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Today’s Cinderclla nceds no fairy godmother.
Ske calls up Prince Charming and topether they
wallz al her Radio Dance, while out of the air,
orer her C & W Receiver, comes the rhythmic
nieing of Schubert melodics, Strauss waltzes.
Sascinating modern two-steps, played by the
nations best orchestras. . . -, . . . .

——(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

Minnesota

Mianeapolis tH] 2

Cutting =« Washington




The Best in Radio Equipment

RANDMA’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
lichtened by the world of
entertainment and fun
: ‘ brought to her by radio. A
‘< new interest fills her life!

‘ C. BRANDES, Inc. NEW YORK

< CMatched Tone

R Radio Headsets
. ©cC. Brandes, Inc., 1924
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HE GREBE CR-12
A Broadcast Receiver is
a highly efficient Radio
Instrument employing
bothRegeneration and :
Tuned Radio Frequency ¥
Amplification with ooly Iy
two tuning adjustments.
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A Dial graduated in wave-
lengths enables you to
locate the program you
desire instantly.
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Compartments are pro-
} vided for all necessary bat-

©  teries in thé attractively
1 finished walnut 4
] cabinet. =N
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Requiring no cum-
f" bersome storage
battery nor un-
1 sightly wires, this
i Instrumenc will
grace your library

or living room.
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Write for *“GREDE
Radio in the Well.
appointed Home

A. H. GREBE & COMPANY,

[ Richmond Hill, N.Y. Licensed under Ar;:lt.n-:ms: ' ———
! ; Western Brunch, $51 Eam 3rd St., Los Angelrs, Cal. U, 5 Pat. No. 1,163,149 Type CR-12
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PAGES WITH

{1 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 thizs magazine’s oft-repeated assertion
that “the editorial pages of Popurar Rapio
gre wot for sale,” hut goes even a step further;
it proclaims that even the advertising pages of
Porvrar Hapio are not for sale—unless the
buyer mests the prescribed standards|

L] * *

Here is the notice in fulls

STast 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 cut-rate-house advertising—and advertising
froim 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 §
pages of advertising from fly-by-night con-
cerns,

x  x »

“I EXPECT to secure for PoruLAr Rapio
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;

“Ist—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.

“Ird—The protection o? 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.”

* % %

FromM 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 PorurLar Rapio.
The growing use of PorurLar Rapio in our
schools and colleges furnishes grat.fying evi-
dence of the high standing that this magazine
enjoys in scientific circles.

o

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' cruisc to the West

THE EDITOR

Indies, South America, Africa, the Mediter-

ranean, India, China, Japan and other points,

east, west, north and south.
I

“DonN’tT you know of some good young radiv
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.

* % %

Tue 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 PorurAr Rapio, will be delivered to the right
person.

* % %

TaE demand for some of the back numbers
of Popurar Rabio,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.

* x  x

“I HAVE been a reader of your wonderful
magazine beginning with your first issue and
I have followed its marvelous advance. 1
sincerely think that PopuLar Rapio is the best
magazine for the radio fan.”

. —A, C, CorNWALL
* % x

“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

“3. A baked bean

“4. A match

“5., A pin"

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

* x %

TrE silver covers that make PoruLAr Rabpio
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 - ‘_’j
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. L, 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- By Courtesy of Western Klectric Co.
fessional alike. 300 k.v.a., 60 cycle, 3-phase, 22,000 volt, oil-cooled specisl

—

L R

service transformer. Kadio Central, Rocky Point, L.}

—With all tubes— AMER I KAN —In all stages—

TRADE MARK REG.U.S.PAT.OFF. “a»

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
5 times the tube constant.

Type AF-6: turn ratio, 5:1

Send for Circular No. 1005

American Transformer Company

Price, Designers and builders of radio
$7.00 transformers for over 22 years

Ask your Electrical
Dealer: on. sem carringe 175 Emmet Street .« Newark, N. J. .
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PAGES WITH THE EDITOR
(Continued from page 4)

odicals are tollowing in the trail. Gold, copper

and bronze covers are now beginning to peek

out on the newsstands—but PopuLar Rapio

still stands alone with its “sterling” standard.
* * x

From Earl K. Nixon of Ironwood, Michi-
gan, comes this commentary that pigeonholes
PorurLar Rapio 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 Porurar
Rapio 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.”

* k%

WHAT poet was it who sang of the “dreamy,
heavy-lidded Southland”? Twice within the
past weck 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.

*  x *

Tr this practice spreads the Technical Editor
will plumb have to do his work in seclusion!
K B M

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 ahsolute divorce be-
tween the advertising pages and the editorial
pages—a policy that %as been insistently main-
tained from the very beginning, and which will
be maintained without fear or favor. The
Editor belicves 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
cominercial interests. More, he helieves 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 RapIo 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
vour most excellent magazine makes me feel
as though I knew you personally, as though

you were an old friend. I want to compliment
vou 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 PorurLar Rabpio 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 rcason is obvious. Porurar Rapio is
justifying its name. Congratulations and good
wishes!”

x % *

“Your 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.

x k%

So many readers of PorurLar Rapio 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!

k%

TuEeRe seemed to be only one logical solu-
tion to this problem of supplving reprints of
these articles—to publish them in book form.
And that is what Porurar Rapro is doing.

£ % %

Tue 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-
dvne receiver—are being published in a book
that is now in the hands of the printer, How
to Build Youwr Radio Receiver, edited by the
Editor and by the Technical Editor of this
magazine.

% & %

Tue book will be ready shortly after the
publication of this issue of PopurLar Rapio,
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.

Ondall

L

Editor, PoruLar Rapio
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?ﬁié‘hoolvup that~
eliminates battery 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 thc 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. Fiteed 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—$18.50.

Insist on the GOLD SEAL

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

RADIO FANS—ATTENTION!

FREE Ask vour dealer for a free co‘ll:_).v of the HOMCHARGER intcrnational list of broadcasting stations.
Contains call letters; location, namexaand wave length of nearly every broadeasting station in the world.

DEALERS—JOBBERS!

Prepare for the big HOMCHARGER vyear ahead by writing today for a copy of our elaborate merchandising plans. 1n it
is lustrated ‘many attractive sales helps that will enable you to get your share of this business.

%eAutomaticElectrical DevicesCo., 132 West Third St., Cincinnati,O.
o= Largest Nlanufacturers of Vibrating Rectifiers in the World =

Please refer to PoruLar Ranio when answering adverlisements.
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Model X

$285 Fully Equipped With
Built-in Loud Speaker

This radio receiving unit is a newly perfected
development of the Kennedy Engincering
Stafl. 1t is unusual in that it combines exe
trcme simplicity of operation with the same
scientific accuracy and selectivity that char-
acterized the earhier Kennedy models. After
an initial setfing is made on{_y one dial is re-
quired for all tuning. And, when a dial set-
ting 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
establigshed some unusual distance records,
Responds to all broadcast wave-lengths—
operates on any antennac. outside type pre-
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fereed. “Re-radiation” has been practically
eliminated. :

R

Beautiful Radio Furniture =
0. 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 1s 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 vomfort 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 Mode! X, completely equipped
with all tubes, dry batteries, built-in loud
specaker and individual Kennedy 3,000-
o}|)1m hones, with plug, is $285.00. Other
mode?s 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 R
St. Louls San Francisco

Al Kennedy receiving sels are regenzrative.
Licenced under Armstrong U. S, Patent No. 1.113,145.

KENNEDY

s sy, Jhe Royalty ‘f—lg? of Radio
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He Interprets Radio Messages from Atoms

By smdyinj the Electromagﬁeiw waves sent out from hot atoms

in the form of rays of .Jight, Professor Niels Bohr of the Uni-

versity of Copenhagen, has discovered that the atows of maiter

are really tiny solar systems each with suns and planets of 1ty

. ouwn. These marvelous new theories will be described in an

early number of PoPULAR Ranio.
. 4
»
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Undenwvond & Undenrwvood

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
wm and heard lis woice. Notice the two microphones on the
Speaker's desk and the three inmediately in front of if. .
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The Coming
Kingdom of the Ether

Some day we will watch events that transpire at a distance as easily as we watch

motmn 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 Englund”—

PROF. A. M. LOW, ACGI, D.Sc, MIAE, F.RGS, F.C.S.

HERE 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 cannet 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 com-

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
probahilities I would remmd them they
owe the clothes they wear, the food they
cat, and the verv hed 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 onée-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 PorurLar Rabio
for December, 1923.

111
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tor granted in the same way as broad-
casting 15 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
nses, radio-controlled airplanes and tor-
pedoes will be watched by this means and
hombs 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 “cyes.”

Another important use to which tele-
vision will be put will be 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
he precarions indeed.* By attaching
radio ‘microphones and television ma-
chines in the known resorts of criminals

*See “Running Down Lawbreakers by Radin” in
Puriciar Rapio “for June, 1922, and “Radio Puts
(I Tiom Shoes” in November, 1923,

2 POPULAR RADIO

the police could literally keep their eyes
on suspected characters. This would be
particularly usefu! in cases of blackmail,
for the very walls would have “ears” and
“eves.” The apparatus would be 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
he given to, ships from underwater cables.
Pilots flying at night and in fogs will be
assisted by radio control. Eventually I
helieve 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 arc sent by a secret
combination of different wavelengths, on

*Sec “How Machines Are Controlled hy Radin’
in Porriar Rapro for August, 1922
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A RADIO-CONTROLLED
AIRPLANE IN FLIGHT

In recent experiments at Villesawvage, near
Paris, an airplane that was unprovided 1with
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. Iis stability (which is antomatic) was
controlled by gvroscopes connected to auxiliary
motors; when landing, the machine when about
ten feet from the ground, righted tiself and
automatically shut off the motor. After touch-
ing the growund the motor was again auto-
matically started and the plane rode along the
carth 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.
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bings 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 fransmitted, scienfisis
believe, by a variety of electromagnetic waves
originating in magnetized atoms. When we
understand these magnetic wwaves more fully
there will be, the seieniists predict, not only a
new knowledge of the inmost seerets of mai-
ter but many new uses for magnetism. which
means, really, a new smportance for all kinds
of ether waves and probably for radio as
zell.

POPULAR RADIO -

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, T was successful in transmitting a
partial photograph over a distance of
four miles—and methods have much im-

proved since then. I helieve 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 he
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 be lighted from
this source, the light being tapped
through a meter as required. It is a
curious fact that if we could only slow

*Sce “Seeing by Radie,” in Popurar Rap1o for
April, 1923,

’
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From a |:;hotograph made by C. F. Jenkins
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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 recetved through the ether as you sce it here. This
is a siriking 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 radic. 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 Dbelieve that in the far futurce
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..dn

HE PHOTOGRAPHED THE NOISE IN'THE LONDON SUBWAYS

Professor A. M. Low is said to have’produced more useful _inventions than any

other man in England. He is an expert designer of awntomabile and airplane en-

gines, has invented a system of radio control for battleships and has made photo-

graphs by wusing the invisible infra-red rays. = Recently he invented an apparatus

for photographing the noise in the Londow subtvay as a part of a successful effort
to make the-trains less noisy.

been discovered which will melt certain
metals, it being pointed out that most of
the forced landings of airplanes flying
between Strashurg and Prague have oc-
curred in the vicinity of the German air-
drome at Furth. 1 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 he pro-
jected through air at airplanes; the proh-
lem is te 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 he concentrated and made suih-
ciently powerful the rigging of the air-
plane could he melted and the machine
would he brought down.

In order to dispel anv doulit as to the
possibility of the transmission of in-
duced radio power at the present time [
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 anv connection
between then.

I am quite confident that in about
fifty years time, with five thousand
horse-power at our disposal, we should

My
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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:

A method of utilizing atomic energy.

2. A selective method of radio conumunication with

really sharp tuning.

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

A loudspeaker that is controllable without distortion.

5. Improved methods of electrical storage and power

{ransmission.

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 hecome 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 1mpression exists that
the use of radio heat as a destructive
agent entails sending waves of heat
through the air. This, of course, 1s ab-
surd for it is impossible to generate
enough heat to travel any distance. It
would exhaust itself on the journey. The
problem: 1s 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 fghts. 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

T R Y R S
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Kadel and Herbert

HOW A MODEL BATTLESHIP MAY BE BLOWN UP BY RADIO

Infernal machines secreted in the wmagazine of a batileship can be blown up by

radio waves from outside. W hen the directed beams of radio energy which Pro-

fessor Low foresees have been perfected it may be possible to blow up any batile-

ship magazine in this way. Will this mean the end of war—or radio-protected
battleships?

radio and other developmertts 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
clectricity. A man standing in the path of

the 'stréeant receivés a shoclk that:disablés’

or kills. Another new aeapon againsf
airplanes may be a type of-eleetrically-
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- electricaimpulse . ghn.

firing ‘énough bullets a second to render
a miss unlikely.

“Fherewalli bé armoredrboats capable-of -

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 he

A
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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 1s not a scientific possibility.
However, there is a real need for this de-
velopment of communication and neces-
sities have a habit of becoming realities.

Most sciences are begun by tricksters.
Just as the alchemist has developed into
the chemist; so mental telepathy, com-
mencing as trickery, may develop into a
scientific fact. We know that thought 1s
an electrical process. The energy ex-

pended in thought must go somewhere,
therefore, it might be utilized eventually
to transmit
mind.

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

the thought to another

119

method of communication and that in the
future we shall be able to converse with
cach 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 m some form or other.

After reviewing the amazing progress
made by our civilization n 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 cspecially for PopuLar Rapio

THIS IS WHAT IS USED IN “RADIO EYES”
Most of the devices for “secing by radio” depend on this chemical element called

seleniwm, which changes its electrical conductivity whenever light falls on 1t

The

three known warieties of seleniwmn are here shown; the glassy wvariety is at the
left, the powder variety in the center, and the metallic variety af the right.
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A GROUP OF FREQUENCY-AUDIBILITY CURVES FOR AMPLIFYING
TRANSFORMERS

Ficure 1: The four top curves in heavy black lines show the audibility record of
one transformer used in coumection with four different itypes of wacwuwm tubes,

Notice that the amplification s constant
This is a good fransformer; st does not
the frequencies within the range shown,

over a wide range of audio frequencies.
distort bul it amplifies with equalily all
The lower dotted curve shows the audi-.

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 Amplifters

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, LRE

ANY 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 batterv 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 n0t incorporated, results equalling but
not excelling the crystal detector are
the rule. I refer to the WD-12 tube
operated from a single dry cell. Oper-
ated in this type of receiver, withou!
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 necedless
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 clectrical
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 hetween the
amplification obtained from the various

tubes hold approximately true for
other transformers of similar design
— e P ——— Gt e —an -
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and of the same general characteristics.

In Figure 1 a family of curves is
shown. The wvertical 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 {requencies 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
hdelity.

To illustrate 1o 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
characterisiic * would be unsuited to
broadcast reception. Yet, a considerable
number of such transformers are being
offered to the public and enjoy a wide
sale.
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From a photograph made for PoruLar Ramio

HOW THE TESTS WERE MADE

The author is here shown taking the wmeasurements from which the data for the
curves and tables tn 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 ralio

of the two signals (or rather the ratio of the resistances used in balancing the
fwe signals) is the amplification constant,

The ideal transformer:would produce
a straight line parallel to the frequency
scale. Although the transformer. used
in these tests has a sloping character-
istic below 600 cvcles a second, at higher
frequencies it produces practically uni-
form amplification.. For this reason it
is well suited to these measurenients, as
we arc 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-ilament 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 heen made the standard of com-
parison, - its value ‘bheing expressed as
100 percent.

The sound volume delivered by head-
phones and loudspeakers is governed

e e S
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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-a 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, Tepresenting a smaller sac-

et
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rifice in result, namely, 27 percent.

Instead of using the percentages of
column 4, let us refer to the energv
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. :

Amplifiers arranged in cascade am-
phfy n 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” hecomes 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 ohserved that
tube 201-a produced a trifle less than 14 percent
more cnergy anmplification than the older 201 tube.
This by itself is a considerable improvement but.
when accomplished with one-fourth of the flament
current formerly needed, represenis a decided ad-
vance in the art of vacuwumn-tube manufacture.

Fisure 1T

1 2 3 4 5 6 7 8 y
ONE STAGE TWO STAGES
Current Energy Current Energy
Tube Ampli. Amph. 9% Output % Diff. l Ampli, Amph. % Output % Diff.
201-n 25 625 100 0 625 390,000 100 0
201 23.5 550 38 12 550 300,000 77 23
199 21.5 460 73 27 460 210,000 54 46
WD-12 19.5 380 1 39 380 144,000 37 63
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From a photograph made for PoruLar Ranio

POPULAR RADIO

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 limils,

individual stages, however expressed,
and if each stage produces the same
amplification “A” the result of two
stages is “A%” 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, 1t 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 examiple:
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, hecause 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 tubeés of like num-
ber, the energy is increased 300,000
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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 ts 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-irequency
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-hattery 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 hattery tubes.

ey

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

How to Build an Amateur Transmitter

the coming issue

of PorurLar Rabro—jor

March—Laurence M.

In
qI Cockaday will describe hotw to build @ CW transmitter at a total cost for
parts of not wmore than $70.00.
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THE AUTHOR DEMONSTRATES HOW HE FOLLOWS THE
HOOK-UP DIAGRAMS

Although he was born sightless, Mr. Hughbanks has made a record of accomplish-
ment as a lecturer, scientist and as a member of the Kansas Legislature of which
-~ any,man inay be proud. And among these accomplishments is his remarkable ability
“to biild his own radio apparalus 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 PoruLak

Rap1o, 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

bv step to overcome the difficulties which confronted me in the con-
struction of my apparatus.

Ry LEROY

ROM my ecarliest 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 heing tallked ahout by a few
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intelligent people about the time when
I began my early: scientific studies.
There was so little published on -the
subject, however, that I knéw of it only
as a minor branch of electrical science.

My first step in the study of this wvast
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 bhooks on the subject in
the emhossed systems of printing used
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by the blind, I had to have all this
matter read to me. Fortunately 1-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 1mpossible.

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

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 net
amplify, and many other essentials.

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

Kadel & Herbert

WHERE BLIND BOYS ARE TAUGHT TO BUILD
THEIR OWN RADIO SETS
“For a person with eves to complain of the difficulty of assemblying his own receiver
seemns almost like an admission of stupidity; students at the New York Institution
for the Education of the Blind construct single-circuit regencrative receivers as part
of their regular tratming.
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Keystone View Co,

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 eves in line of duty; he is
one of thousands of blind men to whom radio comes as a godsend.

In the meantime [ kept on reading and
did not hurry to start the assembling of
a tube receiver; neither did 1 allow my
family to purchase a good tube outfit
which they oftered to do. 1 wanted
to consruct it myself and to kitow the
whys and wherefores of it.

A complete solution to the diagram
problem had not vyet heen - 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
i problem not only for myvself hut
for all blind folks, and 1 wanted to
solve it. I think I have done so. Once
before T had had a similar one and that
was in the study of Greek in college;
the point for me fo solve at that time
was how Inglish 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 svmbols, to a word picture

that would be intelligible to a blind
man who could not refer to such a
picture,

My young helper and 1 got together
and turned the trick so successfully that
even the most intricate diagrams now
come within my understanding.

To Dbe hbrief, 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 svmbol for an-
tenna on the diagrami; when my helper
savs “from the antenna binding post to
connection No. 1 of the primary of the
variocoupler,” I would simp'y write,
“From A. B P. to con. No. 1 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. T try to teach cvery one

3
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who gives chagrams to me (o be orderly
and not confuse the various portions of
the circuit.

Take, for cxample, a single-tuned
circuit, the antenna circuit, speaking in
terms understood by all, 1s 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 biind have yet
recognized what radio can and will
mean to them. Many of our Dblind
young men in our schools are taught
mechanical  trades — broom  making,
manual training and piano tuning, for
mstance. 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 hut one answer:
I master my circuit to the utmost and
use apparatus that is easily handled and

tubes, and I do this alone.
writing I -have never blown a tube on

trustworthy. I keep in mind, for in-
stance, that a positive “B” battery con-
nection should never come near the
“A” Dbattery connections; the blowing
out of expeusive tubes is unnecessary.
1 find it advisable to use a tube socket
with raised symbols; in this way it
18 a very simple matter to tell the
positive, negative, grid and plate ter-
minals from each other. I try out new
circuits, use all manner of tubes in the
same set, and change batterv connections
to accommodate the various -types of
Up to this

an apparatus which I have constructed.

Some people have asked me 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 YOQOU WANT IT
This ingentous outfit, constructed by Mr. C. H. Hewitt, allows good programs o

be saved when they come in and played over as many times as¥desired. 4 is a

sensitive receiver that employs both radie and aundio-frequency amplification: B is

the wax-disk record on which the programs are recorded. and C is a combination
sound reproducer and recording phonograph.
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PRACTICAL POINTERS FOR ELIMINATING
' INTERFERENCE IN

LLong 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

HE 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-

BOUCK

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 he-
fore the set could be operated satisfac-
tortly. The manner in which these diffi-
culties were solved is of interest to
hroadcast enthusiasts, who desire to
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achieve the same 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 he provided for earphone recep-
tion of the news and stock reports which
are daily posted on the radio bulletin
hoard in the lobhy of the Relmont
Hotel.

The majority of these requirements
rest greatly on the selection of appa-
ratus, and were met in part, by decid-
ing 01 a variocoupler two-variometer re-
wenerative set of reliable mannfacture.
A set of this tvpe 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
«aver 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 hefore 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 antenma, 175
feet long, was swung from the hotel
proper to the Casuarimas 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-
mation. against the interfering signals
from BZB two miles to the south., It
was a compromise justified by results.

A smaller antenna, running east to
west (lead-in taken from the west) was
swing on insulators under the roof of
the southern veranda. Tt was practi-
cally an indoor antenmna, 25 feet above
ground, having a total length, including

lead-in, 75 feet long, and it was used.

with the radio-frequency amplifier. Dueto
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-
dittons. At no time did it greatly in-

crease the signal strength of stations
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From a photograph madc for PorPuLar Rapio
THE COMPLETE RECEIVING INSTALLATION

Ficure 1: This set includes the tuned radio-frequency amplifier (on the table at

the left), the twin-variometer, variocoupler tuner (center), the tido-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
ts 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” bhat-
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,
L1, 1s the primary of a variocoupler,
or it may be made by winding 60
turns of No. 22 5.5.C. wire on a tube
three and a half inches in diameter.
The coil should be tapped every fifth
turn, one tap (on the pancl) 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 R1, 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, 1e., 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-

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 RI.
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.

/O
;é Ve, L, ;éVC’z Ly
Wy €
d ~
[ T :"i}‘fﬂ’ 2
30 >
+ _—
THE CIRCUIT FOR THE TUNED-RADIO- -—Mlll‘
FREQUENCY AMPLIFIER i - 4+
Ficure 2: One tube is used and the input and output 0
circuits are tuned by means of two wvariable con- ||||||N_‘

densers, ¥C1 and VC2.
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THE DIRECTIONAL WAVETRAP
Iigure 3: How the loop and the variable con-
denser are included in the antenna circuit lo

cffectively ent down local interference.

RADIO

the grid variomeier (variometer set) or
secondary condenser (honeycomb set)
is twirled back and forth until the
squeal or heat-note of the incoming sta-
tion 1s 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. Al
this point a zero beat is effected (the

pitch of the whistle loweéred until ‘it dis--

appears) and local oscillations just
stopped by turning back the regenera-
tive control -(tickler -or plate vario-
meter). Slight changes are next made
in the variometers 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-

- The best results of all were obtained: “ ception ‘with the foregoing amplifier was

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” hattery) the
receiver proper is first adjusted, hy
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,
1f 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,

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 jusi
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
variahle condenser, which, placed in

| Lo
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series with the antenna, absorbs certain
frequencies or wavelengths which it 1s
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, i1t 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 in 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-estah-
lishing resonance) which permits the

*Subsequent investigation has verified the theory
of the dircetional trap suggested by the auther, while
also revealing the fact that this system las been
known for some vears, 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
seconﬁary, in which position it is quitc probable that
the system will be effective for greater distances than
those successfully experimented with by the writer.

Gilliams Service

A RADIO STRAW-RIDE
Entertaimment 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 aerwal and a loudspeaker will pick up the world’s best broadcasting!



THE CHANGE-OVER s\WITCH

This enables you to charge your battery or connect it (o vour receiving apparatus
i a single operation.

e e e - i . ot ma s s s s

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 vou ever accidently let the two wires short-circuit?

Did you ever connect the positive to the negative by mistake? JIs the necessary

lahor to disconnect and reconnect vowr hattery-charging apparatus irksome?
How to simplify these operations is told in this article bv—

2. I. QUINBY, R.I,

ERE is a simple charging panel

which makes 1t possible {or the
operator to put his hattery 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 1s 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 n a handy position.
Manyv a good battery has heen abused
by overdischarging merely because a
convenient means for charging the bai-
tery was lacking, and the much needed
charge was repeatedly postponed until
serious damage to the bhattery resulted.
Every radio installation that requires the
use of a storage battery should not he
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considered complete without some such
device as is herein described.

This charging panel is equipped with
a4 unique switch, which performs sev-
eral duties at once. It was first de-
signed to transfer from transmitting
(o receiving, or vica-versa. It is pro-
vided with two double-throw blades and
one single-throw blade and it 1s mounted
on an attractive marble hase; 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 hattery.

The Parts Required

The parts required for building this charg-

ing panel, are listed below: '

A—Trumbull triple-pole transfer switch
(radio tvpe);

B—storage-battery voltmeter, 0-6 volt or
0-10 volt range, panel type. (Weston,
Westinghouse, General Elcctric or any
other good make should he used);
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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 vihrator principle) may, of
course, be .used;

F—6-volt, 100 ampere-hour storage battery;

" any rehable make can be used;

G=—=—hinding" posts, large insulated type; 4
are required ;

H—ifront panel, 18 inches by 18 inches by
3y inch, -three-ply board;

I—base, 12 inches by 16 inches by 7§ inch
plank;

J—braces, 1 inch by 2 inches by 20 inches

long, pine, cvpress, 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 bhe purchased at any hardware
store;

I.—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, 114 inches
long; 12 are required;

O—Ys-pint can of black-asphaltum varnish;

P—hard-rubber tray (a photographer's de-
veloper tray will do.

® ®
(a

P
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THE FRONT AND SIDE VIEWS OF THE CHARGING PANEL
Ficure 1: This drawing shows in detail the layout for the wariows tnustruments;
the charger, the battery, the change-over switch, the woltmeter, the hydrometer

mounting and the drip cup.
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SPECIFIC GRAVITY

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 determiwing when v

our battery needs charging or when it is

charged enough.,

How to Asscmble the Parts

When the experimenter has acquired all the
items on this list, the panel, frame and hase
should be assembled.

First fasten the front panel H, to the two
upright braces J, which should be located
just one inch ™ 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 {ront
pancl H should he secured to the base I
along the tower 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 1., 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
ahout 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 wunits 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 batterv 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 Uit

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 circutt. 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 drawmg you

may be sure that vour 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.

i the diagram (Figure 4), running wires
along rcar 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 wupper leit-hand terminal of the
switch A

The positive side of the storage battery
© should be connected 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 be counnected to the lower
right-hand terminal of switch A, and also to
ane side of the volimeter B.

The lower left-hand binding post on panel
H should be 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-
hutton L. should he connected to the remaining
side of voltmeter B.

The upper center terminal of switch A
should be counected 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 H, and other side of rectifier input

should be connected to lower ceunter terminal
of switch A, .

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

Hoie to Operate the Fanel

l.ocate the charging panel as close to the
radio set as couvenient and run a pair of
wires from the 6-volt DC output, at the lefi
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 reconnccted 1o the: output of
the rectifier at the same moment t  rectifier
E is counected to the 110-volt AC line; thus
the process of charging the battery is hegun.

During this charging process the specific
agravity of the acid solution in the cells of
the batterv 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
sct 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 sct 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
cach 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 cach cell before
commencing the charge, to cover the plates of
the cells about a half inch.

When reading the specific gravity of the
clectrolyte in each cell of the battery, draw
sufficient solution up into the hydrometer
syringe to float the hydrometer clear of top
and hottom, being sure to exert no pressure
on the bulb while taking the reading. The
figure at the tevel 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 bhe allowed to go
below 1,150. A {fuily-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 fuliy
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 514
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 repav for the work
required in building this appliance.

Kadel & Herbert

A MINTATURE LOOSE-COUPLER THE SIZE OF A WATCH

This baby tuner, made by M. I¥V. Obermiller, covers the same broadcasting wave-
length range as its larger brothers. It may be wsed with a crystal detector or with

the more modern wvacuum-tube detector,
circutt and the secondary is tuned b

Theve are two sliders for the primary
vy means of a variable condenser.

~
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“ Cost of parts: Not more than $13.00" (Noic:

The costs of tubes and batteries are con-

} sidered “extras” and are not included in
the costs given in these descriptions).

Selectivity: Fair.

Operation: An casy vacuum-tube circuil. to
tune. There is-onc slider for the antenna
_circuit and_ one for the secondary circuit.

L3

7THE TWO-pLIDE TUNER, 'NON-REGENERATIVE CIRCUIT

the rheostat, which controls the brilliaucy
of the filament. '

Easc of construction: Extremely simplc.*

Approximate range: 100.miles.

Outstonding featurcs: “This s 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-

i . The only adjustment for the detector is not re-radiate,

.o

*(Scc‘PopUL,\x RI:\DIO, .()rlobcr, 1922, page 148. for constructional dclails.}

100 BEST HOOK-UPS

INSTALLMENT NO. 4

N this series of hook-ups is heing published—{or 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 PoruLar Rapio,

141



142 POPULAR RADIO
ANTENNA
\V4 “
TUNING 1A
CONDENSERTT fl R,
L
[ e,
FEED-BACH
TUNING CO/L AUDION
corL J I Ic‘2 DETECTOR
+ B= /eé
© ©+—iijthj—
TELEPHONES 20 YOLTS
6 VOLTS
G/QO(-_//YD THE SINGLE-CIRCUIT REGENERATIVE RECEIVER

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 mm other receiving sets in the
neighborhood. In the hands of an expert
operator this might not happen but in the

Cost of parts: Not more than $20.00.

Selectivity: Toor.

Operation: Simple.

Ease of construction: Not complicated.*

Approximate range: 500 miles.

Cutstanding featires: Easy to build and easy
to operate; much simpler than meost re-
generative circuits. The great drawback hands of an average radio fan it is almost
to the use of this circuit, however, lies in sure to be the case.

*(See PorrLar Rapio, November, 1922, page 192, for constructional details.)
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THE THREE-TUBE, 4-CIRCUIT TUNER
Cost of parts: Not more than $40.00, fZase of construction: Not complicated. Be
- ey sure that the best parts are obtained, and
5"!"‘7“"’”3" E.\CC]]CTIL _ the results will exceed expectations. Poor
Operation: Very simple. There is one dial

_ parts will render the circuit useless.*
which ponltrols the waveleu_gth and one  Approximate range: 2,400 miles.
dial which controls regeneration. This dial

Outstanding features: Loudspeaker reception
can be set for the whole hand of wave-

lengths over which regeneration will he
constant,

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

“(Sce Porurar Ranto, May, 1923; also Augnst, 1923, page 165. for canstrucfional details.)
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CONDUCTIVELY COUPLED, TUNED-I’LA'I'F., SINGLE-TUBE CIRCUIT
Cost of parts: Not morc than $23.00. Approximate range: 500 miles. i
Selectivity: Only fair Outstanding fealurcs: This modihcation will
, MR TE . ) tunc a little better than the straigi.t single-
Operation: Simple. A variable conc‘icnscr 15 circuit set, and can be kept in more stable
used for wavelength control anc a vari- operation by means of the potentiometer.
omcter 1s usec} in the plate circuit to con- The set is guilty, however, of permitting
trol TEREC LSt interfering re-radiation in the hands of
Ease of construction: Not complicated.* the inexperienced operator,
*(Sce Porurar Rawvio, June, 1923, page 430, for consiructional deiails.)
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TWIN-VARIOMETER, VARTOCOUPLER REGENERATIVE CIRCUIT WITH TWO
(" c STAGES OF AUDIO-FREQUENCY AMPLIFICATION
Cost of parts. Not more than $45.00. Approximate range: 1,200 miles.

Ouistanding features: All the tuning is -
ductive and this makes for louder signals,

Easc of construction: Just an ordinary ac- at a slight loss of sclectivity. Both tun-
quaintance with tools and some ahility in ing and rcgencration arc controlled by

wiring up the circuit is necessary.* variometers.

*¢Sce Poruiar Rawmio, Qctober, 1923, page 329. for constructional details.)

Selectivity: Good.
Operation: Difficuit.
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MODIFIED COLPITTS REGENERATIVE CIRCUIT
Cost of paris: Not more than $15.00. to 'contrpl regeneration.
Selectivity: Fair. Easc of construction: Very simple®

Operation: Extremely simple. There is one Approxiimate range: 500 miles.
tuning control, a variable condenser, and  Qutstanding feature: Simple to build and
the rheostat is used as a simple means operate. It re-radiates.

*(Ses PorviLar Rapio. October, 1923, page 329, for constructional details.)
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TRIPLE-COIL HONEYCOMB REGENERATIVE RECEIVER WITH TWO STAGES
OF AUDIO-FREQUENCY AMPLIFICATION

Cost of parts: Not more than $45.00. worth the ex(ra trouble, and the amplifier
Selectivity: Good. will make the set suitable for loudspeaker

e . N i reception.*
Operation: Rather difhcult 10 tume. Approxvimate range: 1200 miles.
Fase of construction: The huilding of such a Ouistanding featiure: The set can be used for
set is more difficult than the single-cirenit reception on any wavelength range by
tuner but hetter results in tuning will he merely changing the size of coils, '

*(See Porciar Rapin, April, 1923, fage 308, far rousiruetiono! detarls,)
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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- s . . .
ing is done with a variable condenser and a Approximate range: 800 to 1,000 miles. _
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 regencration used
Ease of cousiruction: Just an ordinary ac- in combination helps in sensitivity.

*(See Porurar Rapio, Nowvember, 1922, page 104, for constructional details.}
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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 precau-
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 .Approvimate range: 1,000 miles {on a loop
in shunt to the loop. Regeneration is con- antenna).
trolled in the radio-frequency circuits by  Quistanding featurcs: No outdoor antenna
means of potentiometers. needed for DX reception. Simmplicity of
Ease of construction: More or less compli- tuning. No crystal detector to bother with.

“fSee PorvLsr Ranio, Nowcmiber. 1923, prage 418. for constructional detasls.)
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“CLASSES IN THE NORTH ATLANTIC STATES WILL NOW COME TO ORDER”

Sueh is the startling annowncentent that may conceivably be wmade when teachers

broadeast thety lectures to the schoolrooms within radio. range.

The above, picture

shows Mr. Frank A. Reaford, head of.the Civics-Department of the New.York City-
High Schools, brmn!cas!mq a school lecture as part of a demonstrafion to iilustrate
the application of radio to the cducational 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

3y FRED SIEGEL ;

ADIO has been discovered again—
this time by the educators. After
watching this new medium of conmuni-
cation grow from a laboratory demon-
stration to a tremendous power, they
concluded that there might Dbe some
place for this new science in the process
of education.  So they have heen .ex-
perimenting with it as a medium for
disseminating education.
Specifically, - the public schools of New
York City have heen experimenting with
i
The methods by which radio was in-
troduced nto 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 Droadcasting station

WIZ:

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 Eduecation building.

In the classroom were ‘installed thirty-five
accounting machines: to cach 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 1o be guided. —_—
(Incidentally in the classroom at the ‘high

school were also four students from the ste-

nography and typewriting departinent who
took the speeches that were transmitted he-
fore ithe 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 inachine
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, subtractiun,
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

Radio Corporatian of Awmerica

“the room during the dictation.

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

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
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 follov_ving
week, was a history lesson which was given
to show an out-oi-the-ordinary method of
conducting a history recitation. In this in-

WORKING OUT PROBLEMS THAT COME INTO THE CLASSROOM BY RADIO

Thirty-five accounting machines were used by as many students in this classroont

of the Haaren High School tn New York for solving problems in machine account-

ing that were propounded by the instructor via station WIZ. In this manner classes
could he conducted throughout the schools of a large area
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stance, as in the previous experiments, the class
was present in front of the micruphone, At
the beginning of the lesson the teacher dis-
tributed ships of paper to the cluss. Ie then
proposed ten questions, each of which could
be answered “ves™ or “no.”  As each question
was read the pupil wrote either “ves” or “no”
on his paper. After the questions had all
heen dictated the discussion began.

“Mr. X how did you auswer the first ques-
tion?"”

Mr. X had answered *ves”

"Why did you answer ‘yes'?”

Mr. X had to defend his stand. Mr. Y had
answered “no”; he tock exceplion to some of
the statements of Mr. X. So the discussion
hegan, with the instructor acting as umpire.
The recitation did not revelve about the in-
structor but was in fact a recitation in which
every member of the class 1ook part. The
demonstration was of value to every tcacher
and pupil who listened in; it would have heen of
inestimable value to the teachers and scholars
in the smaller schools throughout the east.

The third demonstration was a sherthand
and typewriting contest in which six high
schools entered. The matter that was dictated
was new to the contestants and of moderate
difticulty. There were 1wo tests, one of eighty
words a minute {or the less advanced students,
and one at one hundred words a minute
for the mwore advanced students. Each test
was three minutes long. Before the test began
there was a short practice dictation for all
of the students to accustem themselves to
dictation by radio. The winner of the 80-
word contest had but three crrors, as did the
winner of the 10)-word. These demonstrations
show the possibilities of the uses of radio {or
the giving of controlled tests of all tvpes, as
the students were in widely scattered places,
yet each received the dictation under the
same conditions. Such practice for students
m all of the schiools of a large territory could
thus be handled by one teacher, dictating from
the broadcasting station, while the transcripis
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-
numity Civics.  The teacher concluded his
fesson with an assigument of worl 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 sngges-
tions for further study, new developments
were explained and the hackground was se-
cured upon which the c¢lass tcacher could
build and amplify to mecet 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 i our present-day conception of
what “education” really means. For
example

Traimng  for citizenship forms an
mmportant part of the public school cur-
rictlum.  The functions of the govern-
mental agencies can best be described
by those engaged in their periormance.
IFirst-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 mformation is, of course, em-
balmed in text hooks and it is duly
studied 11 all the schools, but how much
more meanimg 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
mduce 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 Dbe getting his information and
inspiration from living sources.

The whole world could be his fac-
ultv!  The schools in our larger cities
arc often honored with the presence of
distinguished  visitors, both fromm our
own country and from abroad. The
pupils in these schools are assembled
to hear what these visitors have to say.
Jut how many children can hear them?
Only a room full. How much Dletter
would it be if these addresses could be
lroadcast 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 i statesmanship.

The teachers in rural schools are usu-
ally young people without much experi-
ence as tecachers, with even less training
for their jobs than has the average
teacher in city schools. The quantity

i
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Radio Corporation of Amcnca

HOW THE SCHOOL TEACHER BROADCASTS HIS “RECITATIONS”

In the headguarters of the Board of Education in New York the instructor pro-
pounded school problems before the microphone that carried his wvoice by wire to

station WJIZ, where it was broadeast.

The problems were also tworked out by

students in the instructor’s office; these studenls served as guides for the time
‘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 i1s a great asset to the
school and the community. Radio can
enter here as a factor laden with un-
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 he 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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INSTRUCTTON IN RADIO BECOMES PART OF THE SCHOOL COQURSE

Work in both reception and transmitting has af least one extraordinary advantage;

it teaches phvsical science in terms that the student can undevstand and in which

he takes a practical interest. Courses in the theorv and practice of radio are being
tncorporated in the enrricula of hoth public and private schools.

sible to standardize our teaching and
raise it to a higher level. Uniform ex-
anunations, 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 Dbroadcasting
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
(uestions 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 climinated.

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.

Kadel & 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 wariometer so that the wavelength of the antenna may be

adjusted by simply revolving the inner winding. Signals from any particular

direction may be picked up by turning the two windings together on a wvertical axis.
The loop was built by M. W, Obermiller, a New York amateur,
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THE ELECTRICAL CIRCUIT CONNECTIONS
This diagram shoiws how to wire up the varions snstruments used tn the hook-up,

sa that they will funcnon properly.

Be sure that they are followed onut ExacTtLy

in order to get good results.

How toUsetheFour-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 satisfactory
results on local reception.

By O. B. PARKER

URING the past sunumer, more than
ever hefore, 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 T have had such good results with
the Cockaday circuit borh with and
without antenna and ground, the thought
occurred to me to huild a portable set
that utilized this circuit in a more or less
modified form. This circuit embodies

the lollowing teatures:

Important

I. loop reception without the use of radio-
irequency transformers or reflex circuits;

2. uniform amplification’ over the entire
wavelength range of from 200 1o 600
meters ;

3. freedom Irom stati¢:

4. portahility.

The following is a list of the morc
parts that are required in

Duild this sert:

A—"Ultimate” cabmet;

B—two 7-inch by 10-inch bakelite or hard

ruhber panels;

C—two 0005 mid. Cardwel]l variable con-
densers ;

D—one first-stage Cardwell transtormer
(9:1):

IE—one second-stage Cardwell transforer
(414:1)Y ;

[F—iwo 00025 mid. micon condensers;

F
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HOW THE SET IS CONSTRUCTED
This picture gives the manner in which the instruments are arrauged 1n the cabinet.
The various parls are designated by letters which correspond weith those in the
fist 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
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;
O—two dials;
P—two dial verniers;
()—three jacks; 2 single closed and 1 single
open;
R—4-pound of No. 22 D.S.C. or D.CC.
wire;
S—miscellaneous screws.

hard rubber

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 sywmmetrical
appearance that would not be out of place m

any liome. The two large dials are the tuning
condensers and the fwo smaller ones are the
rlicostat conirols.

POPULAR RADIO

Four 114-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 i1s large enough to-contain
the small “B” Dbatteries 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 aatenna 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 antemma capacity; such, for cxample, as
height above ground, proximity of necarby
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 aiso 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 1o
deal with except air, which i1s practically
the same in this respect as absolute
vacuum, or in other words, ether. Ior
it is the ether of space and its properties
on which electric capacity  whollv
depends. It is this which stores the
energy in an elastic manner during
charge, and yields it again during dis-
charge.

-The conventional unit oi capacity is

the farad, which 1s able 10 hold one¢

coulomb, or c.g.s. unit of clectric quan-
rity, when charged to the potential of

one volt. Such a quantity of eclectricity

can be supplied by a current of one am-
pere flowing for ten seconds. Tz
(quantity is enormous, from the clecirvo-

| o]

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. IFew of us have ever-had to
deal with orve 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
lengths*, we may say:

capacities  as

1 micromicrofarad= 9 centimeter
I 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. Tt 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 1 and diameter d we have
only to calculate

*Sec appendix-to Sir Oliver Lodge’s article in Sept,,
1923, issue PorurLar Rapio. ]

1 . )

2).&,
d

2 log.

or what is the same thing

2171
21
d

log o

It does not matter what units ! 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

. 217%60 13.02  13.02
= = =3.1
120X 12 Jogy, 12300 .16 o 13 feet
loge ]JU

which is just about 1/20th of the length
of the wire. This equals about 1 meter;
so the capacity will he 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

C= 40 meters _40 meters 40 meters
8000 centim 2 log, 10° 23
2 log. ~08 centim

which again would practically be one
twentieth, or 5 percent, of the length,
for a little extra allowance niust alwavs
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
*quals 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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Burcau of Standards

ONE WAY OF TESTING THE CAPACITY FORM OF ANTENNA

Sueh an antenna,
mesh suspended

157

ictured abouve, consists of two rectangulay picces of copper-wire
rom a woeoden frame by insulators,

One end of the tuning d

mductance 1s connected fo one plate and the other end of the coil is connccted
to the remaining plate..

have to divide the length by 184 to get
the capacity. So in any practicable
casc 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-
hoad 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 anv length 1, what would be
its capacitv. The formula is

c=—-]+4h or ]

2 logeT

)
4.6 logyy 2

All we need to reckon is the denom-
inator.
Now
4 h 120 fect

T=_;P;m=57600;

So

logt 4d—h=]0gc 57600=10-96

And the capacity is 55 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 14 inch thick instead of 1/40 inch,
the denominator would hecome 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 134
times that of one of the wires. A quad-
ruple wire would have 214 or 234 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 be likely to have a
capacity roughly estimated at its length
divided by 4.6 Xlog,, 40,000, which is 21.
So the capacity of the whole would be
ahout 214 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.

Examples

I 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. [f

its thickness is .04 centim. or 2/5 millim.,
its capacity reckoned hy the formula
will be:

1000_ 1000 1000_ . .
2000 Jog 10° 11.513 °°
log=7%3

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 107,
and the capacity comes out 72 centi-
meters, instead of 90.

1f, on the other hand, the wire is 4
millimeters thick the denominator is 104,
and the capacity comes 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 are employed, so long as we deal

POPULAR RADIO

with them in common-sense {ashion.
I.et 1 be 110 1eet and d be .1 inch. Then
Iy 2
% will be 220X I'=.?(\+nu

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.
\We can think of this as the equivalent of
an isolated sphere 12 feet in diameter
or as 180 micromicrofarads. Capacity
can always be expressed in linear meas-
ure, but the ethereal constant K has al-
ways to be understood if any rational
meaning is to be attached to the length.
specification of capacity. But as K is
unknown, it is conventionally taken as-
mnity, when electrical quantities are spec-
ified on the electrostatic system. It is
convenient, then, to express capacities as
lengths, and inductances also as lengths.
for then the square root of the produc
of these two lengths, that is their geo-
metric mean, gives a length proportional
to the wavelength, and only requires

. multiplying. by .2 = in.order to givé the

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

Jut it will always be found that the
capacity is expressed hy a small length.
while the inductance is expressed by a
hig one. One may be in meters, while
the other may be in kilometers. But
whether they arc¢ expressed in meters.
or centimeters, or fect, or yards, matters
nothing, so long as one always writes
down the unit of measurement after the
figures. Units of measurement ougln
not to appear in algehraical equations or
expressions, hut should always be writ-
ten after arithmetical figures, except
when those represent a pure number.
This would avoid a great deal of coniu-
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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Burcau of Standards

ANOTHER SET-UP FOR TESTING OUT THE CAPACITY FORM OF ANTENNA

In this casc the two mesh “plates” are suspended hovizontally.

The same general

law for capacity determination holds true for this wminiature antenna as for your
own antenna which 15 len or fifteen times the sise.

who are not physicists do not always
agree witli this, and, like the late Mr.
Todhunter, think that an algebraic ex-
pression 1s incomplete unless the units
are stated. Physicists know that the
units only ought to be stated in connec-
tion with arithmetical specifications.
The velocity ¢, for instance, is complete
m 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. DBut to take the height of a
post as /1 is quite correct and complete.
The post is the same height whether it

be measured in fcet or centimeters or
anything else. So also the velocity of
light is the same velocity, however ex-
pressed, and can be ‘written completely as
cither v or ¢, according to taste.

Units  should he 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 nught be learned by leart.

It is only a malter of time when transatiantic radio telephony will be

as common as line lelephony is today.

How science is preparing the way

Sfor this new marvel will be told in a coming issue of PorurLar Rabio.
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AN ELEMENTARY TEST OF INSULATION

With o regular “B” battery and an extremely scusitive microammeter connected

in series with a piece of insulating material, it is sometimes
current of 15 microamperes to flow through the insulation.

possible to get a
This test is a crude

fest, 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 RAYMOND FRANCIS YATES, R.E.

LTHOUGH Professor linstein did

not specifically say so, insulation is
a relative term. 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 maiter to find the
outlet and to apply the needed remedy,
but in a radio set we can have a leak
as hig as all outdoors and still we can-
not see the invisible fluid that manages

to escape. 1 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 hecome
ineffective and we would experience

160
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heavy leakage. Although insulation can-
not burst, it can break down electrically
and burn up when the voltage reaches
the ruptore 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.

Tt is usual to measure resistance of
insulating materials in ohins 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
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high-pressure tank. Any dielectric or
insulating substance has a critical voli-
age point at which it will rupture or
break down and allow cturrent to pass
through it freely. If it is a good in-
sulator the amount of voltage that must
he 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. [t is a sort of indefinite
(uantity, 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-
guency of the current, the time during
which the voltage is applied and thc
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 “nmd” 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 comnected across the terminals of a spark gap B.

The sheet of insulation of known thickness is then fastened between the elecirodes

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,

1s seemingly insignificant. Some of this
material makes beautiful-looking grid
leaks and it is only necessary to mount
the binding posts i 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 microam-
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” Dhattery, 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 cvident 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 all right to use for knobs,
dials and the like, hut its performance
as a restrainer of electric pressure is
not sufficiently noteworthy to warrant
its use in radio equipment.

Any of the synthetic-resinous prod-
ucts are well suited to radio use whether
I 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 councerned.
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 volis per mil,
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or 13,000 volts per millimeter with 2
thickness -oi 1/32 of "an inch. This,
of course, is in the perfectly dry state
(which is unusual and which can De
maintained only in the laboratory under
experimental conditions).  Compared
with this, the resinous materals 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
(10** ohms) per centimeter cube. The
surface resistivity may be anywhetre
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
msulating 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.
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The sheets are welded together, form-
ing a homogeneous material.

Other forms of insulating materials
are molded. IFor instance, molded,
synthetic-resinous or rubber materials
are placed in the mold and subjectcd
to heat and pressure at the same 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 1is 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 comes 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
i1s an exceptionally poor insulator and is
usually filled with atmospheric moisture.
The writer hopes that those who
have 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 1s 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 issuc of PopuLAR Rapio will be published
the 6th of the series of practical time and lal’JIEJr-

he
previous articles contain charts For Determining the
Constants of Radio Circuits and Calculating Capaci-
ties of Condensers in Series, in February, 1923; For
Determining the Dimensions of Your Coil, in March,
1923 For Determining the Capacity of a Condenser,
in May, 1923; For Determining the Capacity of
YVour Antenna, in July, 1923, and For Determining
the Constonts of a Loop Anteuna in August, 1923.

saving charts designed by Raoul J. Hoffman.
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From a photograph made for PoruLar Rapio
Preparing to revise the old four-circuit tuner and ‘to add to it the push-and-puil
power. amplificr. 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 sct.

Cost or Parts:. About $30.00
ReceiviNg RanGge: Up to 3,400 nules : €

THE Items You WiLL Neecp—

One pair of Come push-and-pull amplifying one Amplex grid-denser;
transformers; two single-circuit jacks; &

one filament rheostat. 20 ohms; ' two telephone plugs;

two vacuum-tube sockets; six binding posts;

one switch lever; one panel, 5 inches by 8 inches;

{our switch points; one cabinet to match set;

two -switch stops; one Amertran amplifying transformer;

one Bradley-leak; three Lavite resistances, 50,000 ohins cach.
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TN order. to improve. .the. old -set. and

. -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, and the Bradley-leak

inserted instead. This will help greatly.

in increasing the sensitivity and will
allow of nicer -adjustment of the circuit.

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 ncw panel
so that it may be (when placed in the
new cabinet) set next to the old three-
tube sct 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

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
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HOW TO WIRE THE AMPLIFIER PANEL

Figure 1: This diagram gives the proper conncclions for all the instruments

and paris that go inio the amplificr cabinct which may be placed at the right-hand

side af the set. The power amplificr is plugged into the second stage af amplifica-
tion by means of the Plug Il
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without the power amplitication, merely
stake out the interconnecting plug and
insert 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

POPULAR
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jack on the amplifier and insert the loud-
speaker plug into the last jack of the
ampliher tubes and listen . y
The addition has a good appearanc
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.
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A RADIO STATION FOUR THOUSAND FEET IN THE AIR
This picture shotws the control car of the greal Nuwvy airship SWENANDOAH, taken
recently as she was flving over Providence, Rhode Island. The wire hanging dotwn-
zeard from the side of the car is the radio antenna, which can be rolled in when the

car approaches the earth,

On her vecent trips as far north as Boston and as far

west as St. Louis, the commander of (he SneExaxvoan has kept in continual touch,

qeith his base by radio.

The same procedure wwill be followed next wear when the

SHENANBOAN atlempls {o flv to the North Pole and buacl.
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From a photograph made for Poruviar Ranio

Pt S

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

HOW TO

BUILD A

‘THREE-TUBE REFLEX RECEIVER

Part 1
By WALTER A. REMY

Cost or Pagrs: Aboint $70.00

RiceivinGg RANGE:

Up to 3,000 Miles

Here Are tae Trems You Wit Neep—

B—primary coupler coil;

C—secondary coupler coil;

D—zgrid loading coil;

Bl—primary switch arm;

D1-—grid coil switch arm;

F—variable condenser, 00025 mfd.;

[F1, F2, I'3—ntica hixed condensers, .001 mfd.;
G—grid leak and holder. 2 megohms;
H—mica grid condenser, 0005 mfd.;
I—nrica phone condenser, .005 mid.;
J—telephone jack. single ecireuit;

K1, K2—radio-frequency transformers;
K3, Kd—audio-frequency transformers;
l.—potentiometer, 200 ohins:

M—umtca fixed condenser, .002 mid.;

NI, N2, N3—vacuum-tube sockets;

01, 02, O3—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 hv 24-inch cabinet;

12 inding posts;

4 switch stops;

16 switch points;

3 vacuum-tuhe bezels;

2 vernier dial controls;

2 four-inch dials;

4 two-inch rheostat dials;

Va-inch brass strip for shelf support.

NE of the most practical receivers
O that can be had is the so-called
reflex receiver.

The mam advantage of a reflex re-

ceiver is that it permits high amplifica-
tion with a minimum number of vacuum
tubes, 1In this eircuit each tube acts as
both a radio-frequency and an audio-
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frequency amplifier, thus making for an
cconomical arrangement.

The circuit 1s 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

N/

proportional 1o the square of the voltage
impressed on the grid of the tube. 1t
15 easily seen that strong local signals
would, therefore, drown out weaker
distant signals. T or 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 1t
may be two hundred times as loud. In
this way the tuning of an audic-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 “paralvze” and, therefore, fail to
amplify. A weak signal is greatly ampli-
fied. however: that is why local stations

e
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THE ELECTRICAL DIAGRAM

FiGUre 1: The wiring diagram, which shows hotw to conneet
the various instruments in their covrect placcs in the circygt.
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do not seem to be much louder on a
radio-trequency set than on an ordinary
outht, while distant stations are heard
almost as loud as the local stations.
Hence it 1s clear that nnich sharper tun-
ing 1s 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 wusually great
enough to operate a loudspeaker. To
overcomce 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 diagramn
i Figure 1 it may be seen that the
radio-frequency ‘transformers are con-
nected to the negative filament through
condensers. These condensers hypass the

RADIO 169
radio-1requency currents in each stage.
The signals are then rectiied and are
fed into the primary of an audio-fre-
quency transformer. The secondary
of the transformer transfers the audio-
requency current (which has been rec-
tited and converted into an audio-fre-
quency current) hack to the first tube.
Here it goes through the first amplifying
tube a second time. This tube is also
passing the radio-frequency currents
simultancously, 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-
frequency 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
same action takes place and the signal
1s hnally heard in the phones, which are
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INTERIOR VIEW OF THE SET FROM THE REAR
Ficure 2: This photograph shaws the genecral arrangement of the insiruments
which are mounted on the main panel, on the shelf, and beneath the shelf. The
binding posis are fastened to a thin composition strip at the buck 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-
frequency amplification. '

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 outht as used at
station 2ZKV. The small cabinet at the
left is an oscillator and will he taken
up i the second part of this article.
Figure 2 shows a photographic view of
the outfit. This receiver is applicable
to both "1001) and outdoor-antenna re-
ception. Excellent results have been
obtammed during the past season on the
hroadcasting wavelengths. With an out-
door antenna, Pacific coast stations
KZY, KSL, KFDB, KFI K and KH]J
were heard ; the two lalter were received
dften. On a two-foot loop WBAT,

* This circuit won first prize at the Radio Conven-
tion at the Ifotel Pennsylvania, New York. March,
1923,

PWX, WOC, and \WWDAP were heard
as well as many other nearer stations.
The results on the 200-meter amateur
wavelength were equally gratiiying; this
will be described in a following article.
The set has a range from slightly lower
than 200 to above 500 meters, and uses
three vacuum tubes,

The Parts Used for the Set

article ingludes the exact instrumemts
used in the sel from which these specifi-

q] The list of pasts given at the head of this.

cations were made up,; hotwever, there are

many other reliable nalkes of instrwments
which wmay be used i the sef with equally good
residts,

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

How to Construct the Set

We will start with the construction of the
tunming civcuit 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
efficiency on short waves, as the loading coil
15 equipped with a simple dead-ending device.
The nse 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

r e
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on the tube 48 turns of number 22 DSC. wire,
starting the winding 4 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 14-inch threaded brass
rod 134 and 3 inches long respectively. Put
three Y-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 Y-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 Y%-inch by Ts-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 dtameter 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 Y-inch by Ye-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 ligure 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 K1 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 1s

I inch by 9 inches and is drilted 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.
* The next job is to lay out and drill the main
panel. This is 7 inches by 24 by 1% inches
and is drilled as shown in Figure 7. The large
114-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 Rapio. 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 fimish. It is then polished with
machime 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 flled in- with ordinary white, wax
crayor.

Q)
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THE LLAYOUT OF THE FRONT PANEL

Fioure 3: This drawcing shows in detail how the knobs and dials, the switches and
the taps are monnted on the panel.
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THE WORKING DRAWING FFOR THE SET
Ficure 4: This wview. of the receiver (from abowve)- gives a clewrer idea of the
arrangement of the parts and instrunenls.

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. l.eads 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 Y4-inch
brass tubing, 1 inch long, are cut and slipped
over two 1V4-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 (he 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 oi
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 -q-fémt}é'u-— Y e e e Al
next mounted. The dials and switch arms a”
should then be put on and the verriers 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-of-the set.”
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THE DETAILS OF THE GRID LOADING COIL
Figuke 6: This diagram shows how lo cut the tube and panel, and gives the
dimensions for drilling the holes for mownting.

How fo 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 he amiss, however,

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

The secret of wiring is orderly proced-
ure, A circuit of this type appears to he
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 radic-fre-
quency amplifier, then the detector and finally
the audio-frequency part of the svstem. 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
15 connected to one set of hinding posts on

It is easily

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 hind-
ing posts will project through the hack.

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
sct would not tune sharply if they were not.
[t 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 IXH] 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
Fiwgure 71 This diagram gives the spacing for the drill holes Jor the iHsiruments
and the switches and switeh poits. The theee large civevlar holes at the right ave
peep-hales for (he tubes.



POPULAR RADIO

175

.
I
5

A

E)

"“'?—L'%-"“‘" Ve o e nall i vl e ol A S A /"-—-n-’/#-—/('

Ay

THE DIMENSIONS FOR THE SMALL PANELS AND BRACKETS

Ficure 8:

The sizes for the composition panels are given above, together with the

correct spacings for the drill holes for mounting the instruments and the binding

posts,

nected to the regular terminal on the rear
terminal panel. Yor 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, increasc
the grid inductance and decrease the amount
of capacity used. It is always hsst to use a
small amount of capacity and a large amount
of inductance,

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

The specifications of the brackets are also given.

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
hest 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, 15 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 2214 volts for the
detector tube,

Use good tested mica condensers for the fila-
inent 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

Ficure 9: This drawing shows how the two radio-frequency amplifying trans-
formers ave mowunted 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

hoth 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
18 hest hecause 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 jts 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 1he application of the
reflex receiver to amateur reception
will be taken up in the second part of
this article.

Part I of this article will give full insiructions for building single-tube vscil-

lator in which the frequency of the oscillutory 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 amatewr CIW signals by the heterodyne method.
Ewvery radio cxperimenter should own an oscillator of this tvpe.

-
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A Tube without
a Filament

Here is the new ionization tube (called the ™5™

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

HE 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 ‘‘vacno” now includes everything
between the tiny “peanut” variety, which
burns with snch a feeble glow as to be
nearly invisible, and the giant tubes that
have been described in PoruLar Rabio.

Between these two extremes are many
tubes with many names and performing
many useful functions. There is the
Tungar 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 ol 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 jts ancestors. At the other
end of a long Jine of tubes lie those mon-
ster brothers of the audion family which
are able to handle as much as 100 kilo-
walts of energy—cnough 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 linnts
is the tube without a filament. known as
the “S” (ube alter the name of its m-
ventor. Mr. C. G. Smith.

At Hrst thought, a vacuum tube with-

out g hilament seems to he in the same

calegory as a “ship without a sail,” bhut
stich a0 tube does exist and paradoxical
as it scems, it works.

In radio parlance. a vacuum tube
means an evacnated vessel in which are
two or three clements, a plate, a hlament,
and perhaps a grid. The action of the
instrument depends upon the presence of
electrons which are furmshed by the
heated filament.  Thus it would seem
that the GAlament 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 hetween

their brothers which are held fast. In .

liquids the free electrons have more free-
dom, for the atoms themselves n:ove
about. In a gas, the free electrons have
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HOW THE TUBE IS BUILT
The general coustruction of the tube 1s shown
in this diagram. Note the peculiar opening in
the large upper clectrode.

POPULAR RADIO

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 glectrons,
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 i1s 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 15 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

Four of the “S” tubes mounted in the CW transwmitier nsed by Station 30E, They
are used lo change the alternating current from the power transformer to dirvect
current, for supplying the platcs of the oscillators with energy.

total number of freed electrons bhuilds
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
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

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 1s not sutficient to cause another
carrier to be liberated.

In connection with currents through
evacuated vessels, it is important {o note
that the distance Dbetween electrodes
plays a conspicuous role. In air, and
under ordinary pressure, the farther two
electrodes are apart, the greater yoltages
it requires {o 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—
i1 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-

POPULAR RADIO

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 filamentless rectifiers

to & power transformer and an oscillating circuit.

The oscillating circuit shown

is the Hartley.
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500-/000 VOLTS LC.
200 MA. D¢

T-i-
/1000 VOLTS D.C.
400 MA.

/1500 VOLTS OC.
200 MA.

/500 VOLTS L2C.
400 /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 cwrrents. The first circuit arrangement (upper left) will give a current of

200 milliamperes at 500 to 1,000 wolts D.C. The second (upper right) will give a

current of 200 milliamperes at 1,500 wolts D.C. The third (lower left) will give

400 milliamperes at 1,000 volts and the fourth (lower right) will furmsh 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 réversed, 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 onec- 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 Ly 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 f{ootball plaver—
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 eflfect 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
“hlters” 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 mav be re-
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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 madc
then hetween this bulb and the slender
glass neck that carries the two wires out-
side. The device is pumped as free from
gas as possible while the elements arc
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 remaitns 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-®
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 108
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 IZ mm of mercury.
Helium is an inert gas, that is, it will not
react chemically with other eclements
[t provides the necessary atoms for the
process of jonization by collision.

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

*In his hook “Principles of Radio Communication.”

Is Your Receiving Antenna Put Up Correctly?

UNLESS #f is, you cannol get the proper walue from vour
receiving set, no matter how efficient that set might otherwise
be. How to install an ordinary single-wire, outdoor recciving
antenna—and install it right—will be told in the March number

of PoruLar Rabio.

*
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THE FRENCH AMATEUR TRANSMITTER THAT REACHED AMERICA
The two 250-watt tubes are just left of the center.
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To the left are the condensers

for the counterpoise and the antenna, the vacunm-tube grid-leak and the inductances.
To the right are the transmitting kevs and the transformers.

Across the Atlantic on
100 Meters

By LIEON

N November 27, 1923. amateur

radio spanned the Atlantic in
two-way communication for the first
time in history. Captain Leon Deloy,
of Station 8AB at Nice, TFrance. ex-
changed a series of messages with the
well-known American amateurs Mr.
FF. H. Schnell and Mr. John Reinartz.

Last vear, just as he was leaving the

1

Captain Leon Decloy 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 Céte d’'Azur and
one of the most capable of radic engineers.
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 e¢xpert to the
French Military Commission i America.

Many

DELOY

United States to return to France, Cap-
tain Deloy said to the Technical LEditor
of Porurar Rap1o, “I am going back
and work America on one hundred
meters.” Te did it. In this article,
written especially for Porurar Rapro,
he tells how it was done.

The accompanying simplified diagram shows
the connections of the main “pieces of ap-

3
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RECEIVING EQUIPMENT AT DELOY’S STATION IN NICE
The receiver at the left, divectly 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,
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THE CIRCUIT DIAGRAM FOR THE DELOY TRANSMITTER
This arvangement, designed by an American, John Reinartz, is the one used in
the transatlantic transmission. The two transmitting tubes are on the right of the
© diagram, the third tube being the grid-leak:
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paratus cmployed in my station during the re-
cent two-way communication tests carried on
with American amateurs.

The antenna 1s 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 opecrating 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 directon 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 1s composite: water,
gas and steam pipes, lightning rod, tin roof
and about eighty meters of wire fence buried
in the garden miostly under the antenna. A

Jewell thermocou{))le ammeter is used in the

antenna circuit. uring 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 ¥4 KW. {input) S. I. F. French tubes
arc 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

comected 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-hlament 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-hlament 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 thrce

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 1MO and Mr. John Reinartz
¢f 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 1MO are the loudest American signals
[ have heard so far, .including all amateurs
heard during last year's transatlantic tests and
all the high-power stations,

R el o

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 recetving set was carvied to the top recently by Hall E. Shepherd and Sherwood

Marvin, an antenna wire was stretched between fwo boulders and concerts from
WGY, WEAF and WAMAF were picked up.

\



HEeLr vour neighbor. If you have discovered any little Kink that helps to eliminate
trouble m your radio apparatus, or if while experimenting with the comnections 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
histener.

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

“The Radioc Corporation has ertered 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
Radioc 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 hefore 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 seli 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 reccciving sets, the Radio Corporation has
competition from seventeen concerns licensed
under the Armstrong patents, although their
sale of scts for use in conjunction with tubes
13 l)ei’ng 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 foragn
countries and contends that in order to function
properly it must ol necessity secure a monopoly
in this ficld. 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
of Apparatus” the. Commission continues:

- “The refusal to sell or lease. apparatus to
competitors for international communication
purposes is included in the well-defined policy.
of the Radio Corporation of America. It dlso
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 exccute an agreement which provides
that the apparatus, ctc., furnished by the Radio
Corporation is licensed only for use on bhoard
ships and aircraft in communications destined
to or originating on such ships or aireraft.
“The Radio Corporation distributes its prod-
ucts chiefly through wholesale concerns han-
dling electrical supplies. In order for a dis-
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tributor to handle these goods it st 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
comiection 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

iew. months of 1923. There was a marked in-,
crease in.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 manuiactured by others.

“The DeFarest Radio. Telephoue & Tele-

Underwood & Undenwood

AMERICAN RADIO AMATEURS PICK UP EUROPEAN BROADCASTING
STATIONS

A special loop antenna. presented to Arthur Lyuch, editor of Radie Broodcast, hy
Dr. 1. H. Rogers, the man of “underground-antenna” fame, was used in con-
junction soith this super-heterodyne recerver to pick up the European broadeasting

stations’ siguals in a recent test held at Garden City.
atlantic signals wwere recorded by amatewss.

A nwmber of the trans-
In a short time e wweill all be listening

in to hroadcasting from across the twaler,
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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
m determining what further legislation may be
advisable.””

Useful Hints
on the Test Buzzer

O 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 Auctuations of
the battery current act inductively on the re-
ceiving circuits and sct up thercin feeble cur-

\V4

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 obtamed 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 systemn is shown
in Figure 1. The coils L3 and L4 are wound
on a tube 14 inches in diameter and 114
inches long; L2 is wound with 8 turns of No.
20 D.C.C. wire; L1 is" wound with 6 turns of
the same size of wire. The coil L1 1s 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
L3 which sets up a difference of potential
across 1.4 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.

DET
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@ PUSH BUTTON

BATTERY BUZZER

=3 FIGURE 1
Hotw test busser should be connected up to the ground civenit of the receying set

by seans of two small coils L3 and L4 for the casy adjustwment of the crystal
detector.
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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, 1t
stands to reason that vou must have
done something wrong, or neglected to
do something which would have been
right in building vour 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 1s 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-
ning. 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.

* ok %

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

e TR e el
] o
[

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

The wires should he 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, wvar-
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.

* b *

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 Iittle pin which conuects 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-
inatedt, causing much better operation

Kadel & Herbwert

RADIO

ot 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.

# % *

KEerr 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.

" * e

Don’t try to light up the WD-12

vacuum tube above a dull red color.

Kadel & Herbert

HOW TO ELTMINATE VIBRATIONS

I“icure 1:° The chaiter in a Baldwin lond-

speaker wunit may be ehminated by placing a

small guantily of shellac about the pin which

connecls the mica diaphragm to the armnature.
This prevenis wibration.

Figure 2: 4 small washer of blotting paper
will also stop vibration on the ouler edges of
the mica diaphragur. It should be placed as

shotwn and the hard-rubber cap screzved datom
wpan if,

1\



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 citics 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 ambuﬁmces
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.

L] * L]
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 re-
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. MLikan of the California Institute of
Technology has received the Nobel prize. in
physics for his work in isolating the c¢lectron
and determining the exact amount of eclec-
tricity on it. The prize is $40,000.

* £ %

Duplex Radiophone for IExplorers

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

x & %
The Rasp in President Wilson'’s Voice

OxE of the most interesting features about
the broadcasting of ex-President Wilson's
speech on Armistice Day was the fact
noficed 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.

* k%

Multiplying Frequencies to Prevent
Interference

AT the recent meeting of the British Asso-
ciation for the Advancemcnt 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 ecach mul-
tiplied by 1,000 (dividing the wavelengths, of
course, in the same ratio), the resulting fre-
quencics of 20,000 and 19,868 kilocycles are
sufficiently far apart for distinct reception.

* % %

Radio Blamed by the Ignorant for
Thunderstorms

Tue 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 Broudcusiers Overscas

SiNcE our last list of the European broad-
casting stations (PopULarR Rabpio for Decem-
ber, 1923, page 531) four new short-wave sta-
tions have come on the ether in Europe with
regular programs. In 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. .,
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 Gcrmany a broadcasting service has
been bhegun 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.

Ariastrong 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 wuit at the throat of the horn is
connected by fwo <wires lo his radio set. the

music is hroadeast fa the whole vitlaye.

RADIO

A New Kind of Broudcuster's Fee

Corumnia University is broadcasting a series
ot ten lectures on the poetry of Robert Brown-
ng, and every student who wishes secriously to
follow the course is asked to buy a printed
outiine and syllabus, for which five dollars is
charged. In this instance the iee 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 cn-
jovment 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 Dbelieve, to allow the advertising value
of the service to carry all the cost and thus to
control the nature of the material broadcast.

£ ok %

Police Reserves to be Radio Experts

TuaE 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
i the world.

x % =
Relay Broadcasting to the Pacific Coast

THE Westinghouse Company has installed a
radio relay station at Hastings, Ncbraska.
Concerts broadcast from Pittsburgh will be
picked up at Hastings and relayed automatically
to points farther west, " It is planned that trans-
mission {rom 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 PoruLar Rapio has
heen forecasting for months: first, the growth
of relay broadcasting and, second, the increas-
ing use of the shorter waves.

* Rk

German Broadcasting Begins

THE first regular private broadcasting has
begun in Germany, a studjo 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 he almost prohibitive to the
growth of the industry. However, the Ger-
mans are more accustomed than we are to be-
ing told what they mmust or must not do, so
perhaps the regulations will werk well enough
there.

* * *

The Honor Roll of Broadcasting Siations

THeE Burean of Standards has certified six
American bhroadcasting stations as maintain-
g a wavelength so exact that their transmis-
sion can he used for the calibration of wave
meters.  They are WGY at  Schenectady.
KDKA  ar Pittshurgh, WW] at  Detroit,
WCAP .t Washington, WOS at Jefferson
City, Missouri, and WSB at Atlanta, Georgia.
Other approved stations are the navy station
at Amapolis and the Radio Corporation sta-
tions at Tuckerton, Racky Paint, Caram Hill
and Marion,

l|\
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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 opcrator to determine the

proximity of nearby puassing motor-propelled wessels.

The device amplifies the

engine and propeller sounds which are transnitted through the water, and also
enables the operator to determine from which direction they originate.

French Government Keeps Tight Rein on Rudio

THE expectation that the scverity of the
governmental control of radio in France would
presently be relaxed does not scemn to have
been realized. New regulations recently pro-
mulgated are, if anything, more severe than
the old. AIll receiving sets, even for private
use, must be licensed and must pay a tax. 1f
a receiving station is used for public entertain-
ment or any similar purpose it must pay a
much larger tax,
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
1o protest at the mild and non-restrictive regu-
lations considered mnecessary by the United
States Government, should remember that radio
is 2 hundred times freer in this country than
it is anywhere clstil in *the *world.

Wil We Have Exclusive Radio News Service
for Newspapers.

I7 is casier to recall the past than to foresce
the future. Indeed the hest 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
mail. Why trust it 1o a wire on which anvone

Broadcasting stations are.

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 twenty years time, or
possibly in five years, radio will be as indis-
pensable in the gathering of news as the wire
telegraph is today.
= * E

Edisen Says Rudio 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 sayvs, “onc 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 rescarch worker or engineer of
future vears.

% %

Spiders Spin Trouble for Broadcast Listencrs

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 wehs 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. cspecially
in wet weather, to decrease seriously the energy
of the received signal.
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Ether Waves Emitted from Furnace Pipe.

Rapio waves emitted from transmitting an-
tennas are not the only kind of ether waves
that are of househiold importaiice. 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 cther 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 cther waves, Baint* the pipe black.

*

IFake Code on the Stage Gets Amateurs’ Goat

WE all remember the complaints of the lip
recaders in the carly days of the motion pic-
tures. What the actors rcally said to each
gther was quitc visible to persons so cquipped
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A RADIO SET FOR 60 CENTS

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

POPULAR RADIO

and it had, too frequently, no relation at all
to what was supposed to be said. The same
thing has turned up in radio. Several plays
recently on the boards in New York have made
usc of radio messages supposed to be sent jn
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 Systems in
the United States

Tue 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 cquipped for
carrier-current  telephony and 88,000 miles
cquipped for telegraphy by the same radio
mcthod.  The advantage is, of course, that a
number of separate messages or conversations
can be carried over the same wire without
mterference. When you talk nowadays over
any of the much-used long-distance wires it
15 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 Backiwvoods to
Cruilization

OxE of the great problems in the less settled
parts of Australia has alwavs been the diffi-
culty of communication, as the continent is
sprinkled rather generously with desert arcas
that are all but nmpassable.  The. increase of
radio stations is rapidly curing this trouble
and removing the isolation of even the most
distant settlements.

* * 4

Does the Telephione Make Us “Left-cared”?

A EGRroPEAN scientist reports that people are
acquiring better and better hearing in .their
left cars and worse and worse hearing in
their right cars. He ascribes this curious
development to the use of the telephone. Most
people hold the receiver to the left ear so tlat
the right band 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 utust 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 be
that we will find one of the henefits of radio,
especially of DX work, to be an increased
acuteness of hearing in bothr ears. Animals
hcar much more acutely than we do. Men
used to hear, in prehistoric times, more acutely
than. they do now. Perhaps we can get hack a
part of this lost power.
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Underwood & Underwood

HE IS COMPILING A “RADIO CENSUS”

W. E. Downey, supervisor of vadio in the Department of Contmerce, is at work to
find out something about radio fans and radio sets in the United States. He has
alveady estimated that 70 percent of the sets have vacuwm tubes and 30 percent

; have crystal detectors.

Who Said Farmers Were Behind the Times?

AcenTs 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 143,000.

% %

Blow up Your Loop and Listen
A NEw collapsible loop invented in Europe
has the wires attached to a rubber tube like 2
bicycle tire. When vou want to use the loop
vou pump up the tire which extends the loop
and makes it operative.
x ok %

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.
® % ok
An Absolte Vacuwm of Sound

It is almost as hard to keep every trace of
sound out of a room and thus obtain absolute
quiet as it is 1o get all the air out of a vacuum
tube and make an ahsolute vacuum. And every
DX hunter knows how disturbing a very small
outside noise can be when one is listening with
every atont of car for some very faint sotnd.

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 (:wctmd1;:‘(;ted;‘lt 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.

x % %
A Funeral with Radie Dirge

AT the recent funeral of an assistant fire
chief of the Dallas, Texas, fire department,
Chopin’s funeral march, plaved by a pianist
at the central fire station, was picked up by
a radio lowdspeaker on a fire truck and the
beantiful notes of the march resounded along
the procession to the grave. The fire truck
bearing the radio apparatus followed the
ficarse and the funeral march furnished a
unique featnre of the procession.



QuestioN: I am starting to build one
of the super-heterodyne receivers de-
scribed in the November and December

issues of PorULAR Rapro. Will you
please give me the proper connections for
the Haynes tuner circuit showing 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 1s connected? The Haynes-Griffin
Company states that the instructions for
connecting the “A” battery, as published
in the December issue of PoruLar Rabro,
I have tried it both

ways and fail to find any difference
whatever,
DoucLas EurricH

Answir: The connections for the “A” bat-
tery, as published in our December number, are
correct; the Haynes-Grifin Company's state-
ment that they arc “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 the 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 batterics as follows:

top post—telephones

next helow—telephones

third post—positive “B” battery

are “incorrect.” fourth post—negative “B” battery
G
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FIGure 1: The Haynes circuit tuner with the
binding posts marked so that the tuncr may be
used as the first unit of the super-heterodyne.
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fifth post—positive “A" battery

bottom post—negative “A” bhattery.

This will be found to be an improvement
over the connections suggested in the December
issue in that the “B” lbatteries 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? 1 have had an
argument with some other radio fans
who claim it is a double circuit while I
claim it 1s 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 1s accomplished by means of a
variometer working in conjunction withi 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

Y
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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 all use the same size. Some 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
ahd thought I would use it in all the
descriptions, but first, I want to be sure
that this. would he all right.

A. ANDREwW 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, ahd mutual
coupling.

It stands to reason that if vou 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 afiect
the coupling and the efficiency in a similar
manmner.

It 1s best to follow the designer’s specifica-
tions to ecxactly duplicate his results, The de-
signers tell you what to do: go and do it!
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 15 the best to
use for the set described.
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Ficure 2: Modified single-civcuit regenerative receiver, that '3"2_2‘-:-,4;(

—
_—
[

-

includes a bypass condenser in the plate circuit which also is
11 Series with the antenna and grid ctrcuifs.
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QuestioN: Will you please give me
a circuit showing how to add one stage
of audio amplification to my detector cir-
cuit, and one stage of- push-aud-pull
amplification? T 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 1 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 PorurLar Rabio.

DoxaLp K. BEarD

ANSwWER: The circuit you need is shown jn
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:

AFT1—audio-frequency

former;

AFT2—input push-and-pull trausforiner :

AFT3—output push-and-pull transformer ;

(The above two you have)

I1 and J2—double-circuit jacks:

13—single-circuit jack;

R1 and R2—filament rheostat, 20 ohms;

R3, R4, and RS5—resistances, 50,000 ohms

each;

Cl—mica fixed condenser, .0005 infd.;

C2—mica fixed condenser, .00025 mfd.;

switch lever and 4 switch points;

three UV-201-a tuhes or three C-301-a tubes:

three tube sockets;

“C” battery, 9 volis;

“B” battery (three 45-}’0“ sections).

You will he able to use the same storage bat-
tery as used on vour present set. TJust commect
the two posts marked “A” negative and “A™

amplifying trans-

positive on the diagram to the corresponding
terminals of your present battery.

The switcl lever connecting to the rte-
sistances R3, R4, and RS constitute a volunie
control so that vou will he able to get just
the right amount of signal strength to meet
your conditions.

* * *

QQuEesTioN : What 1s 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 Savre

AnNswer: 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. Tlus 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 miniinun capacity, the capacity
in the cirenit will approach the value of ca-
pacity encountered hetween the operator’s hand
and the shaft of the condenser.

From the standpoint of sensitivity, the vi-
riometer method wonld 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 commerc:ally 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, case of operation, as
well as circuit design) for a proper and com-
plete answer in this space.

Considered briefly, ifrom a standpoint of hoth
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
same principles of clectrical resonance, except
that in the one, the capacity is predommant
and in the other the inductance is predominant.

* * *

Quesrion: ls there any tvpe of re-

ceiver that will eliminate the inter-
“ference from nearby single-circuit re-
ceivers ?
to solve this troublesome question? It

What would be the best way

certainly is-annoying to try to receive
a Httlee DX with a really good receiver
and then to find ‘that it is almost im-

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-
hidden by law.

A. J. RoBINSON

Answer: If you have one 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
friendly 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. Braux

ANSwWER: 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 he connected toward the negative leg
of the filaments.



200 POPUILAR

RADIO

-

6L
® i
I
5C
S |A
7.__VC
<, Lo
ﬁo\
AEY
Ly
<0000
— =%
Ly
- It should be well insulated because it must
QUESTION: | want to use the circuit Stand quite a high potential.

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 he 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? Artiivr CoLLINS

Axswer: What you want, we believe, is the
British Aireraft circuit which is shown in Fig-
ure 4. The larger inductance, L1, may be made
by winding about 30 turns of Na, 12 bare cop-
per wire on a four-inch tube. The smaller
grid-tickler. 1.2, can be made by winding 20
turns of No. 18 hell wire on a 3%-iiichy tube
inserted in one end of the larger inductanes,

The variable condenser, VC, is a .0003 id.

Condensers C3, C4, and CS are 1 mfd. paper
condensers that should be capable of withstand-
ing 300 volts, or more, continuously.

Condensers C1 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 114 henries
cach. They should be capable of passing about
150 to 200 mitliamperes.

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, VT1 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.

* * *

QuestrioN : 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 lLie used on radio-fre-
anencv coils. Such use contributes to both the
dielectric losses in the coils and in the value of
the distributed capacity of the coils.
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tng-a reversced grid tickler coil.
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Question: Kindly give me a hook- of some kind across the secondary.

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. |
have a Ford spark coil and 1 have been
told that it will work as an inter-
rupted plate supply if T use a condenser

A. D. BELMONT

Answer: The circuit you require is shown
on this page in Figure 4 This is the sdime
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 i1 tuning and will enable you to
transmit to much greater distances.

Figure 5:

Diagram showing how to conmnect up a spark coil to a 5-watt,
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single-tube, CW transmitier to supply the plate voltage.



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 ficld is Mr. John Stone Stone,
formerly of Boston, now living in San Dicgo,
California. A short time ago, the 1923 medal
of the Institute of Radio Engincers was pre-
sented to Mr. Stone in recognition of his services
to radio science. In his remarks at that time*
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 clectrical arts in that
the early growth of these latter has depended
almost whelly on empirical devclopments, while
the advances in the art of radic 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 rcached 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, thercfore, so much con-
cerned to sce 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 15 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 rcasonably cxpect, therefore,
that in the near future this prodigious magni-
fving power of our electrical microscope will

'.~\:.s reported in Radio (San Francisco), Vol. 5, No.
11, page 10 {November, 1923).
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be used te 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 indecd 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
clectric 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 1t
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 cngineer.

-
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whose name nd residence are not disclosed.
has perfected an apparatus by which he can
stop at will, any automobhile passing in front
of his laboratory.

The report is surrvunded hy teo much secrecy
as 1o the names, dates, places and the like
to have much weight as a scientific document.
We imaginc 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 mterference with the operation of internal
combustion cngines is possible at all on the
hasis of what we now know about radio waves.

There are two wavs, theoretically, in which
such interference might be 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 element of it, as. for example.
a part of the wiring or, some delicate adjust-
went of the carburetor.

The Paris reports mention the automobiles
as being able to proceed again at once as soon
as the mterfering influence was removed. Tf
this is correct there could not have been any
interference of the second cliass. accompanied
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by actual destraction of parts.  The saine is
true, according to the reports, of the alleged
mterference with airplanes and automobiles in
Germany.  We must inquire, therefore, whether
it is possible to have interference of the first
class, that 1s a disturbance of the current in
the ignition system,

[t is verv difficult to sec how this could be
accomplished. Tt is quite possible, of course. to
project radio waves, cither hy broadcast or in
directed beams, and to have them impinge
against the engine of an automobile or an air-
plane. © But the volhtage 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 transimitting stations.
The. superposition of tiny voltages like this on
the considerable voltages of the ignition cir-
cnits could have no perceptible effect.

Furthermore, the inctal -parts of the engine.
such as the cylinders and the inetal cases of
the magneto or spark coils, would act as
shields and would absorly the major part of
the radio encrgy. All in all, an interfering
effiecct by any known kind of radio waves on
engine ignibian seems very improbable even if
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HAVE RADIO EARS

At the Tank School at Camp Meade, Maryland, the U: S. Army has devised o radio

system for communication between the crews of armored lanks in action and their

hase stafion, which may be as much as ten miles .asvay.  The transmitting outfit as -
sheson o the smadl carvd al e right,
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¥rom a photograph lecaned by Dr. R. B. Abbett 1

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. Indeced such effects were ob-
tained by Tesla with his powerful oscillators
many years ago. Wire§ 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 cntirely new procedure the nature of
which it is difficult even to surmise,

Heart Throbs that Shake the
House

OxE 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 umt 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 onc 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
thc 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 io
medical teaching by Dr. Richard C. Cabot, of
Boston T and by Dr. Leo Jacobsohn, of Berlin.}

Doubtless i1t will he 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 he given any desired intensity it will
be possihle to make phonograph records of them
or to record them in any of the ways now
available for audio-frequency oscillations, for

*Phvsical Review, Tebruary, 1923,

tJournal of the American Medical Association, July
28, 1923.

YDie Umschan, 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 reccovery thus traced. There is a great
field of research and- achicvement 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 wayv for some years. A number of the
results were described by Mr. Watson Watt
last summer in a brilliant lecture hefore the
Radio Societv 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 inclide 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 rcad by cvery serious student of radio
scicnce. There is another paper by Watson Watt and

E. V. Appleton in the Proc. of the Royal Society
(London), Vol. 1034, pages 84-102 (1923).
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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 he made but, in the
nain, 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
varicty offers much hope to the scientist. The
exact wave forms of the clicks and groans
that bother us so nuch 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 unwvariable 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 he 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 sccond 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 survevor “triangulates” the position
of a distant mountain peak. Qut of all the
individual clicks recorded, about 1,000 gave
simultaneous records at three or more stations.
In about 300 of thesec instances the records
indicated a point of origin which was inhabited
and from which simultaneous weather infor-
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Redrawn from The Wireless World (London)

WHAT THE WAVES OF STATIC LOOK LIKE
The apparatus used by My, Watson Watt for ihvestigating static shows a picture

of the wawve 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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mation, as, lor cxample, the vecurrence of
thunderstorms, could be secured.

In only 45 of these fully traced mstances
was there a record of actual thunder and
lightning, but in 207 instances, or sivty-mine
percent of the cases rain was falling at the
suspected locality. Static seems, then, to bhe
more commeonly 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
clectric phenomena of the general nature of a
silent discharge accompany -the fall .of. rain,
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 mai-
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 cléc-
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, hut why arc
they ot visible over the ecdge of the .cloud
sheet at night? And, if not, what possible

discharge can be imagined, capable of radiating.

cnergy at a rate comparable with that involved
in the propagation of atmospherics?” (A rate
which Mr. Watson Watt calculates, for the
typical thunderstoriu atiospheric, as about that
of a 20,000,000-meter-ampere transmitter, or
250 times that of the grecat St. Assise trans-
mitting station in France.)

These questions remain mysterious but wt
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 Socicty, “What is necded
to clear the fog of mystery which scems 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, hut is simply
measurentent—measurement which need not he
elaborate or difhcult, 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. M. Watson Watt
said, “The recording of the atmespherics oc-
curring immediately after time signals
can be done by mwost amateurs who care to
add a simple recording device to their ampli-
fiers. . . . Many of wou have frame aérials
with which vou can make svstematic directional
observations on atmaspherics, . Some of vou

RADIO

amay care 1o attempl a osolution of  the 1nost
untouched problem of “the - inclination to the
vertical oi the wave front in atmosplierics.
Some might prefer to try forecasting local
weather by observation of- the types of atmos:
pheries  preceding  different  meteorological
events.”

These suggestions are just as live for the
American amateur as for his British colleague
‘Why ‘not -attempt.some ‘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.

PR - Oy .

Will R'ad.io"H'eﬁl‘;w LB-rfng a New
“Age of Aluminum’'?

. THEre is evident. in.madern industry, espe
cially in the radio industry, an event which
future historians will probably regard as a
turning point in hurhan history. It is the pas-
sage.of human socrety from the Age of Iron,
now some 3,000 vears old, into the Age of
newer metals—of Tungsten, perhaps, or of
Aluminum.

Historians have been accustomed to divide
history i 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
alumimmm,

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; molvbdenum for the
plates of power tubes; thorium, sodium, tan-
tahum, tellurium and several others.

Aluminum, the nost 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 consiruction 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 hushings {or the shafts of in-
struments. wonld have many advantages of per-
manence, lightness and automatic shielding.
We have scen one fine set recently in which
the pancls were supported by hight-weight
braces of an aluminum alloy. [t is not at all
beyond the bounds of possibility that the alloys
of aluminum, which are numerons aud widely
varied in their properties, will provide our
grandchildren not  only  with  airships  and
antenna  towers but with houses and tnols
and  furniture and nmany  other things.

Do Clouds of Tonized Air Affect
the Radio Compass?

Tire appearance of a special report of the
British Radio Research Board on svstems of
direction finding hy radio. calls attention te

L
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the fact that the radio compass, in spite of
its extraordinary practical value, has not yet
rcached a stage of perfect dependability.
American readers will recall the recent de-
stroyer wreck on the Pacific Coast, when the
radio bearings were s0 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 arec wrong often enough to
furnish a certan justification for ignoring
ahem when they conflict with other positional
ata.

The svstems tested and described in the
British report* include the singte 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 15 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 PoruLar
Rapio for November, the waves do not always
go outward from the radio stations on shore
in straight lnes. 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 usc 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-
maticatly, 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 TFinding by Radio,”” by R Smith-Rose
and R. H. Barfield. Special rcport No. 1 of the
Radio Rescarch Board. Published by H. M. Station-
ery Office, London. DPrice 9 pence.

Bureau of Standards

HOLDING A METAL GIRDER ON
ONE THUMB

These girders of an aluminwm alloy designed

for use in airships are so light that a girder

capable of supporting many pounds can be
suspended comfortably on a maw’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.

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 beew 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 1t
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
particles? 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
i1s a wave. Many facts prove this. But light
also scems to he in particles. An equally large
number of facts prove this. Many physicists
have spent sleepless nights over this mmystery
in the last ten years.

The present state of scientihe opinion on this,
up-to-the-minute question has just heen sum-

marized by Sir Oliver Lodge in a brilliant
series of articles in the London engineéring
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. Qur 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
ight. 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-
mg, but from the clectrically charged wires
(composed of matter) of the antenna.

Now it is probable, savs Sir Oliver. that the
property of light and other cther waves of
coming in small chunks, each one of which is
called a quantum. is a property not of the
ether wave itsell but of the atoms of matter.

*The Quantum and the Structnre of the Atom
and its Radiation,” Ly Siv Qliver. Lodge. Reama: Val.
13, pages 11-19, 80-88. 148-157. 211220 (luly, \ngust,
Septemher and October, 1923). X =



POPULAR RADIO

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 noney 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 chunks 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, Eir 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.
15 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 1s 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 atomn 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 f{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 he described in an early num.
ber of PorurLar Rapin.
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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 radioc 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 be checked, of
course, by comparing them with some fixed
standard. Tt 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 hut 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
Very Short Radio avelengths and Their Use in

Frequency Standardization'” Proc, Inst. Radio Ewngi.
neers, Vol 11, pages 467-477, (October, 1923)



A limited number of questions of general scientific interest will be answered each
month i 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 hghtuing rod?

No. A lightning rod is mercly 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 rcadings at many places in dif-
ferent parts of the country, as the Weather
Burecau 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.

Wiy is it necessary to solder the con-
nections of a radio set? Electricity 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 fecble

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 eclectricity. 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?

IT is a kind of eclectric battery in which the
two different liquids necessary to operate the
hattery are kept apart by a difference in density
or “gravity.”” For example, the clectric 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.
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What wmakes the bubbles of gus when
two twires are dipped into water and an
electric current is passed between them?

TuEe electric current decomposes the water
mnto the chemical elements of which 1t 1s 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
dentisis interfere so much with nearby
radio seis? Is it possibie 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 varicty 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 {roin electric substa-
tions. It is a very dificult problem and has
not yet been solved completely.

What material is the most perfect in-
sulator?

TaE answer to this question depends upon
what you want to usec 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 ideca 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 comn-
parative values of the constant. This does
not, however, determine all the properties of
an insulator.

Pitch T I o 2
Faseline A A Bl b 2.2
Paraffin & b R i 2 te I
Ebonite e . 30
Shellac . .8 te o
Sulphur I B 4.0
Porcelan o T o 4 to 7
Rock Sal i S i L 56
Mica o el mpecne cama O o T
Glass . S P 6 to I
Pure Water .. ... ... . 70 to 80
Pure lee ... ... .. - 03

Why is it necessary to use distilled
water instead of ordinary water in mak-
ing up the acid for a storage batiery?

BeCAUSE ordinary water is not quite pure,

There are always small amounts of various
cheniicals dissolved in it, as you can prove hy

evaporating some of it {from a <lean 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 secen mentions of the “absolute
ampere” and of the “internationul am-
pere”  Are there two kinds of amperes?

THEKE are not exactly two kinds of amperes
but there are two ways of defining this elec-
tric umt. 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, (0111800 gram of silver.
For practical purposes the difference between
the two values of the ampere is negligible.

Wiy do somme of the books say thai
electric current flows from the positive fo
the negative pole, while other books say
that the electrons which compose the cur-
rent flow from negative to positive?

Ti1s 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 {irom 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 clectrical formulas recognized this but it is
so much of a job to change them all that most
electricians continue 1o use the old ones.

I am told that the dust from coal smoke
settling on my antenna will decrease the
strength of the signals I receive. Is this
truc?

Yrs. 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 anteuna 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 marlk used as a
grid-leak.
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IF you are getting good results with your receiving set, tell your fellow-readers of PopULAR
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Rapto how you get them. Give the call letters of the stations you hear, the locations of them, the
type of apparatus that you are using and How You Are Using IT.

WHAT ONE TUBE CAN DO

WriTH the single-tube receiver described in
the April number of Popurar Rapio, H. P.
Krag of Kensal, N. D, has heard as many as
eleven stations i one night in summer weather.
He uses a peanut tube in the two-circuit hook-
up described.

His record for one evening i1s the following
list: WLW, Cincinnati, O.; WJAZ, Chicago,
I1l.; WQOS, Jefferson City, Mo.; WBAH, Min-
neapolis, Minn.; 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 VARIOCOUTLER 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, WW]J and KDKA.
The condensers, made at home from ecleven
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 314 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 Docecert of Catlin, 111, 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 fcet, 20 feet high. He has made two
loop antennas with wire taken from a Ford
spark coil and has picked up WLV, Cincinnati,
0., 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, Philadelphia, Pa.;
WFAA, Dallas, Tex.; PWX, Havana, Cuba,
and CHYC, Ottawa, Canada.

* * *
THE SINGLE-CIRCUIT AGAIN

Wane the single-circuit set is seldom selec-
tive and although it 15 condemned because it
sometimes sends 1ts 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
PorurLar Rapio for March, frequently hears
T.os 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 aiso heard Memphis,
Tenn., Davenport, Ia., Kansas City, Mo., At-
lanta, Ga.,, Ft. Worth, Tex., and a long list of
others.
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The Best in Radio Equipment

Now for the hook-up

THE radio set builder’s eyes shine
with prnide as he inspects his
dnilled Celoron panel. He has done a
good job. The finely finished Celoron

anel reflects his good workmanship.

e 15 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. (rit cannot
scratch it. Hands cannot fingerprint
it. You are the first to unwrap it.

To radio dealers: Send for special dealer price list showing standard assortments

Celoron, a bakelite product, has
high dielectric strength. Itisapproved
by the U. §. Navy and the U. S.
Signal Corps.

pecial-sized Celoron