. 

Springfield. Mass. 

No. 3003 -4 
3 Inch 

35c, 3 for $1.00 

Pied ye refer fn Pm.' \ It l.' tTM 7; hen .nrsnerirr,t! arlrerliaeurenl.c. 
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I N D E P E N D E N C E 

d 

4." 

After Painting by John Trumbull 

The Golden Rule Tube 
The Sodion dons not oscillate. 
No declaration as to sensitivity, signal sYength- 
or quality of tone -can mean half so much to every 
broad -minded radio enthusiast as this simple 
statement of fact. 
For there -in five words -you have the key to 
the solution of the problem of eliminating the 
whistles, the squeals and the howls that inter- 
fere so seriously with your enjoyment of radio 
today. 
Don't misunderstand - 
The Sodion does not protect YOUR reception 
against these noises from other sets. 

But, because it does not oscillate -because it 
cannot reradiate- because it cannot whistle and 
howl -the Sodion DOES.prevent your reception 
from interfering in any way with the reception 
of others. 
This, wé believe, is the practical way of elimi- 
nating one of the greatest faults in broadcast 
Radio reception. 
In point of efficiency the Sodion Tube is far 
more sensitive and produces stronger signals 
than any detector now on the market. Its tone is 
fully equal to that of the finest crystal with the 
added advantage of great volume. 

Descriptive 13ullelin upon request. 

® CONNECTICUT ALE RICOMPANY & ELECTC 
MERIDEN Radio Division CONNECTICUT 

1'lru.vr rr'lrr lu l'nrri..ut It.veue hret urr.c,rrriu.g advert iNeutrul.c. 
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WANTED! WANTED! 
A NAME 

to replace the Name "Acmedyne" 

A set of essential parts for the above circuit will be 
given to the person furnishing the best substitute. 

Write for rules governing the contest. 

Closing Date February 15th, 1924 

DANZIGER - JONES, Inc. 
25A Waverly Place New York City 

RHAMSTINEt 
Presents the New VICTOPHONE 
-for all Phonograph and Loud- Speaking Horns 

Relentless research in the field of loud -spcakcr units has 
resulted in Rhamstine* achieving the ultimate in tone and 
volume. The New Victophonc will exceed your expectations; 
you will appreciate its superiority upon comparison with other 
loud -speakers. Every part of this new Phonograph unit was 
designed and built to excel in efficiency and in beauty all other 
makes. It can be furnished to fit all phonographs -the Stand- 
ard Type fits the Victrola, Columbia, Jewett or Sonora. Spec- 
ify make of phonograph when ordering. List Price, Standard 
Type, $7.50. 

$7.50 Postpaid 
Complete with Cord 

Order the New Victophone and lest it 
before buying any other loud -speaker 

The Rhamstine* Electric Solder Set 
New Round Type 

$2.50 Postpaid 
Complete with Cord, two -piece Plug and Solder 

Here is the new model -round type -electric solder set. A more hand- 
some and heavier iron than the original flat model. The tip is easily 
replaced when worn out. Especially adapted for radio work. It is 
highly plated and polished. Can he used on 110 volts A. C. or D. C. 
Guaranteed one year Order an electric solder set and solve your 
soldering problems. Only $2.50 pospatd. 

Menu lectured by J. THOS. RHANISTINE* 
Woodbridge at Bee ubien Detroit, Michigan 

*Maker of Radio and Electrical Products 

Please refer to POPULAR RADIO when answering advertisements. 
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. SDI: LAY LEAGUE....... 
THE AMERICAN- 

EMXECUTIVE HEADQUARTERS 
CO ECfC 

Experimental 
Radio Station 

Canada. 8P 
Prince Rupert. 

o C 

September 26th. IDAS. 

aeeere. Ademe Morgan 
Company. 

Upper yontolelr. 
N. J. 

MacMillan's 
Link with 

Civilization 
A Paragon Radio Receiver 

is the most dependable link 
between MacMillan's cour- 
ageous explorers and a civili- 
zation eager to hear of their 
doings. 

Read this letter from Jack 
Barnsley whose Paragon Re- 
ceiver has been picking up 

these vitally important mes- 
sages, picking up every one, 
and gettingevery wordclearly. 

A Radio Receiver could 
have no higher recommen- 
dation. 

III o.tretallulletins on Peraeon Radio 

Products ne youra for the asking. 

ADAMS -MORGAN CO., 
20 Alvin A 

Upper Montclair, N. J. 

Dear Sire:- pleased with the 

1 have advised 
you before that 

1 am 
here 

is be therrvloto to 
fort "PA of 

my PPARATUS 
APPARATUS" but 

oerw is another 
eltedry 

for "PARAGON 
APPARATUS" welts I feel You 

know. t 

The June 2irn 
grotto Expedition 

which Left 
5iscsstet"DOwdo1 

^' 
Schooner 

planned to 
June 23in on board 

the routs equipped 

Tphinned yo 
were 

in touch with 
the eyLgoteNorth o 'DiscoeIsland, 

This they weAe 
eras in do until 

they got 

Attar going North 
of that point 

nothing Was tithed 

of 

on this 

the expedition. 
And all interested Radio 

dioeme 

orat Lue nbthis 

eoi0'e eoffered 
eiduplica eeofthe receiving apparatus app 

Lary 

a000unt offered 
e duplicate amateur to get 

into com- 

tae ogoedoin" 
se h Aroe the 

Expedition. 
This 

Type flA -10 o heder- 

thelhonor 
to win 

the 
thrtheo std of myZPARAeoWrypepRAt1ee 

had 

toe honor to rive 

oLl vo Receiver 
ed 

into 
with the 

"Readoln" 

Since first gaining 
ter communication at Refuge Har- 

bour, which 

are 
mile. 

winter quarters 
[token in 

Douro eslc7 Se ten on SeptemberC7th.I 
have had e working 

schedule 
LOngitUd with the 

op) 

181 word D 

addressed to the 
'fork 

BCD addle 
d 
CBO eeaegeetrom them 

have copied one 
600 word an 

rivets. messages 
from 

sl of ape calls) 
by 

together with 
dozens privets. 

to September (s 
2Ctal and 48 

a forward- 

ed 

by- 

e complete list rom 
amateur calls 

heard 

all 
of th 

ed ell of these messages to 
their destinations. 

has heard nundrede 

of 

station has been 
When you tions 

ir. thin toe butt 

that to statio 
has I 

the 
stations shoom they he eobeen 

that but 

the 

be 

only one with receiving ap 

oeneldaDle to sd See you sot DroetP 
loam of 

d em glee 

to be trot tout very 

i1 

Please refer In POPULAR RADIO when answering advertisements. 
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leAsELITEI "And its real 
bakelite!" 

EROS" 
ADIO 

iTUB 
. 

CONTROLiv-oNer 

HERE'S the finest piece 
of radio apparatus of 

its kind you ever saw! The 
new FROST-RADIO Genu- 
ine Maroon BAKELITE 
Tube Control Unit com- 
bines the following: 

-a high grade 6 or 35 ohm vernier 
rheostat. 

-a precision -built 400 ohm poten- 
tiometer. 

-single hole mounting. 
-smoothly working moving parts. 
-superior design and finish. 

When you install a FROST-RADIO Tube 
Control Unit on your set you end all 
tube control troubles- insure best re- 

sults -save money. Either 6 or 35 ohm 
rheostat types: $1.75. All metal parts 
nickel plated and hand buffed. 

Your dealer stocks 
FROST-RADIO 
Go to your dealer to- -.r'` 

day and examine this - ! 
fine piece of apparatus. $ 

/4 
\ 1 

Judge for yourself if 
it is not the biggest 
value you ever saw." 
Your dealer also VIDST -RADIO 

stocks FROST -RADIO '° 6tininSr.nce 

Sockets, Dials, Adapters, Fones, Jacks, 
Plugs, etc. 

HERBERT H. FROST, Inc. 
New York CHICAGO Kansas City 

! o $3500 

You Can Hear a 
Pin Drop! 

During a pause in thc program reproduced 
through the Callophonc. No metallic 
vibration or "static" to mar your enjoy- 
ment. Any disturbance instantly cleared 
by a turn of the dial controlling thc dia- 
phragm. 

The Callophone Radio loud speaker is the 
result of years of experience in making loud 
speaking commercial apparatus- recog- 
nized as the finest obtainable. 

The Callophone is built throughout with 
careful attention to each detail, and tested 
under actual operating conditions before 
leaving the factory. No extra batterie, 
or equipment arc required. 

Not sold by all Radio Dealers. Sent di- 
rect from our factory to you, upon receipt 
of the purchase price -which will be re- 
turned to you if, after a ten day trial, you 
do not find it all we claim. 
Incidentally, every Callophonc we send 
out STAYS. We don't expect it back, be- 
cause it has been tested beside every make 
of loud speaker, and none can conipore. 

CALLOPHONE COMPANY 
OF NEW YORK, Inc. 

216 -222 Mercer Street 
New York, N. Y. 

Please refer to POPULAR RADIO when answering advertisements. 
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E. R.HAAS 
Director of 

National 
Radio Institute 

Lear-rit HOm 
Earn $2500 to $10,000 aYear 

Merle Wetzel, one of my students, reports that he now is 
making three times what he did before becoming a radio ex- 

pert. Emmett Welch writes that after finishing my training 
he made $300 a month and all expenses. George Jones says: 
"To your course I credit my present position as manager of this 

Radio Department." Hundreds of other former students enthusiastically tell 
of their successes as radio experts! The field of Radio today is a real treasure 
house of wonderful opportunities. It offers rewards beyond your fondest 
dreams! Mail coupon today for Free Book just out -which explains in detail 
the amazing opportunities in this World's Fastest -Growing Industry. 

Hundreds of Big PayingPositions Waiting 
Do you want to earn far more money than 

you ever dreamed possible? Do you want 
to be your own boss -to have a profitable 
business of your own? Do you want to travel 
the whole world over -and make big money 
while doing so? 

Radio offers you all of these opportunities 
-and morel Radio, the new infant industry; 
Radio, growing with leaps and bounds; Radio, 
the field of endeavor with the most prom- 

ising future of all! 
Pick Out the Job You Want 

We Will Help You Get It 
This is a brief list of the po- 

sitions in the Radio field today, 
and the salaries paid: 
Broadcasting Station Oper- 

ator, $125 to $250 
month. 

Commercial Land Station 
Operator, $150 month 
and up. 

First -class Ship Operator. lee to al xp n s 
addi- 

tion 
Radio Engineer, 

up to $10,000 a year. 
Radio Inspector, 

$1,800 to $4,500 year. 
Radio Salesman, 

$2,000 to $10,000 year. 
Radio Mechanic. 

$1,5t 00 
to 

$4,000 
a year. 

Radio 
$150 to $250 m onth. 

Radio Draftsmen, 
$7 to $10 per day. 

Radio Executive, 
up to $15,000 a year. 
NOTE: RADIO FIRMS 

Serowe Pra 
tIua Our Graduates a o 

Experts 
Arnow 

Write Today. 

Never in all history has an industry jumped 
into prominence so rapidly! Millions of 
dollars were spent last year on Radio. Hun- 
dreds of big -money positions were created 
almost overnight. Thousands of men trained 
in Radio were needed. And the future holds 
even greater promise for those who enter this 
fascinating field. Learn more about what 
Radio can offer you. Send for 
our new FREE BOOK on 
Radio. 

This Wonderful FREE BOOK Has Shown 

Thousands the Way to Bigger Money 

This Free Book has opened the eyes of thousands to the 
glorious opportunities in Radio. If you are ambitious -if 
you are looking for a field which I- - 
offers big money, fascinating E. R. HASS 
work, advancement, and a real 
future, send for this Free Book. 
It costs you nothing. You obli- 
gate yourself in no way. Yet 
this book can easily mean all 
the difference between the 
work you are doing now and 
wonderful success! Before you 
forget -mail the coupon NOW! 

NATIONAL RADIO INSTITUTE 

NATIONAL RADIO INSTITUTE 
Dept. 32AB, Washington, D. C. 

I Without obligation on my Parti please send me the free book 
"Rich Rewards in Radio.' with full details to how t 

l can quickly train for the position of "Certified Radio-trician" 
my spare hours at home. Also tell me how your free Em- 

il ploy nt Service will help me secure a good -paying position, 
I and about your special short-time offer. Please w te plainly 

1 Name 

Street 

Dept. 32AB, Washington,D.C. ! City State 

Please refer to POPULAR RADIO when answering advertisements. 
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o 

A Good Name 

Hardy Circuit 
Inductometer 

Patents Pending 

Toroidal 
Transformer 

2,500 -mile type* $8. 50 
1,500 -mile type 3. 50 
* tap on b -panel 
The Hardy Circuit utilise. a epe.illy wound Inductance 
by which the utmost sensitivity with selectivity is attained. 
A transformer ratio of from 4:11 to 8:1 Is secured by the Hardy 
design. 

tH'HAapt.Ot 
etwe eS.iMt 

200 -600 Meter Type* $5.00 
3,300 Meter Type 9.50 

without mounting case $2.15 
After many montha of testing and experimentation. our 
research engineer has develoted a Torold Radio Freanercy 
Transformer for use ln Ne.ttodyae and Super- Heterodyne 
Circuit.. 

We cua-antes the operator 2,500 -mile range using our The cons are so wound that there is a minimum of capacity 
Improved 88.51 type of Inductometer and over 1.500 -mile In the windings and the lowest dielectric loss posible. The 
range with 83.50 type. The first has a spider rotor, sub - coupling Is extremely high. The external leid Is so small that 
panel tappng design and bank wound secondary. It is with ,wo inch spac,ng it Is possible to con uct str a very 
sold with panel indicator and knobs. compact receiver wtthOut use of shielda. 

Write For Descriptive Literature 

L. H. HARDY & SONS, Inc. 528 SIXTH AVENUE 
NEW YORK, N. Y. 00000000 oc0000 

There's No Need to Experiment with Day -Fan 
Radio Units 

For your safety, convenience and economy, 
you can now get Day -Fan Radio Units as- 
sembled into sets. One of these sets will 
exactly meet your wants. You need not 
waste time and money in trying to find out 

for yourself what you need to complete your 
cutftt. See your dealer and he will suggest 
what Day -Fan type you should have. This 
will insure you better results, greater pleas- 
ure and real economy. 

THE DAYTON FAN & MOTOR COMPANY .. Dayton, Ohio 
Establisher 1889 

Please refer to POPULAR RADIO wizen answering advertisements. 
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A Transformer of Real 
Merit 

X 

The winding that Kellogg developed, 
was found to be most efficient for audio 
frequency transformers. Its problems in- 
volved the finding of the proper thickness 
of paper, the proper kind of insulated 
wire to provide the proper number of 
ampere turns, and impedence. 

To correctly shield these transformers 
that they may be mounted in any posi- 
tion desired without losses, this brass 
shield was designed. It is so arranged 
that both sides are interchangeable, lock- 
ing together at the base. They are finished 
in a handsome maroon enamel. 

Amplification 
of Entire 
Musical 
Range 

Free from 
Distortion 

The wires extend through the 
Bakelite top,which affords perfect 
insulation,and are soldered to the 
terminalsin plain s" ht,where they 
may be inspected. This also elimi- 
nates any possibility of breakage 
of transformer leads. 

The one -piece laminations of silicon 
steel contain no punched holes,which in 
many other transformers causes eddy cur- 
rents and losses. The one -piece lamina- 
tion is exclusively a feature of the Kellogg 
transformer. It provides an exceptionally 
true electro- magnetic core. 

The finished job, of which we are 
mighty proud. The leads are soldered to 
tinned terminals, which are under nickel 
plated nuts over which are placed 
knurled nuts. Each binding post is plain- 
ly marked so that it is impossible to make 
incorrect connections. 

Amplify the pleasure of your radio set by installing 
Kellogg audio frequency transformers. Second to 
none in volume, clarity and freedom from distortion. 

No. 501 -Ratio 4% to 1. No. 502 -Ratio 3 to 1. Only $4.50 each 

Built and Guaranteed by 

Kellogg Switchboard & Supply Company 
1066 West Adams Street, Chicago 

Please refer to POPULAR RADIO when answering advertisements. 
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For Transmission 
or Reception! 

"FRESHMAN SELECTIVE" 
MERCURY VARIABLE Cnr,IDENSER 

It has been conceded by the Foremost 
Radio Engineers that a Variable Conden- 
ser with Mercury plates is the most effi- 
cient for fine adjustment and selective 
tuning. Our engineers, after exhaustive 
experiments and research work, have de- 
veloped a Variable Condenser with Mer- 
cury plates separated by heavy Mica 
dielectric. It is the ONLY VARIABLE 
CONDENSER the plates of which actu- 
ally vary in area -AN ENGINEERING 
FEAT NEVER ACCOMPLISHED BE- 
FORE, 

No leakage 
Absolutely quiet 

No plate vibration 
Will stand 5000 volts 

Compact and attractive 
Plates cannot collect dirt 

Cannot become short circuited 
.0003 m. f. (equivalent to 17 plate) $5 .00)5 m. f. (equivalent to 23 plate) tyres 
.001 m. f. (equivalent to 43 plate) 
All Molded Parts and Dial of the Finest Bakelite 

At your dealer, otherwise send purchase 
price and you will be supplied postpaid 

(Sas. freshman (3.Inc. 
`Radia Condenser rroducts 

106 SEVENTH AVE. NEW YORK 

Please refer to POPULAR RADIO 

FOUR WAY CO. 

New Model 

"4 -WAY" 
SWITCH 
PLUG : 
At Your Dealer's 

Switch on Loud 
Speaker or 
Head Phones 
by turning 
dial without 
removing Plug 
from Jack. Two 

Head Sets may be used if preferred or both Loud 
Speaker and Head Set AT THE SAME TIME 

Thenew1924 model 
"4 -Way" Switch Plug 
embodies many im- 
provements, making 
the manipulation much eas- 
ier. The improved Spring 
Locking Terminal Connec- 
tions are far superior to 
binding screws. They form 
permanent electrical con- 
tacts which never work 
loose, as binding posts are 
apt to do. 

New SINGLE 
Radio Plug 

50 C -the finest 
yet produced 

-employing our positive spring terminal 
connections that have proved so successful 
in our FOUR WAY PLUG -never works 
loose. 

See these beautiful plugs 
AT YOUR DEALERS 

Manu/adured dy 

FOUR WAY CO. 
Myrick Bldg., Springfield, Mass. 

wizen answering advertisements. 
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---- 
E D Elliott of 

Milford, N.Y. 
establishes rd re 

Think of getting London, England, 
Fairbanks, Alaska, and La Palma, Pan- 
ama, when you live in New York! Yet 
this is the experience. of Mr. Elliott, one 
of the hundreds of enthusiastic users of 
MIRACO sets. With the inexpensive 
outfit shown here, priced at only $29.50, 
he received the following list of stations - 
results that would do credit to a set costing 
three or four limes as much. 

WLAY 
NNW 
PWY 
CFAC 
CJCY 
KFBC 
KSL 

WJAx 
BU 

EV 
WMAT 
WPM 
WRAA 
WHB 
KFHB 
CFCA 
CKCE 
CJCI 
WRP 
NGE 

KFEL 
WIAZ 
WKY 
WDAE 
WEB 
WRK 
WHAB 
6ZV 

WJñX 
WBZ 
WOO 
WOS 
WOK 
WLAG 
WFAZ 
W1AB 
WCT 
WMC 
WBAK 
WLAK 
WBAN 
WOC 
WPAP 
WHAM 
IVWZ 
WBAY 
WGL 
WMAF 
6V BAG 
WCAP 
WHN 
WIAR 
WRP 
WGAR 
WDAK 
WCAG 

London. England WHAY Wilmington 
Fairbanks, Alaska WRAY Scranton. Pa. 
La Palma. Panama WOAY Birmingham 
Havana. Cuba WSB Atlanta, Ga. 
Calgary, Can. WMU Washington 
Calgary, Can. WCAT Rapid City 
San Dleio. Cal. WRC Washington 
San Francisco. Cal. KYW Chicago 
Seattle, Wash. KFCB Phoenix 
Providence. R. L WWT Buffalo, N. Y. 
Lorin. Wyo. WHAS Louisville. Ky. 
Houston. Tex. WCAY Milwaukee. Wis. 
Duluth. Minn. WLW Cincinnati. O. 
Washington WDAW Omaha. Neb. 
Houston. Ta. WOO Kansas City 
Kanms, Neb. WPAW Wilmington 
Hood River, Ore. WCE Minneapolis 
Toronto. Can. WCX Detroit, Mich. 
Toronto. Can. WLAZ 
St. John. Can. WMS 
Dallas, Tex. WTAM 
Miami. Fla. WWI 
Oakland, Cal. WJAZ 
Denver. Colo. WDAP 
Miami, Fn. WGY 
Oklahoma City WIZ 
Tampa, Fla. WEAF 
St. Louis WOK 
Hamilton WHAS 
Galveston. Ten WEAR 
Salt Lake City WKD 
Arlington Va. WUQ 
Cleveland. O. KMO 
Springfield KOB 
Philadelphia. Pa. W_DAR 
Jefferson 

ne Bluff, iÁ k. WIP 
I 

Minneapolis KDKA 
Charleston WCAE 
Lincoln. Neb. KMN 
Chicago KQP 
Memphis 
Harrisburg 
Bellow Falla. VL 
Paterson. N. J. 
Davenport 
Winchester, Ky. 
Beaumont. Tes. 
New York 

New York 
Philadelphia. Pa. 
Dartmouth. Man, 
Bridgeport 
Decatur 
Ridgewood 
Paducah 
Camden, N. Y. 
Fort Smith. Ark. 
Hartford. Mas. 
New Orleans 

WWAJ Col 

Warren. O. 
Decatur, Ga. 
Cleveland, O. 
Detroit. Mich. 
Chicago. Ill. 
Chicago, Ill. 
Schenectady, N. Y. 
New York City 
New York City 
Newark. N. J. 
Louisville. KY. 
Dodge. La. 
Gainville. Ga. 
Washington, D. C. 
Tacoma. Wash. 
New Mexico 
Philadelphia, Pa. 
Philadelphia, Pa. 
Philadelphia. Pa. 
Pittsburg, Pa. 
Pittsburg. Pa. 
Butte. Mont. 
Hood River. Ore. 

WHAZ ' Troy. N. Y. 
WGR Buffalo, N. Y. 
WMAV Auburn, Ala. 
KFDD Boise, Ida. 
WNAL Omaha. Neb. 
WCAP Wáshington. D. t 
WQAB Springfield. Mo. 
WFB St. Louis. Mo. 
WDR Detroit, Mich. 
WNAC Boston, Mass. 
WBAZ Columbus. O. 
CFZC Montreal. Que. 
WMAK Lockport, N. Y. 
WGF Des Moines. la. 
WHAM Rochester, N. Y. 
WCAM Villa Nota, Pa. 
WGAY Madison, Wis. 
WWI Dearborn. Mich 

WGAM 
Orangeburg. S. C 

umbus, O. 

radio's finest 
low-priced receivers 

Here, in the improved MIRACOS, you'll find the 
same thrill of getting long distances, generally obtain- 
able with only the most expensive and elaborate sets. 
To the whole family it will furnish entertainment, tm- 
failingly, the whole year round -and at an initial price 
most every family can afford. 

It isn't necessary, either, to be an expert at tuning in 
with the MIRACO. The operation is extremely simple. 
Scores of users everywhere tell us of the long -distance 
records they're making- Cincinnati hears 'Frisco, Den- 
ver hears Schenectady, New York hears Havana! 

Such range as this is made possible through MIRA- 
CO'S many new refinements. Improved rheostats with 
multiple resistance windings enable you to use any type 
of tube, and a new aluminum shield prevents annoying 
body capacity effects. Shock absorbing pads prevent 
tube noises. Fully GUARANTEED against defects in 
material or workmanship. Price for 4-tube outfit 
shown above only $54.50. 

Other details of MIRACO receivers are explained 
more fully in our new bulletin. Write today for a copy. 

THE MIDWEST RADIO COMPANY 
812 Main Street, Cincinnati, Ohio 

Please refer to POPULAR RADIO when answering advertisements. 
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(bear as a sí lver J<3 e11 
A O -T $ TUBES 

The O -T is the only gen- 
uine Silvertone Tube. 

Fully guaranteed. 
Beware of Imitations. 

(Registered) 

will increase the signal strength of your 
set from 20 to 50 percent -even to a greater 
degree when used as a NEUTRODYNE 
detector. 

Three Models 
O. T. 1A -2 to 4 volts, 

Battery Draw .15 amps. 
O. T. 9 2 to 4 volts, 

Battery Draw .06 amps. 
O. T. Power Tube -5 volts, 
Battery Draw .25 to .35 amps. 

Price, $6.00 

Price, $6.50 

Price, $7.50 
At your dealer or direct by mail. 

Write for complete literature. 

Manufactured by DeForest Tel. & Tel. Co. 
Exclusively for the 

O. & T. Electric Corporation 
1819 Broadway, New York 
Hin4 class represo n tatues .ranted. 

lise HOMME L 
SERVICE 627fild 
your radio business 

SERVICE 
HOMME SERVICE 

HOMM EL SERVICE ROMMEL 
- e. o-= 

Complete stocks of strictly high grade nationally advertised radio 
apparatus are constantly carried by this Company to enable you 
to build your radio business on the right foundation. Your suc- 
cess is dependent largely on the products you sell, and your ability 
to serve your customers promptly. 
Aligning yourself with the HOMMEL organization makes it pos- 
sible for you to always have access to ample stocks of the leading 
lines of radio equipment without the necessity of tying up your 
working capital. 

Let us show you how you can advantageously use 

Homme! Service. Write for encyclopedia 236 -P 

W 

DISTRIBUTORS FOR 
Radio Cor, A a. al America 

Weuinghoo cral Electric 
Acme Atwater-Kent 

Baldwin Brandes Burgess 
Chelsea Cunningham 

Cutler- Hammer 
Dubilier Fada Frost 

Freshman General Radio 
Grebe Homecharger 

Murdock 
Reinter Rhamstine 

U.S. Tool Western Electric 

And other 
leading manufacturers 

-' 1ftUMEMEL ; > ''1 
530 -534 FERNANDO ST. PITTS6llRGH,PENNA =w1 

Please refer to POPULAR RADIO when answering advertisements. 
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Announcing 
A New Radio Frequency Transformer 
-in a combination unit, consisting of transformer, 
tube socket and rheostat. 
Especially designed for use in tuned radio fre- 
quency circuits -the most practical method of 
amplifying high (radio) frequency impulses. 
The trend toward radio frequency amplification 
is to be expected. Its advantages are many -long 
distance reception; the excellent results obtained 
with indoor aerials, and an entire absence of in- 
terference with neighboring receivers. 
When incorporated in a tuned radio frequency cir- 
cuit, this transformer amplifies efficiently at all wave 
lengths employed in present -day broadcasting. 
All Eisemann units are matched one to the other, 
not only in their electrical co- relation but also in 
appearance, and, when assembled, present a har- 
monious whole. 
Complete instructions for wiring are given, and 
the individual not deeply versed in Radio can build 
a receiver with assurance of results. dtil, a +a,h",u 

Catalog sent on request 

EISEMANN MAGNETO CORPORATION 
WILLIAM N. SHAW, President 

46 Thirty -Third Street Brooklyn, N. Y. 

Please refer lo POPULAR RADIO when answering advertisements. 
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Quick 
Positive 
Connections. 

Union Radio Tip Jacks 
(Patent Pending) 

Price 25e 
Just what you want when building your 
own set or experimenting with new hook 
ups. Not only give positive electrical 
contact, they improve the appearance of 
your set. 
Two sizes for all mountings. Standard 
Type A for panels up to inch thick= 
ness, Special Type B for panels, cabinet 
walls and partitions from T4s to 32 inch 
thickness. Will firmly grip all wires 
from No. I 1 to 24 B. & S. gauge, and can 
be reamed to pass and hold antenna wire, 
battery leads, loading coils and vacuum 
tube lugs. 
No parts to lose, chip or deteriorate. All 
parts heavily nickeled. Price 25c 

Other Guaranteed 
Union Radio Parts 

Dial adjusters for minute variations in capacities 
of variable condensers. Price 60c 
Tube sockets of molded condensite highly polished. 
Phosphor Bronze contact springs. Reinforced 
bayonet slot prevents breakage. Accommodates 
all standard tubes. Price 70c 
Should your favorite Radio Store not carry Union 
Radio Tip Jacks and Guaranteed Parts send your 
order direct to us, also write for your copy of "The 
Union Radio Catalogue 'A.' " 

Retailers and Wholesalers 
Samples of our guaranteed, reasonably priced 
"Quality Products" sent on request. Our terms 
and trade discounts are liberal. Write for our 
proposition. 

UNIONµRADI O"'CORPORATI ON 
2OOMT. PLE.ISANT -AV EN UE,+eNEWARK °NJ. 
NEW "YORK"OFFICE-- I1orWEST- 32 =- STREèr. 

pQ00o 

It's the contact 
that counts 

Ne -aid Special 
Socket No. 499 for 
UV -199 and C -299 

Tubes. Price S0c 

Ne -nid Adapter 
No. 429 for UV -199 
and C -299 Tubes. 

Price 75c 

De Luxe No. 400 
Price 75c 

De Luxe Contact 

Small Space 
No. 401 

35c, 3 for 51.00 

Ne -aid W. D. 11 
No. 411. Price 75c 

teilt',, 

11111111 

111111 

Weak reception due to in- 
ferior contacts is banished 
when Na -aid sockets are 
placed in a set. Na -aid 
contacts exert a strong, 
wiping pressure on tube 
prongs over a broad sur- 
face, regardless of frequent 
removal of bulbs or varia- 
tion in the length of prongs. 
You can count on Na -aid sockets 
under all conditions. They are 
moulded of genuine Bakelite, with 
uniform cross -section and cure. 
These features prevent plate -to- 
grid losses and insure full efficien- 
cy from tubes. 

Insist on Na -aid sockets and put 
an end to weak reception. All 
good dealers carry them. 

NA -ALD INSIDE 
INFORMATION 

(No. 429) 
Have you realized that the matter 
of design in anything as simple as an 
adapter will make a big difference in 
the results obtained with a U. V. 199 
or C 299 tube? Na -ald No. 449 
Adapter makes it possible to use these 
excellent tubes in regular standard 
sockets. Not only must means be 
provided for holding the tube, but 
had we used flat springs or allowed 
broad Bat surfaces to run parallel in 
this adapter, the capacity would rob 
this tube of much of its effectiveness. 
Again, full -surface, positive contacts 
were necessary. These are provided 
by plunger pads backed with music 
wire springs pressing against metal 
cross -overs moulded in solid Bakelite. 
Na -aid adapters cost but 75c, a very 
reasonable price in view of their as- 
surance of the highest tube tflicieney. 

Write for "why a Baekelite Socket" 
and other descriptive literature 

Alden Manufacturing 
Company 

Largest Makers of Radio Sockets 
and Dials in the World -Why7 

52 Willow St. Springfield, Mau.' 
Dept. C Cable Address, Aldenco 

NA-ALO Illlllll 
Cum 

Please refer to POPULAR RADIO when answering advertisements. 
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The world's largest 
selling transformers 

Standard equipment 
on the better sets 

ERICAR 
Amplifying 

TRANSFORMERS 
For "Push -Pull" Circuits: The All - 
American Power Amplifying Trans- 

formers. Input and Output types. 
$6.00 each 

for utmost volume and pure rich tone 
-add Power Amplification 

The addition of the well -known "Push - 
Pull" form of amplification to your audio 
frequency amplifier -by means of All -Amer- 
ican Power Amplifying Transformers -will 
develop maximum volume with a roundness, 
richness, depth and purity of tone that will 
delight you. Use any good loud- speaker. 

All- American Power Amplifiers have been 

conclusively proved the most efficient, most 
satisfactory "push -pull transformers that 
have ever been made. Here, too, All - 
Americans lead the industry. 

SPECIAL OFFER! 
We will send you the latest All- American diagram and cir- 
cular, describing Power Amplification; also the famous 
All -American book of Tested Hook - 
ups-on receipt of 4c in stamps to 
cover mailing charges. 

RAULAND MFG. CO. 206 Jefferson St. CHICAGO 
Pioneers in the Industry 

All- American 
Socket 

One- piece molded 
bakelite -for panel or 
base mounting. 
Finest socket money 
can buy. Only 75c. 

All the better 
dealers sell the 

All - American 

All- American 
Audio 

Frequency transformers. 
Three ratios: 3:1, 5:1, 
10:1. Prices: $4.50, 
$4.75, $4.75. The best 
-no need to ply more. 

More Than 500,000 Satisfied Users 
Please refer to POPULAR RADIO when answering Ldverlisements. 
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An Absolute Guarantee with every instrument 
made them famous, 
SHAMROCK 

SELECTIVE TUNING 

DOUBLE .. 
DUTY 

,PIG 
- Vai'iometei! 

SI-IxMROCIG MFG. CO. 314 E. Market St. --- Newark N. J. 

We are putting forth 
every effort to make 
the Control -o-meter 
easy to get through 
local dealers; but 
should you be unable 
to secure a Control -o- 
meter, we will ship 
you one postpaid on 
receipt of price. 

$12.50 

- one at a time 
with a 

CONTROL -O -METER 
You can select the programs you want to hear if you equip your 
set with a Control-o-meter, and you don't need technical knowl- 
edge to get results. Just turn the dial to a number indicated on 
the individually calibrated chart supplied with each Control -o- 
meter and the interfering program disappears. 

THAT'S ALL THERE IS TO IT 
No matter what kind of a set or antenna you have or where you 
live, the Control -o -meter will allow the reception of one program 
without interference from another. Moreover, the addition of a 

Control -o -meter will not decrease the volume cf distant stations. 
KINDLY ADDRi'S DI:I'T. .1 

MAIIONIFLEMM®lY PRODUCTS 
_,ita h STEPHENSON LABORATORIES 

34-2 MADISON AVENUE 
NEW YORK CITY 

Please refer to POPULAR RAnro wizen answering advertisements. 
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Save '/3 on 
Guaranteed 

Radio Equipment 

ca;k 
and Mont o i i a y Co. iV 

The Oldest Mail Order House is Today the Mo st Progressive 

Write us a post card - 
Address Dept. 38 =R 

and we will send you free this 52 page 
catalogue of radio sets and parts. It 
also contains explanation of radio terms, 
map and list of broadcasting stations 
and much radio information, including 
an explanation of successful hook -ups 
and circuits. 

You will be amazed at the low prices Ward's quote. 
A complete tube set having a range of 500 miles and 
more, including tube, head set, batteries, and an- 
tenna equipment, as low as $23.50. 

This catalogue contains everything for the expert 
and amateur. Complete sets and every improved 
part for building sets, all the most up -to -date de- 
vices-at the lowest possible prices. 

Headquarters for Radio 
Montgomery Ward & Co. is headquarters for Radio, 
selling everything direct by mail without the usual 
"Radio- profits." Why pay higher prices? Ward 
quality is the best and the prices will often save you 
one -third. Everything sold under our Fifty Year 
Old Guarantee -Your Money Back if You Are Not 
Satisfied. Write today for your copy of this com- 
plete 52 -page Radio Book. 

Write to our house nearest you 
Address Dept. 38 

Chicago Kansas City St. Paul Portland, Ore. 
Ft. Worth Oakland, Cal. 

Please refer to POPULAR RADIO when answering advertisements. 
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BIG 
MONEYINAFASCINATING 

/INDUSTRY-` 
cf ° si Illl9 ' mIp11YN®plltmlll1111111hi 

e a 

With OurHome 
StudyCourse 
Right at home you 

can speedily qualify your- 
self to accept big paying 
positions in the great field 
of Radio. Never before 
suchsensational opportun- 
ity. Get in on the ground 
floor. We start your train- 
ing by giving you this 
wonderful tube receiving set. 
Ran a up to 1000 miles. ABSO- 
LUTELY FREE Our practical instruction method guaran- 

Ijri.[ -Mh,:' tees your success -you learn 
by actual work on the set. 

ENORMOUSDEMAND 
FOR EXPERTS 

From everywhere comes the call for 
Radio Experts. Big salaries are waiting for 
trained men who can construct, install, operate, 
repair and sell radio equipment. Tremendous profits can be made in your own neighborhood taking orders for sets. Thousands are winning success in this fastest growing industry -you can too. 

Turn Spare Time Into Cash 
Just a few boars each week of pleasant home study trains you in amazingly short time. Make your spare time earn you crib. We show you how. Many are earning from ¡3.000 to 110,000 year. 

A. G. MORAUPT, Radio Engineer, American Radio Ass'n 
4513 Ravenswood Ave., Dept. 52 Chicago 

Mail Coupon 
A. G. MOHAIIPT. Rodio Engr. American Radio Ass'u, 4513 Ravenswood Ave., Dept. 52,Chieago. lit. 
Please send me details of your Home Study Course- also your Free "Radio Facts" and information on bow I can get a FREE 
1000 mile Radio Set. 

NAME 

ADDRESS 

CITY 

After Extensive Tests and 
Comparisons - We Offer 

The Branston- Quality -Guar- 

anteed Audio -Transformer 
OU can now get rid of noisy or otherwise unsat- 
isfactory transformers and, with perfect con- 

fidence, replace them with this fully- tested -and- 
proved audio frequency transformer. The results 
will delight you and 
your "audiences. - 

You çan now make up 
new- seta, - with the cer- 
tainty that you have 
the maximum- poésible 
amplification and best 
toíre quality j without 
distortion. - 

If your dealer has not 
yet secured his supply, 
send check or money 
order for as many as you 
need, @ $6.50 each, or 
order parcel post C.O.D. 
Mention your dealer's 
name, please. 

Branston Quality Guaranteed 
Audio Frequency Trans- 
former. Neat, compact, effi- 
cient. It gives the results 

you want. Each $6.50 

Use Branston "Broadcast 
Coils" for Closer Selectivity 

Brennton D. 
L. c m b nCoils 

FroBCad 
Moan tinge 

"Stan - 
dara f the 

World" 

Very fine adjust 
ment, close selec- 
tivity and dearer 
reception for all 
wave lengths be- 
tween 2:0 and 
600 meters. 
Wound on For- 
mica Tubes 5" 
diameter. Equip- 
ped with stan- 
dard coil plugs. 
Fit any Honey- 
comb coil mount- 

ing. Furnished only in seta of three, Prinuvy, 
Secondary, Tickler. In attractive carton. $500 
per set, at dealer's or by mail 

Look for this trade -mark 
card in your dealer's win- 

dow or salesroom 

Send 2c Stamp for New 

Honeycomb Coil Hookups 
Compiled by experts and includes five 
good Honeycomb Coil "Hookups" and 
complete catalog of famous Branton 
Radio Apparatus. Write today. Give 

of your radio dealer. H he can- 
rot supply you, a-rite 

CHAS. A. BRANSTON, Inc. 
Manufacturers of Branton Violet 
Ray High Frequency Generators 

811 Main St., Buffalo, N.Y. 
In Goads -Chas. A. Bowles, Lid, Tossas 

Please refer to POPULAR RADIO when anrwerin.e advertisements. 
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`Nelurrk.s C¡rand 
Opera- oneof the 
nix u// events Owed 

AG 1 VAVQX 
adlo 

Jlepmduccrs and Jlrnplers 

Lg' T--I, , r7 .íi^'¡, ,'d...i. .T1.3L:_ 

MAGNAVOX instruments are never subject to 
those internal interferences which, at critical 

moments, are so apt to mar the performance of or- 
dinary radio reproducers. 

To measure the success which Magnavox engin- 
eers have accomplished in the design and manu- 
facture of Magnavox products, remember that they 
have been sold in far larger quantities than any 
other radio units in the world. 

Magnavox Reproducer in. curvex horn and 1 stage 
R2 with 18 -inch curvex horn of amplification . $59.00 

$60.00 A2 -R consisting of electro -dy- 
R3 with 14 -inch curvex horn namic Reproducer with 14- 

$35.00 in. curvex horn and 2 stages 
M1 with 14 -inch curvex horn. of amplification . $85.00 

Requires no battery for the 
field $35.00 Magnavox Power Amplifiers 

Magnavox Combination Sets Al -1 -stage . . . $27.50 
Al -R consisting of electro-dy- AC -2 -C -2 -stage . $55.00 

namic Reproducer with 14- AC -3 -C -3 -stage . $75.00 
Magnavox Products are for sale at Registered Magnavox Dealers 
everywhere. Write Jor new 35-page Magnavox Radio Catalogue. 

THE MAGNAVOX CO., Oakland, California 
New York Office: 370 Seventh Avenue 

Perkins Electric, Limited, Toronto, Montreal, Winnipeg 
Canadian Distributors 

2R 

or every :' 
receiving set., }. 

therQ.is 
MA,GIVAVOL, 

Please refer to POPULAR RADIO when answering advertisements.' 
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A 

Vernier 

Condenser 

A 

Grid 

Control 

Every Detector Tube Needs 

a Vari -Grid 
Tube characteristics are not 
alike. The Vari -Grid varies 
the capacity of the tube. Has 
variable grid leak. Also used 
as a plate condenser. 1 h" 
wide, one hole to drill. 

If your dealer cannot 
supply you, order direct. $2.25 

Write for Booklet 
RANDEL WIRELESS COMPANY 
4 Central Ave. Newark, N..1. 

180° Straight Coupler S56 

A Real FISCHER Instrument 
Wave length 550 meters. 14 soldered leads. straight wound stator 
on genuine bakelite tubing, bakelite rotor, Fahnestock spring 

l' connections, white metal mounting base, non-conductive 
adhesive, -in short a perfect coupler. 

20 Diagrams $2.75 Free with Each 

For sale at your dealer's -otherwise send 52.75 directly to 
the manufacturer and YOU will be supplied postpaid. 

G. H. FISCHER & CO. 
123 Liberty Street New York City 

HERE 
IT IS! 

Two Rheostats 
in One 

"DUOSTAT" 
Trade Mark 

You will see the advantages of this remarkable 
new apparatus at once. A real innovation. Think of it! One highclass Rheostat that completely replaces two of the ordinary types; does the work 

ffi even more efficiently, and, in addition, greatly simplifies instaliation and wiring. One hole to drill, THATS ALL. That's what you get in the Duostat." 
Two independent resistor windings, each operat- ing one tube. Bakelite Moulded Base, silver etched dial, " NICHROME" wire windings. Made for all types of tubes. No. t2, two windings, each 7 ohms. No. 13, two windings, each 25 ohms. No. 

Price 
two rindings, each 40 ohms. 

types. $3.00. 
You aril afford to leave out the 'DOOSTAT" in your next ' hook- 
up. Send for our free Bulletin 
NO. 92, 

ASK YOUR DEALER 
Price $3.00 

Complete with silver etched dial, knob, pointer, etc. 

prrmirr Elprfrir Pmpany 
3807 Ravenswood Ave. CHICAGO, ILL. 

Products 

1 
Are Just as 
Far Ahead °5r 

in Design, Quality and Workmanship 
in 1924 as in 1921 

B -T products are originals, not 
copies -not built just to sell -but 
to give satisfaction. 

It is our aim to please 
you more with the prod- 
uct itself than by what 
we say about it- 
Our latest booklet will 
help you. It is revised 
each month. 
Sent for 4c postage. 

BREMER -TULLY MFG. CO. 
534 S. Canal St. - Chicago, Ill. 

Please refer to POPULAR RADIO wizen answering advertisements. 
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4nob1)14olit ofeAtdhceo 
`OF INFINITE 
ADJUSTMENT 

STAT 
I -,e. Scientifically Correct Radio Rheostat 

From R,ener:, j Davv 
788 East Erie bt . l'amsville, Ohio 

"nsrKU -sear tannin Le brat for fine adjust 
n 

t an .I 

noiseless a l t e r a t i o n . The f .1 ooaa 

t rat KDZA, Tsuon A -..' 
Francisa (1588 miles) and o. 

(1888 miles)-all come m clear an. 

out IIL.KOmra OrtrAT sieste have picked uy 

From Leva C. Bn.n 
Maple and Burlington Aves.. Delaney. 

N 
j 

m "Alter experiments with various Marnent controls. I 

have adopted VIL-KO -star AS the finest instrument for 

the greatest nWo Radio Achievement year of 
humble opinion it i 

the yen 
VDAF. heard be'SB, 

and 
WOAD, never 

Oct 
\98 WSB, rW 

powerful 
o loud speaker 

On O 
operating 

at g PM Ili' powerful iL.KO.phia 
Manning San unn. 1 tuned 

Rico 
in with no ar 

an 
K 

say 
San Joey Porto Ria do feel 

instrument** enough praise of chia little mtrumem 
ny sets that are nclined to tune broadly can be im. 

proved with nc.KO -sear It wig positively separate 

stations on close wave lengths " 

From H. R. HAWAII 
249 W 126th St.. New York, N Y 
"`.Three tube standard set "wire wound rheostats 

satisfaction an local stations, but on distant recep- 

tion not get point between owing to coarseness of 
adjustment With en :KO -sex, change was wonderful, 
geWog distant stations never received before, even Ok. 
lahoma City quite strong Lapin local interference" 

From JACK WAtSH 
Independence, Colorado 

s.KO -sTAY certainly a wonder Following stations 
received in nine days on one bulb WOAW, WDAF 
WFAA, W AZ, WOC, WRAP, WHB, KFI, KH , 

KEEL, KFIX, WSB, WMC, KIZ, KFFO, VVWAC. 
KEN, WDA, WWG, WDAP. WGY (28W miles) 
CKCK, WOS. KOP, CFCN, WDAE, KSD, WJAD, 
WCBD, KDYL, WHAS, KDKA, ROW, WAAW, 
KEKB. KGW, WEAY, WOI, KOB I believe the 
rnKO-annT is the secret of sty suces. 

Vox, too, la be writing fetters like these rhea you 
have tried a FilKOStat in your set 

Radio News Laboratories say: 
This filament rheostat (Fib -KO -Star) is designed 

to control the filament current of practically all 
types of receiving tubes now on the market. It is 
noted for its exoTtiorully infinitesimal and um 
form ontrol of the current. 

For instance, the critical adjustment of 
ampere tube is spread out over a range of four turns 
of the knob. thus enabling a micrometer adjustment 
to b. obtained. 

RADIO STORES CORPORATION 
Sete Innmaden., Dnnlburore 

NEW YORK - CHICAGO - MINNEAPOLIS -LOS ANGELES 
CLEVELAND - ST. LOUIS - OMAHA - SAN FRANCISCO 
HOME OmCE.Depr. pm, aas Wen 34W Stnam. NEW YORK N.Y 

YOU want more mileage out of your Radio 
Receiver. You can't properly tune in dis- 

tant stations. You want to clear up those tube 
noises so exasperating when a DX announcer 
is telling you who he is and all you get is, "This 
is station brbrweeizgrump ". Yes, you get many 
distant stations but you never hear them. They're 
on your antenna, weak little brothers waiting 
to be magnified into audibility. They're there 
with song and story, concert and dance. How 
you do wish you could hear them! Condensers 
and couplers are all on the job, properly adjusted, 
but all you get are whistles and disappoint. 
ments, BECAUSE: 

Unless your RHEOSTAT is a FILKOSTAT you 
can't adjust the most delicate, most critical tuning 
unit on your set -and that's your vacuum tube. 
Wave length isn't everything. There's a finer control needed. 
You must be able to make most minute adjustment of your 
filament heat and so control the electronic flow in the tube. 
When you do this you will have perfect reception free of 
all tube noises. and YOU WILL HEAR DX STATIONS YOU 
NEVER HEARD BEFORE!!! 

Regardless of what set you have, it will pay you in added 
pleasure and satisfaction to replace your present rheostat 
with a FJt.KOSTAT. Ifs so easy to make the change. 
Or have your dealer do it. And if you are building 
a new set, Neutrodyne, Super Hetrodyne, Radio 
Frequency, Phusiform, Reflex, Regenerative, 
any type with any kind of tube -make 
sure of complete reception by using 
FIKOSTAT. 

IMPORTANT! 
FILKO.STAT Is na a carbon 
gunrdon Warn. Nor his Ir abut 
1.1acà break and dap,. In rro.. 
ooze km 70 P., ce 
nwtallk su"baanm. rio full Fish, 
sect Y 30 ohms. And II 1. 

UNCONDITIONALLY 
GUARANTEED TO 
GIVE SATISFACTION 

Ins Inc 
NI,1 "ira faPrwuy 

11, 1.1.1< 5tat le eu1rable 
tor 

noréup L. 
..bic. 15 cents aaii,unal 

Please refer to POPULAR RADIO when answering advertisements. 
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Guglielmo Marconi, as he appeau today. 
Signor Marconi is Honorary Chairman 

of the Radio Institute of America 

Success forYou -in RADIO 
The big men in radio today started - 
almost all of them - as radio opera- 
tors. Very many of them are gradu- 
ates of the Radio Institute (or Marconi 
Institute, as it was formerly called). 
The demand for trained radio men 
today is too great to fill. Beginners 
are needed -and positions are open 
all the way up the ladder to the top. 
Train now. Radio is swiftly growing. 
And the opportunities grow with it. 

Study at home 
You can start now - at home -from 
the very beginnings of electricity - 
with the same guidance and instruc- 
tion that has built the reputation of 
the Radio Institute. In a few 
months you can be fitted for your 
Government operator's license -and 
your first job. 
The Radio Institute is under the 
auspices of the Radio Corporation of 
America, which places more men in 
radio than any other organization in 
the world -and gives preference to 
our graduates. Your opportunity is 
limited only by your ability. 

Radio Institute of America 
(Formerly Marconi Institute) 

Established 1909 

322A Broadway, New York City 
Indicate by a cross X the course you are interested in 

Radio Institute of America, 
322A Broadway, New York. 

Please send me full information about radio oppor- tunities today, and your Complete Radio Course. 

Name 

Address 

-ea 14d Cipealcer 

Enthusiastic 
-is the only word that de- 
scribes those radio critics who 
have chosen Morrison Loud 
Speaker. For them Radio 
has taken on new delights. 
Bright stars of the musical 
comedy stage, famous lec- 
turers and singers all are theirs 
no matter where they live - 
every night as long as they 
care to stay awake. 

Real reproduction without 
annoying vibrations as soft 
or loud as you please -that 
describes Morrison attached 
to your phonograph tone arm 
or used with a horn. 

$10.00 
That's all Morrison costs 
complete with 5 foot cord 

Nickel Plated Model 

This perfect little loud 
speaker has no rivals. 
We assure you your 
money back if you don't 
like it. 

Ask for descriptive 2 color catalogue 

DEALERS 
Thousands of new radio fans have 
receiving sets- Christmas presents. 
Every one needs a Morrison Loud 
Speaker. We will show you how 
to merchandise Morrison. Ask us 
for our plan -at once. 

MORRISON LABORATORIES, INC. 

345 Jefferson Avenue East Detroit, Mich. 

Please refer to POPULAR RADIO when answering advertisements. 
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HE far -flung conquests 
I of Caesar's legions brought 

vast territories under the sway of 
Rome but crude methods of convey- 
ing information weakened the struc- 
ture, and the empire fell. 

To -day, due to Radio, the most re- 
mote settlement is in constant touch 
with the culture and events of the 
world. Geographical barriers have 

disappeared, and man's 
horizon is unlimited. Sensitive 

instruments developed through 
painstaking care and years of experi- 
mentation have made this possible. 

The Holtzcr -Cabot Company, out 
of its twenty -five years' experience, 
has developed a family of superior 
receiving units. They bring the 
world to your home. 

Holtzer -Cabot Loud Speaker, $25.00 
Loud Speaker Phonograph 

attachment, 10.00 
No. 2 Universal Head Phones, 9.50 
No. 4 National Head Phones, 6.00 
Write for booklets explaining how the exclusive 

features of these instruments enable you 
to enjoy the wonders of Radio 

THE HOLTZER -CABOT ELECTRIC CO. 
125 Amory Street, Boston, Maas. 

6161 -65 South State Street, Chicago, III. 
Department B 

Please refer to POPULAR RADIO when answering advertisements. 
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FLASH ! 

Another tube gone - "B" battery 
instant. RADECO Fuses would have 
thousands of .tubes for satisfied 
radio fans. Read this letter 

Radeco 
Safety Fuses 

may be attached in an 
instant to any stand- 
ard tube going in any 
standard socket. 

En ordering. specify 
type of tube used 

Price 50e each 
At your dealer's 

or by mail postpaid 

Radio Equipment Co. 
Dept.2 20 Stuart Street, Boston, Mass. 
New England's Oldest Exclusive Radio House 

DEALERS: Write for our proposition 

wires crossed for only an 
saved it - they are saving 

1358 Washington Street. . 

West Newton, Mass. 

RAnlo EQUIPMENT CO. 
20 Stuart Street, Boston 

GENTLEMEN: 
Iam writing to give yóu an experience 

which I recently had which may be of 
interest to you. 

I am a radio fan, and have experimented 
with many types of hook -up, I have also had 
the unfortunate experience of "blowing" 
several Radio tubes. Recently a friend of 
mine recommended your fuses, and I pur- 
chased three for my. three -tube set which I 
am now using. Shortly after installing these 
fuses, in attempting to tighten a loose con- 
nection, my screw -driver accidently touched 
the "B" battery lead. All three fuses were 
blown and I realized that if it had not been 
for the Radeco Fuses I would have lost all 
the tubes in my set. I am inclosing herewith 
$3.00 for which please send me six fuses for 
UV201A tubes, as I do not wish to be with- 
out them. You are at liberty to use this 
letter in any way. 

Very truly yours, 
FRANK J. BOnwr. 

Build a beautiful long distance set 
for much less money! 

There is no thrill like the thrill you get from a set 
of your own creation. No joints to solder, no 
tools required, when you use R P M Standardized 
Units. Merely connect binding posts. Each R P M 
Unit is complete in itself. Moulded Bakelite-ex- 
tremely beautiful. RPM Units are efficient in per- 
formance, superior in quality and have absolutely no 
body capacity. You can pay more but you can't buy 
better units. Hook -up circuits in every package. 

This is the No. 102 RP 
M Mounted Variometer. 
Bakelite panel. A p p 
great per former. APO 

UNIT FOR EVERY RECEIVING PURPOSE. 
MOUNTED AND UNMOUNTED VARIOMETERS, 
VARIOCOUPLERS, VARIABLE CONDENSERS. 
COUPLED CIRCUIT TUNERS. ALSO DETEC- 

TOR AND AMPLIFYING UNITS. 

R P M instruments -being standardized- permit changes in 
hook -ups enabling you to try different circuits by merely re- 
arranging units. You can start with a few R P M's Units and 
add additional units as desired. Twenty years' manufacturing 
experience and-latest machinery make possible these low prices. 
Ask your dealer -or write us. Unconditional Guarantee. 

RADIO PRODUCTS MFG. CO. 
667 W. 14th St., Chicago 

Please refer to POPULAR Rima when answering advertisements. 
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Are You Having Trouble Getting 
Short Wave Signals? 

The WC -5 -SW shown above picks up signals on wave lengths 
from 90 to 380 meters sharp and clear. It is the most practi- 
cal set for low wave specialists. Built by short wave experts 
the WC -5 -SW eliminates the trouble which transmitting ama- 
teurs are having with ordinary receiving sets. If you are inter- 
ested in getting better results it will be to your advantage to 
investigate the WC -5 -SW. Enthusiastic operators from all 
parts of the country write us praising its efficiency. 

WC-5-SW 
Built Especially for Transmitting Amateurs 

The WC -5 -SW is a 4 tube set. One stage 
of tuned Radio Frequency amplification 
is employed ahead of the detector to make 
it super- sensitive. Two stages of audio 
frequency are used to bring up the signal 
strength. Uses any type of tubes. Gives 
perfect control of audibility. Detector 
rectifies only. Uses antenna compensa- 
ting condenser. Only two control ad- 
justments. Pure negative biasing on all 
tubes, thus marked saving on B Battery 

current. Tuned Radio Frequency sharp- 
est known and most selective principle 
ever adopted. Plate potential non-criti- 
cal. Mono -block tube socket. No grid 
plate leads on audio amplifiers. Audio 
amplification absolutely necessary when 
using low efficiency receiving antenna, i.e., 
underground or indoor. Mahogany cab- 
inet, piano rub finish. Rabbited -in panel. 
Split lid cover. The price is $85.00. 

Write for complete description and illustrated folder on 
this practical set for low wave specialists. All trans- 
mitting amateurs will be interested in this literature. 

OTT RADIO, Inc. 
222 Main Street La Crosse, Wis. 

O 
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"Knowing radio batteries as 
I do, I consider yours most 
remarkable " -a statement 
made by one of the most 

radio engineers. 
Tprominent hat is why engineers, manu- 
facturers, amateurs and the 
public at large prefer Burgess 
Radio Batteries. 

A Laboratory Product 

BURGESS 
BATTERIES 

"ASK ANY RADIO ENGINEER" 

BURGESS BATTERY COMPANY 
ENGINEERS DRY BATTERIES MANUrwcTURERS 
FLASHLIGHT - RADIO IGNITION TELEPHONE 
GENERAL SALES Orrice. HARRIS TRUST BLDG.. CHICAGO 

LABORATORIES AND WORKS: MADISON. WISCONSIN 

BRANCHES 
PEW TORT ROSTON KASAS 

IT BAST150701 Tif RU ROH SEX 

S 

LOUIS REST ORLEANS 

IN CANADA 
PLANTE: NIAGARA FALLS AND WINNIPEG 
BRAMERAS: ToNOTTO MONTREAL Sr. JOHN 

The De Forest Audion 

Is commended on Jack 
Binns' Radio Page of the 
New York Tribune as "an 
excellent tube around 
which to build a set... 
Such expert endorsement 
and the satisfaction of 
thousands of users of De 
Forest Audions is what 
you naturally expect from 
this product. Remember 
that De Forest invented 
the three -electrode vacuum 
tube which makes all 
present -day radio possible. 

DE FOREST RADIO 
TEL. & TEL. CO. 

Dept. P. R. 6, Jersey City, N. J. 
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Complete 
Your 
Radio 
Outfit 

Bring out the Best in your 
Receiving Set with a Bristol 

nAEL MARK 

AUDIOPHONE 
LOUD Pl" 

It took six years to develop and perfect the Audiophone. That is more 
time than the average person cares to spend on a Loud Speaker for his 
receiving set. 
But here it is, all ready for you to use by simply connecting to the set. 

No auxiliary batteries are necessary. 
The tone is big, full, and rich, and without that scratchy, tinny noise so 
often heard in receiving. It can easily be heard all through the house, so 
that your own family and friends can enjoy it with you. 

The finish is a beautiful dull gold bronze. 

Made in three sizes - 
Senior Audiophone . 

Price $32.50 
Junior Audiophone Price 22.50 

Baby Audiophone.. Price 12.50 

When signals are not sufficiently loud to give good results with the loud 
speaker, Bristol One Stage Power Amplifier is recommended to build up the 
power so that it can be heard even in a large hall Price $25.00 

Ask for Bulletin Nos. 3006 and 3011 -L 

THE BRISTOL COMPANY, Waterbury, Conn. 

Please refer to POPULAR RADIO when answering advertisements. 
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CHELTEN QUALITY RADIO PRODUCTS 

THE LATEST IN 
CONDENSERS 

Trovi. Mad &mend 

dad &My Pam 4deesdas 

M" Mtn 

i,:,_ ..a a > rode 

VW< Vender 

Oce, Clw... Pdtn, Firm Gd, 

beng Yids, Pod 

Conned 
Tapped 

THE CHELTEN 
RADIOSCOPE 

Accurately spaced heavy gauged plates mounted between Bakelite ends, a special Chelten 9 Plate Vernier, 
and many other improvements make the Chelten RADIOSCOPE stand out as one of the most selective 
and satisfactory Variable Condensers money can buy. The 9 plate Vernier will susprise you with its unusual 
selectivity. You'll find stations you never imagined your set could receive. Made in 45 and 23 Plate type. 

Chelten Midget Vernier Chelten Microfarad Jr. 
Can be used as a Vernier with any var- Specially designed as a Neutralizing Con - 
table condenser. Its 13 plates make pos- denser of Low Capacity. Has 9 platea. 
sable unusually fine graduation of capacity. A turn of the knob changes the adjust - 
Will increase the efficiency of all of the ment without body capacity effect. Ab- 
better circuits. Costs but $1.50. solutely retains adjustment. Price but $1.75. 

Send for Complete Catalogue of other Radio Products 

CHELTEN ELECTRIC COMPANY 
4861 Stenton Avenue :: Philadelphia 

A Pleasant Surprise Awaits the User of 
the A C H Sharp Tuner Dials 

Rough tuning or 1,000th of an inch in either diredion. 
Can be installed and will improve any receiving sel, 

making difficult tuning easy. 

Why the A.C. H. is different 
3 In. DIAL sfPft (16640-I ) J 
4 in. DIAL s,1£N--3.- (215-t0-1 ) 

Price 3 -inch size....... .............. $2.50 
Price 4 -inch size $5.00 
Regular fitting 5/16 shaft % and 3/16.........Sc each extra 

Money Back Guarantee 
The principle of the A C H Sharp Tuner has only been em- 
bodied on very expensive instruments where the most delicate 
adjustment is necessary, and then as a permanent part. 

Extra Advantage of the A C H 
1. Can be attached or removed from any instrument. 
2. Rough tuning same as any dial. 
3. Movement so fine that the eye cannot detect but the ear 

can. 
4. Automatically locks instrument so no jar can disturb it. 
5. Dial grounded reiucing the body capacity to a minimum. 
6. Special dial 2 graduations where ordinarily one. 

Mail Orders Sent Prepaid in U. S. A. 

A. C. HAYDEN RADIO & RESEARCH CO. 
Brockton, Mass., U. S. A. 

Sold by Radio, Ltd., Montreal, Can. 
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Vdd, 

73w-he/oW low =phone plu 
PATENTS PEND /NG 

Connects four phones or less in series to 
any Radio Set employing standard 

telephone jacks 
aoo 

Cat. No. 616 
Price $1.50 

It adds to the appearance of any set. 
With all phone tips adjusted, the 

diameter is but 11. inches 

CHICAGO, ILL. 

moo 

fIENIN 

OMB 

OMNI 

VYSAN FRANCISCO 

IS S.CL,NroN Sr. C- -(` 9 75 Fn EnONr Sr. 

ELECTRIC MANUFACTURING _CO. 
MIDDLETOWN, OHIO. 

\-- 
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Every Question 
ANSWERED 
for only $1 

At last you have under one cover 
a Complete Radio Handbook 

JUST OUT 
514 PAGES 

Compiled by 

HARRY F. DART. 
B.S.E.E. 

Formerly with the 
Western Electric 
Co., and U. S. 
Army Instructor 

el Radia. 

Technically Edited by F. H. DOANE 

NO more need you turn from book to 
book, hoping to find what you want. 

It is all here, in 514 pages crammed full 
of every possible radio detail. Written 
in plain language, by engineers for lay- 
men. Clears up the mysteries, tells you 
what you want to know. A complete in- 
dex puts everything within your reach 
in a few seconds. 

IT EXPLAINS: Electrical terms and 
circuits, antennas, batteries, genera- 
tors and motors, electron (vacuum) 
tubes, every receiving hook -up, radio 
and audio frequency amplification, 
broadcast and commercial transmit- 
ters and receivers, super- regeneration, 
codes, license rules. Many other fea- 
tures. 

Under one cover. Yes, it is all in 
one volume of 514 pages of clear type 
with hundreds of diagrams and illustra- 
tions. Takes the place of eleven or more 
specialized texts, each costing from two 
to ten times the dollar you pay for this 
single book. Belongs in every radio - 
equipped home, on every amateur's table. 
Send $1 to -day and get this 514 -page I.C.S. 
Radio Handbook -the biggest value in radio 
to -day. Money back ii not satisfied. 

r TEAR OUT HERE ., 

INTERNATIONAL CORRESPONDENCE SCHOOLS 
Boa 8253 -B. Scranton, Penna. 

I enclose One Dollar. Please send me -eost- 
rmid -the 514 -pago I. C. S. Radio Handbook. 
It is understood that if I am not entirely 
satisfied I may return this book within five 
days and you will refund my money. 

Nome 

Address 
t... 

Get full benefit 
of regeneration 

Accurate grid control 
gives loudest signals 
and clearest tones 

Grid Leaks 
Guaranteed 

DURHAM 
Variables 

For soft tubes: 
No. 101 -0.1 to 5 

megs. 
For hard tubes: 
No. 201 A -2 to 10 

megs. 
75c each 

Durham Base, 30c 

How DURHAMS Work 
Accurate grid control eases off 
the point of oscillation -as rec- 
ommended by the tube makers. 
There should be no "plop." 
DURHAMS get you the full 
benefits of regeneration -by 
working clear up to the "spil- 
ling" point. Try it! 
Free folder "C" gives more 
details. Get yours from dealer 

or write 

Satisfaction Guaranteed. 
DURHAM 6 CO.,Inc 

1C)3ó Market St., Philadelphia 
For they make friends. Dealers Durham leaks will benefit your sales. 

Please refer to POPULAR RADIO when answering advertisements. 
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THREE A'S 
For Six -Volt Tubes 
For Two -Volt Tubes 
For Four -Volt Tubes 

If you take radio seriously 
you want to tune in distant stations, 

but there is another thing you want 
just as keenly -to get what you get clearly. 

No matter how far or how near the sta- 
tion is, for greatest clearness and for all - 
round satisfaction, you must use storage 
batteries. Once you hook up to Exide Radio 
Batteries you will never be satisfied with 
anything less. They give uniform current, 
smoothly, quietly, over a long period of 
discharge. Like good little boys, they are 
seen and not heard. 

For low- voltage tubes 
The two newest members of the Exide fam- 
ily are midgets in size but giants in power. 
These sturdy little A batteries weigh only 
five and six pounds each. They furnish in full 
measure that uniform and unfailing power 
so essential to clarity and distant reception. 

They were specially designed for WD -11 
and UV -199 vacuum tubes, but can be used 
with any low- voltage tube. The two -volt 
Exide A Battery consists of a single cell. 
It will heat the filament of a WD -11 or 
other quarter- ampere tube for approxi- 
mately 96 hours. The four -volt A battery, 
having two cells, will light the filament of 
a UV -199 tube for 200 hours. 

For six -volt tubes 
Like all Exide Storage Batteries, the Exide A 
Battery for six -volt tubes is dependable and long- 

lasting. It is made in four sizes -of 25, 50, 100, 
and 150 ampere -hour capacities. 

On land, at sea and in the air 
It is the experience back of Exide Batteries that 
makes the Exide give such exceptional service in 
radio. There is an Exide Battery for every purpose. 
Exides run trucks, start and light automobiles, 
operate drawbridges, propel under the sea a ma- 
jority of the world's sub- 
marines, send your voice 
over the wire every time 
you use the telephone. 

A majority of all gov- 
ernment and commercial 
radio plants both on 
land and at sea are 
equipped with Exide 
Batteries. The Leviathan is Exide- equipped. The 
giant dirigible "Shenandoah" carries Exide Bat- 
teries for ignition, lights and radio. 

It does not pay to get any but a known- to -be- 
reliable storage battery for radio. Exide Radio 
Batteries are sold by radio dealers and Exide 
Service Stations everywhere. Ask your dealer for 
booklets describing in detail the Exide Radio 
Batteries, or write us direct. 

xiôe 
RAOIO BATTERIES 

THE ELECTRIC STORAGE BATTERY COMPANY, PHILADELPHIA 
Manufscturod in Canada by Exide Batteries of Canada, Limited. 133 -157 Dufferin Street, Toronto 

Please refer to POPULAR RADIO when answering advertisements. 



The Best in Radio Equipment 

KEEPS THE RADIO SET ALIVE 
A Battery Charger that gives a quick 
charge economically. No Sticking Con- 
tacts. No bulbs nor Liquids. Fully en- 
closed-beautiful. 

SIMPLEX MODEL -For 6 volt Batteries 
only. The Most Practical, Most @ C 
Complete Battery Charger, for only $16.00 

ULTRA MODEL - Charges Them All 
Charges 2 volt, 4 volt, 6 volt, 8 volt. 10 volt, 
12 volt and 1 to 4 "13" Storage Bat- 
teries, with VESTON AMMETER, $18.00 

INTERSTATE ELECTRIC COMPANY of St. Louis, Mo. 4015 Laclede Menue 

INSIST ON NEW YORK COIL COMPANY'S 
PROVEN RADIO PRODUCTS 

11 Plate... $1.50 
23 Plate... 2.00 
43 Plate... 3.00 
3 Plate... 1.25 

Amplifying 
Distortion less 
Transformers 

Correct for any 
tubes. 

Price $4.00 

Mica 
Of tested and permanent 

The New York 
Variable 

Grid Leak 

Easily tops the 
field in precision, 
permanency and 
efficiency. 

Price $1.50 

Fixed Condensera 
capacity, ranging 

from .0001 to 
.006, 35 cents 
to 75 cents, of 
superior qual- 
ity. 

.00025 
with Leak 

Mount- 
ings, 
45c 

NEW YORK COIL COMPANY 
338 Pearl Street New York City, New York 

Pacific Coast- MARSHANK SALES CO., 1240 S. Main St., Los Angeles, Calif. 
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N NEW MODEL D, 
N &K Head Set, 

4000 ohms. 21/4 in. 
diaphragm. Heavily 
nickeled brass casing. 
Sanitary leather cov- 
ered head bands. 6 ft. 
cord, durable contact 
tips. Retail $8.50. 

The Phones 
That the 
Fans Are All 
Talking About 

YOU have been hearing radio enthusiasts talk about 
"That imported head set that gives such wonder- 
ful tone "; "The head set that is so comfortable to 

put on "; "The head set with the big phones." It's the 
N & K 4000 ohm Head Set that they are all talking 
about. 

In less than a year, with practically no advertising, 
thousands and thousands of these phones have been 
put into use by radio set owners. So enthusiastic have 
these owners become, that in homes where several 
different kinds of head sets are in use, there is always a 

"scrap" as to who shall use the N & K. 
The N & K was designed by one of the world's leading makers, 

w famous over a quarter century for scientific and telephone apparatus. 
It has extra large phones, 214 inch diaphragm, with these four re- 
sults: broader range -equally good on high and low tones; greater 
comfort to the wearer; the exclusion of outside sounds; and a wonder- 
ful mellow tone. The casing of heavily nickeled brass -instead 

4 of flimsy stamped aluminum -provides a perfect sound chamber 
and a special device insures absolutely uniform distance between 
diaphragm and poles. 

Send today for full information about the N & K. 

TH. GOLDSCHMIDT CORPORATION 
15 WILLIAM STREET NEW YORK, N. Y. 

Dealers: 
N &K Head Sets mean easy 

sales, excellent profit. 
Use them to demonstrate your radio 
sets, especially the small ones, and 
you'll sell the set every time. There 
are no come -backs on N & K Head 
Sets. As one dealer says after hand- 
ling them for a year: "I have yet to 
sec one pair come back for repairs." 
Fully guaranteed. We are exclusive 
distributors for U. S. and Canada, and 
carry a complete stock of spare parts. 
Write for discounts. 

-- -MORE INFORMATION - -- 
Dept. P2, Th. Gol lachmidt Corp. 

15 William Street, New York, N. Y. 

Please send me folder describing your 
new N 6t K Head Set in detail. 

Name 

Street. 

City .............. State 

1 usually buy radio supplies of. . . . 

.flama a aten) 
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Genuine - 

DIRECT MOUNTING ON 
INSTRUMENT POSTS 

FOSITNE Mir d 
" N `- CONVICT 

°N Flewelling 
Sockets ere 
acknowledged the 
best socket on the 

DE SPACING market. They elm- 
CLIMATES INTERNAL CAPaCITY inate socket noises, 

reduce internal capacity and make your set more efficient. 

Sockets 

Tuner 
$800 
Flewelling 
Tuners are the 
utmost in neatness 
and efficiency. No 
solid dielectrics in 
coil field; no loss producing tape or leads. Simplified tun- 
ing, produces large volume and is rigidly built. 

"I don't need to 
look at the 'B' Battery 

It's a- 

RADIO PLATE 
'B' Battery -" 

human ingenuity can 

Condenser 
$600 

FlewellingCon 
densers are made 
extra rugged, the heavy 
plates reduce possibility 
of misalignment. It is as 
near electrical and me- 
chanical perfection as 

produce it.(At your dealer or direct.) 

BUELL MANUFACTURING COMPANY 
2977 Cottage Grove Avenue 

CHICAGO 

B batteries are off your mind if they're 
Diamond Radio Platee. More material and 
more skill goes into them. You get MORE 
out of them. When other batteries would 
begin to weaken and create noises in your 
tubes- Diamond Radio Plates are still deliv- 
ering the same uniform, dependable service. 
Look for the Diamond Trade Mark at your 
dealer's. Also sent direct C. O. D. Get a 
Diamond NOW. 

LIST PRICES 
No. B-1, 22.54 volte $1.00, 5 binding poets In steps of 

1!4 volts. 
No. B-2. 45 volta 45.50, 5 positive tape. 

No. B -16. 45 volte *4.50.5 taps from 16y. to 22% 
volte. 

No' B-4. 22y4 volte *1.75. for portable sets. 5 tape. 
No. 2, Type C. 434 volta, 3 taps 70e. 

DIAMOND ELECTRIC 
SPECIALTIES CORP. 

102 SO. ORANGE AVE., NEWARK, N. J. 
Dealers -Jobbers, tarife for 

Proposition 

Please refer to POPULAR RADIO when answering advertisements. 
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Rubber 
Bushin 

Insuloitr 
Wooden Ho, ., 

from Metal Soa,J 
Conduit 

A 

nó, 00 

%° 
y 

Metal 
Sound 

Conduit 
Highly 

Finished 

Rubber Bush- 
ing insulating 
Sound Conduit 
from Reproducer 

Nickel Platen 
Hinge Stand for 
Lowering or Elevat- 
ing Horn 

Screw for aJ . ;,e diaphragm to 
s of Rec. Sets meet all con.. 

Amplion Deegan AR-19 

$40.00 

Points of Amplion 
Supremacy 

1. The "Amplion requires no 
power amplifier. No battery 
necessary. 
2. Connects up to regular head 
phone binding posts. 
3. The diaphragm is made of 
special alloy found to have no equal 
after years of experiment with all 
other materials. 
4. The electro- acoustical device is 
insulated entirely from the Horn. 
eliminating distortion, ring or res- 
onance. 
5. Non -vibrating wooden horn sur- 
passes all other materials. 
6. Adjustable feature makes the 
'AMPLION" sound true with any 
make of receiving set. and ensures 
faithful reproduction. 
7. The mechanism has not been 
hurriedly devised to meet the radio 

i...boom; it is not new: it is a develop- 
ment for radio purposes of a loud 
speaking device that has been used 
by leading navies of the world for 
years. 
8. The finish and workmanship arc 
supreme. 

"That's the clearest 
reproduction I have 

ever heard" 
This is what one of America's 

leading radio engineers said 
when he heard the Amplion at 
the New York Radio Show in 
October. 

And added to this wonderful 
clearness is volume and tone 
quality as yet unequalled. 

Simple to connect, no extra 
battery needed. Insist on an 
Amplion demonstration before 
you purchase a loud speaker. 

Patentees: ALFRED GRAHAM & CO. 

SIGNAL ELECTRIC MFG. CO. 
Sole United States Distributors 

Menominee, Michigan 
BURNDEPT OF CANADA, LTD. 

Canadian Distributors -172 King St. W.,Toronto 

PLIOM 
The World's Standard Loud Speaker 

Od 
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New 1924 Model 
With3ut an equal 
for fine tuning 

No. 363 
$1.50 

Dealers and jobbers write for our 
attractive sales proposition 

Precise Vernier Rheostat 
Featuring : 

Single hole mounting. 
Single knob control. 
Universal for all standard tubes. 
Resistance range 0 to 30 ohms. 
Critical Vernier adjustment over the entire range. 

The use cf this instrument produces amazing 
results -be convinced. 
Write today for our illustrated bulletin and test 
chart describing our AUDIO TRANSFORMER 
and SWITCH LEVER. 
Every instrument is sold with the guarantee 
of satisfactory performance. If your 
dealer cannot supply you, send check or money 
order direct to factory with dealer's name. 

Precise Manufacturing Corporation 
Rochester, New York 

Branches 
53 W. Jackson Blvd. 821 Market St. 

Chicago, III. San Francisco, Cal. 
Distributed in Canada by Perkins Electric, Ltd. 

Toronto Montreal Winnipeg 

For Better Receiving 

Size 
3 Plate 

Capacity 
.000963 M. F. 

Plain 
$1.75 

Vernier 
j- 

4.00 11 Plate .00025 M. F. 2.40 
17 Plate .00035 M. F. 2.75 - 

4.50 23 Plate .0005 M. F. 3.00 
43 Plate .001 M. F. 4.00 5.50 
3" diameter composition dials, 50c extra 

Pick up those distant stations louder and 
clearer. Eliminate noise and interference. 
You can do this when you use 

Elgin 
PRECISION CONDENSERS 

Permanent accuracy and rigidity are built into Elgin 
Precision Condensers. Plates are made of specially 
hard rolled aluminum and are of uniform thickness 
throughout. Special process spacers assure uniform 
spacing of plates. Adjustable vernier shaft makes it 
possible to use the Elgin Vernier Type Condenser on 
any thickness of panel and with dials of different thick- 
nesses. 

FULLY GUARANTEED . >. 

See your local dealer. If he cannot 
supply you send his name with 
your order to 

The Elgin Tool Works 
Incorporated 

69 N. State St. 
ELGIN, ILL. 
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Special Notice 
The New 

1924 

Ado 
LOUD SPEAKER 

PRICE 

17 .50 

kWest of the 
Mississippi 

$19.00) 

IS NOW ON SALE 
The new 1924 Pathe Loud Speaker is radically different in theory 
and construction design from any other loud speaker. It is scien- 
tifically perfect -the throaty voices of the horn have been finally 
done away with. The Pathe Loud Speaker actually reproduces 
distance signals clearly and without distortion. 
It will add to your radio pleasure to find out the details of the new 
Pathe Loud Speaker. Step into your dealer's and see it or write 
us today for free pamphlets and full particulars. 

PATHÉ PHONOGRAPH & RADIO CORPORATION 
20 GRAND AVE., BROOKLYN, N. Y. 

Western Sales Office, 533 Wabash Ave., Chicago, III. 
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72 The Best in Radio Equipment 

:1.11 . ___,, 
'dIF._y 

;No . -4 '< 

PHONLE 

THE highest standard of 
music reproduction, t h e 
phonograph, now equalled by 
the O'NEIL AUDIPHONE. 
Designed and built on phono- 
graph principles by phono- 
graph craftsmen and radio - 
acoustic engineers. A rad- 
ical improvement over the 
old earphone type of loud- 
speaker. The entire voice 
or instrument is transmitted 
through the "laminated 
voice core." Diaphragm ad- 
justed by exterior thumb 
screw. 
Absolute "money-back-if -not- 
satisfied" guarantee on every 
O'NEIL AUDIPHONE. Should 
your dealer have none on hand, 
order direct, C. O. D., mentioning 
your deaIer's name. Write for 
booklet. 

No extra bat- 
teries needed. 
Complete, with connecting 
cord. 

$2 
Model in an- 
tique bronze 

$30 

Note the similarity of construc- 
tion between the phonograph re- 
producer (illustrated in the 
upper panel) and the reproducer 
of the O'Neil AUDIPHONE: both 
have a mica diaphragm set in 
a sound -box chamber actuated 
by an elbow stylus bar. 

ONeil Mfg. Co. 
714 Palisade Avenue 

West New York, New Jersey 

RAcliárlyNE 
"The Voice of the Nation" 

NO LOOPS - - - NO ANTENNA 

The RADIODYNE is operated by simply 
grounding to a water pipe or radiator, and 
throwing a few feet of wire on the floor. 
Uses any standard tubes -dry cell or stor- 
age battery. Extremely selective. Simple 
to operate -only two controls. 
Stations within a radius of 2,000 miles can 
be picked up on the loud speaker; any wave- 
length from 200 to 700 meters. 

PRICE $150.00 
For use in apartments, boats, automobiles, 
railroad trains, etc., the RADIODYNE is 
enjoyable where other receiving sets would 
not be practical. 
When interference, strays, static, etc., make 
other types of reception utterly useless the 
RADIODYNE picks up broadcast pro- 
grams clear and distinct. 

Write for illustrated folder which 
describes the RADIODYNE in 
detail. Every radio fan will be 
interested in this new type 

(antennaless) receiving set. 

WESTERN COIL & ELECTRICAL CO. 
308 5th St. ., Racine, Wisconsin 

Please mention POPULAR RADIO when answering advertisements. 
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;, st; ' - -. a Rechargeable 
1 1! 

Wet ̀ $' Battery 
at Only $ 96 

!!.he rtaBAT 

A rechargeable wet "B" Radio battery built strictly on storage battery 
principles. Yet it costs only a trifle more than an ordinary dry cell battery. 

The Rabat at the low price of $3.96 has 12 cells with a total of 24 volts 
and ample capacity. It is noiseless, fool- proof, and compactly constructed, 
Built on a solid rubber base. Small, but neat and efficient. All elements 

visible. No internal discharge. More economical. Longer life. Higher 
and more continuous voltage. Easily recharged at home with aid of in- 
expensive Rabat Rectifier. If your dealer cannot supply you send direct. 

South of Tennessee and West of the Mississippi, East of Rockies -84.25 
West of Rockies -$4.40 

Rabat Rectifier for Recharging 8 .75 

THE RADIO RABAT COMPANY 
301 RUSSELL BUILDING Playhouse Square CLEVELAND, O. J 

12 CELLS fie.R a BAT 24 VOLTS 

SAVE MONEY! BUILD YOUR SET 

eAMPLEX KIT WAY 
The Safe, Simple, Money Saving Way 

There is an Amplex Kit for Every Popular Circuit 

SAFE AND SIMPLE! 
The Ampler Kit takes 
the aveu' out of 
Radio. 

DRILLED PANEL 
COMPLETE INSTRUCTIONS 
and blue print for 

g and . Ming 
with ch o Kit. No 
special skill or 

required. sal knowledge required. 
Safe and simple to 
build your set the Am- 
plea Kit -Way. 

An Ample: Kit costs 
you 20% to 30',; lees 
than the price of all the 
parts bought se pa- 
rately. Each Kit is cool- 
plate. No extra parts 
m buy. 

gr 
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4 CIRCUIT COIL 

Built strictly according 
to Cockaday's specinca- 
dons. ing, 

No. 
or Bake- 

Iltc tubing, .fro. 16 USC lite 
wire. Furnished .n Kit, 
or separate, $5.00. 

... o 

"GRID- DENSER" 
rvariame condenser. 0 to .0005 

rd.t 
Specified by Cockaday 
Absolutely essential to 
control ascillations. Will 
Improve any circuit. With 
Kit, or separately, 11.25. 

COCKADAY IMPROVED 
Parts List 

Each 
1 -Pan,l 7" x 24e Drilled 
1-4 minuit Coll 5.00 5- Bmplex 2441. Van. Cond 5.00 
5-Bakelite Sockets .75 
1--6 Ohm 

Rheostat 
.75 

3 -20 Ohm Rheostat 1 .00 

z --Grid IDens var ':75 
1- Jacks, single .65 2- Jacks, double 1.00 
2-Amplex Transformers 5.00 
2-Switch Levers, etc .50 

1 Tube Cockaday Kit 
3 Tube Cockaday Kit 
5 Tube Cockaday Kit (Push 

4- CiRCUIT KiT 
Pert. List PrriccF 

3 _48000 Ohm Rea. $1 .25 
1 -;tes. Mounting 1.25 
1 -.0002 Con .45 
1-.00025 Cond.. 1 

.45 
2 -P. B. Transformers, pr....12.50 1- Potentiometer 1.00 
1 7.50 
1 -Set of plans, etc. 1.50 
12- Binding Posts .10 
Bus bar, etc .50 

List Price Kit Price 
56.60 $19.75 
53.80 42.50 

Pull)7L25 56.50 

48,000 Ohm " $1.2 
Resistances, each, 5125 

IMPORTANT 
FREE 

Every part in every 
Kit is tested,guaran- 
teed, and selected as 
the most efficient 
part for that Kit's 
circuit. Individual 
parts may be pur- 
chased separately at 
list price. 

Our engineers Will 
answer any Radio 
questions, or help 0 
you with any wiring 

r assembling prob- 
lems. This service is 
absolutely. FREE. 
Just write to service 
Dept. 

I AMPLEX INSTRUMENT LABORATORIES 
Dept. P .. 57 Dey Street, New York, N. Y. 

Please refer to POI'uLAR RADIO when answering advertisements 
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POPULAR RADIO with Your Other 
Favorites at Special Club Prices! 

Save money on these magazine bargains 
They are figured at rock bottom prices 

C JLANCE over this big list of mag- 
azine bargains that have been ar- 

ranged for your benefit. Here is your 
chance to get almost any magazine 
you want -and by ordering now with 
a year's subscription to POPULAR 
RADIO you get both magazines at spe- 
cial low prices. 

If you are already a subscriber to POPULAR 
RADIO or to any of these other magazines, 
these special club offers allow you the privi- 
lege of renewing or extending your present 
subscription for an additional year at a con- 
siderable saving of money. 

Fill your magazine requirements now for 
the corning year and save money. Simply 
check the offer you want and mail the coupon 
below, with your remittance, without delay. 

All subscription prices quoted are for one 
full year, and may be sent to one or to separ- 
ate addresses unless otherwise noted. (Club 
prices for Canada and foreign countries will 
be quoted on request.) 

POPULAR RADIO, Dept. za, 

9 East 40th Street, New York City. 
Enclosed is $....... Please see that yearly subscriptions are at 
once entered in my name for each of the magazines I have checked 
in the special bargain club list at the right. _ 

Name 

Street and Number 

City State 

(If not a NEW subscription, please mark R after the name of the magazine, 
to indicate RENEA'AI..I 

Prices for Canada and foreign countries will be quoted on request. 

McCall's 
Popular-Radio 

51.00 R 
For $325 

Modern Priscilla 
- . Popular Radio 

-. b5.Ó0 
l'or Reg. $4.00 

Youth's Companion 
(02 issues) 

Popular Radio 
85.50 Reg. ,r 
For $4.50 

Scientific American 
- Popular Radio 

57.00 Reg. $6.00 
For 

American Magazine 
Woman's Home Com- 

panion 
(both to one address) 

Popular Radio 

$ 
00 Reg. $5.75 

Pictorial Review 
Modern Priscilla 
Popular Radio 

$6.50 Reg. $5.35 
For 

Or You Can 
Your Own 

POPULAR RADIO 
American Boy 
American Magasine 
Asia 
Boy's Life 
ChristianHerald(52issues) 
Collier's (52 issues) 
Cosmopolitan 
Country Life 
Delineator 
Designer 
Good Housekeeping. 
Heart's International..... 
House 6: Garden 
McCluré s 
Mentor 
Movie Weekly 
National Geographic 
People's Home Journal ; 
Photoplay 
Physical Culture 
Popular Science Monthly. 
QST 
Radio 
Radio Broadcast 

Make Up 
Club of 

With: 
55.00 reg., for... $4.50 

5.50 reg., for... 5.00 
6.50 reg., for... 5.50 
5.00 reg., for... 4.25 
5.00 reg., for... 3.90 
5.50 reg., for... 4.50 
6.00 reg., for... 5.50 
8.00 reg., for... 7.00 
5.00 reg., for... 4.25 
4.50 reg., for... 3.75 
6.00 reg., for... 5.50 
6.00 reg., for... 5.50 
6.50 reg., for... 5.50 
6.00 reg., for... 5.00 
7.00 reg., for... 6.00 
800 reg., for... 7.00 
6.50 reg., for... 6.00 
4.25 reg., for... 3.50 
5.50 reg., for... 4.75 
6.00 reg., for... 5.00 
5.50 reg., for... 5.00 
5.00 reg., for... 4.35 
5.50 reg., for... 4.00 
6.00 reg., for... 5.00 
6.00 reg., for... 7.00 
5.50 reg., for... 4.75 
9.00 reg., for... 8.00 
4.00 reg., for... 3.25 
8.00 reg., for... 7.00 
5.50 reg., for... 4.75 

TWO or more of these 
RADIO, simply deduct 

club price quoted, then 
$2.50. For example: 

$3.25 less $2.50o $0.75 
4.00 less 2.50r 1.50 
at only....... 2.50 

54.75 

Radio Digest (52 issues).. 
Radio News 
Radio World (52 issues).. 
Today's Housewife 
Vogue (26 issues) 
Wireless Age 

Note: If you wish any 
magazines with POPULAR 
$2.50 from the bargain 
add POPULAR RADIO at 

McCall's 
Radio 
POPULAR RADIO, added 

Remit this amount 

Please refer to POPULAR RADI() when answering advertisements. 
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or 
Tatum' 

J/e-PA1OIÌIICJIOK 

TRADE MARK 

Hear the Atlas 
Loud Speaker 

Ask your dealer 
for a demonstra- 
tion. Submit it 
to any reason- 
able test. Get 
the proof NOW. 

LOUD SPEAKER 

SCORES of letters, sent us by en- 
thusiastic owners of Atlas Loud 

Speakers, reveal how great is the 
difference between ordinary loud 
speakers and this real radio repro- 
ducer. It is the difference between 
real and artificial revival of the 
music broadcasted. The exclusive 
"double diaphragm" feature re- 
sponds equally true over the entire 
range of musical cycles. There are 
no distortion points. This device 
is adjustable to your set and par- 
ticular receiving conditions. Write 
for Illustrated Booklet "B." 

Letters from Users Requested 

Make Your Own Loud Speaker 
with THE ATLAS UNIT, with 
phonogragh attachment $13.50 

t\ (Unit without Attachment $12.50) 

Sole Canadian Distributors: The Marconi Wireless Telegraph Company. 
of Canada. Limited, Montreal, Canada. 

Multiple Electric Products Co.Inc. 
Makers of Multiple TIME-LAG Mono FUSES 

7 Orange Street, Newark, New Jersey 

Please referto POPULAR RADIO when answering advertisements. 
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HEATH'S 
Radiant Condensers 
When you put Heath Radiant Con- 
densers behind a panel, you can for- 
get about them. They will always tune 
as perfectly as the day you mounted 
them. Absolute alignment is perma- 
nent, because the plates are protected 
against warping and. buckling by the 
Heath process of stamping and 
tempering. Each plate is PERMA- 
NENTLY FLAT. 

Vernier With a Hairline Adjustment 
Separate vernier adjustment- reducing gear 
meshed into teeth cut in rim of vernier plate. 
Ordinary adjustment reduced to infinite fine- 
ness. Absolutely positive adjustment-with - 
out bucklash. 

Write for-illustrated booklet and name 
of the nearest Radiant Dealer. 

Prices Vernier Type 
13 Plate including 2W. dial and knob.. ....$5.00 
25 Plate including 2W dial and knob........... 5.50 
45 Plate including 2W dial and knob........... 5.50 

Jobbers and Dealers Write 
Immediately for proposition 

HEATH RADIO & ELEC. MFG. CO. 
204 First Street Newark, N. J. 

LowestBatteryCosts 
Rosendal "B" 
Batteries 
come from our 
own factories 
direct to you. 
They'refresh- 
tested - and 
are sent all 
charges pre- 
paid. 

A Rosendal battery Is built right; of raw materials 
that have been carefully analyzed and are known to 
be the best that can be had -and then compounded 
under Rosendal Formulas which are recognized and 
used by representative Battery Manufacturers 
throughout the country. That is why Rosendal 
ran guarantee the battery you get. 

Money back if not satisfied 
Large Medium Small 

22% Volt plain 81.66 51.33 50.93 
22% Volt variable 1.84 1.50 1.00 
45 Volt plain 353 2.33 - 
45 Volt variable 3.66 2.60 - 
Send money order or order for C. O. D. 

i Y.® SJLNYJl 8lU & 
Chemical and Rado En &.sae 

2 and 4 Stone Street New York 
Send for descriptive circulars on other radio items 

The Tube's the Thing! 
Get Radio Reception Without Noise 

(34 size) 

Each 

MYERS 
TUBES 
Guarantee Perfect Clarity 

Hear without noise or tube hiss with Myers 
Tubes. They give much greater amplifica- 
tion, arc perfect Detectors and Oscillators. 
They add 50% to the efficiency of your set 
because they reduce interference. 
TWO TYPES: Myers Dry Battery Tube 
254 Volts -34 Ampere. Myers Universal 
operates on either 3 Dry Cells or storage 
batteries. $5.00 each. Ready for mount- 
ing. No sockets or extra equipment needed. 
See that you get the New Improved Myers 
Tubes with the Coating. Others are not 
guaranteed. 
At your Dealer, otherwise sendpurchase 
price and you will be supplied Postpaid. 

SOLE MANUFACTURERS 

E.B. Myers o. Ltd 
" iliflw ?/acuum Tubes, 

240 Craig Street, W., Montreal, Canada 

Please refer to POPULAR RADIO when answering advertisements. 
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14 -inch horn (mahogany or spruce) $30 for the home 
21 -inch horn (mahogany only) for $35 concerts J 
Comes complete, ready to attach in place of head- 
phones. No batteries required for its operation. 

`music at 
its ̀ west 

Full, clear, rich, beautiful -MUSIC 
MASTER brings into your home the 
majestic tones of the pipe organ, the 
incomparable master instrument of the 
musical world. 

MUSIC MASTER gives you the truth of each 
soft strain, every arpeggio, the inspiring, kingly 
chords and the rich, rolling bass tones. 

Why not let everyone hear the organ? Flood the 
whole room with its majestic music -simply by 
connecting MUSIC MASTER to your radio set. 

MUSIC MASTER is equipped with a wood 
amplifying bell; and wood, prverly shaped as a 
horn -furnished only with MUSIC MASTER -is 
the one material that makes possible the perfect re- 
production of the actual, living tones themselves. 

Dealers Everywhere 

MUSIC MASTER CORPORATION 
Formerly General Radio Corporation 

Makers and Cistribu tors of High Grade Radio Apparatus 

S. W. Corner 10th and Cherry Streets, Philadelphia 
CHICAGO PITTSBURGH 

RADIO REPRODUCER 
Please refer to POPULAR RADIO when answering advertisements. 



78 The Best in Radio Equipment 

100 Volt Panel type 

"The most popular in this Vicinity- 
"We wish to commend your storage "B" battery," says the Southern Radio 
Sales Co., Newport News, Va. Such endorsements come to us unsolicited. 
KIC -O Batteries always make good. Alkaline type, won't sulphate or buckle. 
Life unlimited. Not harmed by short- circuiting, overcharging, idleness. Panel 
switches give single cell variations. Recharge from any 110 -volt A. C. line with 
small home rectifier. Charge lasts 3 to 6 months in detector plate circuit. 

GUARANTEE 
Your money back on any MC -O Battery if not satisfied within 30 days. 
Write for full information on "A" and "B" Batteries. 
Unmounted Rectifier $1.00 
Mounted Rectifier ........................ $2.50 

KIMLEY ELECTRIC COMPANY, Inc. 
2667 Main Street Buffalo, N. Y. K I C -O Storage "B" Batteries 

long service, low cost 

Cells Volts 
Price, 
Plain 

With 
Panels 

10 22 S3.50 
24 32 7.25 511.75 
:i0 48 0.50 14.00 
50 fib 12.50 17.00 
78 100 17.50 22.50 

108 145 23.50 .28.50 

Bakelite Jack 2 -Way Plug 

The CICO Bakelite Jack is the finest 
article of its kind ever produced and 
the last word in scientific radio con- 
struction. Moulded completely from 
Bakelite. No metal in frame con- 
struction. Wires connected to Nickle- 
Plated Brass Binding Posts. No sol- 
dering necessary. Special whitened 
phosphor Bronze Springs used through- 
out. Contact points of Sterling Sil- 
ver. 

No. 30- Single circuit open $.80 

No. 31- Single circuit closed .85 

No. 32- Double Circuit .... .90 

No. 33 -"A" Battery Switch .90 

A Radio Plug that 
embodies the most 
advanced engineering 
principles. A recog- 
nized leader for 2 years Loud speak- 
er and headphones or 2 sets of head- 
phones can be connected simultaneous- 
ly to the same plug by inserting 2 

cord tips instead of one in each slot. 
Fits all standard jacks. Takes all 
types of tips. 

Price 60c 

Consolidated Instrument 
Company of America, Inc. 

41 East 42nd Street 
New York 

Every CICO PRODUCT 
is packed in a distinct- 
ive GREEN BOX and 
unqualifiedly guar- 
anteed against all 
defects. 

Please refer to POPULAR Rsuio when answering advertisements. 
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18 
Stock Sizes 

Radion 
Panels 

6.10', 604 6.21 
7.9 7.10 7,12 
7.14 7,18 7,21 
7,24 7,26 7,48 
9,14 10,12 12.14 
12,21 1408 20,24 

-J 

PANEL S 

RAMÓN Q P orpTS 

AMERICAN 
HARBRUBBERCO 

N7. 

Look for this stamp on every 
genuine RADION Panel. Beware 
of substitutes and imitations. 

Mahoganite Has 
the Beauty of 

Polished Mahogany 
Mahoganite Radion Panels have 
a satin -like finish comparable to 
that which age and a skilled 
cabinet maker give to mahog- 
any. Radion Dials and Knobs 
are also made in Mahoganite, 
to match. Sold at all good radio 
stores or write to us for catalog. 

RADION 
9he Supreme Insulation 

PANELS 
AMERICAN HARD RUBBER CO., 11 Mercer St., N. Y. 

Please refer to POPULAR RADIO when answering advertisements. 
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Como Duplex Transformers 
(PUSH-PULL) 

The COMO DUPLEX SYSTEM of audio -frequency 
amplification gives the maximum volume Without dis- 
tortion and tube noise. 

There is a combined filtering action which 
assures perfect results when ordinary amplifi- 
cation fails. 
It can be added to your present amplifier, giving 
you power amplifittion on the weak signals 
that more of the ordinary amplification would 
kill. 

SOLD IN MATCHED PAIRS 

$12.50 per pair 

A copy of "HOW TO MAKE A POWER 
AMPLIFIER" is yours for the asking. 

COMO APPARATUS COMPANY, 446 Tremont Street, Boston, Mass. 

DID YOU GET 
LONDON? 

AT this writing, two of the three 
Philadelphia stations submitting 
authentic records of having tuned 

in London were equipped with the 

TURN - IT 
adjustable 
GRID -LEAK 

THESE leaks fit all standard mounts, give 
exact values for the tubes, circuit and sig- 
nals, and are so simple mple in operation that 

anyone can instantly understand and appre- 
ciate all the desirable features of this unique 
and practical radio mechanism. Sold either by 
your dealer or by 

CHARLES E. BONINE 
20 So. 15th Street 

Philadelphia 

75c. 
If ordered 

t -_ U. 1). 
cid 111. 

"The 
Best Built 

Set in 
America" 

R -212 

Licensed by I. R. M.. Inc., 
under Hazeltine Patents 

You'll save hours of labor 
and make connections as 
solid as soldering with 

Stevens 
Spintite Wrenches 

Hollow stem goes down 
over projecting screws -hex 
socket gets firm grip-ebon- 
ised handle for comfortable 
leverage-very easy to reach 
difficult places. Used by 
radio manufacturers. 

Hadelnall 
ties from 

3 -16 in. to 
9 -1n in. 

Send 
for set of 3 1 00 
popular radio sizes 

STEVENS & COMPANY 
Toolemithe since /899 

377 Broadway, New York 

Stevens a Tools 

Embodying the Hazeltine Neutrodyne circuit in an imrroved 
form as to neutralization, workmanship, quality, 

appearance and efficiency of operation. 
Radio Service Laboratories, 1000 11th Ave. Asbury Park, N. J. 

Please refer to POPULAR RADIO when answering advertisements. 
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Radio Fans 
Here Is a Winner 

Armstrong 
Regenerative Set 

Receiving 
Radius 

600 Miles 

$Z32s 
Order Direct From 
This Advertisement. 

HERE is a money saving Radio Outfit that 
will bring the news of the world -con - 

certs, lectures and stock reports -into your 
home. Sold complete with head set, tube, 
batteries, aerial and ground wires, for only 
$23.25! Connections simple and plainly 
marked. Easy to tune. Order NOW! Ship- 
ping weight, 12 pounds. Shipped from 
CHICAGO or PHILADELPHIA stnre. 

57PR9366. 523.25 
Save on All Radio Supplies. 

sI 

/ /r 
Sears, Roebuck and Co. 
Chicago - Philadelphia 

Save money on your radio supplies, and 
get guaranteed quality! Our big FREE 
Book shows hundreds of bargains in complete sets and 
parts. Many new hookups, complete list of broadcasting 
stations. Contains "How to Build an Aerial." Mail coupon! 

Licensed under the Arm- 
strong Patent No.1113149 for 
amateur experimental and 
scientific uses only. 

1 

' Mail upon today to 
store arc t you for Free 
Radio Catalog. 

Send me FREE Radio Catalog No. 891'71 

Name 

RuralRoute_...__......_.._...,._ __. __....__.__.Box No. 

Street and No..... 

1 

' 

I ------ 
Sears, Roebuck and Co. 

'The Worlds Biggest Mail Order House 

ON ONE TUBE 
Broadcasting from Atlantic Coast. Canada. Mexico, Cuba & 
Hawaii heard in Calif. by users of the CROSS COUNTRY 
CIRCUIT. Range due to simplicity. One tuning control. ANY 
NOVICE can build easily and cheaply. Dry cell tubes used. 
No soldering. Complete instructions, Blue print panel layout. 
Assembly Photo. etc.. postpaid 25 cents. Stamps accepted. 

VESCO RADIO SHOP, Box PR -117, OAKLAND, CALIF 

RADIO "B" BATTERIES 
AT FACTORY PRICES 

Greatest radio "B" battery on market. Full numbervoltsge 
taps; QUALITY GUARANTEED: LOWEST PRICES 
brink 

on any tube or loo 
LOUDER 

Older bOy numbei O- 
DÁY with check, money order or pay postman C. O. D. 

No. 122E 22% volt variable, regularly $225...$1.52 
No. 122A 22% volt variable, regularly 3.00... 1.85 
No. 145A 45 volt, 8 taps, regularly 550... 3.25 
AYRES BATTERY CORPORATION. Cincinnati. Ohio 

Please refer to POPULAR RADIO when answering advertisements. 
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Radio Apparatus 
That Lives Up to Its Name 
New "Regal" No. 162 

Double Arm Inductance 
Switch 

A 15 Point Switch complete 
in one unit. No more 
messy soldering. No more 
drilling of holes. No more 
chipped panels. Complete 
with hard rubber Knob and 
Dial $1.50 

New "Regal" No. 120 

Vernier Rheostat 
For fine filament control 
of tubes and superfine 
tuning, the Regal Vernier 
stands alone. Nothing 
just like it on the market. 

Complete with Knob 
6-Ohms......$1.25 

30 -Ohms 1 25 

New "Regal" No. 200 
Audio Frequency Am- 
plifying Transformer 
For clearness of tone, 
amplifica of ice 
and music 

tio 
from nearby 

anti distant broad- 
casting stations, is un- 
equaled by any Trans- 
former on the market 
3M to 1 Ratio...54.25 
5 to 1 Ratio... 4.50 

At all good dealers -otherwise write direct 
for complete dee:rip ii folder No. 24, 

sending dealer's 

AMERICAN SPECIALTY CO. 
Bridgeport, Conn. 

The Hines Radio Desk 
Has a large compartment for batteries that is very 

accessible. Two good size 
drawers for avire, tools, parts, 
ecc. Designed by a man of 
long exp erie.ace in the Radio 
field. Csnstruc.ed from se- 
lected materials and built in 
a m'sdern factory by skilled 
wrrkmen. Finished in Oak. 
Mahogany or Walnut. Com- 
plete details and exact spec- 
ifications sent upon request. 

HINES RADIO DESK COMPANY 
Owensboro, Kentucky 

Phonograph $ 
so 

Attachment "1)6 feet 

You never heard of a high quality phonograph-attach- 
ment at this price, and you never heard a tone equal 
to the C. I. C. Unit at any price. Long years of ex- 
perience with loud speakers and head phones only have 
made the above price and the quality possible. 
Mica diaphragm mounted between resilient cushions, an 
adjustable air gap, and extreme accuracy of manufacture 
give exceptional volume and quality of reproduction. 
The unit is equipped with an adapter to fit both the 
Victor and Columbia phonograph, or for one dcllar ex- 
tra adapters will be furnished to fit Brunswick or 
Edison phonographs. The adapter can be removed, 
making it suitable for use with any of the types of 
horns which are designed to take a head set receiver. 
You are wise in utilizing your phonograph as a loud 
speaker. Be equally wise in transmitting the true 
beauty of sound by means of the C. I. C. Pltoncgraph 
Attachment. 

Send for booklet "Loud Speaker Farts" which 
gives full information regarding the C. f. C. 
Loud Speaker and Phonograph Attachment 

CONNECTICUT INSTRUMENT CO. 
STAMFORD, CONN. 

Representatives 
GLOBE COMMERCIAL CO. L. D. READ 
San Francisco, Los Angeles, 919 Lake View Boulevard. 

and Salt Lake City Seattle 

Please refer to POPULAR R ,eulo when answering advertisements. 
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betterl 
in any circuit 

All moulded base, 
eliminating the ca- 
pacity effects of 
brass shells. Draws 

ampere. 

DEALERS: -Writ e 
at once! 

The MAGNATRON DC201A is a more 
sensitive detector and a more powerful 
amplifier. It will bring in stations you 
have never heard before. It will increase 
the volume from your loud speaker. 

Get a Magnatron DC201A from your 
dealer today and note the difference! 
Like the Magnatron DC199 and the 
Melotron DC12A, this tube lists at $6.50. 
A special price of $5.50 if your dealer 
doesn't stock these tubes and you send 
us his name! 

CON N EVVEY ELECTRIC LABORATORIES 
309 Firth Ave. NEW YORK CITY 

WEIGHS 
ONLY " 
8 OZ 1I 

CI THE 
PHONE, 

IT 
TOOK 
A SOLID YEAR 
TO DESIGN 

C A X200,000 °° COMPANY 
stands squarely back 

i of the guarantee on 
O every Scientificheadset 

SEND NO MONEY! 
20.000 TURNS Order TODAY 
EQUIVALENT TO 
3,000 OHMS by Postcard 

and Pay 
Postman 
on arrival 

LOUD 
SPEAKER 
UNIT Ws 

POsr 
PAID 

We Guarantee The Scientific Headset to be the greatest 
value on the market. Try it for five days. If not satisfactory send it 
back and your money' will be refunded immediately. Circular on 
request. Dealers wanted. 

THE SCIENTIFIC ELECTRIC WORKS 
98 Brookline Ave. DEPT. ,J BOSTON, MASS. 

Please refer to POPULAR RADIO when answering advertisements. 
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SUPER- HETERODYNE 
"The Rolls -Royce of Reception" 

TYPE "S R" Radio Frequency TRANSFORMERS 
An instrument especially designed to amplify at a sharp peak of 10,000 meters, and perfect- 
ed to function at maximum efficiency in the best designed receiving apparatus in the world. 

THE RIEGER- BAILEY CO. OF AMERICA 
Price $ 7.00 

nt best radio dealers Cr direct (rm 
the m-nufactorvr. Give dealer's 
name if ordered direct. 

El J 

539 Real Estate Trust Bldg. 
Philadelphia, Penna. 

Bell Telephone Walnut 7475 

1=111.! I1 DEALERS and JOBBERS 
will find this a particularly active 
and attractive line. Write for 
details. 

BETTER 
and at a Lower Price 

A scientifically accurate instrument for long 
distance tuning. R. P. C. Variometers are 
molded of Mahoganite Bakelite. Sturdy in 
design, neat in appearance and easily 
mounted. Price $5.00 

R. P. C. Variable 
Condensers 

permit you to tune in desired 
stations without the least bit 
of interference. The design 
of these condensers guaran- 
tees perfect contact at all 
times. 

Price $1.50 
Dealers and Jobbers: 

Write for attractive proposition 

RADIO PRODUCTS COMPANY 
Westport, Conn., U. S. A. 

THE NEW SIMPLEX 
180° Vario- Coupler 
with Special Spider 
Web Rotor will bring in 
those distant stations 
you are trying for. 
An exceedingly efetentand 
neat coupling device which 
will cover all broadcast 
wave lengths up to 600 
meters. 

Price - - $3.50 
SIMPLEX RADIO CO. 
1015 Ridge Ave. Phila.. Pa. 

ï 

i 

LimoI 

MURDOCK RADIO 

the 

a pair of 
MURDOCK 
MEAD P ONES 

$4aoe 450 

best in rac10 

the new 
MURDOCK. 
PLUG ^JACK - fr4loo 

She complete 
MURDOCK. 
LOUDSPEAKER 

i.$5 

AT ALL RADIO DEALERS 
If your dealer cannot supply you. send money 
direct and your order will be promptly filled. 

WM. J. MURDOCK COMPANY 
354 Washington Ave.. Chelsea. Mass. 

VVE REPAIR 
The Following 

RADIO TUBES 
WD-11..... $3.50 UV-199. $3.50 
WD-12. .. ...3.50 C- 299.........3.50 
UV- 200.....2.75 UV -201A 3 50 
UV- 201.....3.00 C- 301A........3.50 
C- 300.......2.75 UV -202 4.00 
C -301 .3 00 C-302. 4.00 
DV -6 3.00 DV -6A 3 50 

Mail orders solicited and 
promptly attended to. 

Dealers and Agents Write for Special Dimwit. 

H. & H. RADIO COMPANY 
Clinton Hill Sta. P. 0. Box 22 -E. Newark, N. J. 

Please refer lo POPULAR RAU o when answering advertisements. 
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FLERON RADIO SPECIALTIES 

The Porcelain Sockets 
Very carefully made. Brass 

parts nickeled. Black Glaze. 
Two sizes. Standard Bulbs and 
U. V. 199. 

Each socket in a carton. 
35e. each. 

The Vernier Adjuster 
The best adjuster on the market. 

Spring holds head away from dial 
when not in use. With slight adjust- 
ment spring can be 
made to hold head 
against dial if de- 
sired. Patented. 65c. 

The Porcelain Insulators 
Lowest power losses in the antenna. Dielectric 

absorption reduced to minimum because of very low 
phase difference of Fieron Porcelain. Very tough 
body. Solid Black Glaze. Seven sizes, 20e to $1.00. 
Eacn insulator in a separate carton. 

The Phono Adapter 
Fits through the hole of 

the receiver cap and then 
slides on tille phonograph tone 
arm. Fits Victor, Columbia, 
and others. Works perfectly. 
Only 35e. ea. 

.¡. L:, i. (, i 

i':1w1.1":1"cj'<1'!'i'ri'"1411 OR, 

The Stand -Off Insulator 
Fills the much -needed requirement 

for a good strong looking and prac- 
tical stand off insulator. Meets 
every requirement of the Board of 
Fire Underwriters. $1.25 each. 

For Sale by all Good 
M. M. FLERON & SON, Inc., 112 No. Broad St., Trenton, N. J. Jobbers and Dealers 

( ATT4 T T Slrï i j 1 0UN'INa, 

SUPERIOR CONDENSERS 

COMPLETELY 
protected mechanically 

and dielectrically by full circle Bake- 
lite end shields. The entire instrument is 
in!!re rigid and hence more accurate. Just 
one of the differences between average con- 
densers and RATHBUN. Only one hole 
needed to . mount, better, long brass bear- 
ings, stator plates anchored in milled tubes 
with a variation of less than two- tenths 
of one -thousandth of an inch. Write 
for literature and name of the nearest 

4 Rathbun dealer. LIST PRICES 
11 Plate .00025 $3.00 
23 9 .0005 3.50 

5 .000125 3.00 
43 .001 4.50 

3 .000075 1.00 

SPECIAL FOR 
NEUTRODYNE 

13 Plate .0003 $3.00 
Write TODAY for the name of 

and for riIWetrntedb literature 

RATHBUN MFG. CO. 

Jamestown, N. Y. 

Radio Ca 
HOWARD 

aitoptISI 
HOWARD 

No. 1001 

5'9 Ohm 
Rh.1- tet S1 

25 Ohm Rheo- 
tat 1.10 

40 Ohm Rheo- 
Stat......1.10 
Peed. 870,042 

HOWARD 

No. 1003 

200 Ohm Poten- 
ttometer.$1.50 

400 Ohm Poten- 
tiometer .2.00 
Patd. 870,092 

Ask the man be- 
hind the counter 
to show you the 
Howard line of 
quality Radio 
Merchandise. 
Every piece is 
sold with t h e 

guarantee of 
satisfactory 
performance. 

Jobbers write 
for discounts. 
Send two cents 

for folder. 

No. 1002 
6,i Ohm Micro- 

meter Rheo- stat.... $1.50 
25 Ohm Micro- 

meter Rheo- 
stat 1 50 

40 Ohm Micro- 
meter Rheo- 
stat 1 SO 

Paid. July 10, 
1923 

HOWARD 

Na. 1004 
Multi Terminal 
Receiver Plug, 
ineten tams 

us 
as many e ix 
Pairs ei stand- 
ard receiver 
UPS 52.00 
Patd. Aug. 28, 

1923 

HOWARD RADIO CO., Inc. 
424R North Western Ave., Chicano, U. S. A. 

Please refer to POPULAR RADIO when answering advertisements. 
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DX-1 O-POINT 

ANTENNA WIRE 

PER 

HUNDRED 

FEET 

Designed for long distance reception 
and is different and better than the 
usual make -shifts, being hard drawn 
from the finest copper, having a cor- 
rugated surface with ten collecting 
points on the circumference. This 
gives a greater colhctive surface to 
the high frequency radio currents. 
The result it extreme sensitiveness 
and increase in range and clearness of 
any set from the simplest Crystal to 
the finest multiple tube receiver. 

Use this antenna wire and enjoy 
the full possibilities of your set. 

Sold in coils 100 feet, 200 feet and 
500 feet. Order direct or from your 
nearest dealer. 

Unity Rheostats 

6 Ohms -Most Tubes 
25 Ohms -201 -A end 

301 -A 
40 Ohms -199 and 299 
$1.75 each -any resistance 

"Hear a set 
CAM 

Complete Rheostat $.80 
Cartrid. any 

sistangesce.. ....$35 
Potentio .. $1.45 
Potentiometer 

Cartridges $1.00 

UNITY 
224 N. HALSTED 

Vernier 
The highest type 

electrical instrument 
made for controlling 
resistance. 

Recommended by 
all Scientists familiar 
with it, where close ad- 
justment is desired. 

that uses one" 
Non -Vernier or 

The Cartridge Rheostat 

Interchangeable re- 
sistance Cartridges clip 
in without removing 
the Bracket from the 
panel. 

Used on the 
"Long 45" 

MFG. CO. 
ST. CHICAGO 

Send for a free circular 

THE NEW 

METALECTRIC 
SOLDERING IRON 

Operates with the Simplicity - 
Ease and Efficiency of a 

Pencil on any Electric Current 

ACCEPTED 
As the Logical Solution 

to Radio Soldering 
Problems 

Ample Heating Capacity 
Handle Always Cool 

Inter- 
changeable 

Tip 

$5.50 
.Worth it" 

"An All -metal 
Quality Instrument 

with a worthwhile Guarantee" 
of Your Dealer or Write 

Post Elec. Co., Mfrs. (131;t) 30 E. 42 St., N. Y. C. 

ACOUSTICOLA 
GRAND 
Highest quality loud speaker 
made. CAST ALUMINUM 
vibrationleas horn, extra 
large and sensitive unit. 
Adjustment lever tones down 
local stations and strengthens 
weak signals from distant 
stations just like focusing a 
camera. 

ACOUSTICOLA 
Standard Model 

$22.5° 
Same wonderful unit, with same 
lever for instantly increasing or de- 
creasing distance between poles and 
diaphragm. Fitted with non- metallic 
horn, 214 inches high with bell 
10 inches wide. 

Acousticola Phonograph Attachment 
Same giant size unit with coupling to 
make a high grade loud speaker of any 
phonograph. slo.00 

Trimm Headsets 
Dependable $5.00 Professional $7.65 

Lifetime guarantee with every Trimm 
product. Write for Folder. 

TRIMM RADIO MFG. COMPANY 
Dept. 59 24 S. Clinton St. Chicago, Ill. 

Please refer to POPULAR RADIO when answering advertisements. 
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Audio Frequency Transformer 
gives 

REAL LONG DISTANCE 
and preserves the natural tone of Broad- 
casting, both vocal and instrumental, 
exactly as sent through the Microphone 

Can be used with any amplifying tube 
on the market with excellent results 

At your dealer-or direct by mall 
on receipt of purchase price 

FORD MICA CO., Inc. 
14 Christopher St. New York 

EASTERN COIL SETS 
fhá COCKADAY VINO 

vj are the 
standard, 
and in 
universal 
use due 
to their 
proved 
efficiency 
in this 
wonder 
circuit (4 Circuit Tuner) 
Made as per specifications of Mr. Cockaday, "D" Coil 
bank -wound. 
Complete assembled Set of B, C and D Coils on Hard Rubber 
or Bakelite tubing, wound with 818 double silk SÁ25 
covered wire. .. ... ... 
The same on guaranteed treated tubing wound with $2.75 
818 Single cotton covered wire..... 

Original and new improved hook -ups with material lists FREE 
with each set of coils. 
Either Set may be used for original or new improved hook -up. 

Mail Orders Filled. Dealers Communicate. 

EASTERN RADIO MFG. CO. 
22 Warren Street, Dept. P. R. NEW YORK, N.V. 

s7 

Longer distance and clear signals arc 
the pleasing results which you can be 
sure of when both the A and B batter- 
ies of your set are storage batteries. 
No other source of power for radio 
equals the storage battery. 
The Valley ABC Battery Charger is so simple 
and so easily operated that it makes storage bat- 
teries the most convenient and inexpensive 
source of power for radio. Enjoy radio at its 
best. Use storage batteries and charge them 
with the Valley ABC Battery Charger. 
Charges 2 -volt peanut tube batteries, 6 -volt A 
Batteries, 6 and 12 -volt automobile batteries, and 
I to 4 B batteries. Bakelite panel, glass top. 
Harmonizes with any receiving set. At good 
radio shops. 

VALLEY ELECTRIC CO. 
3157 S. Kingshighway St. Louis, Mo. 

toa p¡ 
AIi0 0NSR rag R w Sei, buy 

B^ 
JUST OUT!! 

Complete Plans of 
5 Tube Neutralized receiver, embodying Neutrodyne principle .... 25c 

3 Tube Cockaday most popular for distinte and tone ...... 25c 
Each 

rirai gis e . l w d in 
Manila Envelope with fan sire blue prim 

BOOK OF COMPLETE PLANS SOe 
of all Modern Circuits Reinartz Tuner -One Tune Reflex Honeycomb Re- 
ceiver DistanceReceiver-Short ku. Regenerative-TWO Stn[a 
R F. Amplifier and W . l oP 
Each Plan Contains FULL SIZE TEMPLATES, list of ports :and 
diagrams. AT ALL DEALERS 
5ff 1aoradealer cannot eopply you. order direct giving dealer's name and 

CC 

S. NEWMAN, Publisher, THE RADIO CONSTRUCTOR 
rk CRY 74 Dey Street 

Please refer to POPULAR RADIO when answering advertisements. 
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POPULAR RADIO 

and "Radio" 
$5.50 magazine value $4 
for only 

FOR a limited period of time you may secure these TWO 
famous radio magazines for practically the subscrip- 

tion price of ONE of them alone! The publishers of 
POPULAR RADIO and "Radio" (San Francisco) have ar- 
ranged this special money -saving club offer so that those 
who have not already made the acquaintance of these two 
magazines may now subscribe at a saving of $1.50. 

THIS is your opportunity to 
keep in touch with all of the 

practical suggestions, timely 
news and helpful hints that these 
TWO big radio magazines can 
bring you. And you get 
them BOTH at a low price that 
positively cannot be equalled 
after this special offer is with- 
drawn. 

If you were to purchase these 
two magazines on the news- 
stands, you would pay $6.00 for 
12 issues of POPULAR RADIO and 
"Radio." ' If You were to sub- 
scribe for each separately, the 
cost would be $5.50. -- But - by 
snapping up this special club 
offer now, you get the same two 
magazines, delivered regularly 
to your home, for only $4.00. A 

saving to you of from $1.50 to 
$2.00. 

Simply fill out and mail the at- 
tadhed coupon, and- your sub - 
sarfptiòn for both POPULAR RA- 
DIO and for "Radio" will be 
entered without delay. TWO 
monthly magazines with all the 
radio facts and features that any 
enthusiast could desire - "how 
to build" articles ; the latest reli- 
able hook -ups; "how radio 
works" ; discussions by the most 
distinguished scientists; new de- 
velopments; what the amateurs 
are doing; calls heard and DX 
records ; late developments; sci- 
entific data; invaluable pointers 
for the broadcast listener. And 
your questions answered free! 

Mail the handy coupon today. 

POPULAR RADIO, Dept. 23, 
9 East 40th Street, New York City. 

Send me POPULAR RADIO and "Radio," each of these big radio 
magazines, for one entire year. I enclose $4 in full payment. 

NAME. 

ADDRESS 

(Canada, $3.50; Foreign, $5.00) 

Please refer lo POPULAR RADIO when answering advertisements. 
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Every Fan 
Wants 

a Moon 

Radio 

Log 

The only book out that gives you a complete, 
permanent record of your reception's over a long 
period. Has over 200 ruled logs for entering 
in ink all the stations received each day with 
spaces for call letters, distances, remarks, &c. 

Also gives Morse Code, latest list of broadcast- 
ing stations with new wave lengths, call letters 
and slogans. Bound in stiff, durable covers. 

Send no money with your order. Just pay 
the postman, on delivery, 50c. plus a few pen- 
nies postage. 

MOON RADIO CORPORATION 
501 Steinway Ave., Dept. B, Long Island City 

V 
E 
R 
S 
A 
T 
I 
L 
E 

R 
E 
L 
I 
A 
B 
L 

UNIVERSAL VARIOMETER 
-SPLIT WINDINGS - 

The instrument you will NEVER DISCARD for 
its uses are without number. List $7.00. 

L & K moulded HARD RUBBER variometera, 
variocouplers and variotransformers are made in 
seven styles, an instrument for every standard 
circuit. 

Descriptive Folder on Request 

LANGBEIN & KAUFMAN 
654 Grand Ave., NEW HAVEN, CONN. 

he Saturn 
"Above the Ordinary" 
Radio Products 

Automatic Plug 
Nothing to solder or take apart. List Price 

Cord terminals inserted, instantly 
gripped, a touch on the lever, in - Cord 

released. Each Saturn Plug 
sealed to protect you. Guaranteed. 

Perfect Jack 
Crowfoot offset and solder and flux on blades 

all ready for soldering. Best materials - 
Spring German silver blades, rounded corner 
brackets of nickel- plated brass, and sterling 
silver contact points. Quality throughout. 

List Prices 
No. I Single Circuit, Open 50c 
No. 2 closed. .. .. .. .. .. 55c 
No. 3 Double ... ... 70e 
No. 4 Single Filament control .. .75c 
No. 5 Double " " 

Write for Folder 

The SATURN Mfg. & Sales Co. 

48 Beekman St. 

New York, N. Y. léÁ 
m,<á .. 

89 

AMPL -TONE 
PHONES 

A THREE DOLLAR 

LOUD SPEAKER 
UNIT FOR 

HOME MADE SPEAKER 

FREE 
With Pair of Phones 

Money Back Guarantee 
Dealers Wanted 

C. M. FRENCH MFG. CO. 
SEYMOUR, CONN. 

Please refer to POPULAR RADIO when answering advertisements. 
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A 
loud speaker 
on one tube 

I 

Tri-Coll 
A Radio Frequency Transformer tha gives remarkable results in REFLEX and RADIO- FREQUENCY circuits. 

Tri -Coil 
Assures very long distance on al wave lengths- and preserves the nat ural tone of Broadcasting exactly as sent through the microphone. 

Price $2 Ay mouo 
d erelece-or 

f 
dlrec 
price. 

IFREE tuber81T -CoIJ" Reflex elce cult. which will operate loud speaker ors request. 

BROOKLYN METAL STAMPING CO. 
718 Atlantic Ave. 

llrooltlyn NewYorlt 

It Is Easy to Build a 

NEUTRODYNE 
You can Build your own set with Kanter Charts. 

These are actual parts photographic 
blue prints that anyone can follow 
regardless of experience in radio 

GUARANTEED 
Kanter Charts for building either a Freed- Eisemann or a Fada el 
5 -Tube Neutrodyne Set....... WW1 

At your dealer, or 
KANTER RADIO SALES & MFG. CO., 

507 Fifth Ave., New York 

PALL MALL 
PRODUCTS 
ESSEX STANDARD 

PHONES 
Very rugged in construction, 

2300 ohms 
Price $3.50 

Send for our Latest Free 
Radio Catalog and Pries Lid 
ESSEX MFG. CO. 

119 Mulberry St. Newark, N.J. 

FAHNESTOCK'S 
LATEST RADIO HELP 

THE 

Antenna Connector 
PRICE 10c 

Snap larger connector over 
Antenna Wire; insert Lead -in 
Wire into smaller clip and a per- 
fect connection is the result. 

At Your Dealers 

Fahnestock Elec. Co. 
LONG ISLAND CITY 

NEW YORK 

DEALERS Send 
for 

48 
FREE 

page CATALOG 
Dealers who handle quality products should 
get our unusually attractive discounts. 
All high grade standard sets and supplies 

All orders shipped on day received 
Write TODAY for Catalog 

FEDERAL RADIO CO. 
Distributors of 

Standard Radio Sets and Supplies 
1900 Harney St. Omaha, Nebr. 

We Repair All Standard Makes si Twin 

W. D. 11 or W. D. If 33.50 U. V. 200 or C. 300 2.75 U. V. 201 or C. 301 3.00 U. V. 201A or C. 30íA .50 
U. V. 199 or C. 299 33.50 U. V. 202 or C. 302 $3.50 New 135 Volt Tubes $4.00 

All Ides guaranteed to do Ike stack. 

RADIO TUBE EXCHANGE 
200 BROADWAY DEPT. 3 NEW YORK CITY All Mail Orders Given Prompt Attention 

Orders sent Parcel Post C. O. D. 

Please refer lo POPULAR RADIO when answering advertisements. 
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NEW COCKADAY COIL 

$5.50 

Low Dielectric Losses 
Scientifically built of hard rubber wound 
with silk covered non- ehellaced wire. 
Does not absorb moisture like ordinary 
coils. Gives low leakage, low distribu- 
tive capacity, low resistance. Copper 
terminals -no loose ends, no stray wires. 
Built in strict accordance with L. M. 
Cockaday's specifications. Over twice as 

efficient by actual test, as ordinary coils. 
Absolutely guaranteed. 
At your dealers, otherwise shipped 

to you postpaid. 
Special proposition to dealers 

PRECISION COIL CO., Inc. 
209 -B Centre St., New York 

Makes a Loud 
Speaker the equal 
of higher priced 
instruments. At- 
taches to phono- 
graph or horn. 
Satisfies or return- 
able for the full 
purchase price. 
From your dealer 
or direct by mail. 
Order TODAY. 

RADIOCEIVE 

Mfg. Co. 

369 Jelliff Ave. Newark, N. J. 

TYPE R -B -4 

This is the set you have been looking for, 
and the one that you need. 

Having one stage Radio Frequency, Tuned 
Impedance, Detector and Two Stages of 
Audio Frequency. 
All apparatus mounted on panel 10 inches 
high, 21 inches long, and set in panel 
cabinet 10 x 21 x 10 inches deep. 

Price $125.00 without tubes or batteries 

WIRELESS ELECTRIC CO. 
204 Stanwix St. Pittsburgh, Pa. 

The 

PACENT 
Forty 

IMPROVED! 
Universal Plug 

The Patent "Forty" already popular 
as an efficient and low priced plug, 
has now been greatly improved by 
a new type of connector, greatly sim- 

plifying the method of connection. You 
need only to insert the cord tips and clamp 
the shells together to obtain that desired 
biting contact. Connections are stamped to 
indicate polaris and all metal parts are 
satin nickel finished. 

Write for Pacent Catalog P -2 

Pacent Electric Co., Inc. 
22 Park Place New York 

percent 
RADIO ESSENTIALS 

Please refer to POPULAR RADIO when answering advertisements. 
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RELIABLE AUDIO 
and 

FREQUENCY TRANSFORMERS 
Three stages of Audio Transformer. to select from. 
2 to X and 4 to I ratios at $4.45 6 to r ratio at 4.95 Radio types from 15o to 750 meter ranges. $2.75 Asan added factor of rented radio rece sino 
Reliable Neutralising Condensen, only 75e 
The RELIABLE 

PARTS 
MFG. CO. 

2819 Presped Ave. 
Cleveland, O. 

This 
Combination 
Does It! 

pp rypIIIIIpI11RiN114f 1,n11111 

RADIO FREQInNC 
ANRIFytN6 fh4liWRa Apple FREQufNCr 

AnRlFrlsó tMlfsfoRrER 

Comfort Cushion Your Ears! 
The BATES Ear Cushion take. the headaches out of headphones. improve the hearing qualities of your sat 100 per cent. with 

WIN 13/ ]EsEAr CIRscON 
Slips over any radio phone -instantly and easily. Cushion your ears and hear in comfort. Costs little -worth Iota. 

Postpaid Anywhere in U. S. for $1.00 per pair. 
DEALERS: Write for special discounts. 
BATES Ear Cushions are tut minim SATES & COMPANY 

1518 Montana St. Chicago, Ill. 

CATALOG 119 -1001 
PAGES 

LATEST REFLEX AND NEUTRODYNE CIR RIE 
E 

TS EVERYTHING IN RADIO 
One of the largest complete stocke in the world. 40 diagrams of latest Hookups. 
DEALERS ALL OVER THE U.S. Making big profits handling our supplies, 24 -hour service. Goode shipped same day order received. 

= UUdu'l OIL xgw(f 

IDYffg* 
WHOLESALE RADIO DISTRIBUTORS 

Dept. P 6 West 14th St. Kansas City, Mo. 

Nath. Phones 
Baldwin with 

SNCLTDN 
LOUD SPEAKER E 

COMPLETE, 
Postpaid 

Use your headset for 2 purposes. Exceptional combination value. Every pair of phones tested. Guaranteed to give re- 
sults. Ideal home loud speaker. 

WALTER SCOTT 
1157 -A are Rt., *end, N. J. 

Read'em" 
Binding Posts 

Simplify the most 
complicated hook -up 

Tell at a glance whether it le Antenna, Ground, Fones, A or B battery, etc. Name neatly engraved for keeps on top of each Poet. (See Illustration.). 
Knobs Can't Come Off 

The irremovable knobs save time, trouble Set of and petty annoyances. "Read 'ems" add to tan for the appearance of any set. Don't be with_ st s0 out them. Price lac each. Set of ten 51.50. If your dealer can't supply you with "Read 'ems" order direct. 
Look for the name "Read 'em" on every post 

Th. Marshall- Gerken Ca. 
Dept. J. 27 N. Ontario 8t.. Toledo, Ohio 

Vacuum Tubes 
Repaired' 

WD-11, WD -12. UV-201A. UV -199 
and others for 

$3.00 
Quick service, All tubes repaired by us guaranteed to work as good as new. 
Send your dead tubes. We prepay parcel poet to you. All 
you pay is $3.00 to postman. We give 48 hour service. 

THOMAS BROWN CO. 
511 -517 Orange Street Newark, N. J. 

LOS ANGELES to CHICAGO 
on a CRYSTAL DETECTOR 

Crystals Are the Best Yet! ÿC/E' 
At Los Angeles I receive W J A Z Chicago. 

W O C Davenport and many other distant stations 
on mine -you can do the same on yours. Folks 
come. from all over Los Angeles to hear the one I 
made. 

I show you 'how to make your crystal set into 
the best receiver you could hope to own. Send 
$1.00 for detailed instructions and 2 -color wiring 
chart or send stamped envelope for further infor- 
mation. 

I have no parttl or sets to sell. 

'LOREN E. TAYLOR 
2497 -D Beachwood Drive Los Angeles, Calif. 

IF YOU WANT THE BEST 
Use 

EBY ENGRAVED 
Posts 

A complete set 
at a special 

price. 
And they're EBY 

posts, 
so the topa 

don't come -off. 
Your dealer will 
have them and will 
show you other 
popular markings. 

$1.50 per set 
CO., PHILA., PA. THE 

One Set of 

EBY 
Ensign Engro,rd 
:>iDIDfNDpOQ[s... 

H. H. EBY MFG. 

Please refer to POPULAR RADIO when answering advertisements. 
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STARlTE RADIO 
BATTERIES SAVE YOU GO% 

And Guarantee You in Writing 2 Years of Better Battery Performance 

STA -RITE RADIO BATTERIES are made especially for Radio and the big saving is made possible 

by coming direct to you instead of thru distributors, dealers, etc. Boxes are made of oak. finished 

In mahogany and the plates very thick and will give a steady discharge over a long period. No 

premiums. lust good honest battery value. 

TRY TO BEAT THESE PRICES 
6 Volt 60 Amphr. $ 7.50 
6 Volt 80 " - 8.50 
6 Volt 100 " 10.00 
6 Volt 120 " 12.10 
6 Volt 150 " 14.00 
6 Volt 200 " 17.00 

2 Volt for W. D. 11 
and 12 $4.00 - - - 

4 Volt for U.V. 199 1.00 Tubes 
RADIO B. STORAGE 
Glass 

12aCellsa24 V. 4.90 
Get Yours Today- NOW -Send No Money 

The batteries are fully guaranteed In writing and shipped subject to examination 
cent if full 

on the day your 
cash accompanies order You may 

You 
deduct 

on 
0 per cent It two or morerare ordered 

at one time. 
STA -RITE BATTERY CO. - Out. 5 - LOUISVILLE. KY. 

FRESHMAN 

Variable Grid Leak 
and condenser combined 

v r .11ÿ 

xéwAwwñQEñVSAñeÑOö. 111 
P IU 

Accepted the World Over as the 

STANDARD UNIT for EVERY TUBE SET 

It is the most compact; the most efficient; the 
most readily adapted to ALL gtid circuits and 
the only one which is entirely sealed and always 
remains unaffected by any climatic conditions. 
It is the 

ORIGINAL VARIABLE GRID LEAK 

and although it has been steadily improved and 
made better there never was a _time when it 
was not the 

BEST ON THE MARKET 

Complete with either .00025 or 
$1.00 .0005 Freshman Condenser . 

Without Condenser . . .75 

At your dealers, otherwise send purchase 
price and you will be supplied postpaid. 

(lias. Freshman Ço.lnc. 
y,ado Condenser .,oducf.r 

106 Seventh Avenue New York 

INSURE 
CLEAR. SILENT OPERATION. 

DISTORTION LESS RECEPTION auk 
ACCURACT GUARANTEED 
INDIVIDUALLY TESTED 

MOISTURE PROOF 
CONSTANTIN VALUE - 
PRECISION 

RESISTANCE UNITS 
Amateurs and Radio Engineers who have ex- 
perimented in the building of Radio Receiving 
Sets have found that the RADIO RESIST- 
ANCE UNITS are unexcelled. They pos- 
i t i v e l y insure quietness and pure tone 
reception - for satisfaction sake try one and 
note the difference in the purity of the tone 
reception in your Radio Outfit. 

If your Dealer eannol supply you. wile 

THE DAVEN RADIO COMPANY 
Radio Resistor Specialists 

144 Bleecker Street :: Newark, N. J. 

Please refer to POPULAR RADIO when answering advertisements. 
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1KJ\\1Rl DgORECE 

YOUR 

IVER 

edited by KEND LLA BANNING and L.M.COCKADAY 

Just Off the Press! 

Popular Radio's New Book 
"How to Build Your Radio Receiver" 

The most complete and authoritative collection of 
material yet published in book form on how to 
build and operate various types of radio receiving sets 

POPULAR RADIO'S new 96 -page hand- 
book, edited by Kendall Banning and 
Laurence M. Cockaday, is now ready for 

delivery. For a limited time only, as an in- 
troductory offer, it will be given away free! 

There has long been a need for such a book as 
this, describing fully and completely the several 
different types of radio receiving sets which have 
proved most effective, and how to build them. 

POPULAR RADIO'S new book, "How to Build 
Your Radio Receiver," has been carefully planned 
to fill this need. No pains have been spared to 
make this book the most comprehensive and valu- 
able contribution of its kind ever published for 
the radio enthusiast who, with or without previ- 
ous technical knowledge or training, wishes to 
construcea radio receiving set of his own that will 
meet his every requirement. 

"How to Build Your Radio Receiver" gives 
complete specifications for the construction of 
seven separate and distinct receiving sets- cover- 
ing the most amazing range and variety of cir- 
cuits, from the most modern simple crystal set to 
the famous Super -heterodyne (see opposite page). 

All working details are given -the list of parts 

required and their approximate cost; complete 
hook -ups and circuit diagrams and how to read 
them; illustrations making all points clear, and 
simple instructions on how to assemble, mount, 
wire and operate each set. 

Nor have any helpful pointers been omitted. 
In this new book edited by Mr. Banning and Mr. 
Cockaday, you will also find scores of valuable 
hints and suggestions about aerials, how to select 
your parts, how to install your set, tips on tuning, 
and how to learn the code. 

In all, a book you will not want to be without - 
one that will be worth many dollars to you. 
Yet, if you act at once, it will not cost you a 
penny. We will send you a copy of this valu- 
able handbook absolutely free with a year's sub- 
scription to POPULAR RADIO at 33.00. If you 
are already a subscriber, you may renew or ex- 
tend your subscription for an additional year and 
still secure one of the first copies of this valuable 
book absolutely free. 

The Coupon printed at the bottom of the op- 
posite page provides a convenient means for you 
to secure one of the first copies of this handbook 
free. But you must act at once! 

Please refer to POPULAR RADIO when answering advertisements. 
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Seven Remarkable Receiving Sets 
Illustrated Diagramed Described 

EACH of the sets described in POPULAR RADIO'S 
new book has been selected as the most ideal of 

its kind -for distance, selectivity, tone, volume, sim- 
plicity of construction, ease in tuning, reliability and 
general all -around satisfaction. 

You will find sets employing both crystal and 
vacuum tube detection, with regenerative amplifica- 
tion, audio -frequency amplification, "push and pull" 
power amplification, radio -frequency, compensated 

A $5 Crystal Set 
The simplest up -to -date set for local broadcast re- 

ception. Approximate range, 15 miles, though dis- 
tances up to 400 miles are not extraordinary. Gives 
clear signals on headset without distortion. No oper- 
ating cost whatever. 

The Haynes Single Tube Receiver 
An efficient set that may be made by a novice at an 

approximate cost of only $15 for parts. Simple to 
tune, selective, good audibility. Long distance range 
up to 1,000 miles on earphones. Six -volt storage bat- 
tery and 2251 volt "B' battery required. or may be 

adapted for dry cells and dry cell tubes. 

A Two -Stage Audio- Frequency Amplifier 
This instrument may be added to any set, crystal or 

tube, to strengthen the received signals so that they 
will operate a loud speaker. It is easy to construct, 
efficient, and costs only about $15 for parts. Operates 
on the same "A" battery that is used on the vacuum - 
tube detector unit. 

The Cockaday 4- Circuit Tuner 
A 3 -tube set, famous for its high selectivity and 

beautiful tone. So neat and compact that it may be 

kept in a bureau drawer. Cost of parts about $40. 
Receiving range approximately 1.500 miles on a loud 
speaker. Operates on 6 volt storage battery and two 
45 -volt "B" batteries. or may be adapted to dry cells 
and dry cell tubes. 

radio- frequency and intermediate wave radio -fre- 
quency amplification. 

You have your choice of crystal, one -tube, three - 
tube, five -tube, six -tube or eight -tube sets -the 
broadest selection anyone could ask for, all clearly 
illustrated, charted and explained in the simplest 
possible terms. 

Here are the actual receiving sets described in this 
new book, "How to Build Your Radio Receiver ": 

A 5 -Tube Tuned Radio Frequency Receiver 
Two stages of tuned radio- frequency amplification. 

detector, and two stages of audio -frequency amplifica- 
tion are here employed so that the possibility of "oscil- 
lation and re-radiation" is eliminated. The set can be 

operated on a loop antenna and may be built at a cost 
of only $90 for parts. Six -volt storage battery and 
two 45 -volt "B" batteries required. Range about 
1,000 miles on loop or indoor antenna, and 2.500 to 
3,000 miles on an outdoor antenna. 

The "Improved" Cockaday 4- Circuit Tuner 
Probably the most important contribution yet made 

to the equipment of the radio fan. A compact 5 -tube 
set with a receiving range of over 3.000 miles. Cost of 
parts about $95. Wave lengths range from 150 to 675 
meters. Automatic tuning and power amplification. 
Maximum volume of sound. excellent reproduction 
and no interference. Requires a 6 -volt "A" battery, 
three 45 -volt "B" batteries, one 22% -volt "B" battery 
and a 9 -volt "C" battery. 

The Regenerative Super -heterodyne Receiver 
More sensitive, more selective and more simple to 

tune than any other 6 -tube receiver yet developed. A 
three -section, 6 -tube set employing the Haynes Single 
Tube Receiver as tuner. May be further extended to 
a four -section. 8 -tube set by the addition of the two - 
stage audio -frequency amplifier. The cost of parts 
approximate $100. Range of 3.000 to 4,000 miles on a 

loud speaker. Has been called the "Rolls -Royce "of 
radio receivers. 

As a special introductory offer, for a limited time only, this book will be given 

FREE with a year's subscription to POPULAR RADIO at $3. Simply mail your remit- 
tance with the handy coupon below, and a FREE copy of "How to Build Your Radio 
Receiver" will be sent you, postage prepaid. Your subscription will be entered 
at once. 

Radio Dealers and Jobbers: Write for Our Special Letter 2JAA, of Particular Interest to You. 

r 
This Coupon Entitles You to a Free Copy 

POPULAR RADIO, Dept. 25, 

9 East 40th Street. New York City. 

Please send me, postage prepaid. a FREE copy of POPULAR RADIO'S new handbook, "How to Build Your 
Radio Receiver," edited by Kendall Banning and L. M. Cockaday. I enclose $3 for a year's subscription to 
POPULAR RADIO which entitles me to this book absolutely free of charge. 

NAME 

STREET & NO 

CITY & STATE 
(No extra for Canada. Foreign countries 50 cents Postage extra) 

Please mark here 
Indicate by a circle whether 
your subscription 
renewal (R on xtensiion 
of your present subscription 
(E) 

N R E 

Please refer to POPULAR RADIO when answering advertisements. 
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° LlTTLE 
hut MIGHTY 

For all- around efficiency In actual per- 
formance we back our "Hegehog" to the very limit. Put it in comparative testa with any transformer made. Install it in 

any of the latest hook -u s- Neutrodyne, 
Autodyne. Soperdyne, Miloplex, Autoplex. 
Judge it for volume, lone quality and con- 

sistent performance. Give lt. every possible 
test. Then consider its size and price. It 
you do not find the "limbos" unsurpassed in every way. your money will be gladly re- funded. We guarantee it unconditionally. 

There is nothing superior to the "Hegehog" 
iu efficiency and for compactness. Make this 

test. Send for FREE Bulletin No. 92. Ratios 
I to 3, 1 to 4, 1 to 5- $3.50; 1 to 1b-64.50. 

Ask Your Dealer 

prrmirr Etrrtrir pompany 
3807 Ravenswood Ave., Chicago 
AUDIO TRANSFORMER 

$350 

1 ell 
er 

Cut ?á 

Actual sire 

Guaranteed Head - Sets 
"RED - HEADS " are &reran - 

teed radio phones. You run 
no risk when you buy them. 
Money back if, after 7 days' trial, you're not satisfied that they're the best receivers on the market at the price. Why 
not act right now and get a pair? It'll mean getting the 
maximum from broadcasting 
from the day you put them into use. 

EDOHEAD 

MOVERS 
NOW READY 

The new 1924 Model F The new "Red -Head" Jr. 
$6.50 Per Pair $5 

Co .00 Pe Pair V Complete .7 mplete 
r 

"Red -Heads" sent prepaid on receipt of price If you are unable to get them at your dealer's. 

The NEWMAN-STERN COMPANY 
Dept. PR Newman -Stern Bldg. Cleveland 

The TRINITY 
LOUD SPEAKER 

The Trinity Loud 
Speaker is an instru- 
ment that combines 
the best qualities of a 
phonograph repro- 
ducer in combination 
with electro- magnetic 

TYPE principles best fitted 
AI forradioamplification. $25.00 Perfect reproduction of 21" Fibre all music and speech with - Horn out distortion. No storage 

batteries required. The in- 
strument is of a heavy duty 
type and is guaranteed fully 
by the manufacturers. 

For sale by good dealers. 
Literature upon request. 

TRINITY RADIO CORPORATION 
446J. Tremont Street, Boston, Mess. 

YOU 
DON'T 

NEED 
TUBES 
To hear concerts from distant Cities. 

will bring 
YOUR oCRYSTALr SET 

You may already have all the parta you need and merely have it HOOKED UP WRONG. 
People using my plans hear programs clearly from stations 
No TUBES, 

TO 
AMPLIFYING APPARATUS or Special Crystal required. My COPYRIGHTED instruc- tions selling for $1.00 are written so anyone can understand. They show you exactly how to fix the set you have or make one like mine. 

Satisfaction Guaranteed or money refunded. 
Send self -addressed envelope for picture of any set and further particulars. Write me today. 

LEON LAMBERT 540 So. Volutsia Street. Wichita, Kansas 

NEW PYRALIN 

Made by Du Pont ex- 
pressly for us. WORI {S 
with any Phones. 
Beautiful, transparent, 
exceptional value. Sat- 
isfaction guaranteed. 
THE SHELTONE CO. 

185 -189 Clislos Ave. 
Newark, N.J. 

Please refer to POPULAR RADIO when answering advertisements. 



The Best in Radio Equipment 97 

Insure the Life of Your Vacuum 
Tubes With a 

FILAMENT METER 
Avoid a burn -out of your vacuum tube by know- 
ing the voltage conditions with a Sterling 
Filament Voltmeter. Another advantage is the 
ease in duplicating results and quick tuning. 
Sterling Filament Meters are of the magnetic 
type, flush -mounted, always reliable and make 
a very attractive addition to any radio panel. 

THE STERLING MFG. CO. 
2843 Prospect Avenue Cleveland,-Ohio 

Grewol Detector 
Fixed Adjustment 

Don't lose patience! There 
is a really efficient crystal 
detector - the GREWOL. 
Fixed on the most sensi- 
tive spot. 
Best 
sets. 

circuits crystal 
Guaranteed not tonurnout ts. 

At your dealer's 
or direct upon 

receipt of 

$2 

RANDEL WIRELESS CO. 
4 Central Ave. Newark, N. J. 

by Perfect 
End - Plates 

U.S.TOOL CONDENSERS 
Infinitesimally small dielectric losses in 
U. S. Tool Condensers. The end plates 
of Laminated Condensile- Cderon are non- 
porous, proof against all capacity leaks 
and non -warping. One of the details 
that make it well worth your while to 
insist upon U.S. Tool Condensers. Write 
for booklet. 

U. S. TOOL COMPANY, INC. 
116 Mechanic St. Newark, N. J. 

Patent 
Applied for 

$4.50 VARIOCOUPLER $4.50 
Here Is a distinctively high grade \ arlocoupler at an ex- 
ceptionally low price. 
Cheek the following points and vtrify this claim. 
(1) Spider web rotor. The only means of obtaining min- 
imum coupling. (2) Pig tall contacts. (3) Bakelite tube. 
(4) Oreen silk wire. (5) No live brackets. (8) Improved 
taps. (7) Dead shaft and no capacity effect in tuning. (8) 
180 dial adjustment without the rotor being submerged 
in stator Ileld. 

THE HARTMAN ELECTRICAL MFG. CO. 
Mansfield, Ohio 

Please refer to POPULAR RADIO when answering advertisements. 
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Free Parts for Your Radio Sets! 
Your choice of these valuable premiums, 
free to you as a reward for securing only a 
few subscriptions to POPULAR RADIO 

AFEW moments of your spare time 
spent in bringing POPULAR RADIO 

to the attention of your friends and 
acquaintances will yield you big re- 
wards. Never before have we been 
able to offer such attractive and liberal 
premium values as these. 

Glance over this broad list of radio 
parts and equipment that you can 
secure FREE, merely by introducing 
POPULAR RADIO to some of your friends 

and acquaintances who will appreciate 
the opportunity of subscribing to this 
most interesting and helpful magazine. 

Show this copy of POPULAR RADIO to 
other radio fans. The pages of the 
magazine will speak for itself. Then 
send us the names of your friends, with 
$3 for each yearly subscription, and 
take your choice of any of the following 
premiums. They'll come to you ab- 
solutely free. 

Any One of These for 2 Subscriptions: 
Dubilier Ducon, and choice of any three Dubilier Three Pacent Jacks (one single circuit and Iwo double 

Micadon Grid Condensers of the following capacities: circuit). 
.00025; .0005; .001 or .002. Bakelite Panel, size 7 x 18 inches. 

Pudlin Tubular Grid Leak (2 megs.); Dubilier 225 volt B Battery, large, choice of Burgess 
Micadon Gril Condenser .00025; Cutler Hammer 6 

E One 
copy of B 

Hammer 
30inhs "Radio 

Rheostat and ohm Rheostat, and one Alden Napier Socket, choice Cutler Hammer 30 ohm Rheostat and choice of 
of either 201A or WD -11. one Alden Napier Socket: 201A. 199 or WD -11. 

One copy of POPULAR RADIO'S new handbook: "How to Build Your Radio Receiver." 

Your Choice for Only 3 Subscriptions: 
Bakelite Panel, size 7 x 24 inches. Two Cutler Hammer 6 ohm Rheostats and one 
Set of Mounted De Forest Coils; 35, 50, 75. Cutler Hammer Potentiometer. 
Amsco Compensating Condenser and choice of any Diode Dry Cell Tube and Cutler Hammer 6 ohm 

one Alden Napier Socket: 201A, 199 or WD -11. Rheostat. 
"Scientific" Headset. 

or 

Big Value for 4 Subscriptions Each: 
Lefax Loose Leaf Radio Handbook with full year's 

free supplement service. 
Sleeper Variocoupler with switch lever and points. 
Cardwell 21 Plate Condenser or General Radio 

23 Plate Condenser. 

Cardwell or Se -Ar -De 17 Plate Condenser. 
Cardwell 11 Plate Condenser and Pacent Jack. 
U. V. 200 or C. 200 Vacuum Tube. 
"Ampl Tone" Phones. 

Free With 5 Subscriptions Each: 
Cardwell 43 Plate Condenser. U. V. 201A or C. 201A Vacuum Tube. 
Spiderweb Coil and Mounting. 
Brandes or Holtzer. Cabot No. 4 National Phones. 
Amertran Transformer. 
Atwater Kent or Sleeper Variometer. 

ALL premiums will be sent prepaid, immedi- 
ately on receipt of your orders. If you 

want some particular part that is not listed 
here, write us and we'll tell you how many 
subscriptions you'll- need to get it free. Or 
if you prefer cash commissions, just drop us a 
postcard asking for full particulars. 

Renewals of old subscriptions or extensions 

U. V. 199 or C. 199 Vacuum Tube. 
WD -12 or C. 12 Vacuum Tube. 
WD -11 or C. It Vacuum Tube. 

of present subscriptions count the Same for 
you as new subscriptions. In other words, 
any subscription you receive entitles you to 
your reward in cash or in premiums. Simply 
send us $3 to cover each subscription you take 
and we will send you your premiums. 

Start today, and you'll have your required 
number of subscriptions in a jiffy! 

POPULAR RADIO 
Dept. 21 9 East 40th Street New York City 

Please refer to POPULAR RADIO when answering advertisements. 
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24 V $ .25 RADIO "B" 

SENECA 8Páá BATTERY 

Absolutely Quiet Dry Charged 
The Seneca 24 Volt Radio 13 Battery is designed and con- 

structed for tone life, absolutely quiet and uninterrupted 
service, its separate cell assembly prevents current leakage 
common to other types. Seneca Batteries are shipped DRY 
with FULLY CHARGED PLATES and are ready for service 
immediately after addition of acid, without initial charging. 
They guarantee successful RADIO OPERATION. Send 
for yours today, if not satisfactory, return in 30 Days and 
money refunded. 

Jobbers and Dealers 
write for discount 

SENECA BATTERY CORPORATION 
1525 Main Street - - Buffalo, N. Y. 

FOUR CIRCUIT COIL, SET 

" 
f 

250 í Ä Coil 
covered 
square 
wire- 

°D Coil 
bank 
wound 

Full set A, B, C and D coils made exactly according 
to Cockadaÿ s specifications. Full size blue prints and 
illustrated instructions with each set. 

Materials for standard Four Circuit Tuner- 
panel, coils, cond , verniers, grid leak, vernier 
rheostat, socket, jack, dials, switch, contacts, posts, 
busbar wire, spaghetti, etc. (no tubes or phones). 

Complete for $11.65 

NEW TYPE COILS 
For improved Cockaday Tuner -double $A .00 
silk covered wire wound on hard rubber z 
or bakelite tubes. per set 

Postage additional on all orders 
Send no ney. Order by post card, pay the postman 

RADIO SURPLUS STORES 
HELENA, MONTANA 

Diamond Weave Variocoupler 

An R. M. C. Product 
Sevencighths of windings are in mid -air, thus 
reducing dielectric losses to a minimum. 
Diamond Weave Construction reduces distrib- 
uted capacity to a minimum. 
The R. M. C. Variocoupler has a wave range of 
150 to 600 meters. The Variometer is the same 
size and general construction as the varioeoupler, 
and has a variance in inductance of 300 meters, 
Outside diameter of primary windings is 4W; of 
secondary, 33/ "; extreme length 53e. 
These R. M. C. products will greatly improve any 
circuit where a variometer or variocoupler can 
be used. 

Viee' 
$4.50 

.eon ter .50 

THE RADIO MANUFACTURING COMPANY 
of Springfield, Massachusetts 

Dept. B 97 Dwight Street 

n- e, 

LOUD 

SPEAKER 

$18.50 

KING OF ALL ar 

HEAD 

SET 

$4.50 

A complete loud speaker of 
superior qualities. Will 
reproduce music or speech 
with no distortion. 

No extra batteries re- 
quired. Will operate at 
one or more stages of am- 
plification. 

Comes complete with 6 
foot cord. 24" high -14" 
bell -Crystaline Finish. 

Loud Speaking Unit 
with special phono- 
graph attachment 

$8.00. Can be attached to any horn 
or phonograph arm. 

We are the makers of the "Royalfone" 
King of All headsets at $4.50. 

Royal Electrical Laboratories 
Dept P. R., Newark, N. J. 

AL 

Please refer to POPULAR RADIO when answering advertisements. 
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Clear and Sweet 
You've tried many expensive 
tricks to improve reception 
on that set of yours, but do 
you know that for the cost of 
one necktie you can get real 
results ? 

The ORIGINAL 

COMSCO COMSCO 

AUTOMATIC BULL DOG 
GRIP PLUG 

Wcenead Under Pat. Pend. Serial No. D 8010 -No. 578640) 

IS THE LAST LINK IN 
PERFECT RECEPTION 

The COMSCO AUTOMATIC BULL DOG 
GRIP PLUG is very simple to operate. Con- 
necting tips are inserted by a single touch, 
while with the flip of a small knob the tips 
slide out easily. 
WE GUARANTEE THAT THIS PLUG 

saves you from short circuits and battery 
kicks. No more burned out phones or ruined 
transformers. No more broken finger nails. 

tg, 
For one pair phones $1.00 
For two pair phones $1.50 

FOR SALE AT YOUR DEALER 
Otherwise send purchase price direct' 

to us and you will be supplied 

GENERAL INSTRUMENT CORP. 
123 LIBERTY STREET 

NEW YORK CITY 

-Reliable 
11:411t A1100 11 Q Goods 
Results Are Sure With RELIABLE Goods 
And its easy to get such goods- anything you want in radio 
equipment. Big complete stork -everything guaranteed: quids 
service: right prices. And you're sure !fs reliable when it comes 
from Andrae. Get our complete catalog -free 

JULIUS ANDRAE & SONS CO. 
127 Michigan Street Milwaukee, Wis. NC RAE In3:.Bnuìn50 

ce 1860 

"Push- Pull" 
Amplifying 

Transformers Amplify the 
MODERN Way 

r Tho "Push -Pull" method of amplification is the latent and 
best method. Used in addition tonne or two stages of audio. 
Latest bulletin, hook...andc complete information onreaue..t. 
MODERN Transformers can be used with all standard tubes. 

Modern 10 to 1 
This typ is of particular value in the new Reflex circuits 
here ihigher secondary reactance helps maintain the equi- librium NN circuit necessary for effective operation. The audility the 

ccurves of these transformers are 
practically 

amplification 
eee 

Modern 4 to 1 
This type is especially recommended for the most satisfac- 

tory operation in a 

T2.tsthae 

gs 
eamplifierng either two 4 to I tor(u 

ers or o 
it 

etage. 
Thin Ì tier ge t vi Ide great- 
er volume. 

The Modern 
Electric Mfg. Co. 

Dept. 702 Toledo, Ohio 

LOUD SPEAKING 
CRYSTAL SET 

Stations brought in from over 1000 miles and music heard 
all over the room right from your present crystal set with 
the STEINMETZ AMPLIFYER. Get our complete catalog. 

STEINMETZ WIRELESS MFG. CO. 
5703 Penn Ave., Pittsburg, Pa. 

Are You the 
Boy We Want? 
We're looking for a few live wires, real "go 
getters," who can earn good "jack" in their 
spare time, taking subscriptions to POPULAR 
RADIO. Commissions in cash. Profitable 
and enjoyable work. Easy as "falling off a 
log." 

$31.50 in 2 Weeks 
is the record of a Philadelphia lad -one of our 
part timers -whose motto is "Do it now, and 
bring home the bacon." Want me to prove to 
you that you can do it too? All right! Here 
goes -just fill out the coupon -and "let George 
prove it!" 

1 Popular Radio, Inc.. Dept. 28 
9 East 40th Street, New York City 

C'moa George! Whatcha got up your 
sleeve? Tell me how I can make some 
extra money working for good old "Pop" 
Radio, in my spare time, and send me a 
sample copy free. 

1 

Name 

I Address I 

I City State 

L _ _ J 
Please refer to POPULAR RADIO when answering advertisements. 
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SMALLEST LOOP ANTENNA 
All the well known advantages of 

the loop aerial are intensified in the 
Warren Radio Loop. So small you 
can slip it into a coat pocket, yet as 
sensitive as a much larger outside 
aerial with all its defects. Abso- 
lutely accident proof. Write for 
the name of the nearest 
Warren dealer and our Bul- 
letin containing latest hook- 
ups, TODAY. 

Type 8-737 (300 -700 meters) 6 inches square- non -directional 
Type A- 72361116-1000 meter.) g inches seuan- non -0frectionsl $12 
Type 0.2337 (300-700 metes) 18 inches 

honeycomb 
$20 Typs 18 

Inches square-directional 
with honeycomb coil mounting 

$25 
Send for Bulletin 1.102 

8-0E-CO RADIO MFG. CO., Osai. F, Asbury Park, N. J. 

panel right! 
YOU have completed experimenting. You 

are satisfied at last with your hook -up. 
Now -panel it so that it will look well 
as well as work well! Have handsome, dur- 
able sides and top cut from this matchless 

material - 
Bakelite- dilecto 

(A Laminated Phenolic Condensation material) 

Withstands amazingly every kind of radio abuse. Unaffeci. 
ed by heat, cold, water, oil, steam, solvents and weather 
conditions. Highest in dielectric strength. Ask any radio 

dealer to obtain it for you, cut and drilled. 

THE CONTINENTAL FIBRE CO. 
Factory: Newark, Delaware 

Services on Bakelite- Dilecto (also Continental- 
Bakelite, Confite. Contes and Vulcanized Fibre) from 

New York. Woolworth Bldg. Chicago, Wrigley Bldg. 
Pittsburgh, 301 Fifth Ave.. San Francisco, 75 Fremont St. 
Los Angeles, 307 S. Hill St. Seattle. 1041 Sixth Ave., So. 

Offices and Agents Throughout the World 
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A phone plus a 

FIBERTONE 
makes a beautiful 
musical instrument 

The highest tonal quality undisturbed by 
either metallic noises or distortion is best 
obtainable with fiber horn. This one 
factor is the reason for Fibertoná . Popu- larity. And the low price for such fineness 

bsensation of the die world. The e. tiful cryetalline finish of the Fibe ton 
fits it for any place where the finer things 
of the home are seen. 

If your dealer supply you write 
d' 

FIBER PRODUCTS COMPANY 
34 Orange St. Bloomfield, N.J. 

nBERTONe 
RADIO HORN 

EAGLE 
NEUTRODYNE 
Balanced Receiver 

Greater range, clearness and volume 
now attained by the perfect balance 
of tube capacities. As easily operated 
as a phonograph. Each Eagle Receiver 
individually tested. Unreservedly 
guaranteed. 

Licensed by Independent Radio Manufacturers, 
Inc., under Hazeltine Patent No. 1,450,080, dated 
March 27th, 1923, and other patents pending. 

Write for Illustrated Booklet 

EAGLE RADIO COMPANY 
18 Boyden Place Newark, New Jersey 

Please refer to POPULAR RADIO when answering advertisements. 
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Tone Tested 
Radio Headsets 

D50 

THE lowest- ppriced Bmt quality headset on Ne market today. Compere td, headset, costing twice our price. Return 
n if not satisfied. Our written guarantee protects you. Sens $3.00 by 

save 
thediffd mall or money coser. Buy direct of us and sv the difference. We ship, postage pre- paid, same day order is received. Ask for our 

Free Catalog of Radio Parts 

EDSON RADIO SALES CO. 
2 Elmwood Providence, R. I. 

RE -NU 
REFILLABLE 

RADIO BATTERIES 
Your "II" battery is as strong u the weakest cell; if one cell in a sealed -in battery becomes defective, the whole bat- tery Is worthless. With a RE-NU refillable battery, one or more cells may be instantly removed and fresh ones Inserted. Flashlight unit cells for refillers can be bought for a few cents in every city and town, thereby reducing your battery costs to a minimum. NO LOOSE CONNECTIONS. 
Made in polished mahogany finished cabinet to match most expensive set, equipped with hard rubber binding terminals, and rubber feet. 
Furnished only In the 2255 volt size, tapped for 1655, 18, 1955, 21, and 2255 volts. 
Absolutely guaranteed or money refunded. Immediate deliveries. 
Price 84.00 postpaid In U. S. A. Cash with order or C. O. D. 

STEINER BATTERY CO. 
LANCASTER, OHIO 

RADIO a CRYSTAL 
Entire Surface Sensitive 

The Recognized Standard Crystal Rectifier 
Used all Over The World Hundreds of Thousands of Satisfied Users. Rusonite Has Revolutionized Crystal Radio 

Reception. 
THE PERFECT SYNTHETIC CRYSTAL 

Guaranteed 
Price mounted See 

RUSONRE CATWNISNER 14 N. GOLD 
Supersensitive ; will not oxidize Price 2Sc 

Order from your dealer or direct from Rusonit Products C tion 1S Park Rowe New York. N. Y. 

RADIO WALL MAP 1 Oc 
Up to date, just off the press. Shows call letters, location, 
wave length, and kilocycles of all radio broadcasting stations also American Relay divisions and radio districts. Complete with scale for measuring distances. Size 28a34 inches printed in three colors. Postpaid for a dime. 

OZARKA, INC. 
865 Washington Blvd., Chicago 

Free RADIO 
VACUUM 
TUBE SET 

Can receive 100 
miles and more 
Rush your name to 
learn how you can 
get a Vacuum Tube 
Radio Set ABSOLUTELY 
FREE. Don't delay, write today for 
FREE RADIO PLAN 

HOME SUPPLY CO. 
De .240 131 Duane St., N.Y. C. 

Carter 
"HOLD- 

CODE NO. too TITE" Jack 
Phosphor Bronze Springs. Westinghouse "Micas-ta" lation. Pure silver contact points. Ask your dealer. Write for catalog. 

Carter Radio CO. 
1807 Republic Bldg. CHICAC 

II FEET LONG 

teca,ww 
haulms 

NSIDE -AE 
5,buwe lee Wreck Anenn 

°Fen Snarled . Wire 

NOT A LOOP 'A 
BUT A FULL SIZE ANTENNA 16 Sur td 

seta 
tone 

fine 
tithes 

Tun, It 

CO$MPLETE 
POSTPAID 

It [NOTES 
DIAMETER 

Seagram. 
I or 

Unaffected by W,nd- Ram -Sien- Lhm,nt 

INTER -STATE SIGNAL (B), COLUMBUS, OHIO 

PERFECTONE 
As the name implies, its perfect tone enables its lis- 
teners to visualize the performers and to feel their 
presence. Write for details. 

PERFECTONE RADIO CORP. 
488 -490 Broome St. New York 

We Offer Cash for Your Spare Time 
MAIL the little coupon today. It will 

mean money to you. 
For every subscription to POPULAR RADIO 

that you send us, we will reward you liber- 
ally in cash conirnissions. 

Many of your friends and acquaintances 
will be glad to subscribe to POPULAR RADIO 
when they see what a helpful and interesting 
magazine it is. You can do your friends a 
good turn and at the same time make money 
for yourself by taking their subscriptions for 
POPULAR RADIO. 

Mail the coupon today for full particulars 
and a free sample copy. 

r POPULAR RADIO, Dept. 26 
9 East 40th Street, New York City 
Please tell me how I can make money in my spare time taking subscriptions to POPULAa RADIO. Send along a sample copy for me to work with; also other necessary supplies. 

NAME 

ADDRESS 

Please refer to POPULAR RADIO when answering advertisements. 
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ZeTRIPLE SERVICE 
Dailert` 

CHARGER. 

7A 'Arran 

Buy the:FF charger -a success for many 
years. Simple - shockproof -self exciting - 
automatically tapers charge. Attach two 
wires -turn switch -a jitney and a few hours 
charges the battery. No fluids to spill or 
corrode -no expensive parts to replace. Sat- 
isfaction guaranteed. Price $15 to $28. Look 
for the FF -buy none of the imitations - 
write for literature explaining many exclusive 
features, also name of dealer who can furnish 
the genuine article. 

The France Mfg. Co. 
10444 Berea Road Cleveland, O. 

Distance & Volume 
are found in 

RayCoils 

A =$2.50 
B = 2.00 
C = 2.00 
D = 2.00 

RayCoils "A" for 
Retnartz, Ray 
Coila "B" for RCS 
and Ultra Audion 
Circuits, RayCoils 
"C" for RCS Ultra 
Audion and Tuned 
Radio Frequency 
for All Circuits. 
"D" for Neutraliz- 
ing Circuits 4 & 5 

Tubes. 

Use the RCS Circuit with or without 
Radio Frequency for Simplicity in opera- 
tion and results. Not equalled by any 
set for volume and distance. 

Coils in Separate Box 
With Wiring Diagram 

Working Blue Prints of four sheets 12 a 18 of all 
standard circuits, such as The Variometer, Reinartz 
and RCS one and three tube sets. SO cents a set. 

If your dealer cannot supply you, send direct to us 
and we wit( mail them port paid anywhere in the 

R. C. SCHOONHOVEN 
Major Q. M. R. C. 

ELGIN, ILL. 

"World's Greatest 
BA*-T Rr, fklN- 
FREE 

Hydro- 
meter and 

lery 

Irr, s r Year ;uar 
Your N ("roof f s 

Read Every Word of the Special 
New Year's Offer -Then Act 

Thousands of P eeua Raoro Readers will profit-by this 
amaeing offer. They will buy the famous 2 -year guaranteed, 

World battery at the lowest price ever quoted -They will get a 
hydrometer and "B" Battery FREE. And they get the best 

battery built. It is "World" quality that makes possible our 2 -year 
oironclad guarantee. It is "World" quality that makes "World" 

wners "tell their friends' " -that's the best proof of performance any 
product can have. 

Compare These Prices: 
Special 200 Hour Rechrge - 

a 
ble Storage Batterie. 

2 Volt for W.D. 11 and 
12 tube. $5.00 

4 Volt for U.V. 199 tube. 8.00 

6 Volt 60 Amp.. .88.50 
6 Volt 80 Amp... 10.00 
6 Volt 100 Amp. 12.50 
6 Volt 120 Amp. 14.50 
6 Volt 140 Amp...16.00 

Send No Money 
You need not send a penny. Just clip this ad and attach your name 
and address. The battery will be shipped to you the day your order 

received. When the battery arrives. inspect it -read our 2 -Year is 
before you pay one penny. Convince yourself you are pro- 

tected from every angle -that the World battery price eaves you 50 %. 
Get the "B" Battery and hydrometer FREE. Order today. 

Special New Year's Offer 
Clip and mail this ad with your World battery 

m 
der 

and get this hydrometer and "B" battery /res. 5% 
disc. for cash in full with order. 

WORLD BATTERY CO. 
Dept. 3, 1219 So. Wabash Ave., Chicago, Ill. 

World 

KEEP A RECORD 
OF 

Programs- Stations Heard 
Dial Adjustments 

Changes in Set 
Weather Conditions, Etc. 

Use the 

ISTEN«I 
RADIO RECORD 

REGISTERED U.S. PAT. OFF. 

. THE ONLY "LISTEN IN" BOOK 

Flexible cloth binding. Gold stamping. 160 pages. 
Printed on Bond Paper. Contains introductory 
article "How to Receive Radio Broadcasts" by Lloyd 
C. Greene, Radio editor Boston Globe. Many Radio 
Hints and Tips. Complete list of Broadcasting 
Stations and double page map of United States. 

PRICE 75 CENTS 
At Your Dealers or Sent Prepaid on Receipt al Price 

LISTEN IN PUBLISHING CO. 
110 Main Street 

CAMBRIDGE MASS. 

Please refer to POPULAR RADIO when answering advertisements. 
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Noiseless - Permanent 
1/4 to 10 Megohms 

'ìììe BiadjØeakisthebes t 
Grid Leak I have tried 

-.CrrsiY,ewEUrxa 

E. T. FLEWELLING 

Btolgydeeh 

Retail Price 
Si 85 

Condenser 
00025 MF 

35C Extra 

E. T. Flewelling, inventor of the famous Flewelling 
circuit, recently tested a number of Bradleyleaks in his 
laboratory and after a thorough test writes as follows: 

"The radio market has been sorely in need of ap- 
paratus of such a high type as the Bradleyleak, and I 
feel that you are to be congratulated because of the 
action of this grid leak as shown under test. I do not 
hesitate to say that, so far as my tests are concerned, 
it is the best grid leak that I have tried and the only 
leak that comes anywhere near approaching the ideal. 
It is a high -grade piece of apparatus in every respect 
and I am only too glad to congratulate you again." 

Mail this Coupon -Today! 

ALLEN-BRADLEY 
1 E :. "4... W6 - --- 
I Please send me your folder describing the 
I Bradleyleak and its construction. 

I Name 

Address 

1------ - - - - -- 

The Bradleyleak is the result of 20 years' experience 
in the manulactur_ of graphite disc rheostats. It con- 
tains no carbon or metallic powder. Il is distinctly a 
disc rheostat. A smooth range from % to 10 megohms 
is obtainable without steps or jumps by simply turn- 
ing the adjusting knob. The Crosley laboratory found 
it unaffected by atmospheric conditions. 

Many of the new circuits, such as the Flewelling or 
other highly -selective circuits, work best when equip- 
ped with the Bradleyleak. Try one on your radio set 
and you will be amazed with the improved operation. 

C41 
Electric Controlling Apparatur 

276 
Creedeld 

Are. 

Mürases, 
Wisconsin 

Newel :dorm of greMae .v..p.ri. 
Acosta, forever 20 years. 

Is Your Grid Leak Correct? 
The .following table gives the approximate values 
of grid leak resistance recommended by vacuum 
tube manufacturers 

Audo 
(DeForest) DV -6,2 Megohms 

Megohms 
C 209' 2 to 5 Megohms 
C30I -A - - - - 2 Megohms 
UV-199 - - 2 to 5 Megohms 
UV -200 - - 2 Megohms 
UV201 A - - 2 Megohms 
WD-II - - - - 3 Megohms, or more 
WD-12 - . 3 Megohms, or more 

Please refer to POPULAR RADIO when answering advertisements. 
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This Little Box Brings Maximum 
Efficiency toYour Receiving Set 

Since the Cutler -Hammer Engineers announced 
the C -H Variable Grid Leak, thousands have 
learned the secret of grid control. This little in- 
strument makes it possible for the grid condenser 
to discharge at just the proper rate for maximum 
reception, and is built with watch -like precision to 

give perfect results. It is quickly installed in any set 

without additional wiring -the short link to the 
grid post (adjustable to any position) assures max- 

imum efficiency and the long insulated shaft makes The C -H Variabk Grid 

adjustment from the front of the panel easy and Leak is fully adjusrobk 
I 

Leak 
for any grid con - 

accurate. &ter 
Put one in your set today! But insist on the C -H trademark and 

the orange and blue carton, for the grid circuit is the most delicate 

in your set and only the most precise instruments can be used with 

safety. Here the faint electrical pulsations are brought direct from 

the aerial to start through the process of amplification that finally 
makes them powerful enough 
to violently vibrate a "loud 
speaker" diaphragm. False 
fluctuations induced by poorly 
constructed or improperly 
designed apparatus are mag- 
nified thousands of times. In- 

The C -H Variable Grid Leak is 
sist on the grid leak by the 

mounted on the grid post -where it "Master Builder" and be 
lxlongs. Thia allows a aho.t g d lead certain of success. Sold by 
forma aft anel and the long 

red shaft W the parcf preanU' body" narrea. dealers everywhere. 

THE CUTLER -HAMMER MFG. CO. 
Member ̀ Radio SectioncAssociated Manufacturers of Electrical Supplies 

MILWAUKEE, WISCONSIN 

"BUILT BY THE MASTER BUILDER" 

GRID 

Instruments of Guaranteed 
sttality Assure Success 

in Radio 

- J 
The C -H 4 Ohm Vernier Rheo- 
stat- Perfect detector tube control. 
Also furnished without ormier for 
amplifier tube control. 

The C -H 30 Ohm Radio Rheo- 
stat-For control of the ',s ampere, 
"UV201A- C30IA" type receiving 
tuba and the "U V 199C299" type. 

The C -H 125 Ohm Radio Rheo- 
stat - The rheostat that makes it 

possible to use a 6V 
the UV 199 or C299 

tubers. cell with 

The C -H Variable Resistance 
Unit -Attach it to your present 4 

ohm rheostats to obtain the required 
30 ohms for the new tubes. 

The C -H Radio Potentiometer - 
The potentiometer with the 
resistance unit that does not 

wear and cannot be dis - 
\p/asedunder eon- 

dis- 
placed 

usage. 

LEAK 
1RF.S9 OF WILLIAM GREEN, NEW TORE 

Y, 
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A. Radio Statement to the Public 
KEEPING its pledge to the public, the Radio Corporation of 

America has concentrated its vast research and engineering 
forces upon the solution of certain fundamental problems facing 
the art- problems which have become more apparent as broad- 
casting stations and radio receivers multiply. 

The phenomenal expansion of the 
radio industry, and the universal 
and ever- increasing appeal of radio 
represent an outstanding develop- 
ment of the present century-for 
this industry has grown from in- 
fancy to maturity in a space of but 
two years. 

Briefly stated, there is today . a 
necessity for 

-A radio receiver providing super -selec- 
tivity -the' ability to select the station you 
want- whether or not local stations oper- 
ate. A selectivity which goes to the 
theoretical limits of the science. 

-Super -sensitiveness - meaning volume 
from distant stations -along with selec- 
tivity. 

-Improved acoustics -more faithful re- 
production of broadcasted voice and music 
than has ever been possible before. 

- "Nun-radiating" receivers -a new de- 
velupmint -a type of receiver which, no 
matter how handled, will not interfere 
with your neighbor's enjoyment. . 

- More simplified operation -a super -re- 
ceiver requiring no technical skill, thus 
making the greatest achievements of en- 
tertainment immediately available to all 
members of the family. 

-A receiver for the apartment house and 
populated districts, requiring neither aerial 
nor ground connection. 

-Another type of improved receiver for 
the suburban districts, equally capable to 
that above, for use where the erection of 
an aerial presents no problem. 

Painstaking search in quest of these 
ideals has led to new discoveries, 
setting new standards of excellence 
and performance- discoveries, 
which have established: 

First -that improved acoustics are possi- 
ble-a matter of scientific research and 
not of haphazard design -for truly melod- 
ious reception. 

Second -that dry battery operated sets 
can he so designed as to give both vol- 
ume and distance.. - 

Third -that the regenerative r ceiver is 
susceptible to marked improvement pro- 
viding selectivity, sensitiveness and aim 
plieily of operation hitherto deemed im- 
possible of accomplishment. 

Fourth -that the Super -Heterodyne -the 
hitherto complicated device requiring 
engineering skill to operate -could be 
vastly improved -improved in sensitive- 
ness and selectivity -and simplified so 
that the very novice and the layman 
could enter new regions of entertainment 
and delight. 

Watch For Further Announcements 
Radio Corporation of America 

Sales Offices: 
233 Broadway, N. Y. C. 10 So. 4Sille St., Chicago, 10. 433 California St., San Francisco, Cal. 

ola 
REO. V. S. PAT. OII. 

} 
T' 


