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CUNNINGHAM
ETECTOR-AMPLIFIER.
MODEL C12
PAYENTED

CUNNINGHAM
ETECTDR- AMPLIFIER
ODEL C 299

BATENTEC

C-299—3Volts.

06 amp. Dry

Battery Det.
and Amp.

.25 amp. Dry
Battery Det.and
Amp. Special

C-12—Similar
to C-11 with

.o et

C-300—6 Volts Gas
Content Detector
$5.00

C-301A—6 Volts I
amp. Amplifier
$5.00
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standard base

plet

$5.00 8

line of—

CLAAA _

DI® TUBES

FOR EVERY TYPE OF RECEIVING SET

are using—one or more of these five Cunning-

ham receiving tubes will be ideal for obtaining
maximum distance reception with perfect reproduction
of both voice and music.

Three of the five tubes are designed to use dry batteries
for filament lighting. C-299, the latest development in
Radio Tubes, is compact in design and highly efficient
in operation as a radio frequency amplifier, a detector
and as an audio-frequency amplifier. When used for
thelatter purpose, the output of two stages is sufficient
for the operation of a smallloud speaker.

The most remarkable feature of this tube is the new
patented filament used which draws only .06 amperes
at 3 volts.

C-11 is a dry battery tube with a special base for use
in sets having special sockets. It isa good detector and
audio-frequency amplifier. The filament is lighted
from a single dry battery and draws .25 amperes.

WHATEVER type of receiving set or circuit you

C-12 is identical to C-1r in operating characteristics,
but is mounted on a standard base to permit the use
of a dry battery tube in sets equipped with standard
sockets without the aid of special adaptors.
Whenever storage battery supply is available for fila-
ment lighting, the C-300 will be the best tube to use as
a detector because it is the most sensitive for the
reception of distant and weak signals.
Under the same condition, C-301A will be the best
tube for amplification at either radio or audio fre-
quency, because it gives greater gain per stage than
any other tube on the amateur market. The new
patented filament used, similar to that in C-299 draws
only .25 amperes at 6 volts, reducing the necessity of
frequent storage battery charging.

Q Cunningham tubes are cov-
Patent Notlces ered by patents dated 2-18-08
and others issued and pending. ~Licensed for amateur,
experimental and entertainment use in radio communi-
cation. Any other use will be an infringement.

The care and operation of each model of Receiving Tube

is fully explained in our new
Book.” s
our San Francisco office.

Home Office: 182 Second St.
San Francisco, Calif.

154 West Lake Street
Chicago, Illinois

WAWAALadkaericanradiehistorn.com

opies may be obtai.

4o-page “ Radio Tube Data
ned by sending ten cenls to

AL

30 Church Street
New York City, N. Y.

$5.00
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“GET THE WORLD WITH N&K{}"

QIR

You shall be the Sole Judge

A Most Unusual Offer

EST N & K Phones on your radio  promptly refunded. No obligation whatso-

set alongside any other phones made.  ever will be incurred. You shall be the sole
If the N & K Phones do not reproduce sudge. The N & K Head Set, Model D,
both ?lgh and low tones more perfectly, 4000 ohms, is the imported head set that
if they do not give a clearer, more mellow  the radio ‘‘fans’’ are all talking about.
tone, if they do not fit more comfortably  Larger diaphragms. Nickeled brass sound
on the head, send them back to the store chamber. Leather covered bands. #8.50
within three days, and your money will be  atleadingstores. Ask for descriptive folder.

TH. GOLDSCHMIDT CORP., 15 WiLuiam St., Depr RS, New York City
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Any of the
Stores listed below
or any other Store display-
ing this advertisement
will send you an N & K
Head Set to make this trial.

Athal, Mass. M. Steinert & Sons Co.

Atlanta M. Rich & Bros. Co.

Baltimore Hochaschild, Kohn & Co.
Little Joe Wiesenfeld Cc.
Joel Gutman & Co.
Jones Electric Radio Co.

Bangor. Me. M. Steinert & Sons Co.
Bloomfield, N. J. United Cigar Store:
Boston Shepard Stores

M. Steinert & Sons Co.
A. P. Merchant Co.
Iver Johnson Sporting
MGgod- Co.& g
Bridgeport . Steinert ons Co.
Broogklpy?\ Abraham & Straus
Frederick Loeser & Co,
A. L. Namm & Son
Roval Eastern Elec.

up, Co,
20th Century Radio
Corp.
United Cigar Store
Chlcago Marshall Field & Co.
dio Instruments Co.
of Chicago
Cleveland ‘The May Company
H. Lesser & Co.
Colorado Springs Kaufman & Co., Inc.
Teason Bros,
Dayton The Anderson Piano Co.
Denver Daniel & Fisher
- Stores Co,
Des Moines Younker Brothers
Detroit J. L. Hudson-Co.

Crowley, Milner Co.
Detroit Electric Co.
East Orange, N. J. United Cigar Store

Elmira Backer, Rose &
Clinton Co.
Fall River M. Steinert & Sons Co.
Fiechburg M. Sicinert & Sons Co.
Harrisburg Pomeroy's Inc.
Hareford Sage, Allen & Co,
Houston W, C. Munn Co.
Indianapolis Alamo Sales Corp,
Jamaica, L. 1. Bangert Electric Co.
Roval Eastern Electric
Supplv Co.
United Cigar Store
Johnstown Penn Trafhc Co.
Kansas City The Schmelzer Cn.

Western Radio Corp.
J. W, Jenkins Sons

Music Co.
Long Island Ciey Roval Eastern Electric
Supply Co.
Los Angeles Hamburger's
Lowell M. Steinert & Sons Co.
Bon Marche D. G. Co.
Memphis Bry-Block Mercantile Co.
J. Goldsmith & Sons
Milwaukee Gimbel Brothers
Minneapolis L. §. Donaldson Co.
Newark, N. ]. L. Bamberger & Co.
New Haven Edward Malley Co.
M. Steinert & Sons Co.
New Orleans D. H. Holmes Co.
New York City Davega (11 stores)

Gimbel Brothers
John Wanamaker
Herbert & Huesgen Co
United Cigar Stores
(10 stores)
David Killoch Co.
Roval Eastern Elec.
Supply Co.
J. L. Lewis, Inc.
Hanes-Zener Co.

Haynes-Griffin Radio
Service, Inc.
Oklahoma City J. W._ Jenkins Sons
Music Co.
Omaha Oakford Music Co.
Richard M. Shlaes
Paterson. N. J. Paterson Radio Co.
Pawrtucket M. Steinert & Sons Co
Peoria Block & Kuhl Co.
Philadelphia Gimbel Brothers

John Wanamaker

Lit Brothers

N. Snellenburg & Co.
Pitesburgh Bogss & Buh!

Kaufmann & Baer Oo.

Ludwig Hommel & Co.

Putesfield, Mass. Holden & Stone Co.
Portland, Me. M. Steinert & Sons Co.
Portland. Ore. Meier & Frank Company
Providence The Outlet Co.

M. Steinert & Sons Co.
Rochester Kelman Electric Co.
San Francisco The Emporium
Savannah Leopold Adler
Seattle Frederick & Nelson, Inc.
Sioux City Davidson Bros. Co.

Radio Exchange
Springheld, Mass. M. Steinert & Sons Co.
St Louis Famous & Barr Co.

Van-Ashe Radio Co.
St. Paul Pioneer Electric Co.
Syracuse Alexander Grant’s Sons
Tulsa J. W. Jeakins Sons

Music Co.

Washington Woodward & Lothrod
Waterbury M. Steinert & Sons Co.
Worcester M. Steinert & Sons Co.

Dealers: We authorize you to re-

fund the price of any N & K Head

Setreturnedunder the conditions

named in this ad. We will ex-

change or replace any sets that
come back to you.
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tions cannot be returned unless full postage has been included. ~ All accepted con-
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ments; good photographs accompanying them are highly desirable.
Entered as second-class matter at the Post Office, at
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*“The gods cannot help one

who loses opportunities.”
~Mencius

If you are wise you will lose
none of the opportunities for
entertainment that a Grebe
Broadcast Receiver will bring.

%@—EP\

Trustworthy
Performance

gﬁﬁ%ﬁ%&?{%@ HETHER the evening s feature be the broad-
(Accesemriod sxtea) casting of the World’'s Heavyweight Cham-
pionship or a Sunday Night Concert, you will antici-
pate it with keen pleasure and confidence when you

tune in with your

Broadcast
REB Receiver

Made in two easily operated types, in which every detail of
craftsmanship is an assurance of trustworthy performance.

Each Instrument is the result of more than ten years of radio
manufacturing experience.

Ask your Dealer or write us for literature

A. H. GREBE & CO., Inc.
VanWyckBlvd., Richmond Hill,N.Y.

Western Branch: 451 East 3rd Street
Los Angeles, Cal.

imoeed Upiee

n| .

Pat. No. 1,113,149 Type CR-14— A 3-tube dry
cell Regenerative

Receiver . . . . $110@

{Accessories extral
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San Francisco Hears Japan
and Newark on the
DICTOGRAND!

The Master
Instrument That
Made the Record

1. Operates =~ without
extra batteries.

2. Adjustable dial
controls volume.

3. Handsomely com-
pact in construction.

4. Finished in a rich
ebony; set off by a
glistening silveredsrim
on the bell.

5. Fully guaranteed.

ONLY

$24.50

Ready to Operate

the San
Francisco
Chronicle

1545

The ““Aristocrat’”
Dictograph
Headset

1. 3,000 ohms

2. 10 ounces (None
lighter)

3. Head-fit headband

4. Cup-curved ear
pieces

5. Finished in black
and orange

6. Guaranteed fully

HAT a superb loud
speaker! The instru-
ment that broke all records
by reproducing faint signals
from far away Japan with

was understood distinctly by
the 4 listeners-in!

Why not get many more
distant points on a loud
speaker than you are now

FREE

“Applause Cards’

“—Station W-J-A-Z signing off. If you
have enjoyed the artist’s program, won't
you write in and tell them?”

audible loud speaker volume!

Clearly! With such clarity
that this communication be-
tween the ends of the earth

getting with your present
equipment? Get a Dicto-
grand today. Tune in some
distant point tonight. See
your dealer.

The Dictograph
“Phono-Unit”’

Makes a loud speaker
of your phonograph!

1. Uses no extra batteries

2. Has adapters to fit any
make of phonograph

3. Attached and detached
in a moment

4

. Calibrated dial on back

controls volume
. Finished in nickel
. Fully guaranteed

$10.00

[~ g5}
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By all means! Quickly and easily with
“Applause Cards.”* They’re handsomely
printed mailing cards. All ready for you
to fill in with your comments, sign, and
drop in the mail box.

Keep a_pack of them near your receiving
set.  You can use ‘‘Applause Cards”*
h_bcrally because they are FREE AT
YOUR RADIO DEALER’S.

“Applause Cards”* were originated by
this Company, makers of the popular
Dictogrand Loud Speaker and the
Aristocrat Dictograph Headset. The
only “Applause Cards”* are Dictograph
Copyrighted “Applause Cards.””*

A big FREE package of them awaits you at
vour dealer’s. Or if he has not yet stocked,
write us, and we’ll ship you a generous sup-
ply of ‘“Applause Cards* free, prepaid
direct, provided you give us your dealer’s
name. Dept. D-5.

DICTOGRAPH
PRODUCTS CORPORATION
220 West 42d St.,, N. Y. City

*Reg. U. 8. Pat. Office.
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IMonodyne -

Special
| .00
102 MONODYNE
’ ), | Without Tube Features

1. The single tube on
the Monodyne acts
as amplifier and de-
tector equaling a vol-
ume of two tubes.

NATIONAL ; _  Sy 2.Uses but one dry
MONODYNE cell tube, preferably
WD-12 or C-12.

3.0Only one tuning
control—simple and
easy to operate.

NATIONAL
(MONODYNE)

TRADE MARK

"~ TUBE SET

MODEL GT-

4, Selectivity — sharp-
tuning always on all
wave lengths.

5. No storage batteries.
Operates on single
dry cells.

6. Easy to install—per-
mits all kinds of
“hook-ups.”

Even a child can operate this inexpensive, | hookews”
highly efficient. simplified Radio Set head phoes or loud

Every member of the family can enjoy listening in to - lc,;:s(::;:{,jult(:upbo:;
broadcast entertainments, political speakers, market

reports, sporting events and religious sermons right

in your own home and at a trifling cost. There are

thousands of Monodyne users all over the country

who are daily praising the wonderful merits and long

distance receiving qualities of this set.

NAT’ []NA“ Radio Dealers
ﬂ I R P H ﬂ“t Send for information and prices.
Sensation of radio — selling like
oRPORATION ¢

c wildfire all over the country.
18 HUDSON ST. NEW YORK

www.americanradiohistorv.com
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%
HaveYou Been Waiting for SIMPLIFIED RADIO?
It Has Come! - Remember how the bicycle, the automobile, and other popular

inventions were complicated and costly at first? They were
simplified and brought within the reach of everybody’s pocket-
book. SIMPLIFIED RADIO IS HERE!

RADIO PUBLIC DEALERS

Simple and Easy to Operate

Here is the most practical,
guaranteed Radio Receiver you The Monodyne tube set is the

will want. Brings in local and Receiver that is in big demand
distant broadcast entertain- .
to-day —it has made many

ments clear and loud without

One Sells Another

distortion. The only set made radio shops popular—it will at-
in the world with but one tun- tract the crowd to your store.
Ing control, no dials to fuss Can be used anywhere, indoors

with. By a simple turn of the
knob you can tune in or out
desired stations. No storage

or outdoors. Meets the big call
for an inexpensive, highly sat-

batteries. Thousands of testi- isfactory set. Easy to handle
monials. A trial will convince and demonstrate. Sells at list.
the most skeptical. If your Quick turnover. Every one
dealer cannot supply you, fll guaranteed. Send for Sample

out the coupon below and mail

it promptly. and Prices.
National National
Monodyne Amplifier Interference Eliminator
Want to use a LOUD SPEAKER ? Two Monodyne c .
Amplifiers will operate a loud speaker on any set with- Bothered with interference? Get a National Inter-
out howling or distortion. One or more stages of ference Eliminator. Will make any set tune sharper—

mplificati it. . .
amphification can be added to suit cuts out broadcasting and code interference. Can be

$8.50 used to increase or shorten wave lengths.
without
$7.50

tube

complete with
two inductance
coils

pammm=mmanm=: SEND NO MONEY mmmmmnnnnnm

National Airphone Corporation, R.N. 5
18 Hudson Street, New York City, N. Y.
Gentlemen: )
Send prepaid the articles National Monodyne.

marked, for which I will pay —— National Amplifier.
postman upon delivery the

Advertised Price. Interference Eliminator.

HIRPHINE

18 HUDSON ST. NEW YORK

www.americanradiohistorv.com
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The astounding growth of Radio has created thousands of wonderful opportuni-

AVIATION ties for earning big money. Millions upon millions of dollars are being spent every

- year since broadcasting has become so popular. Radio is indeed sweeping the world
like a forest fire!

_ A few vears ago only a very small number of men were actively engaged in Radio.
= Today, with but few exceptions, these men are holding key positions in this mar-
1 velous new industrv. In the same way, the young men and ambitious boyvs who get
into Radio now will be the leaders a few years hence. The opportunities right now
are a hundred times greater than they were ten years ago.

Recognized Radio.Experts
In Urgent Demand

Trained experts—not just half trained amateurs—are needed for the many big
paying positions which have developed as a result of the tremendous expansion of
Radio. Broadcasting stations are constantly needing operators, stores are sadly in
need of trained experts as salesmen, installers, repair men, demonstrators. Yactories
need inspectors, assemblers, testers and executives.

These are just a few of the opportunities. Radio operators on board ship travel
all over the world without one cent of expense, see historically important places, meet
prominent people on board ship, mingling with the passengers and earning salaries
equal to $200 a month in any land job. How often you've dreamed of travel, of-
being able to talk from experience of gay Paris, the beauties of the Mediterranean
sunset, the awe of Egypt’s pyramids. As a radio operator you can see them first hand.

Hundreds of Big Paying Positions
Open Right Now -in Radio !

Hardly a week goes by without our receiving calls for our graduates. This is
how some of them read: “We need the services of a competent radio engineer’*;
“We want men with executive ability in addition to radio knowledge to become store
managers” ; “We require the services of several resident demonstrators.”

FREE Instruments

This 1,000-mile Re-
generative receiving
set is included in
our course without
charge. Our book,
“Rich Rewards in
Radio,” tells you all
about the practical
training given with
1t.

BUSINESS

www.americanradiohistorv.com
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Weelk as a Radio Expert

in Spare Time

The big radio firms ‘are coming to us for their men—they call on us first because
they know that our graduates are one hundred per cent. trained experts—they are
Recognized Radio Experts.

Earn Big Money While Learning

No matter if you know nothing at all about radio or electricity, you can easily
and quickly become an expert. Age is no drawback. Our method of teaching makes
it fascinating and interesting to learn the mysteries of this new science. Instruments
for practical training given FREE with this course are shown at the bottom of this

page.

Scores of our students earn big money during their spare time after finishing
the first few lessons. Mathew Waldron made $150 in one month—Fred W. Sulli-
van, of Fall River, Mass., made $8+.60 in three weeks. Many students more than
pay for their course in this way—while they are studying.

Satisfaction is Guaranteed

Our faith in our method of training and in our ability to fit you for a bigger
pay is evidenced by our guarantee to refund every cent of your money if you are
not satisfied when you finish the course. The National Radio Institute, established
in 1914, the first school to successfully teach Radio by mail, and now the largest radio
training organization in the world, stands behind that guarantee.

Send for FREE BOOK

We will gladly send you Free, without any obligation on your part, our book,
“Rich Rewards in Radio,” which gives you more facts about the big pay oppor-
tunities in Radio, tells you how we prepare you at home in spare time, and about
how we are asked to fill hundreds of fine positions every year. No matter what
you are doing now-—no matter what your plans for the future are—send
for this Free Book of wonderful opportunities. Mail the coupon NOW.

NATIONAL RADIO INSTITUTE
Dept. 13EA Washington, D. C.

for practical training at home

These parts with in- This is the world-famous Natrom-
structions are given for eser—one of ?he three instruments complete instruce
experience and practical given for scientific and practical tions are_given Street
training in making and home training in 1astering the for practice in
A ati T building a re-
operating  regenerative ceiving set of the
receiving apparatus. more simple kind.

www.americanradiohistorv.com

READ WHAT THESE
GRADUATES SAY

Cleaned Up $405 in
One Month

Peculiar. Mo.
National Radio
Institute,
Washington,

D. C

Gentlemen:—

have not
heard from you
for some time.
I know you
will be glad to
hear from me
again.

1 sure have
been coining
the dough. I
was a Radio .
Salesman for eight months which
paid me $300 a month and ex-
penses, but now I have a busi-
ness of my own, building and
repairing Radio sets. You sure-
ly treated me excellent so I shall
say a good word for you when-
ever possible. I never will re-
gret the money
I paid for your
course.

I cleaned up
405 last month.
Not so bad—
is it—for a fel-
low who did
not know any-
thing about
Radio a_short
time ago?

Sincerely

yours,
Emmet Welch.

Makes $250 a Month
As Chief Operator

Havana, Cuba
National Radio Institute,
Washington, .
Gentlemen :(—

You will be glad to know that
I am Chief Operator of the
broadcasting station PWX at
Havana, Cuba, at a salary of
$250 a month. I am disposed to
make unusually favorable com-
nents among my friends regard-
ing your good course.

Yours very truly,
Austin Riu.

Mail
Coupon
For this
FREE
BOOK

National Radio Institute,
Dept. 13EA,,
Washington, D. C.
Without any obligation on my part, send me
your book, “Rich Rewards in Radio,” which tells
all about the big-money opportunities in Radio,
how spare time study will qualify me as a recog-
nized Radio Expert and also how your

i 3 Employ-
ment Service will help me get a good position.
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BUILD YOUR SET BETTER-AT LOWER COST

Radio News for May, 1924

SUPERIOR VARIOGOUPLER
$1.10
value.
produces excellent re-
sults.  Green silk wind-
ings on_ black fibre
tubes.  Rigid mounting
& support for table or
\4 pmel moum.ing Pri-
tapp for fine
tuning. %4 inch shaft. Range 200 to 600 M
V522 Variometer—same style. Each $1.1

SUPERIOR VARIOCOUPLER
Each. . $3.35

hnndsom.e "instru.
ment of superior design
and construction, Stae
tor tube and rotor bail
of moulded red brown
bakelite.  Larce size
green silk windings in-
sure highest efficiency.
Table or panel mount- y

ing. 14 inch shaft. Superior results in eir-
cuits for 180 to 650 meters. Tapped pri-
mary for finest tuning. Noiseless contacts,
V526 Special single efrcuit type..$3.75

SUPER MOULDED VARIOMETER
. V412 Eaeh,.,$2.48
Polished black
moulded rotor_  and
stator forms. Maxi-
mum inductance with
Rreatest efficiency and
minimum distributed
capacity. Ahighgrade
instrument that will
get the best results.
Wave length 180 to 600 meters.

EXCEL MOULDED VARIOMETER
45

180°
V52

V823

A wonderful value at
our price. Properly de-
signed and constructed.
Polished blaclk bakelite,
totor and stator forms.
Large size green Bilk
wire insures greatest effi-
eiency. 1 inch shaft.
Noiseless pigtail connection.
panel mounting.

Table or

| better tuning and louder signals.

Split stator winding with |

YOU SAVE MONEY WHEN YOU BUY FROM US

We Pay Transportation Charges East of the Rockies

THE PRICES QUOTED DELIVER THE GOODS TO YOUR DOOR
FAST SERVICE-——TRY US AND BE CONVIN

THIS GUARANTEE PROTECTS YOU—Examine the goods we shm you.

suit you in every respect.

at once and we will refund the price you paid.

They

must

1f you are not satisfied with your purchase return the doods

OUR SPECIAL VARIOMETER AND VARIOCOUPLER

Build
ments.
meter
coupler to

s from 180

Only the

used,

to

the best results in
any circuit working

In design
construction
they are the

grade materials are
The prices
quoted save you 30
40 per

into your
set reliable instru-
You can de-
pend on this vario-
and

vario-
give you

to 650

best.
highest

cent.

Why pay more?

V418 YVariocoupler. Each........$2.45
The most efficient type of coupler, insures
Primary
and secondary wound on natural uncolored
genuine bakelite tubes. Primary tapped

V410 Varfometer.

Each.......
Perfect in design and construction.
rate wood forms thoroughly geasoned.

.8
Accu-
Cor-
rect Inductive ratios. Solid baled windings.
Plenty of large sized wire insures highest
efficiency. A strong high grade instrument

2.10

for fine tuning. Can be panel or table| that will give you lasting service, 3/16
mounted. 3-16 ineh shaft. inch shaft.
SOLID BARE COPPER WIRE TINNED COPPER ‘“BUS BAR” WIRE
Rolid bare copper wire for aerials, leads Size 14 tinned copper wire. For wiring
or wiring instruments. . gets. Beat size for neat job and easy
—— ' soldering.
Soli@ Bare Copper Wire, size 14. V957 Round. Ten feet for...,.....(206
V240 100 ft. V9458 Square. Ten feet for ... . 140
V242 500 ft. coll

Solid Bare Copper Wire, Size
V244 100’ coil 67¢ V245 500° eoil 53 05

STRANDED ANTENNA WIRE
Cabled of fine vopper strands. Very flex-
ible. High tensile strength. Best for aerials.

insulating varnish, 38

SPAGHETTI

For covering connecting wires in sets.
For size 12 and 14 wires.
V955 Finest quality braided and satur-
ated with best baked lustrous transparent
feet for 90

V956 Best quality braid and covered with

web wound to produce
greatest efficiency and
lowest losses, 21 taps
80 arranged that
crossing {8 avofded.
Two fibre strips and
wooden rod furnished
permit various styles
With this coil a high grade set

of mounting.
can bebullt at alow cost. Directions included.

ULTYRA AUDION COIL

. Wi
for mounting and directions included.

COCKADAY COILS
V298 Per Set...$1.95

Complete set coils for
Cockaday circuit. Prop-
orly caloulated and made
to give best results on
this new wonder clrcuit.

NEUTRODYNE TRANSFORMERS
V571 Each $1.75. Perset of three.$4.95

An air core transformer for use in neu-
trodyne method of reception. Can also be
used for tuned radio frequency or as a
fixed coupler with condenser across sec-
ondary. Proper design for results and effl-
ciency. Green silk windings on bakelite
tubes with adjustable mounting brackets to
fit most any condenser.

V297 Eaehl yg'e ju e s pnmpes . 850

Spider web wound “of green ailic covered |
wire. Four taps. Produces wonderful
results. Fibre strips and en rod

Two
for ..... L47¢

V263 Ribbed Porcelain in-
ls)ulamr 2% 1n long. En Ge

oo
V260

V265 Ribbed pmr:elam
{nches long. Each.

LEAD-IN INSULATDRS

insulator — 5
[

v270 Fer 4 inch 7
walls or less. ...42n

V271 For

walls or less. ...§9n

The only practical
lead-in insulator for aerial mrul.
neat, effective, durable. Fits % inch
hole. Seourely locked by two ui:ustn.ble nuts.
OUTDOOR LIGHTNING ARRESTER

V980 Price $1.24
Protect your instruments
with this lightning ar-
rester. Weatherproof Ba-
kelite case. Air gap type.
Permanent. Durable. Un-
derwriters approved.

JEWELL LIGHTNING ARRESTER

V981 Each 850
A dependable nrotector, al-
ways on guard. Small and
compact. Weatherproof por~
celain case, KEasily fastened
and connected. Underwriters
approved. Lists for $1.10.

Small,

ing salte. solder and san

d paper.

binding post connections. V248 100° coil 58c V249 500°coil $2.75 | black iInsulating compound. 3 feet for..9¢
SUPERIOR VARIOMETER MAGNET WIRE PORCELAIN BASE SWITCHES
V525 TEach...$3.68 Insulated copper wire. Best quality even Fine white porce-
Forms moulded of | drawn wire, one piece to a spool. Prices lain bases. Copper
red brown bakellte. A | quoted aro for 8 oz. spools unless other- contacts and
neat har(l;t'isome lnstri\lxl- wise stated. Note, our prices are prepaid. blades. Can be
> ment. reen silk| 5 73 > ¢ G antenna
;Voi n}?légei: l;ﬂé(;:\ill:l;d Dmg;lvee?gétm Egﬁﬂﬂf,g Sé?ﬁ:fcs::::d Single Pole 81 l:;;i'?ld] 3 E; 20
r X ngle Pole Single Throw. Ea. 0
1 inch shaft. Noise- | Number V990|Numberv992 | Number V991 \\Ilggg Sin‘é]e Pole Do\fhle Throw. Ea. 320
less plgtail connect | Gauge Price Gauge Price/Gauge  Price | y384 Double Pole Double Throw. La. 506
tions. Table or panel | 18 |, . 39¢/20 .35

teounting, Pruducal superlor results in anv | 29 | . RADIO SOLDER SET
type olroult 180 to 650 maeters. 22 ., . V538 Com-
SFIDER WEB COIL FOR REINARTZ | 21 - » plete ...88s
CIRCUIT 28 © : Handy for
V296 Each....$1.30 30 g soldering radlo
Lists for $2.50. A 9 eonnections or for
very unusual bargain. ANTENNA INSAULATORS general small re-
Mada of green silk V260 Size 1x3%. Compo- pair jobs. Con-
covered wire, spider- sition, metal eyelets. sists of soldering

copper with handle, sal ammoniae, solder-

RADIO SOLDERI

duce better results.
solid connection quickly
120 volta.

Length 13 fnches.
overheat.

Wonderful values at our

i exactly right for radio work.

NG IRON

A
and easily

prices.

s $

8oldered connections in radlo sets pro-
This guaranteed fron

neat

made.
Operates on any lighting current 100 to
6 ft. cord with attaching Dlug.
Heats quickly, will not

Heavier irone for general repalif work.

3.48
4.25

Highest grade

No dial included.

instruments.
rating. Extremely low dielectrio losses. In-
dependent friction vernier control insures
perfect positive adjustment.

V541 Medium size ...
V542 Large size .....
MIGNON VERNIER VARIABLE
CONDENSERS
v827 .0002 M.F. Each
V828 .0005 M.F. Each.
V829 001 M.F. Each.

Aacurate

14 inch ghaft,

NEUTRALIZING CONDENSERS
V572 Per set of tW0..c.sanussvns
Simple, inexpensive, effective precision
type. Micrometer adjustment is attainable.
STANDARD NEUTRODYNE PARYS
V851 WorkRite Necutroformer (combined
transformer and condenscr). Kach..$4.78
V852 WorkRite Neutrodyne Kit..$14.95
Includea 3 WorkRite Neutroformers, 2
WorkRite Neutrodons, panel layout, paper
template and book of instruections.
V853 WorkRite Neutrodon. Each....43c
A very aecurate and easily adjusted con-
denser for neutralizing tube.
SPIDER WEB COILS
V290— 25 turn 39¢  V292—50 turn 47¢
V291— 35 turn.42¢ V293—75 turn 54¢

PANEL MOUNTING VARIABLE CONDENSERS

insure smooth,

back. The vernier

the finest tuning.
REGULAR STYL

These are especially high grade con-
densers and we guarantee them to be me-
ehanically and electrically perfect. Fine
polished end plates of heavy bakelite.
8hafts %4 inch diameter.
aluminum alloy plates perfectly spaced to
even,
Our_low Drices save you money.
condensers are of the very best make and
are not to be compared with many infe-
rior, cheap condensers offered. We guar-
antee them to please you or your money

rately controlled plate which permits of

Sturdy. heavy

reliable capacity.
These

style has one 8epa-

Quality constdered,

these vnlues are unapbroached by others.

VERNIER STYLE

V294—100 turn. Each............ 68cf V8I5— 8 plate .................. 58e and locked as before. Takes but
A new popular type of inductanee of highest | V86— 5 plate . ... ... .. ... . ... . 97 s Including D'a_! and Knobs minute to install. Perfectly insmlf
efficlency. Lowest distributed: capacity and | V814—11 plate . $I. |3 v 25_34 plate 00025 mfd.......$2.45 Jated. Can be bent into any shape.
lowest high frequency resistance. Firm green | V813—21 plate . 1.27 | V824—26 plate 0005 mtd. s 2070 Made of copper strip properly in-
silk_windings with fibre mounting strine. | V81243 vlate . 1.47 | VA26—48 plate .001 mfd . 295 sulated.  Neat and durable,

OUR SPECIAL AUDIO EQUENCY
AMPLIFYING TRANSF ORMERS

V550 Each ......
In quality of tone l.nd
volume " of sound, the

things a transformer is
buflt for we guarantee it
to equal or surpass any
other transformer. Neat
in appearance.  Carefully made. TFully
mounted with plainly marked binding pest
connections. Wonderful results on one, two

cl)rxl' three steps without distortion or howl-
g.

A quality item in every respect.
SHIELDED TRANS-
FORMER i
V550 314 to 1 Ratio.$2.48
V552 6 to 1 Ratio.. 2.68
Note that our price is pre-
paid. The same high grade
ltyle of transformer as above
nelosed in a metal case
which comp]etoly shields it from any out-
side magneti¢ influences. Free from howl-
ing and local disturbances.

OTHER STANDARD BRANDS AUDIO
FREQUENCY TRANSFORMERS
Fresh, clean stock in original contuiners
V232 THORDARSON Ratio 3% 1o 1$3.3

V233 THORDARSON Ratio 6 to 1 3.70
V553 Acme. Fach.... et . 520
V554 Coto. Each ... 800 . 4.45
V555 Tederal Each ... .. . ... .. 445
V712 Radio Corp. Each.......... 5.70
V234 All American 10 to 1 Shielded 3.80

8
V239 All Amerfcan § to 1 Shielded 3.80
V236 All American 3 to 1 Shlelded 3.60
V231 All American Push Pull.... 5.10

TRICOIL RAD10O FREQUENCY AMPLI.
FLYING TRANSFORMER
;530 For 201A or 301A
e

. -...$01.58
V56I For 199 or 11 o
hes

.5
Thls transformer will produce
wonderful results in eny type
of regular or reflex radio fro-
Quency eircuit. Perfect for one, two or |
three stages. — Compact, convenlent form,
easily mounted. Range 175 to 600 meters.

OTHER STANDARD BRANDS RADIO
FREQUENCY TRANSFORMERS
V568 Our specml—as good as any of

OO W
v -

T

.48

w sy 3.48
V56 Tach... 4.45
V565 Acme. First stage. Each. ..
V566 Acme. Second stage. Each..
V567 Acme. Third stage. Each...
V714 Radio Corp. Each

5 All American. Each...

V575 Erla. First stage. Each..... 3.
V578 Erla. Becond stage. FKach....
V577 Erla. Third stage. Each....

0

PUwRORbL
Wi fa fn OO
Do aien

V578 Erla. Reflex No. 1, Ea....
FAHNESTOCK CONNECTORS

V366
V368 Single. Dozen ...
¥367 Double. Duzen ..

Handy and oonvenient for connecting wlree
or making connections on binding posts or

other parts of instruments. Wires held
firmly in spring grip but may be instantly
removed.

V368 Antenna Connector. Each......08¢
Requires no soldering. Makes connection
in a few seconds.

LlGhHT S80CKET ANTENNA

V251 Bach v ascan. b emguee 4e @ wE
Screws Into any llzht socket. R
the regular out door antenna. Very L

factory for nearby stations and under faver-
able conditions will bring in distant sta-
tions. Easy to fnstall. No danger. Gives
clear reception with little static interfer-
?nce Ideal for people in apartment build-
ngs.

TINOL

V969 Per tube I9¢
A combined golder
and flux in handy
form. Put a little on
the oconnection, heat
with a match, torch
or solder fron and you have & neat elee-
trically and mechanically perfeet jeint.

AUTOMATIC BLOW TORCH
V543 Each .... .$1.19

Burns  denatured alcohol
Automatically generates pointe
flame in a few seconds,
Easy to solder joints in hard
places. Lights with a match.
Burns 20 minutes on one fill-
ing. 5% inches high, 7 inch
diameter cylinder. Works fine
with Tinol listed above.

NTENNA LEAD-IN
V259 Kach 5¢
Solves a hard problem.
With it you can bring in
the antenna wire without
drilling a hole for an insu-
lator. Place on window sill
and window can be closed down tight

THE BARAWIK CO |

Chicago’s Original Radio Supply
House. Beware cof [Imitators

www.americanradiohistorv.com

| 102 South Canal St., Chicago, I11.
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WITH BARAWIK

"""

QUALITY RADIO GOODS

VACUUM TUBES

% Radiotron. Every one guaranteed
new and perfect. We will ship
brand in stock unless you speci-
{y otherwise.

V105 Detector UV200 C300

C301A, Each g
VI18,5-Watt Transmitter 7.70
3 V107 WD11 Cl1. Each 4.30
VIOl WD12 C12. Kach 4.30
Vio2 99 C299. Each 4.30
V104 UV199 Adapter fits 199 tube to
standard socket ..........s.s..0. o3
V108 WDI11 Socket. Each....,
V109 WDI11 Adapter. Each...

BAKELITE TUBE SOCKET
V140 Standard base.39¢
V14§ UV199 base...38¢c |

Moulded cf zenuine red
brown balellte. Binding
post connections. For
table or panel mounting.
Neat and strong.

i 199 SOCKET
V145 Each 5 ¢
Moulded of high Insulating
materfal. 8ponge rubber base
prevents ringing in  tube.
Plainly marked binding post
connections. Neat and combpact.

STANDARD TUBE SOCKET
V150 Each .........760
Bakelite base. Polished
nickeled tube.  Highest
quality socket on the mar-
ket. Best insulation. Posi-
tive contact. Marked ter-
minals, Xor base or panel
mounting.

FILAMENT CONTROL RHEOSTATS
V(32 6 ohm. Each...38c
V129 20 ohm. Each...43c
VI3t 30 ohm. Each...44c
VI35 6 ohm. Vernler 95¢
Best grade.  Will give
Teal service. Durable and
¢ lasting. High heat resist-
ing base, dlam. 2%” in.
Tapered polished black knob 1% " diam.
Potentiometers. Match above rheostats,
Bame high grade construction,
VIS1 200 ohm. Each......
VI52 400 ohm. Each...,. .
OTHER STANDARD BRAND
RHEOSTATS and POTENTIOME
V207 Filkostat. Each ...
V208 Bradleystat.

. Each

400 ohm. Each

| Howard 6 ohm. Plain Rheo. Ea.

Howard 6 ohm_Ver. Rheo. Ea.

Howard 25 ohm Plain Rheo. Ea.

Howard 25 ohm_Ver. Rheo. Ea.

Howard 40 ohm Plain Rheo. Ea.

6 Howard 40 ohm YVer. Rheo. Ea.

V217 Howard 20 ohm Potentiome-
ters: "Each 4. iisacassn.sn. . oas 1.25

V218 .Howard 400 ohm Potentiome-

ters.  Each ,.................,

V219 Klosner 6 ohm YVerner. Each
V22| Klosner 30 ohm Vernier. Each
V222 Amperite with mounting.

SUPERIOR RHEOSTA
VIi53 6 ohin. Kach, ..
Vi54 20 ohm. Each
VI55 30 ohm. Each
The finest rheostat.
oven actlon. Best design. best
workmanship. Supplied with at-
tractive dial and knob.
Potentiometers to match above rheostats
with dial and knob.
VI56 30 ohm. .... ;

UNIVERNTER CONTROL D1
V88 For 3/16 Inch shaft.

.83c
Smooth,

meter, varlocoupler, tickler, etc. Positive
easy action. Looks flne. KEasily installed.
Eazneclally destrable in tuning neutrodyne
sets.

- DicON!!P(OS}TIgN I}lALS
am. . for 3-16 in, shaft.Ta. | 6¢c
V922 Diam. 2 in. for 34 in. shaft. Ea. .. (6e¢
V923 Diam, 3 in. for 3-16 in.shaft.Ea. 22¢c
V924 Diam, 3 in. for 3 in. shaft. Ea..22¢
V925 Dlam. 3% in.for Y in.shaft. Ea.27¢
Handsome dials moulded In one plece of
polished black composition, 2 inch size has
270° scale marked 0 to 100 finely engraved
In contrasting white enamel. 3 and 3%
inch size have 180° seale marked 0 to 100,
BAKELITE DIALS
V93i—2 in. Diam. for
3-16 in. shaft. Each..35¢
V932—2 in. Diam.
4 in. shaft. Each.
Ve

14 in. shaft. Each. . ..39¢

V935~—4 in. Diam. for ¥ in.shaft. Ea. 48¢

. Moulded in one plece of genuine bakelite

in polished black finish. Tinely engraved

scale in contrasting white enamel. Sure

Erip knob that fits the fingers. Higher

rrade dials for good sets. Match perfectly.
VERNIER DIAL ADIUSTER

> V941 Each.......19¢

Easlly installed at edge

of dial. gives finest ver-

nier adiustment of con-

denser or inductance. A

Polished black knob.

great value.

WE PAY TRANSPORTATION CHARGES East of the Rockies
PRESERVE THESE PAGES—ORDER FROM THEM AND SAVE MONEY

F
THE PR

AST SERVICE—TRY US
ICES QUOTED DELIVER THE GOODS TO YOUR DOOR

AND BE CONVINCED

OUR GUARANTEE PROTECTS YOU-—We handle only the best goods, earefully tested

and checked by expert radio engineers.
ra:us that will give superior results.
est.
deceive or mislead.

Qur goods equal or surpass the claims we make for them.
Our reputation for fair dealing is our most valued asset.

You are assured of getting guaranteed appa-
And while our goods are best. eur prices are low-

We do not attempt to

HOW TO ORDER—-Write your Order plainly, state Article Number, Description and

Price of items wanted.
Bank Draft for Total of Order.
foliowed. .

Send Postoffice or Express Money Order, Certified Check or
Prompt Shipment is assured when these directions are

CABINETS
Fine looking cabi- o
nets solidly bulit.
Elegant hand rub-
bed dark mahogany
finish. You will be
proud of your et
mounted in one
these cabinets.
Hinged tops. Front rabbeted to take panels.
Panels not included. Prices are transporta-
tion paid. Notse that our prices are prepaid.

Inside Dimensions| Art. | Price
High | Wide|Deep| No. | Each
IQ
7n
"

V420| $1.95
V422
V42

2.45

~
3
=

25

1312711031 V428
1 [1332”(10”] v430|
11135712015 |10”| V432|

CRYSTAL DETECTORS

The latest development in Crystal Deteo-
tors. Give better results and more reliable
than old style. Used in Reflex circuits.
V742 Grewol Detector. Each.....$1.48
V743 B Metal Detector. Each .
V744 B Metal Crystal.
V741 Gold Grain Detector.
V745 Yellow Tip Detector.
V746 Du-tee Crystal. Xach...

SUPERIOR VARIABLE
GRID RESISTANCE
VI67 Ea
Vi68 Wi
denser ..
Eliminatea hissing.
ifies signals.
smoothly varled from 0 to 6 megohms by
half 1tum of knob. Easily mounted on any
panel,

RADIO “BAKELITE” PANELS

Notice our very low prices on this fine
quallty material. Others ask as much for
hard rubber panels which are worth much
less. We supply genuine Bakelits, Con-
densite Celeron or Kormica, zll of which
are materials with practically identical me-
chanical, chemical and electrical proper-
ties.  Machines well without chipping.
Won’t warp. Waterproof. Highest me-
chanical and dielectric strength. Attractive
natural polished black finish which can be
sanded and oiled. Note that our prices are
prepaid.

Panel
Size Art.
Inches No. Price

G6x 7 (V450 §.55/vV460 $.89}V470 SI.1

aPwnhuwewuws
SPT WP pS
aPasTagnonm

1’ thick |3/16"thick
Art. Art.
No. Price |No. Price

14 ”thick

6x10 1% |V451 .86/V461 [.10(V47I (.7
7x14" |V458 1.38/V468 1.73/V478 2.7
. 3 35

I

~

7x18 g
7x21

Tx24

Tx26

9x14

12x14

12321

GRID LEAKS

V177 Freshman back
of panel style...590
V178 Freshman back
of panei style with
.00025 Condenser 790
V171 Freshman base
mounting type with .00025 Condenser..79
Vi72 Durham Variable Grid Leak with
Mounting .. cees-.... BO0
V173 C.R.L. Varlable Grtd Leak..$).19
VI75 C.R.L. Variable Grid Leak with
grid condenser.. . .. $1.48

5
6
6
0

MO WN ODR
oo o~

.5
i
.

DUBILIER MICADON TYPE 601
V502 .0001..,.28e

SUPERIOR RADIO JACKS

Finest grade facks,

Improved design.
Best materials.
Phosphor bronze
8prings. Silver con-
tact points. Nickel finish,
nanels 14 to 3% in.
V390 Open circuit. Fach..........36¢
V39[ Closed ecircuit. Each.. .45¢0
V392 Two clrcuit. .54c
V393 Single circult filament control. .52¢
V394 Two ecircuit fllament control....68¢

STANDARD JACKS AND PLUG
V387 Open circuit jack. Each. .27¢
V388 Two clrcuit jack. Each.. 35¢
V396 Plug takes two sets of ph .35¢0

Well made, durable. smooth working,
nickel finished frame. Well insulated.

SUPERIOR RADIO PLUGS
V395 With Set

Screws for fastening

cord. Each....350

V397 Two-way —

takes two pair any

style cords. Lists for $1.00. Each..59s
Highest grade plugs. Fit any standard
jacks. Polished round barrels.

SWITCH CONTACT POINTS
Brass polished nickel finish. All
have % in. long size 6-32 acrews
and two nuts. All prices the same.
Dozen (5¢ Hundred $1.00
Order by Article Number.
V360 Head. 34" diam.; %" high
V362 Head. 3-16” diamn.; %" high
V363 Head. 3-16”diam.;1-16" high
Soider Lugs to Fit Contact Points
Also for connecting wires to @5
binding posts. ete.
v365 Dozen 8¢ Hundred 30¢

Mount on

SWITCH LEVER STOP

Brass polished nickel finish.
V386 Dozen 180 Hundred $1.05

S8WITCH LEVERS
Very neat volished black com-
position knob. Exposed metal
parts polished nickel finish, }
Fitted with panel bushing and
two set nuts. A high grade
switch.

V381 1%*” Radius. Each 14¢

INDUCTANCE SWITCH

V285 Price including
knob end dial.$1(.18
Mounts switch points
and contact lever be-
hind panel. Only one
hole needed to mount.
15 switch points. any
number of which may
be used.

BINDING POSTS
Brass, npolished nickel
finish. Washer and 6-32
in. screw extending %

in.
V370 Largesize——bar-
rel and knob % * long.
Dozen weve.. 700
V370-2-4 V372 Smaller size— V376-8
barrel and knob 9-16” long. Dozen..70¢
V374 Large size with composition knob.
Dozen 45
V376 Larze size with
or wire. Dozen 00
V378 Small size with hole for phone tip
or wire. Dnzen 350

SUPERIOR INDUCTANCE SWITCH

V288 Each 85¢

Quickly and securely
mounted by drilling one
hole. Only knob and
pointer show in front of
panel. Connections can
be soldered before fast-
ening switch. making
a3sembly much easier.

BARAWIK QUALITY HEADSETS

V770 Per Set. 3 2’ ¥

These headsels have proven on rigid tests
very best on the market.
an unusual volume.
the best selected materials.

...$2.60
to be one of the
The tone Quality is excellent with
Skilled workmen make them from only
The receiver cases are fine pol-

2000 ohms

ished finish with polished black ear pieecs. Tabrle covered

head band comfortably and quickly fitted to the head.
plied with 5-foot cord.

Sup-
Theso sets were designed to sell for

much higher prices than we ask, and at our price are a won-

derful bargain.

We guarantee that you will be nleased with

them and agree that they are the best value by far yet offered.
If they don’t suit you we will cheerfully return your money.
STANDARD BRAND HEADSETS

V754 Baldwin Type C with
universal jack plug $10.45
V758 Western Elec.

V756 Red-Head, 3000 ohm........$5.78
V768 Brandes, 2000 ohm.. . .85.25
V769 Brandes, 3000 ohm... .$6.95

V764 Frost,2000 ohm $3.30
V766 Frost,3000 ohm $3.95
$9.50 V759 Federal

V751 Murdock 56, 2000 ohm......
V752 Murdock 56, 3000 ohm......
V757 Dictograph Aristocrat

PLATE CIRCUIT “B” BATTEKRIES

You can make real sav-

ings on these batteries.

We guarantee them to

equal any on the market

regardless of price.  Ex-

tra long life. Don’t

throw away your money

on cheaper inferior useless batteries.
V180 Signal Corps type, small Bize,
cells, 22% volts. Kach. it
V182 Large size, 5 taps

21 and 22 volts. Each 1.45
V184 Variable Large Navy size, 1614,x4x3

inchos, 5 taps, glving range from 161 to L

22% volts in 1% volt steps. Each $1.70
V188 Combination Tapped 45 volts. 30
cell. 13x4x3 battery. Tapped to give 45,
2232, 21,19%,18 and 16%; volts. Handles
both detector and amplifier tubes. Ea. $3.28

“B’"” BATTERY METER
Vi89 Each .. ...980

Reads 0 to 50 volts. Accu-
rately tells you the exact con-
dition of your ‘‘B’* Battery.
Convenient watch slze. Pol-
ishe‘d nickel case with wire
lead.

STORAGE “A”

A high grade bat-
tery. Guaranteed for

BATTERY

battery
buy on the market.
Try one
batterles on
set for 10 days.
at the end of that
time you are not
fully satisfied with the battery returmn it
and we will refund the purchase price.
VI94 6 volt, G0 amp. size. Each.$9.90
V196 6 volt, 100 amp. size. Lach.{3.25

HOMECHARGER .
BATTERY CHARGING RECTIFIER
Charge your battery at home over
night for a few cents. Simply con-
nect to any 110 volt 60 cycle light
socket, turn on current and recti-
*fler does the rest automatically.
Will work for years without at-
tention. Simple
connections. Give
a tapering
charge which bat-
terles should
have. You ecan
make it pay a
profit charging
M your friends®
auto batteries.
Long connecting

corgl wlthl palr
of battery clips.
V201 For 6 volt battery. . ...r.y.$I2.95
V203 For 12 volt battery
HYDROMETER
VI90 Each 480
Accurately tells you the condition of
your storage battery. Helps you keep your
battery in better condition.

BATTERY CLIPS =

VI98 Two for 280
Clip onto storage battery
terminals. lead coated. Make
positive non-corrosive contact at all times.
WIRE CONNECTING CLIPS
V199 ler dozen
Small connecting clips for
quickly fastening leads one
to binding posts, etc. Handy
and useful. Every radioist should have at
least a dozen.

RUBBER COMPOUND PANELS
Made of a special compound having & rub-
ber base. Equal In appearance and in all
essential _points to any other class of
panels, Fino smooth polished finish.
be drilled or cut without ciipping.
anteed not to warp and
insulator for radio use. S
edges. Thickness 3/16 inch. Size given
is in inches.

V48| 7x10..$ .88 V484 7x18..51.60

V482 7x12.. 1.05 V483 7x21.. 1.85

V483 Tx14.. [.22 V486 7x24. .

STANDARD BRAND LOUD SPEAK
D UNITS

Ve 1o

V613

=

Murdock ILoudspeaker
Barawik with Baldwin unit. .
Pathe Loudspeaker ,....

Atlas T.oudspealer -
Magnavox R3 Loudspeaker. .
Magnavox M1 Loudspeaker. .
Music Master Loudspeaker. .,
Genulne Baldwin type C unit
Murdock Special Unit
Brandes Table Talie

Baldwin Loud Speaker
Dictograph Dictogrand
Atlas Unit. TEach....
Western Electric Unit.

RADIO SWITCH
V287 Each [
Cuts current on and off in- {§
stantly by a push eor pull
Very neat. Well made. Durable.
tuhes and batteries.

BEZELS
V399 Diameter 3, inch. Each..
V400 Dfameter 1% inch. Each. ... (5¢
Polished nickel finish. Finest quality.
Fit any thickness panel. Greatly improve
appearance of any get.
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THE BARAWIK

CO.

Chicago’s Original Radio Sup-
ply House. Bewars of Imitators.

102 South Canal St., Chicago, IIl.
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The FILKO'sTAT Makes Good

Our unconditional guarantee of
complete satisfaction is your assur-
ance that FIL-KO-STAT will give
you infinite adjustment of fila-
ment heat, noiseless tube opera-
tion and consequently more DX
stations from any type of hook-up
us1ng any type of tube. The Proof
is up to you. 2

Write for a free copy of our

new booklet, “Improved Recep-

tion Through Scientific Tube
Tuning”. Address Dept. R. N. 5

Radio Stores Corporation
Sole International Distributors

Home Office, 220 West 34th St.
New York,N. Y.

BRANCHES IN LEADING CITIES)

VDX

e HARR}S&L:RG._.
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The Radio Beginner

By H. GERNSBACK

F all the people, the Radio Beginner—or shall we call him
novice—is entitled to the greatest amount of sympathy;

and he of all people does not get much of it. Perhaps

the radio industry itself is to blame most for this condition.

In the past, only too often has the novice gone to a radio

store, only to be sneered at and have fun made of his questions that
seemed logical enough to him, but foolish to the “Know-It-All”
behind the counter. Even today this feeling has not been eradicated
entirely, and it is therefore small wonder that the beginner is not
always very anxious to become initiated into the mysteries of radio.

There are two sorts of novices: The one who buys a set com-
plete, and the one who buys the parts, in order to construct the set
himself. At the present time the former is in the minority, as there
are more people who “build their own” than there are who buy sets
complete. For the man who buys the outfit already assembled, his
task is simple. If he is a novice we might say this to him:

If you have not much money to spend and you wish to receive
local stations only, start in, by all means, with a small crystal set.
The crystal set requires no batteries and uses a pair of telephone
receivers. It is not possible to attach a loud speaker to a crystal
set, as the power delivered by it is very minute. For purity of
sound, the crystal set has no peer; however, it does not work well
as a rule for greater distances than 15 miles. The tuning of most
manufactured sets is not very sharp either; by that is meant, if you
are near a broadcast station it will be almost impossible to tune
that station out in order to receive another one. Long distance
stations cannot be received except under unusual conditions.

The next low priced set to consider is a one tube set. There are
some very excellent sets of this kind on the market, some of these
being able to occasionally receive stations 2,000 miles away. These
sets as a rule also work with a pair of head phones. If a loud speaker
is to be added, you need what is called an amplifier, which means one
or two more tubes and more batteries. We suggest to the novice
that he make himself familiar first with the otie tube set before he
attempts to work a loud speaker. The one tube set as a rule has
but few controls, that is, few knobs and dials with which to make
adjustments, and for the novice the fewer adjustments there are the
better. More than one dial makes tuning somewhat complicated until
you get the hang of it.

If you have more money to spend, and wish to get a larger outfit—
one that works a loud speaker—there are any number to choose
from. As a rule, an outfit with less than three tubes does not work
a loud speaker well. To get long distance (DX) stations clearly,
you need at least a five tube receiver. The storekeeper will be
glad to show you how to operate it. The operation of most of
these sets is very simple after you have become accustomed to work-
ing it. The thing that you should not tamper with until you under-
stand more about electricity and radio, is the apparatus itself.

The batteries are of great importance. All vacuum tube sets
have two kinds of batteries: First, the “A” battery, which supplies
the current for lighting the filaments of the lamps or vacuum tubes.
It is usually a storage battery, or when dry cell tubes are in the
set, dry cells may be used.

Next, we have the “B” battery or high tension battery. In order
to memorize this better, the writer suggests that you associate the
letter “B” with BEWARE. The reason is that unless you are
careful, the “B” battery will cost you a good deal of money. It
makes a huge difference how the two batteries, the “A” and “B”
types, are connected. Every radio outfit has, as a rule, two binding
posts marked for the “A” and the “B” batteries. It is ABSOLUTELY
essential that the “A” battery be connected to the “A” binding posts
and the “B” battery to the “B” binding posts.

“B” EW A RE, therefore, not to change these connections. If
vou do, and if you have a five-tube set, this slight mistake is apt to
cost you $25 in the twinkling of an eye, as you will burn out all
your vacuum tubes at $5 each.

After you have used your “A” and “B” batteries for a certain
length of time, you will find that the sounds in the loud speaker or
telephone receivers gradually become weaker, which is an indication
that either the “A” or “B” batteries are getting low. Sometimes it is
only the storage battery that is discharged, or the “A” dry batteries
run down. This can be usually ascertained by looking at the
bulbs themselves. If they emit a very dim light, the storage battery,
if such is used, needs recharging ; otherwise, the dry cells will have
to be renewed. Dry “A” and “B” batteries cannot be recharged,
notwithstanding the claims made by a lot of wiseacres. The only
thing that run down dry cells are good for is the ash can.

If the “A" battery has been renewed and still the outfit does not

work well, the “B” battery probably is run down as well. Here is
a simple test, to find out if the “B” battery is still good or must
be discarded:
. Take an ordinary 25-watt 110-volt lamp such as you use in your
house for lighting purposes. Connect the two metallic parts of the
lamp to the two extreme terminals of the “B” battery. If the
lamp does not light up at all the “B” battery is dead. This test can
only be made with a 45-volt “B” battery or two 2214-volt “B” bat-
teries, which of course must be connected in series in order to make
the test. By series we mean attaching the plus (4) terminal of one
battery to the minus (—) terminal of the other with a short piece
of wire. That will leave one plus (+) and one minus (—) terminal
on each of the 2214-volt “B” batteries. Connect two short wires to
these terminals and with the two wires touch the two metal parts of
the incandescent lamp. Unless the lamp lights, one or both batteries
are dead. In connecting “A” and “B” batteries with a set it is of
extreme importance that the plus (4) and minus (—) connections
match up with the markings on the binding posts. Plus (+4) must
connect with the plus (4) and minus (—) must be connected with
the minus (—) terminal.

We now come to the Aerial—one of the most important parts of
your outfit. For best results, the total length of your aerial should
be less than 100 feet. It must be insulated from ALL points on the
building with good insulators. By 100 feet we mean the total length
of the wire from your outfit up to the other end on the roof. The
bare wire should never come in contact with the building, with the
window moulding, etc. Where the aerial wire leads to the outfit it
must positively be insulated, as a matter of fact the entire aerial
can be insulated contrary to popular opinion. The radio waves pass
easily through all insulation, so it makes no difference whether the
wire is insulated or not, but the wire musTt be insulated wherever it
touches stone, coping, woodwork, walls, etc. The best aerial is an
uninterrupted piece of wire. If you must use more than one piece,
do not attempt to just twist the wire ends together or you will have
trouble. If you cannot solder the pieces together yourself, have
someone do it for you.

The Ground is all important. By ground is meant a connection
direct to Mother Earth. Any continuous wire or metallic object
that makes a permanent and good union with the earth is called a
ground. As such we have water pipes, gas pipes and radiator pipes.
A gas pipe should never be used because it is sometimes insulated
and does not establish a real connection with the earth. The radiator
ground is not always good either because not all radiator pipes are
connected with the earth. The safest bet is always a cold-water
pipe. But again, here is where the little thing is important. Do not
attempt to just wrap the ground wire—which connects to the ground
binding post of your set—to the water pipe. This will spell
F-a-i-l-u-r-e. Get a 10c or 15c ground clamp from your radio store
and attach it to the cold-water pipe. The important part is that the
pipe must be scraped metallically clean where the ground clamp is
attached. This is most important. The ground clamp must be
attached so tightly that it cannot be moved by hand. The wire is
then connected with the ground clamp as tightly as possible—then
you may safely forget it.
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Radio Beacons Non-Directive and Directive

By F. W. DUNMORE

PHYSICIST, BUREAU OF STANDARDS

The ingenuity of those of the staff of the Burcau of Standards Laboratories is again manifested
in the recently developed Radio Beacon systems fully described in this article by Mr. Dunmore.

The direction of airplanes at night or during fog may be accomplished by means of transmitters used with loop aerials.
two radio signals that are both of the same intensity in one direction.

RADIO beacon functions for the same

purpose as a light beacon, namely, to

aid navigators in maintaining a cor-

rect course. The radio beacon, how-

ever, has a great advantage over the

light beacon in that it serves as a guide

cqually well under all conditions of weather,

fog or otherwise, whereas a light beacon is

rendered useless in a fog, when it is most

needed. For this reason, radio beacons are
now coming more into use.

There are two general types of radio
beacons, the non-directive and the directive.
The former type emits a radio. wave which
travels out equally well in all directions and
is useful to navigators provided with a radio
direction finder on shipboard. The latter
type emits a radio wave of varying degrees
of intensity in certain general directions.
This type of beacon requires a less elab-
orate receiving equipment than a direction
finder on shipboard, although its application
is somewhat more limited in scope.

It is the purpose of this article to give a
general outline of the comnstruction, opera-
tion and application of the non-directive type
of radio beacon, and one type of directive
beacon which seems especially adapted to
aerial navigation

THE NON-DIRECTIVE RADIO BEACON

The non-directive beacon has been de-
veloped by the U. S. Bureau of Standards
in co-operation with the U. S. Bureau of
Lighthouses. It is installed on light-vessels
or light-houses and is used in conjunction
with the radio direction finder on shipboard.
It consists of an ordinary quenched spark
radio transmitting set which operates auto-
matically when once set in operation. These
beacons operate during a fog, and at stated
times given in published schedules, on a
frequency of 300 kilocycles (1,000 meters).
Each beacon sends a different distinctive
characteristic signal at given intervals, the
interval being different for each neighboring

www.americanradiohistorv.com

This arrangement produces
The pilot guides his plane by keeping it in such a position as to hear both
signals with the same intensity while flying in the general direction of the transmitter.

beacen. Fig. 1 shows the circuit diagram of
the automatic key arrangement for giving
the desired characteristicc. The signals are
of a group-dot nature and are as easily
recognized by the untrained ear as the char-
acteristic light flashes of a lighthouse are
differentiated by the eye. A photograph of
the automatic key and radio beacon trans-
mitting set is shown in Fig. 2,

A frequency of 300 kilocycles was chosen
since it is well below the natural frequency
of the metallic structure of any ship. Should
a high frequency, such as 3,000 kilocycles
(100 meters) have been chosen for this
work, there would be greater liability of
errors in bearings, as some metal structure
of the ship might have a corresponding
natural frequency.

Fig. 3 shows the results of some ex-
periments which were made to determine
the error caused in a radio direction
finder by a neighboring object, an an-
tenna in this case, the natural period of
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which corresponded to the frequency being
used for direction finding. This figure also
illustrates the importance of grounding or
opening the ship’s antenna whenever radio
direction finding bearings are being taken.
The great importance of radio beacon in-
stallations on light-vessels may be realized
from an illustration of their application.
Consider the three radio beacon light-vessels,
Nantucket Shoals, Fire Island and Ambrose
Channel. These vessels lie on the trans-
Atlantic track between New York City and
Europe. By means of these beacons, a ship
equipped with a radio direction finder may
maintain a straight course in a fog from one
light-vessel to the next, either on the west
or easthound trip between New York and
Europe. When 100 miles from Nantucket
Shoals light-vessel, a ship may take a radio
bearing on it, and thus set a direct course
to it. With such beacon installations on a
serics of light-vessels, there is little need
for three-point bearings in order to deter-
mine the actual position of the ship. Since
the light-vessels lie on the course a single
bearing on any one of them makes possi-
ble the navigation of the ship directly to it.
It is only within the last two years that the
great value of such beacon installations has
been extensively realized and many instances
are now on record of navigators having
found them material aid to navigation in fog.

BEACONS IN OPERATION

The first radio beacons to be put into
actual operation by the Bureau of Light-
houses were on Ambrose Channel and Fire
Island light-vessels and at Sea Girt Light-
house, Sea Girt, N, J. These installations,
two of which are shown in Figs. 4 and 3,
were made in the summer of 1920. Many
tests have been carried out by the author as
to the reliability of these beacons by actual
direction finder observations on shipboard.
In all cases it was found possible to navigate
the ship in fog just as though the radio
beacons were visible to the eye as guiding
marks.

Up to February, 1924, the following radio
beacons had been put into operation by the
Bureau of Lighthouyses:

The future developments along the line of
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Fig. 6.

telegraph pole as an axis.

possible the reception of the beacon signal on
a non-oscillating direction finder circuit and
will cause less interference. Ultimately, all

Beacon
Ambrose Channel Light-vessel, N. YV........
Sea Girt Light Station, N. J................
Fire Island Light-vessel, L. I, N. Y.........
Diamond Shoals Light-vessel, N, C.........
San Francisco Light-vessel, Calif...........
Boston Light-vessel, Mass..................
Nantucket Shoals Light-vessel, Mass.......
Cape Henry Light-station, Va..............
Blunt’s Reef Light-vessel, Calif............
Columbia River Light-vessel, Ore...........
Swiftsure Bank Light-vessel, Wash. . .......

Si6NAL CHARACTERISTIC

One dash 20 secs. on 20 secs off.
Three dashes 30 ¢ 180 ¢ ¢
Two dashes 250 % W 25 ¢ @
Two dashes 30 0« o« 30 ¢ o«
Two dashes 30 ¢ ¢« 30 « o«

One dash, one dot 15 «“ “ 15 « «
Four dashes 80 ¢4 &« 255 «

Two dots, one dash 20 “ “ 15 « «
One dash 3 ¢ ¢ 35 o« o«
Three dashes 20 0“4« 20 0%«
Two dashes 35 « ¢« 25 « o«

non-directive radio beacons will probably be
in the direction of improving the type of
transmitting set, that is, replacing the spark
transmitting sets with electron tube sets with
500-cycle current as high voltage supply for
the plates of the tubes. This will still make

ships may carry a low power beacon oper-
ated at the heacon frequency of 300 kilo-
cycles. The range of such beacons need not
be over five miles. These low-power beacon
signals would be sent out as the ship pro-
ceeds in a fog along her course and any other
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Experimental type of equisignal double-coil antenna, arranged to be rotated about the

ship in the immediate vicinity may, by taking
radio direction finder bearings on this ship,
pass her at a safe distance.

DIRECTIVE RADIO BEACON
In aerial navigation where weight is of
prime importance, the amount of radio equip-
ment carried on board must be reduced to a
minimum. It is preferable, therefore, for
the purposes of aerial navigation, to make
use of a directive type of tadio beacon on
the ground which makes possible the navi-
gation of the airplane on a given course by
means of the plane’s radio receiving appar-
atus and without the use of direction-finding
cquipment on the plane. Such a beacon was
developed about three years ago by the
Bureau of Standards working in co-opera-
tion with the U. S. Signal Corps and U. S.
Air Service. The results of this work have
been held as confidential until recently, when
permission for their release was granted

and the information published in full.*

*See Bureau of Standards scientific paper No. 480, “A Directive Type of Radio Beacon

house Radio
Beacon
Fig. 5. The
Ambrose |
Channel
Light-
ship, also
equipped
with the
radio
beacon.
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Fig. 2. Radio
beacon transmit-
tmg equipment
with motor
operated key for
making the char-
acteristic signal.

O

The inethod makes use of the directive
transmission properties of a coil antenna.
Through it the familiar “figure eight” trans-
mitting characteristic is obtained. A receiv-
ing set located on a line along the plane of
the coil transmitting antenna receives a
strong signal. The signal will decrease
gradually to zero intensity, however, if the
receiving set is moved through a 90-degree
arc to a position at right angles to the plane
of the transmitting antenna.

By a combination of two transmitting coil
antennae crossed at an angle of 135 degrees,
this directive transmission characteristic may
be made use of in a way to be described.’

Fig. 6 shows one of the first experimental
double-coil arrangements mounted so as to
be. rotable about a telegraph pole as an
axis.

Fig. 7 shows the circuit and coil antenna
arrangement finally used. Here the two coil
antennae, 50 feet high and 50 feet long, are
shown as single-turn or loop antenna, A and
T. One is arranged at an angle of 135 de-
grees with respect to the other. These loop
antennae are arranged to be connected alter-
nately, first loop A and then loop T, by
means of a rapidly operated high-voltage
D. P. D. T. switch, S. The transmitting
set was a S5-k.w. quenched spark set, as it
was the best type available at the time of the
tests. A small inductance was provided in
each loop circuit so that they could be ad-
justed to 300 kilocycles, when the rest of the
tuned circuit was thrown into circuit by
means of the switch S. It will be noted that
when the switch connects one loop, the other
is detuned, preventing any absorption which
‘would tend to change the true directive
transmitting properties of the connected loop.
The switch S is automatically operated and
the letter “A” automatically transmitted
while the A loop is connected. Likewise,
“T” is sent when the T loop is connected.
Thus the two loops transmit separate sig-
nals intermittently and directively in accord-
ance with the ““gure eight” directive charac-
teristic mentioned above.

ZONE SYSTEM

The effect of this combination is to pro-
duce four zones in which signals of equal
strength from the two loops A and T will
be received. (That is, the letter “A” sent
from one loop will be equal in intensity to
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transformer
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the letter “T" sent from the other loop). As
thesc two signals follow each other rapidly,
it is easy to judge of their equality in inten-
sity. These equisignal zones extend out
from the crossed loops as a center, much
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Fig. 3, Tests to determine the amount of wave

distortion in degrees at different distances from
an antenna, tuned and untuned.

as the four spokes of a wheel
lying on the ground extend out
from the Lub as a center. These
equisignal zones lie along the
four bisectors of the four angles
formed by the two crossed loops.
The two zones along the bisec-
tors of the two 135-degree angles
are much sharper or narrower
than those along the two 45-
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hisector of the 135-degree angle formed by
their intersection lies along a definite route,
as, for cxample, between two cities:

A navigator of an airplane equipped with
an ordmary receiving set tuned to 300 kilo-
cycles may maintain a straight course be-
tween these two cities merely by guiding the
plane so that the intensity of the letters from
the transmitter are of equal intensity. No
visual observations are necessary so that the
navigator may be at any altitude. In‘fog or
clouds, cross winds or calm, the course may
be maintained. This method makes it pos-
sible for the navigator not only to tell when
he is drifting away from the course, but
indicates the “direction in which he is drift-
ing, either to the right or to the left. This
is made possible by the fact that if the
navigator is flying away from the equisignal
heacon and drifts off to the right, the signal
“T” becomes louder than the signal “A.”
Should he drift to the left, the reverse is
true. His course may be altered accord-
ingly.

A reference to Fig. 8 may perhaps make
this clearer. Here the degree of shading at
any point indicates the relative signal
strength which would be recéived at that
point from the two loop antennae A and T.
Thus a plane at C would receive a strong
“A” and a weak “T.” At D, the “A” sig-
nal would be slightly weaker and the “T”
would become inaudible. At E, the “A”
would be still ‘weaker and the “T” audible

(Continued on page 1685)
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degree angles and are conse-
quently the ones used. The
practical application of these
equisignal zones is apparent. It
is only necessary to orient the
two crossed coils so that the
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President Coolidge
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Broadcasts

FEW years ago, the country heard

frequently of Roosevelt's ““Tennis

Cabinet”; more recently it read of
Harding’s interest in golf which extended
to so many members of the cabinet that a
“Golf Cabinet” was forecast. To-day, Presi-
dent Coolidge is the central figure of a
“Radio Cabinet.”

The President and all except two of his
cabinet, possess radio receiving sets, and if
they cannot all be classified as real radio
fans, they are at least all interested in the
commercial, scientific or entertaining fea-

.

President Calvin Coolidge delivering his Lin-
coln’s Birthday address from the Waldors-

Astoria Hotel, New York City. The micro-
phone on the right picked up his voice and
transmitted it to a chain of broadcast stations
from where it was hurled into the air and
eventually received by radio fans in the re-
motest corners of the United States.

tures of this three-sided art. The President
and six cabinet members have given radio
talks or had their addresses broadcast from
Washington and other stations. The re-
maining four members are being sought al-

most daily to talk, but so far they have re-
fused, or avoided introductions to “Mike.”
One is even charged with being “Mike-shy,”
but officials of WRC and WCAP hope to
complete the series of cabinet talks soon.
Radio is a feature of nearly every Gov-
ernment Department, being used in the daily
routine in the Navy, Army, Post Office,
Treasury and Agriculture. Several other
departments use radio in emergencices or for

(Continued on page 1685)
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Below: Talking vacuum tubes! No records, no
microphones yet with this table full of apparatus
two vacuum tubes are made to pronounce simple
words such as ma-ma, pa-pa, etc. A detailed
description is given in the. articls below.
Courtesy of Western Electric Co.
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Mary and Doug rchearsing before the microphone
prior to their talk from WJZ on March 12th.
Both seem to be thoroughly enjoying themselves,
but we wonder if they did the night of the event?

© Kadel & Herbert
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There’s many a fan who would like to get
his hands on this outfit. The lower set is
an eight-tube super-heterodyne, - the upper
one a Neutrodyne.
Courtesy of Experimenters’ Information
Service

Artificial Voice Sreaks to Audience

CLOSE imitation c¢f many spoken
A sounds was produced recently hefore
members of the New York Electrical
and Telephone Societics during a lecture by
Dr. Harvey Fletcher, of the Engineering
Department of the Western Electric Com-
pany. Using a combination of vacuum tube
oscillator, amplifier and tuned circuits, a
loud speaker was made to say “a, e, i, 0, u”
in unmistakable fashion. The oscillator and
amplifier were the electrical prototype of
the human vocal cords and throat, produc-
ing a musical note rich in overtones, while
the tuned circuits played the part of the
mouth in strengthening certain of the over-
tenes.
This demanstration of how stmple sounds
can he combined and manipulated so that

the result resembles the complex sounds of
human speech followed an explanation of
how the vocal organs operate to produce

. speech. The lungs force air upward through

a narrow slit the-edges of which are the vocal
cords. These cords are set into vibration
by the air current. The vibrations in turn
allow rapid puffs of air to escape up the
throat. The puffs are rapid enough to set
up a train of air waves in the throat, mouth
and nase, and these cavities modify the
waves, so that they emerge from the mouth
with the characteristics of voice sounds. All
the vowels and some of the consonants are
produc>d in this way. Thus for these
sounds the vibrations started by the vocal
cords serve as a ‘“‘carrier” on which other

vibrations are impressed. This is quite like
the operation of radio transmitting, in which
a carrier wave {s modulated by speech waves.

The actual energy of the air vibrations
as they leave the mouth is exceedingly
small; in fact, it would require 5,000,000
people all talking at once to produce as
much power as is used by a 50 watt
lamp. Then remembering that this energy
is distributed over a range of pitches from
100 cycles per second up to more than
5,000 cycles, and that most of the energy
goes into the lower pitches, it will be seen
how relatively feeble are the higher pitches
on which we depend for intelligibility.
Were it not that the human ear is mar-
velously sensitive, we could converse only
over the shortest distances.
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Radio Review

The above photo shows the children
of Public School No., 76, New York
City, who gave vocal selections
through station WJZ under the di-
rection of Miss May O'Conner, from
the Board of Education Building.
The photo below shows the Board
grouped around the microphone,
© Kadel & Herbert
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42,

Left: Captain Robert Hun-

tington, Principal of the

Navigation School at Sea-

men’s Church Institute,
has done more for the sailor ill at
sea than any other man in the
world. He conceived the idea of
prescribing treatment by radio
for sick seamen on vessels carry-
ing mo doctor. At the right is a
spherical angle calculator for lo-
cating a vessel’s position, a time-
saving device invented by the
captain. ©Gilliams Service, N. Y.

Following the practice of the Police Department
in a number of the larger cities in the United
States, the Berlin Police Department has fitted
up a number of motorcycles with side cars and
installed in them radio receiving apparatus, sensi-
tive enough so that constant touch can be kept
with various Headquarters up to a distance of
140 miles. The receiving range can be increased
by the insertion of a special amplifier. The above
photo clearly shows the hexagonal loop aerial
which is employed for reception. The signals
transmitted from any of the principal Police sta-
tions are picked up by rotating the loop until
either of its ends points in the general direction
of the desired station.

A Federal Radio Tax?—No!
By CHARLES P. KOPPERMAN

F all taxes, the direct tax is the mdst

obnoxious. The income tax isn’t popu-

lar, though it is perhaps as fair a
method of taxation as has yet been worked
out. A broadcast listener’s tax would be
just about as popular as a lion in a sheep-
fold and would cause about the same re-
sults. What about the boy who saves and
scrapes for the greater part of a year for
that crystal set? How can he pay any tax,
however small? Should we put a price on
his ambition and ingenuity? And the radio
“bug” who is continually testing new hook-
ups, whose every loose cent is invested in
radio. Six dollars to him means a tube,
a transformer, or perhaps one of the new
Super-Heater Wave-Length Inhalers. Can
he pay a tax? .And how about the “ham,”
who has perhaps done more for the develop-
ment of radio than any other group? Would
it be just to tax the average “ham,” who
cares very little for the broadcast program?

A Federal radio receiver, or BCL, tax would
do one thing with neatness and dispatch. It
would make us a nation of radio boot-
leggers!

The broadcast stations themselves are not
begging for aid. Every industry has its
failures. Those who jumped into broad-
casting without experience, knowledge of
costs, and an adequate source of capital
simply built their houses upon sand.

The advertising possibilities of broadcast-
ing have been greatly overlooked. “This is
station FREE, All Weather Aerial Co., lo-
cated in the Superior Hotel, Duck’s Hollow,
N. Y. The program this evening has been
furnished through the courtesy of the Bud-
weiser Malted Milk Co.” is not cast on
empty air or vacant minds. An announce-
ment of this kind is a subtle form of adver-
tising when projected simultaneously into
upwards of 50,000 pairs of listening ears.
How many of us know of the Drake Hotel

wWwWw.americanradiohistorv.com

in Chicago, the Statler, Buffalo, the Gibson,
Cincinnati, the Hampton, Albany, N. Y.? If
we visit these places, what name will come
first to our minds when looking for a place
to stop? When thirsty, hasn’t Budweiser
Malted Milk first call? - And if we are not
using an “All Weather Aerial,” we will cer-
tainly look into the matter!

VALUABLE ADVERTISING

The. American Society of Authors, Com-
posers and Publishers sought revenue out
of the wrong end of broadcasting. Recent
tests have established the fact that radio
can put across a new song by an unknown
author in minimum time. An independent
publisher in New York states that he placed
a song with one broadcast station and sold
25,000 copies in a short time. A small pub-
lisher in Nebraska gets 20 requests a day

(Continued on page 1676)
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‘Mexican Broadcast Station

Radio News for May, 1924

CYL

The accompanying photo-
graphs are of the 500-watt
radio broadcast station CYL,
“El Universal and La Casa
Del Radio,” Mexico City, Mex-
ico. CYL is owned by La Casa
* Del Radio (The House of Radio)
Mexico City and is operated
jointly with El Universal, a
daily newspaper of Mexico City,
The station was inaugurated
September 15, 1923, by broad-
casting the returns from the
Dempsey-Firpo fight as received
by telegraph from the ringside.
The engineers who installed the
station, however, were not. satis-

fied with the way the trans-
mitter was working and
shut it down on October 10
to make some alterations in
the antenna system. When the
station was again put in com-
mission on December 7, reports
were received on the first test
from nearly every state in the
United States and from many
points in Canada as well as
Havana and Central America,
The transmitting apparatus was
installed by a Texas radio syn-
dicate of San Antonio, Texas,
under the supervision of Mr. S,
A. Hodges.

THE LICENSE QUESTION
HE question of whether or not com-

mercial and amateur radio operators &4

should be licensed by the Government
is very likely to come up in connection with
Congressman White’s bill to regulate radio
communication. Like the former bill, which
did-not pass last year, the new bill will re-
quire that existing regulations for the licens-
ing of all operators be continued and in addi-
tion that fees be established, whereas no fees
are charged today. -Since the question affects
over 18,000 amateurs, about 6,000 commercial
operators, and a large percentage of the pub-
lic, an outline of the situation, with some
of the pros and cons follows:

Certain Government officials, acting for
what they believe the best interests of the
Government and the public, seek to abolish
the present requirements for both commer-
cial and amateur licenses, which they claim
are unnecessary, making needless work for
the Department of Commerce and its Radio
Supervisors. Transmitting station licenses
for commercial, ship and shore stations and
amateur stations, they believe, are necessary
and adequate, as far as the Government need
concern itself. The ship operators, commer-
cial station owners, and amateurs possessed
of transmitting stations would see to it that
regulations were observed and proper opera-
tion maintained.

Locomotive engineers do not have operat-
ing licenses, even though handling trains
filled with people, they point out, explaining
that the railway companies are responsible
in case of accidents, and sufficiently interested
,in efficiency to keep only skilled and experi-
enced men at the throttles. It is also shown

that the Navy and Signal Corps operators
are not subject to regulations and require-
ments for commercial or amateur’ operators,
the two Government departments being re-

sponsible. Many examples are given by
those who advocate the abolition of the
operators’ examinations, of lack of Govern-
ment control where the safety of the public
may be at stake, some even citing that the
Steamboat Inspection Service is unneces-
sary.

On the other hand, other Government
officials insist on the necessity of standard-
ized commercial and amateur examinations
and licenses in the interest of efficiency,
safety of life at sea and the minimization
of radio interference. One of their chief
defenses is that it is in accordance with the
international agreement, especially on ship
stations,

If the question comes up in the forthcom-
ing public hearings, officials of the radio
section of the Department of Commerce will
probably testify that it would be practically
impossible to control radio stations without
controlling the operators who transmit.
Station licenses do not require any technical
ability or knowledge on the part of the
owner. Unskilled operators, if used, would
increase interference and break rules as to

WWW . americanradichistor\v:.com

operation before the Department inspectors
could detect and inspect the station offending.
The field force of 53 inspectors and super-
visors is busy all day now. Aboard ships the
risk of permitting unlicensed operators to
handle sets and transmit is more than the
present officials care to assume responsibility
for. There is constant need for ship sta-
tions to be in operating condition in the
interests of safety at sea. If a set -were
burned up by an incompetent operator, or he
could not send an “S O S” properly, the re-
sults would be the loss of a ship. In such
a case who would be responsible? Advo-
cates- of eliminating licenses say the owners,
just as on railroads.

Shippers and commercial operators do not
object to the licensing system used the past
12 years, and the Department records do not
show the failure of a single operator licensed
in that time,

O N the status of the amateur, the Depart-
ment of Commerce records show: that
most of the trouble today is with the un-
licensed amateurs, through breaches of the
law and radio interference. Licensed amateurs
behave very well, and most of them are
proud of their certificates.

One value in licensing both commercial
and amateur operators is the establishment
of lists of efficient operators from which the
military arms of the Government can
draw its men, as was done during the past
war. These lists change, as the licenses
are for two years’ duration, and only 50 per
cent. of the licensed operators renew their
licenses. - During the past two years, 5966
commercial operators were licensed. Out of

(Continued on page 1656)
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Above: The 500 - watt
transmitter of station
WDAP, owned and oper-
ated by the Chicago
Board of Trade, The two
main transmitter panels
can be seen behind the
desk, the one to the left
containing the large
vacuum tubes. A wave-
meter for keeping check
on WDAP’s wave-length
can be seen on top of the
control panel.
Right: Jack Nelson, Pro-
gram Director of station
WDAP who has the “de-
lightful” task of trying to
please all listeners.
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Above: The Studio of Station WDAP in the

Drake Hotel, Chicago. A receiving set with an

amplifier and loud speaker is provided for the

artists when programs from outside sources are
being broadcast.

WWW . .americanradiohistorv.com
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Above: This radio controlled vessel, which is be-

ing demonstrated on the vaudeville stage is creat-

ing considerable interest among radio fans. It is

an adaption of the invention of John Hays Ham-

mond, Jr. With the manipulation of a few controls

this vessel will run forward, backward, stop. short,
fire its cannons, etc.

Left: The equipment used on the recent Explora-
tion Expedition up the Amazon River, headed by
Dr. Alexander Hamilton Rice, included a portable
radio set with which the party kept in constant
touch with stations in the United States and
Europe while invading the haunts of head-hunting
cannibals. Photo shows John W. Swanson, New
York Radio Inspector, operating the set in the
heart of a South American jungle.
®© The Gilliasns Service, N) el

Mo .



www.americanradiohistory.com

i

1562

Radio News. for May, 1924

What Station Do You Want?

By HOWARD WILMOT
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Mr. Franzbeau then opened the front of the cabinet which held his new set. It was a door-like arrangement very similar to

the upper doors on a Victrola.

. On the inside of the doors were charts,
and at the bottom a rod running the length of the cabinet.

It locked as if it were glass.

On the panel there were 12 .dials and two switches

Mounted on this there was a square

black object which would slide like the slider on a tuning coil.

(] OOD evening, is Mr. Palling at
home ?”
“And, who are you, Sir?”
“Why, I'm Mr. Franzbheaa
from the Industrial Radio Corporation.”

“Step right in there, Sir, and I'll see if he
has finished his dinner.”

A gentleman evidently of foreign parent-
age who appeared to have stepped straight
from the fashion plate of a Parisian cata-
log, leisurely walked into the reception
hall. - Accepting an offered chair he thought-
fully stroked his beard as his eyes jadi-
ciously studied a pattern of the rug.

Mr. Palling, a well preserved man of small
physique who was just entering his early
sixties, peered over his glasses at ‘the card
just handed him. .Forcing himself -to the
calm with which he had been perusing the
ﬁwl:ning newspaper, he entered the reception
all.

“Good evening, Mr. Franzbeau."

Mr. Franzbeau turned quickly from the
window and replied, “Oh! Good evening,
Mr. Palling; I thought I saw lightning.

Hope my eyes are not deceiving me, as it
would make an ideal night to prove that my
radio set was not effected by static elec-
tricity.”

“Well, suppose we sit over at this table
where we can get together a little closer on
this matter. Here, have a cigar.”

“Thanks, very kindly. My! This is a
comfortable chair. Ahem, now Mr. Palling,
I don’t want to impress you as being-over
enthused, but this set which I hatec been
talking to you about will revolutionize the
radio industry. Great progress has been
made in the past few years, but you'll agree
with me that radio is still only in its infancy.
Since the end of the war I have worked
night and day in my laboratory on a theory
of my own. My analysis showed that the
sets in vogue today have an efficiency of
from two and one-half to five per cent,
whereas, in that set you see on the stand,
the efficiency is from 90 to 96 per cent.”

“Do you mean to say, Mr. Franzbeau, that
you have incorporated in such a small cabi-
net as that, an outfit that is 20 times more

efficient than my set upstairs?”’

“Oh! You have a set? Perhaps you will
allow me to prove my statement?”

“Yes. I have a seven tubé set, three radio
and three audio. How will your set com-
pare with that?”

“Exactly as I said, Mr. Palling, 20 times
better.”

“All right, come upstairs. I'd like to see
your set in operation.”

“What is the greatest distance you have
been able to get, that is, with the loud-
speaker?”

“Davenport, I think.”

“Don’t bother to get a stand,” replied Mr.
Franzbeau as he hurriedly placed a. small
mahogany cabinet, about half the size of a
suit-case, on the window sill. Then, after

-asking a few questions, he -connected several

wires from Mr. Palling’s set to his, explain-
ing that he was putting a jumper from the
aerial and ground to his set and also, a pair
of wires from the storage and “B” battery
to supply the necessary power.
(Continued on page 1657)
-
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Radio Pictorial

Above: The radio installation aboard the Boston
fire boat Angus J. McDonald, which is employed
for- keeping in touch with fire headquarters. ’lyhi’s
set is’ identical with those used on the destroyers

of the U. S. Navy.
. & A. Photos.

L e e

Many a surprise was in
store for friends of Arthur
S. Lee, managing director
of the Hotel McAlpin,
N. Y, who invited his
friends to inspect the
“Booze-o-phone,” the latest
European creation. When
the receiver is taken from
the hook, lo and behold,
the doors spring open and
reveal a liquor cabinet
with all the mnecessary
glasses!

© Kadel & Herbert.
Below: C. L. Farrand and
his Super Pliodyne receiver
embodying six stages of
tuned radio frequency amplification. Al six stages are con-
trolled by one dial which makes the set easily adjustable in
spite of the number of stages of R. F. a lification. The radio
frequency transformers can be seen situated between the vacuum
tubes, and the variable condensers that control them, hugging
1 the panel. © Foto Topics, Inc.
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{ . YIS Why “Swifties” get back on time. Eager to hear
- g . the radio, they deliver their messages with un-
- — believable speed hastening back for football, base-
— - ball scores and mews, to say nothing of Jazz.
The boys are of station BZ Fifty-second Street,
Western Union. The manager, E. 8. Clark, is

< seen at the right @© Foto Topics.
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The New High Powered Station
of Buenos Aires

HE republic of Argentine now has a

high powered station for international

communication. It was erected by the
Transradio Company to connect the great
South American republic with other nations
engaged in commercial traffic the world over.
The station which is erected at Monte
Grande in a large field, was constructed by
European and American radio companies
which furnished the necessary apparatus for
the erection of the station, antenna, receiving
apparatus and other instruments. The trans-
mitting station sends on long wave-lengths
and is in constant communication with Nauen

in Germany, Sainte-Assise in France, Car-
navon in England and Rocky Point, Long
Island, in the United States. The station
is equipped with high frequency alternators
capable of furnishing irequencies ranging
from 11,000 to 44,000 cycles corresponding
to wave-lengths of 6,400 to 27,500 meters.
The output of these alternators when work-
ing together is 750 volts at 1,000 amperes.
The antenna is supported by 600-foot tow-
ers and is constructed in sections so that
several messages may be sent at the same
time by using the various alternators on the
different sections of the aerial. This con-

wWWWw.americanradiohistorv.com

Abave, to the left, is a view of the high
frequency alternators in the new Buenos
Aires station; and at the right is shown the
large condenser bank. The lower photo,
at the left, shows the main control board
with its switches, rheostats and meters.

struction is similar to that of the Ameri-
can station of the Radio Corporation of
America with which the new station com-
municates. The station itself is connected
to the city of Buenos Aires by special lines
over which all messages are sent from the
central office installed in the middle of the
business section,

According to present day practice, the re-
ceiving station is erected a few miles away
from the transmitting station and is com-
posed of loop receivers used with ultra se-
lective tuned radio frequency amplifiers
equipped with static preventing apparatus
and other refinements recently developed in
the: research laboratories of all the com-
panies which furnished the equipment for
this station. The construction and erection
of this station was supervised by American,
French, English and German engineers rep-
resenting their respective companies in Ar-
gentine. Thanks to this co-operation, the
new Monte Grande high powered station is
most up-to-date in every respect. The re-
ceiving. system 1is particularly efficient, as
it was necessary to design a complete system
which would work consistently in- spite of
the tremendous amount of static interference
always present in this latitude,

The photographs illustrating this article
show the inside of the transmitting station
and one of the towers supporting the an-
tenna which is insulated from the ground
on specially built insulators.
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Above:
at Buenos Aires,

insulated from the ground and so designed that they do not absorb energy.

method in which the tower is pivoted.

The base of one of the towers supporting the aerial of the new station
These towers are supported by guy cables only as theyNare

ote
the large insulators between the tower and the cement base, and the ingenious

To the right is a photo of one of the
monstrous aerial inductances supported on large porcelain insulators.

A Radio Auxiliary Language for Trans-Oceanic Work
By O. C. ROOS, B.S.. M.E., Fellow l.R.E.

FEW months ago, the language bar-
riers of India caused the plans for a
powerful official news broadcast
station in Delhi to be abandoned. The in-
numerable dialects of the 300,000,000-odd
inhabitants of that semi-continent would have
required the tying up for 24 hours of the
station in order to transmit 500 words to all
the people who have not learned Hindustani.
There would be 45 races, and 170 languages
to cover!
This is a profoundly significant episode;
- for Hindustani is a semi-artificial, or at
least, an officially prepared language given
to the inhabitants by the Mogul conquerors
in the 16th cent.ry. Hence, we have here
an example of the failure of irregular com-
mon speeches, even though officially sanc-
tioned, to reach natives bhelow a certain
mental calibre.

Now, this should drive home the lesson
that radio fans who want to start writing
DX cards to Europe or South America in
the next two years should learn a simple
international language if such can be found.
Most radio fans have no knowledge of Latin
or any modern tongue but their own. How
can they be helped?

Since 1907 we have had just such an
auxiliary language, named “Ilo” from
“I.L.”; International Language. It is abso-
lutely dependable and already in extensive
use.

There are refinements of the system en-
abling one to translate Bergson’s “Notion
of Time”, and Einstein’s “Relativity” ex-
actly, or even difficult patent documents, but
we do not translate poetic literature. “Ilo”
is a “tool” not a “paint brush,” and all that
is necessary to use it in Radio work for
DX postal cards is a logical mind, and 10
lessons. Two study hours a week for 6

months, and 26 lessons will suffice for letters
and papers of a very advanced grade.

We have allowed “Ilo” to evolve from a
primitive vocabulary of 3,000 roots, under a
system of selection somewhat like that em-
ployed by Luther Burbank, who gets rid
of “unfit forms” in his products.

One may say that with our 30,000-word
Ilo-English dictionary of roots or ideas, we
may have at hand the equivalent of a 150,-
000-word dictionary.

To show how simple is the grammar of
the I.L., a short survey of its general feat-
ures will now be given, taken from a five-
cent pamphlet containing grammar, syntax,
and 1,700 roots which can be expanded into
more than 15,000 words. The meaning of
every one is self-evident from strict rules
of derivation which is not true of any natu-
ral language.

GENERAL REMARKS

In the “IL.” the terminations “o” “i” de-
note singular or plural nouns; that is,—
things, acts, or ideas; adjectives have the
termination “a” e.g.—“bona kato”=good
cat : derived adverbs are shown by the ter-
mination “e”, — “posible bona” = possibly
good. Verbs end in “r” for the infinitive,—
“parolar”’—to speak, and “s” in the indica-
tive—"me parolas”=1 speak. A verbal
contract would, therefore, be—‘parola kon-
trato,” He agreed verbally=%I1 konsentis
parole.”

Here we see that the user of the “I.L.”
must know exactly what he wants to say
from a logical standpoint, just as the lawyer
approaches an intended statement. He can-
not afford to think in groups of phrases. or
“catch words.,” or mere rhetorical orna-
ments. Hence, “Ilo” is as good a discipline
as geometry and far better than dead lang-
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uages as a preparation for modern tongues;
as it is based on all of the latter, minus their
absurdities of spelling, grammar, and syn-
tax.

We shall abbreviate the phrase ‘“Radio
Auxiliary International- Language,” by the
word RAIL, which is easily remembered.
There is a new society for the teaching of
the RAIL idea practically, by radio and DX
work. It is called the “RAILS” and is
rapidly growing.

Radio men have a wonderful future to
prepare for, by the early adoption of a suit-
able language as a “RAIL.”

There are certain classes of professional
men such as doctors, and the clergy, whose
education makes it a mere matter of read-
ing, to master the language in a few weeks.
It is easy to visualize the transmission of
medical advice in emergencies by the RAIL
with a doctor at the microphone.

For careful and subtle argument, the
“RAIL” called llo is fully capable of ex-
tending the use of Radio to internationally
broadcast debates on theological or philo-
sophical questions. Bergson and other lead-
ers in these fields of knowledge have bheen
adequately handled.

The adoption of a good “RAIL” would
bring into play the Customs, Emigration
and Police systems of every large county
for newly extended activities. The language
barrier today greatly increases the expenses
of running these Departments of the various
governments,

The press service between widely separa-
ted continents will be greatly helped by the
use of a language easily learned. Calcutta
has heard Pittsburgh by re-broadcasts from
England. Inside of a year or two the Anti-
podes will listen to British, French or
American Radio stations. If this induces

(Continued on page 1674)
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The Production and Use of Ultra Short Wave-Lengths

By Prof. RENE MESNY
Part [

In this article, especially woritten for Rapio News, are described the results of numerous
experuments with wave-lengths of two meters, carried out in the research laboratories of

the French Ariny Signal Corps.

R

Fig. 6. The
special trans-
mitter radiat-

ing a two
meter wave is
seen here in
the focus of a
special screen
which concen-
trates the en-
ergy into a
single narrow
beam.

HE increasing number of radio trans-

mitting stations has made very diffi-

cult the transmission of messages

without interference and there is, at

the present time, a tendency to use
the shorter waves below 300 meters for
commercial purposes. The shorter wave-
lengths ranging from 100 to 300 meters were
proven very efficient by the amateurs who
were compelled by regulations to work at
these higher frequencies. The recent trans-
Atlantic test and two-way communication
carried on by American and French ama-
teurs demonstrated conclusively the high
efficiency of short wave-lengths. Their
possibilities are now being investigated by
commercial companies. We shall describe
in the second part of this article the experi-
ments carried out by Commander Chaulard
and Captains Taulier and Staut on wave-
lengths of 45 meters and the results obtained
under various conditions,

During the war, in 1917, Prof. Gutton had
already succeeded in producing, with ordi-
nary vacuum tubes, oscillations of ahout one
meter wave-length. At that time he thought
of using this very short wave as a beam to
be directed by means of parabolic screens.
Such systems were recently described in

Rapio News by F. W. Dunmore and
F. H. Engel. It was expected, at that time,

that such short wave-lengths directed by
means of reflectors would take the place of
the ordinary light signaling which very often
was not practical on account of fog or dust.
Very often, also, the smoke from artillery
prevented the operators at one station seeing
the other station in spite of the fact that thev
were only a short distance apart. Unfor-

Fig. 4

The special balanced circuit used for ultra short
wave-length transmission.

tunately the radio receiving systems em-
ployed at that time were still imperfect and
prevented this interesting system from being
developed further.

The experiments with directed short waves
carried ouf by Franklin, in England, and the
Bureau of ‘Standards in the United States,
have been described in various radio publi-
cations. It is the purpose of this article to
describe the tests made in the radio research
laboratories of the Erench Signal Corps, un-
der the direction of General Ferrié, and
which at present are quite successful.

THE CIRCUIT USED

It is a well-known fact that as the fre-
quency increases, the tube transmitters be-
come more and more difficult to handle and
that it is necessary to take many precau-
tions to obtain stable and powerful oscilla-
tions. The first problem to solve in order

AUy

Fig. 7. The
two meter set
was installed
on top of a
car to de-
termine the ef-
fect of ob-
stacles upon
the propaga-
tion and also
the range
over which it
was possible
to work.
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to produce very short wave-lengths, is the
designing of special transmitting apparatus.
After a great many experiments we decided
on the balanced systems illustrated in Fig. 1,
This system which had been used previously
for receiving on a loop aerial has been found
to be the most efficient. It was patented in
October, 1921, and had already been pointed
out by Eccles in 1919,

The construction of the transmitting set
is as follows: Two inductances A and B,
wound in opposite directions, are connected
on one side to the grids and on the other
side to the plates of the two tubes. The
condenser mounted in parallel with each in-
ductance permits tuning over a certain band
of wave-lengths and may be removed en-
tirely for the production of extremely short
waves. The center of the windings are con-
nected to the filament battery through the
connections G and P. In the center grid
lead is inserted a resistance of a few thou-
sand ohms to reduce the grid filament cur-
rent, and the high tension source is connected
in the common plate lead. In this arrange-
ment the electrodes of the two tubes are,
therefore, at the same potential, but of oppo-
site polarity and the oscillations are concen-
trated within the grid and plate inductances.
No oscillating current passes in the common
leads of the grids and plates which may thus
be placed without any special precaution. It
is the main advantage of this system over
the ordinary circuit where only one tube is
used, in which case it is necessary to use
special choke coils to prevent oscillations
from flowing into the supply leads.

PRODUCING 300,000 KILOCYCLE
OSCILLATIONS

With the circuit described above, we pro-

duced, in 1921, some transmitting apparatus
working on wave-lengths of 50 meters and
we shall describe further the results obtained
during this series of experiments,
Experiments on véry short wave-lengths
have been carried out by several engineers
and the shortest waves produced were un-
doubtedly those of .6 meter, using the Lecher
wire system and a special circuit in which
the grid of the tube is supplied with high
tension. This interesting test carried on by
Kurz and Barkhausen was merely a demon-
stration, as it was not possible to transfer
any appreciable amount of energy from the

High fension .
g

d

—HliH

fig. 2

This circuit is that of the transmitter shown in
Fig. 4 No condensers are used and the in-
ductances are composed of only one turn.

Fig. 8.

With this short wave transmitter and receiver the phenomena of reflection and refraction

may be demonstrated by moving the square screen at various distances from the set.

oscillating system into a radiating circuit.
The most interesting results were obtained
by Franklin who, with special reflectors, was
able to communicate up to a distance of
about 20 miles using wave-lengths of three
to four meters concentrated in a beam.
With standard vacuum tubes of the French

Fig. 5. The
super Tegener-
ative receiver
used to de-
tect the short
wave signals,
The long rod
is the antenna,
the length of
which may be
varied.

SO

type, we were able to produce stable oscilla-
tions in a circuit tuned to 2 meters, and it
was possible to induce 180 milliamperes in
an antenna vibrating at 15 wave-length. It
was even possible to lower the wave-length
to 1.5 meters, but the operation was unstable
and it was not possible to transfer energy
into the antenna system. The circuit used
was the one described above, but without the
tuning condensers and with the coils com-
ppsed of one turn, eight centimeters in
diameter. The turn connecting the plates
was connected so as to have the proper
direction to produce oscillations in the cir-
cuit.

With special vacuum tubes having very
low capacity between the grid and plate it
was possible to make the circuit oscillate
and transfer energy on a wave-length of 1.2
meters. It was possible with this system
to radiate .6 ampere in the antenna induc-
tively coupled with the oscillating circuit,
corresponding to a radiated power of about
30 watts. It is one of the greatest advan-
tages of very short wave-lengths to radiate
much more than the longer wave for a given
intensity in the antenna. This is shown by
the formula which may be explained as
follows: If h is the height of radiation of
an antenna vibrating on a wave-length A
much greater than h, the radiation resistance

www.americanradiohistorv.com

above the ground supposed to be a perfect
conductor is in ochms rw=1600 (h/A)? Un-
der these conditions the radiation resistance
of an antenna for which h equals 170 meters
and which radiates a wave of 17,000 meters
is .16 ohms; if h equals 20 meters and A
450 meters, the radiation resistance equals
3.1 ohms.  For the very short wave-length.
the above formula must be replaced by much
more complicated ones. Since the antennae
ara of the same size as the wave-léngths
radiated, it is necessary in the calculations to
take care of the difference between the ele-
mentary fields coming from various points
along the 2ntenna. This reduces in a certain
proportion, the radiation in directions in-
clined in respect to the horizon. On the
other hand no modification of the field re-
sults in the horizontal direction. If, there-
fore, one wants to compare the horizontal

(Continued on page 1682)

S TR R
Fig. 4. Close up of the
short wave oscillator.
Note the special tubes
with grid and plate leads
passing through the glass,
and the oscillating cir-
cuit. The radiation meter

supports the aerial and
counterpoise rods.
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Some Recent Radio Developments

This interesting review of the recent developments made by the
covers numerous subjects that, in the future, will no doubt be

Major General George O. Squier, right, who retired January 1,
assuming the title of Chief Signal Officer with the rank of Major.

HE development of a differential

recorder—apparatus for automatically

copying radio telegraph signals—is

the latest instrument perfected by the

Radio Division of the Bureau of
Engineering, United States Navy Depart-
ment. This device was designed by Lieu-
tenant Commander A. Hoyt Taylor and
Alired Crossley. Recent tests with the
apparatus in the Naval station at San Diego,
California, have demonstrated its possibilities
in automatically copying the dots and dashes
of telegraph code.

Although the details of this mechanism are
withheld from publication for the present,
experimental tests have indicated that it is
capable of copying approximately 100 words
a minute. The notable advantage gained by
its use, however, is its ability to copy mes-
sages when interference or static is three
times as strong as the signal strength of the
dots and dashes. This has been the chief
difficulty with most instruments for dispens-
ing with the human element in copying radio
telegraph signals. A first-class radio tele-
graph operator can copy messages when
static interference is three and one-half or
four times as strong as the message signals.

According to claims, this automatic re-
corder overcomes this inherent weakness. Tf

By S. R. WINTERS

cast field.

we are to accept the conclusions of pre-
liminary tests of the naval radio station at
San Diego, California, this mechanical device
almost equals huran reception in overcoming
the presence of atmospheric disturbances.
One of these instruments has been placed in
practical service on the Seaitle, and even-
tually one will be installed at Balboa. Its
possibilities for commercial service are being
investigated. The research problem with
reference to this new apparatus has already
been completed.

NEW DUPLEX SYSTEM

The model TL radio transmitter is an-
other apparatus recently perfected by the
Bellevue Experiment and Research Labora-
tory of the Navy Department. This equip-
ment is peculiarly fitted for installation on
ships, it having already been put into ser-
vice on the I¥7voming. By means of this
type of transmitting apparatus, duplex com-
munications may be conducted on seafaring
vessels readilv. With this transmitter in
operation in one room, supplying 36 amperes
to the main antenna on a wave-length of 507
meters, radio reception was negotiated in
another room on the same ship simultane-
ously. The receiving apparatus consisted of
three stages of radio frequency, a detector
and two stages of audio frequency amplifi-
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Radio Division of the Navy Departmnent
valuable acquisitions in the radio broad-

after 40 years’ service, seated with Col. Charles McK. Saltzman, left, who succeeds him,
Radio attained its present high standards in the army under the direction of General Squier.

cation. Still another creditable performance
of the model TL apparatus was reception of
radio signals on one vessel situated a dis-
tance of 1,000 yards from a second vessel
equipped with the same apparatus operating
at full power on a wave-length varying only
five per cent. from the wave-length used for
reception.

A vacuum-tube transmitter for aircrair
and tactical communication has been installed
on the Wyoming. Tests will be made with
this apparatus to determine the wisdom of
using it to displace the present tube trans-
mitters which were originally designed for
spotting aircraft. This new transmitting de-
vice is capable of communicating within a
radius of 60 miles between airplanes and 150
miles between ships. This equipment was
designed and manufactured at the Washing-
ton Navy Yard.

CONSTANT WAVE TRANSMISSION

The activities in the development of a
constant-wave transmitter for aircraft have
been completed. Tests under flight condi-
tions have indicated that the electro-magnetic
waves emitted from this transmitting appar-
atus are constant, despite the variation of the
length of the antenna to approximately one-
sixth. Or, differently expressed, the bank-
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ing or other movement of the craft which
changes the relative position of the antenna
has no appreciable effect on this newly de-
signed transmitter, Heretofore, it has been

almost impossible to receive signals from [|%

aircraft with continuous wave transmitters
while the airplane was being subjected to
bumpy weather or other conditions which
varied the capacity of the antenna. The new
transmitter will correct this condition, and,
according to claims, will meet the require-
ments for an instrument especially adapted
to the spotting of aircraft.

The Navy Yard at Philadelphia recently
completed design details of a portable com-
pass coil. It was developed as a versatile
instrument for use on any type of vessel.
Its adaptability is said to qualify it as a
valuable military asset. A related radio
compass experiment is the recent installation
of a special long-wave radio compass at
Cape Henlopen, Delaware. This instrument
was designed for the purpose of conducting
experiments relative to the dependability of
long-wave, long-distance radio stations, and
the application of the radio compass for the
guidance of trans-Oceanic and trans-Conti-
nental flights.

CIRCUIT FOR ELIMINATING HARMONICS

A new 100-kilowatt arc transmitter with a
current transformer has been installed at the

A new type of Navy transmitter and receiver that when enclosed in
No. 1 is the wind operated electric generator,
tubes and 4 the telegraph key.

HE officer in charge of the radio sta-
tion Colombo (Mr. M. J. Goleghtly,
AM.IRE.), who was experimenting
with a two-tube radio receiving set of
special design which was made in Ceylon,
has recorded messages from the American
stations Marion (WSO), and Long Island
(WQL), a distance of approximately 9,000
miles, without the use of any relay system.
He recorded the funeral arrangements of the
late President Harding six days before
Reuter’s cables were published in the Ceylon
press. With the new instrument, time and
other signals of the French stations, St.
Assise (UFT), Lyons (YN), and Bordeaux
(LY), and the German station Nauen
(POZ), and other European stations could
be heard very clearly at all times, even when
the telephones were placed well away from
the listener.
This certainly is wonderful in view of the
failure, so far, of the big seven-tube Gov-
ernment wireless installation at Colombo to

A multiplex receiving system that can pick up signals from five different stations at the same time on
a single aerial.

its cabinet is entirely water-proof.

2 the transmitting vacuum tubes, 3 the receiving vacuum

Radio in Cevion
By H. DON CLEMENT

receive any of the above named signals or
even signals of a much closer range.

This new development has put a stop to
the preparations made by the Ceylon Gov-
ernment to install at the Colombo Radio
Station an up-to-date sensitive receiving
plant, with a view to establishing connec-
tions with the station at Oxford, either direct
or through the medium of the high power
station at Cairo, and with the aid of a few
minor high power stations on the east coast
of the island, to do away with much, if not
all of the screening troubles ‘met with in
communicating with ships plying on the Aus-
tralian run.

The new development will make possible
the establishment, at small cost, in a very
short time, of a net-work of receiving sta-
tions in the Empire

If under the old conditions the charges
for radio messages could be lower than the
cable rates, under the new conditions they
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Mare Island high-power radio station. The
results of preliminary tests tend to show that
the use of this apparatus will effect a sub-
stantial decrease in the power input. Of
equal importance is the fact that it will, to a
great extent, eliminate interference due to
compensating waves, harmonics and mush.
A similar circuit has been installed on the
200-kilowatt arc transmitter at San Diego.
Also an inductively coupled arc circuit, simi-
lar to the current transformer circuit, is
being installed at the 200-kilowatt Sayville,
L. I, station. A similar circuit is also being
installed at the 500-kilowatt Annapolis sta-
tion. These installations are designed to
suppress mush, harmonics and like inter-
ference which, for a long time, have been
trouble-makers for radio amateurs.
Experiments conducted at the Naval Air
Station, Anacostia, D. C. have shown the
feasibility of using five radio receiving sets
on one antenna system, each receiving unit
copying messages on different wave-lengths,
with no confusion resulting from this al-
liance. This demonstration, although details
are not available, offers a suggestion to
radio novices and amateurs who are con-
fronted with the problem of antenna con-
struction in apartiment houses and other quar-
ters where many people live under one roof.

should be lower still. In view of the in-
creased efficiency and the reduced cost of
receiving apparatus, radio is bound to be
supported strongly by the press and the
trade.

With Mr. Goleghtly's new improvement,
it may not be impossible to listen to a Lon-
don concert from Ceylon. Even if -there is
a fair chance of success in this direction,
people of India and Ceylon, not to speak of
those in other parts of the world, will not
be slow to make full use of the advantage.

Clearly there is an excellent time before
the broadcasting centers of Europe and
America.

FUTURE PLAN OF WORK

Further experiments are now being carried
out by Mr. Goleghtly, this time with Mr.
Harper, M.LLR.E.. chief engineer of the
Ceylon Postal Department. to improve
further the apparatus. to patent it and to

(Continued on page 1628)
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Radio Television

The Mihaly Telehor Machine
By Nicholas Langer

In this exclusive article Myr. Langer describes an interesting television machine designed and built by
Mpr. Mihaly, an Austrian scientist, who obtained some remarkable results with it.

Fig. 6. The Mihaly Telehor machine. 1 is the arc lamp, 2 the light relay oscillogra 3 the tunin
fork, 4 the screen, 5 the diaphragm, 6 the oscillograph, 7 electro-magnet of phone drungn, pa‘:"ld 8 the brr:xlsls

NE of the oldest dreams of man-

kind is to extend his vision over

great distances and in spite of ob-

structions. The telescope was the

first step through which man in-
creased his range of vision, but even with
this instrument the path between the teles-
cope and the object observed must be clear
of obstructions. The word television, in
its use throughout this article, means the
ability to see an object with the help of
special apparatus without regard to inter-
vening obstacles between the observer and
the object observed. Television does for the
eye what the telephone does for the ear. It
does not need to rely upon a unilateral
path of vision.

Numerous physicists and engineers have
attempted to solve this elusive problem, but
for the most part their work has remained
principally speculative. Scarcely any of the
projects of Senlecq, Carey, Pavia, Sczepanik
and Nipkow ever existed, even experimen-
tally, because they were quite impracticable
and at best succeeded only in transmitting
photographs of comparatively poor quality.

In order to understand thoroughly the
questions involved in the construction and

operation of television apparatus, it will be
necessary to consider briefly some of the
chief principles upon which such apparatus

is based. Through a number of present sys-
tems of telephotography, actual photographs
may be transmitted either by wire or radio
and the reproduction of photographs at re-
ceiving stations will be very similar to the
original. One of the best of the present
telephotography systems was devised by
Korn, another which has achieved compara-
tively large practical use is that conceived
by Belin. The chief difficulty with both
of these systems is the extreme length of
time which is required for transmission
and reception. If the time element is dis-
regarded, we may easily imagine the trans-
mission and reception of animated pictures
consisting of a series of photographs, each
of which is a “still” photograph of the ob-
ject being depicted. If this series of still
photographs reconstructed at the receiving
station is displayed in the same order as
that in which they were taken, and are
exposed to view with proper speed of suc-
cession, animated pictures will result. The
time required for transmission in the present
systems makes this impossible, since 20
minutes is needed for transmission and re-
ception of a single photograph measuring
6x9 centimeters. It is obvious, of course,
that if the time element is disregarded, or if
science arrives at some method of increasing
the speed of transmission and reception, tele-
vision is not a far distant fact.

SOME EXPERIMENTS

About five years ago I conducted many
experiments along these lines. Later,
through interest and knowledge of these
experiments, I became acquainted with the
Hungarian engineer, Dionys Mihaly, who
was at that time making very rapid prog-
ress in experiments along practically the
same lines as those in which I was engaged.
I accepted his kind offer to become his
assistant and it is through this relation that
I am able to make public this article which
is the first detailed account of his experi-
ments to be published in America. I am sure
the American public will be greatly in-
terested in the following description of
Mihaly’s apparatus.

It may be advisable to review some of the
general considerations of television before
plunging into a descripiton of the apparatus
and its method of operation. Disregarding

Fig. 4

il —

The transmitting apparatus of the telehor. The object to be seen at the receiver is placed in
' front of the lens.
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coloring, a photograph of any object,
whether stationery or in motion, can be con-
sidered as consisting of many small areas
of different shading. For the sake of sim-
plicity we shall call these minute areas
“picture elements.” This system of repro-
duction of photographs has long been in use
in the halftone method of printing, in which
each of the small areas is reproduced in
the printing plate as a larger or smaller
dot, depending upon the shading of the area
it represents in the original picture. If the
element is made sufficiently small, each one
will have a uniform shading over its entire
surface. This fact is of cardinal importance.

By dividing the picture being reproduced
into these small elements, it is a compara-
tively easy matter to transform the degree
of shading of each area into an electric cur-
rent. This transformation is effected usually,
through the agency of a photoelectric cell.
There are a number of such agencies, one
of the most important of which is the
selenium cell.

Selenium cells are based on the fact first
observed by the English cable engineer,
Smith, that the electrical resistance of
selenium was reduced when light fell upon it.
It was found that the resistance of the sub-
stance decreased as the light increased,
within certain limits.

PRESENT CELLS

Present selenium cells are constructed with
large cross section and small length which
results in decreasing the very high specific
resistance of the substance itself. One of
the principal types in use at present consists
of two thin parallel wires wound about a
porcelain plate so that the distance separat-
ing the two wires is about .5 millimeter. A
coating of amorphic selenium is then placed
over the wires. A heat treatment to which
the cell is then subjected carries the selenium
into its gray-crystalline form which has been
found to be most sensitive to light variations.
An average cell made in this fashion has an
electrical resistance varying between 60,000
and 100,000 ohms. By illuminating this cell
with a 16-candle power incandescent lamp
placed at a distance of one meter, its resist-
ance drops to approximately 30,000 or 40,000
ohms, which is about half of the “dark
resistance.”

One of the chief difficulties encountered in
all present day selenium cells is the low cur-
rent which they pass, due to their high re-
sistance. This current is usually on the
order of one microampere. A more im-
portant defect than this is the lag in the
restoration of the “dark resistance” after
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Fig. 7. Another view of the telehor machine with its inventor, Mr. Dionys Mihaly. The numbers refer
to 1 tuning fork interrupter, 2 selenium cell, 3 mirror of oscillograph, 4 lenses, 5 phonic drum,
6 armature, 7 eiectromagnet of phonic drum, 8 diaphragm, 9 oscillograph.

the removal of the illumination from the
cell. Several different methods have been
worked out as a means of compensation for
this lag.

/\0
Fig. 1

The oscillograph .arrangement which converts the
variable current into picture clements at the re-
ceiving apparatus,

The first step in television is always the
division of the pictures to be transmitted into
the small picture elements. Each element is
of the same size, but may vary as to bright-

Fig. 5

Diagram of the receiving apparatus through which the current from the transmitter is transformed
into a picture which may be seen on the screen.

www.americanradiohistorv.com

ness. Each of these is then projected upon a
light-sensitive cell which transforms the de-
gree of brightness of the element into a
correspondingly weak or strong electric cur-
rent. This current is transmitted either by
wire or radio to the receiving station. Here
a method is arranged through which the
strength of each individual current produces
a light in direct proportion to the current
strength. Through this method, each of the
small elements is reconstructed at the re-
ceiving end so that when they are collected
in their proper relation, a picture is formed
which is very similar to the original.
THE PROBLEMS

The problems of television may be briefly
stated as follows:

In dividing the picture to be transmitted
into the small elements.

Converting the variations of brightness
between the elements into an electric current
of proportional amplitude.

Transmitting these differences in ampli-
tude by wire or radio.

Rearranging the fluctuations representing
the picture elements, with their correspond-
ing degrees of brightness.

Projecting the elements on a screen in the
same order as that in which they originated.

Each of these is a very difficult problem
within itself. The most serious one of the
lot, however, is probably that of converting
the extremely small differences of brightness
into an exactly proportional current. This,
as has been said, is done through the aid
of a selentum cell. Until recent years, the
very small current fluctuations caused in
such a cell by the variation of light falling
upon it, have been so small as to be hardly
measurable. By means of electronic valve
amplifiers, however, we are today in a posi-
tion to magnify these minute currents to an
extent which makes television possible.

THE TELEHOR

The chief feature of the Telehor, Mr.
Mihaly's television apparatus, is the system
of very small oscillating mirrors, of an area
of one millimeter or less, which convert the
fluctuating currents into picture elements of
correspondingly illuminated spots on the
screen.

The small mirror P in Fig. 1, is fixed to a
loop of extremely fine platinum wire S.
This wire support is approximately .01 milli-
meter in diameter and is stretched between

(Continued on page 1686)
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RADIO compass coil that is at once
portable and rugged has been de-

signed and built by the Radio Divi-

sion of the Bureau of Engineering,

United States Navy Department.

The coil and tripod are collapsible, and to-
gether with the radio receiving instruments
are self-contained in a wooden box or cabi-
net which can withstand severe treatment.
Moreover, once this radio direction-finding
system is snugly enclosed in the casing, it is
not exposed to the weather or other condi-
tions that might impair its term of usefulness.

The marked advantage of this radio com-
pass coil over previous designs of direction-
finding systems is its ready adaptability to
service. That is to say, this collapsible
equipment may be taken on ship or shore and
within a period of five minutes set up, ready
for operation. With equal facility, the vari-
ous instruments may be disassembled and
transported to any point where demands dic-
tate. The complete outfit, including compass
coil, coil shaft, radio receiving cabinet and
instruments, an1 the weather-proof container,
weighs only 315 pounds. The “A” battery
is the only necessary unit not provided with
accommodations in the cabinet.

The weather-proof packing-case was ac-
cepted as the form of construction best serv-
ing the interests of sturdiness, portability
and simplicity.

COIL DESIGN

The coil winding is secured in a conven-
tional frame, aligned on the shaft by a
guiding screw. By means of plugs, 180-
degree orientation in the setting of the coil

By S. R. WINTERS

An interesting description of a compact portable Radio compass for Army and Navy use.
prove particularly useful in emergency cases.
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The complete Radio compass No. 1
is the loop dial calibrated so that
positions can be read directly in
degrees. No. 2 is the long wave
loading system. No. 3 is the balanc-
ing condenser. No. 4 is the R, F.
receiver with detector. No, 5 is the

battery. No. 6 is the A. F,
amplifier, and No. 7 is the storage

battery.
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A New Portable Radio Compass
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on the shaft is prohibited. The coil sys-
tem is fastened to the shaft by use of a set
screw, and the coil winding is plugged into
the top of the shaft by means of a weather-
proof plug. The leads extend through the
shaft from the jack in the top to the jack
in the bottom, and a plug in the bottom is
the connecting link between the coil system
and the receiving instruments.

A reduction of weight to a minimum is a

The interior of
the receiver.
Note the
shielding be-
tween radio
frequency
stages at the
left.
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.5 to Flamen? batt

General layout of apparatus showing arrangement of i‘nstru-
The shield, which acts as a counterpoise, is in the

cover of the cabinet.

desired objective in the design of any
portable outfit. This is particularly true in
the case of the radio compass coil system
being described, where a number of units
are to be contained in one cabinet. There-
fore, in the design of this direction-finding
system a “limited rotation” mechanism was
resorted to instead of the usual slip-ring ar-
rangement. That is to say, this compass
coil is not continuously rotatable, the limit-
ing factor taking the form of stops contained
within the base mounting which confines the
total rotation of the coil approximately 430
degrees.

There is a stud on the coil shaft which
engages a similar stud upon a plate at each
end of a complete revolution. The latter, in
turn, has a quarter circle groove cut in it,
which moves about a third stud held rigid
to the base. The coil shaft at the limit of

its normal rotation, engages the steel plate.
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This action permits of an additional rota-
tion of 90 degrees, minus the thickness of the
several studs. A like manner of operation
is in effect when the rotation is reserved.
Thus, the total rotation of this coil is 430
degrees.

REDUCES WEIGHT

When assembled, the coil shaft is secured
to the plate on top of the cabinet by insert-
ing bolts into holes in the base. A pin is
provided to lock this base to the securing
plate. This arrangement allows the shaft to
be placed on the cabinet in only one way.
Thus, once the coils and shaft are in place.
the operator may be certain that the align-
ment is correct. The device for limiting the
rotation of the coil subtracts from the weight
of the complete equipment by eliminating the
common slip-ring arrangement. Accommo-
dations are afforded in the cabinet for a
type SE-1440-D receiver, SE-1000-F ampli-
fier, SE-1762 compensating condenser, SE-
1967 shunt inductance box and accessories.
Space is reserved for the storing of eight
vacuum tubes, head telephones, and leads for
the batteries. These various instruments and
units are safeguarded from rough treat-
ment by means of one-inch hair felt as pack-
ing. This cabinet slides into grooves pro-
vided on the top side of the packing case.

The inside fittings employed in securing
the compass coil, shaft and radio receiving
cabinet, when they are collapsed for ship-
ment, are graphically shown in the photo-
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At the left the receiver and loop are packed away in the box which ordinarily acts as a table for the

set.

graph Fig. 3. A collapsible shelf for hold-
ing the “A” battery is provided.

This portable radio compass is a decided
military asset. As an instrument on ship-
board, it lends itself to service on any type
of vessel. On shore, this radio compass coil
is adapted to the needs of the U. S. Marine

imeg  Puones or .
m pl/' , Tt s
The complete
+ circuit of the
8  receiver usin%
three stages o
<~ radio fre-
quency and
) detector.
4 +
] _i’—l A s
A

S

At the right is the set in the process of packing.

Corps for maneuvers, and in actual military
operations will prove an invaluable instru-
ment in the maintenance of advance bases.

Radio direction-finding systems are finding
increasing applications in time of peace.
Such equipment was employed in studying
the wave phenomena on the hangar at Lake-
hurst, the home of the Shenandoah. Direc-
tion finders have been applied in original in-
vestigations of the United States Navy De-
partment. A major portion of the original
data relative to electromagnetic-wave varia-
tions and deviations caused by different
media over which they travel is afforded by
this portable direction finder, It is an in-
valuable instrument in studying the distor-
tion of electric-wave fronts as well as
determining the source or station from which
these waves emanate. Also, the phenomenon
of atmospheric disturbances or ‘“‘static” may
be better analyzed and ways and means for
combating this bane to radio communica-
tion more intelligently advanced.

The Vacuum Tube Patent Situation

ITH the expiration of the De For-

est patent 841,387 on January 15

of this year, radio manufacturers

have, in general, taken a new

lease on life with expectations
that at last an end of the control here-
tofore enforced by the present owner of
the patent had come. It is quite natural
that radio manufacturers should look for
some loophole to develop new trade chan-
nels with reference to the very heart of
radio, the electron tube,

Perhaps in anticipation of manufacturers
flooding the market with electron tubes of

+

i

K|
1

=

Fig. 1. De Forest Patent 841,387, which ex-

pired on January 15, 1924

* Patent Attorney, Washington, D. C.

By JOHN B. BRADY*

poor quality, the Radio Corporation of
America caused to be published in various
periodicals shortly before January 15 an
advertisement reading as follows:

The cxpiration, on January 15, 1924, of
vacuuwm tube patent No. 841,387, will not per-
mit the general manufacture, sale, importa-
tion or use of three element vacuum tubes
as generallv constructed, in which the grid
or its equivalent is interposed or located be-
ween the filament and the plate.

This type of vacuum tube is still covered
by U. S. Leiters Patent No. 879,532, under
ewhich Radiotrons are manufactured and sold
to the public.

This latter patent has been sustained by
the Courts, and unlicensed radio tubes have
been held by the Courts to be infringements
of this patent.

The De Forest patent 841,387, which ex-
pired on January 15, the drawings of which
are shown in Fig. 1, covers the three elec-
trode electron tube used as an amplifier.
This was one of the patents litigated in the
suit of Marconi Wireless Telegraph Com-
pany of America v. De Forest Radio Tele-
phone and Telegraph Company. The art will
remember that this suit was initiated by the
Marconi Company against the De Forest

(Continued on page 1678)

www.americanradiohistorv.com
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Broadcasting in Australia

By OLIVER W. TUTTLE

*

The building which houses the transmitting apparatus of Farmer & Company’s broadcast station.
The station 1s situated at Northbridge in the municipality of Willoughby, about seven miles from Sydney,

and is connected with the Company’s Retail Store in Pitt Street, Sydney, by trunk line.

The official

call is 2FC.

ADIO broadcasting has now been in-
troduced into Australia. A scheme
which is unique and which has been
drafted after the experience of other
countries has been evolved. In con-

sidering the broadcasting problem in Aus-
tralia, difficulties which were unknown in
other parts of the world presented them-
selves. The immense area of the Common-
wealth, with its almost minute and very
greatly scattered population, rendered it im-
possible for any of the systems which have
been adopted in America or England to be
employed.

It was realized, of course, that the estab-
lishment of broadcasting should be on such
a basis as to render it permanent, and with
this end in view a conference of those in-
terested was summoned by the Postmaster-
General, Mr. Gibson, who is the Minister
responsible for the administration of the
Wireless Telegraph Act of the Common-
wealth. This conference discussed the mat-
tér and eventually evolved a scheme which,
at a later date, was approved by the govern-
ment and was made the subject of special
regulations.

nder this scheme those wishing to erect
stations and broadcast, after being approved
of by the government and also after pro-
viding a bond of £1,000, a guarantee of con-
tinuity of service for five years, are allotted
a certain wave-length upon which to trans-
mit. Receivers designed to respond to the
wave-length of the service and sealed so
as to respond only to that wave-length are
then available for purchase by those wish-
ing to avail themselves of broadcasting. This
system is an entirely new one and the exact
manner in which it functions is being
watched with keen interest by experts. The
providing of a service under 1t becomes very
similar to the providing of an ordinary tele-
phone service, except that in the case of
broadcasting, a set is purchased and not
hired, and also that it is a receiver only.
At first sight, the scheme may appear strange
and complicated, but the exact manner in
which it will operate becomes quite clear. if
the case of, say, one broadcasting company
is considered.

If a company is desirous of establishing
a broadcasting service, a wave-length is al-
lotted to it, after it has been granted the
necessary approval and license. The com-

pany then erects its station and transmits
programs of speech and music, according
to its own arrangements. The person de-
sirous of receiving then purchases a set de-
signed by experts and tuned so as to receive
telephony on the wave-length of the service
for which it is sold. It is set to that wave-
length and is not alterable except by de-
liberate tampering. The testing is done by
the government and the seal is a government
seal applied by the manufacturer under gov-
ernment permit.

A FEE FOR RECEIVING

The government fee for a broadcasting
(receiving) license is 10 shillings per an-
num. The broadcast stations control the
issue of these licenses and also charge year-
ly whatever subscription fee they may think
fit. The license can only be issued after the
brqg.dcast company’s subscription has been
paid.

Arrangements have been completed where-
by radio dealers become agents of the broad-
casting companies for the issue of licenses
and the collection of the subscription fees
for the broadcasting service. No person can
purchase a radio set unless a license has
first been obtained.

Most people have now thoroughly realized
that, if broadcasting is to be maintained in
a regular and high-class manner, it must
be established on some basis which provides
a certain measure of profit for those respon-

A brilliant account of the introduction of radio broadcasting in Australia which. covers the established
legal procedure for the ercction of a station and a description of Australia’s principal broadcast station.

sible for its maintenance. It was with this
end in view that the Australian regulations
were adopted.

There are, of course, many details in con-
nection with the Australian scheme which
make it elastic. For instance, a genuine
experimenter, after being tested by the gov-
ernment authorities, is allowed perfect free-
dom on all wave-lengths after payment of
license fees only. Similarly, the person who
decides to receive more than one broadcast-
ing service may have his receiver altered and
resealed so as to respond to a number of
wave-lengths—providing, of course, that hs
has paid the necessary fees of the broadcast
stations using those wave-lengths. Under
this scheme it is expected that the Australian
broadcasting movement will be a success.

Farmer & Company, Limited, of Sydney,
has commenced broadcasting in a large
way. This company enjoys the position of
senior broadcast station in Australia, hav-
ing been allotted No. 1 license by the gov-
ernment. They have erected one of the most
powerful and up-to-date stations in_the
world—a station which operates on 5,000
watts power, and on a wave-length of 1,100
meters. When in full swing, the station
should cover the whole of New South
Wales, portions of Victoria and Queensland,
and should also be heard under ideal con-
ditions in other parts of the world.

Situated on the highest point of Willough-
by, about eight miles on the northern side
of Sydney, New South Wales, the station,
which is officially known as 2FC, has now
commenced transmission.

The two steel towers which support the
aerial system are 200 feet high and are
built in lattice fashion. The distance be-
tween them is 575 feet. Across this space
the aerial system is stretched. Directly be-
neath the aerial and almost in the center of
the two towers is situated the operating
house and quarters for the staff. A large
room houses the 5,000-watt set, which is
used for the transmission of programs, and
also a smaller 500-watt set. Adjoining the
instrument room are the living quarters for
the operating staff.

(Continued on page 1630)

The novel means that was employed for erecting one of the large 200-foot lattice-work steel towers
to support the aerial of station 2FC.
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Can American Radio Sets Be Sold In Great Britain?
By FRANK W. CHALLIS, M. A.*

4MERICAN Radio goods may be sold
in England but under conditions

which are somewhat unusual.
Great enthusiasm is being created
in Great Britain at the moment by
reason of the new successes achieved in
radio broadcasting experiments. A consider-
able impetus has been given thereby to the
radio trade, which, in the earlier months of
1923 had received a set-back, and I am told
that a good many firms in America would
be interested to know what are the prospects
(if any) which Great Britain now offers as
a market for the sale of American radio
material. It may, therefore, be convenient
if I endeavor briefly to state the conditions
under which radio apparatus may be im-
ported into Great Britain and A Northern

Ireland.

Generally speaking, the only component
parts which are affected by British tariffs
are the following, viz., vacuum tubes and
headphones. The former are subject to a
duty of 33%4 per cent. ad valorem under the
Key Industries Schedule bf the Safeguarding
of Industries Act, 1921. The latter are
dutiable only in respect of the permanent
magnets they contain. These being of
trifling value, and the duty being reckoned
as only 334 per cent. on the value of the

and

Electyical : Importers’
Traders" Association, London.

* Sceretary,

_ This article, although primarily concerned with the import trade problem, is also an interesting side-
light on the broadcast situation in Great Britain. Mr. Challis has outlined the principal British radio
regulations and cxplained their importance in connection with the import of American radio apparatus.

AT R R

A British broadcast
receiver designed to
cover both Continen-
tal and American
broadcast wave-
lengths. It comprises
a four stage radio
frequency amplifier, a
detector and an audio
frequency amplifier of
the push-pull tyre.
(Courtesy o{‘ Ashley
Wircless elephone
Co., Ltd.)

Another broadcast re-
ceiver of British
manufacture, the de-
sign of which is rather
unique. Scales and
pointers behind glass
windows replace the
usual knob and dial
(Conrtesy of Radio
Communication  Co.,
Ltd.)

magnets, the tariff is almost
negligible. There are no
other tariffs imposed at
British ports which affect
American radio receiving
apparatus or component
parts.

It should also be made
clear that H. M. Customs
impose no embargo upon the
importation of these goods.

- There seems to be an idea
abroad that the import of
broadcast receiving apparatus
is prohibited, but such is not
the case.

There are, however, cer-
tain regulations in force in
Great Britain which are
aimed to produce the same
effect as a Customs prohibi-
tion, and the object of the
present article is to make
clear exactly what these
regulations are. For this
purpose a brief account of
recent developments is neces-
sary.

FORMATION OF THE B.B.C.

At the end of 1922 a
company was_incorporated,
known as the British Broad-
casting Company. The first
members were a group of
large electrical manufactur-

www.americanradiohistorv.com

ers—intérested, of course, in the production

of radio sets. This company was incor-
porated to acquire from the British Govern-
ment, through the Post Office, an exclusive
license to establish broadcast stations in the
British Isles. Under the Wireless Teleg-
raphy Act, 1904, the Postmaster-General was
given control of the conditions of transmis-
sion; consequently, these stations could not
be established except under Post Office
licenses.

Obviously the purpose of the electrical
firms involved was to establish, by broad-
casting, a public demand for receiving ap-
paratus, and they relied mainly upon the
sale of this apparatus for their profits from
the broadcasting company. The Postmaster-
General decreed that, as shareholders in the
B. B. C, they would not be entitled to re-
ceive more than a dividend of 714 per cent.
per annum on the capital invested. In order,
therefore, to prevent the benefits of their
enterprise from going very largely into the
pockets of overseas manufacturers, the pro-
moters of the B. B. C. requested Mr. F. G.
Kellaway (who was then Postmaster-Gen-
eral) to insert clauses in their license con-
tract which would give them power to con-
trol the sale of receiving apparatus in Eng-
land. One of the conditions agreed upon
was that the only apparatus which should
be approved by the Post Office for the con-
sumer’s use should be that which (in addi-
tion to satisfying official technical require-
ments) should bear the trade mark of the

(Continued on page 1632)
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Improvements on the Super-Heterodyne Receiver

way, how the signal is amplified through the
six vacuum tubes which are employed in this
type of receiver.

It is claimed that this arrangement is ex-
tremely sensitive and has the main advantage
to require only six tubes to do the work of
eight or nine, which number would be neces-
sary in a standard circuit to produce the
same amplification,

The photograph, Fig. 3, shows an inside
view of a portable receiver, built by Major
Armstrong and Mr. Houck, in which this
arrangement is incorporated. The cabinet is
so designed that it may contain the dry cells
and “B” batteries necessary to the function-
ing of the tubes, and a small loop aerial
which has been found large enough to pick
up distant stations. The receiver thus con-
structed is entirely self contained and will
operate a loud speaker,

Our other photograph illustrates the de-
velopment of the super-heterodyne from its
invention to the present day. On the table,
at the left, may be seen the original super-
heterodyne receiver built in France during
the war and composed of two separate ca-
binets; the first one contains the tuner and
oscillator and the other the radio and audio
-,,_-,__...,‘ i frequency amplifier. Above is the self-con-

tained receiver just described and shown in
detail in Fig. 3, and on the right is the
latest type of super-heterodyne receiver for
broadeast reception embodying the improve-
ment previously described.

D —re———

On the table are the original super-heterodyne, the improved model and a commercial type
using the new circuit. Standing are Mr. H. Houck, left, and Major E. H. Armstrong, right.
© Wide World Photo
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Fié\ 2. This diagram shows how the signals are
amplified at radio frequency. On the right is the
actual circuit of the improved super-heterodyne.

T the last meeting of the Institute of
Radio Engineers, Major E. H. Arm-
strong described an interesting im-

provement to the super-heterodyne system.
After retracing the history of the invention
and the development of this system of short
wave reception, he explained the interesting
modification of this circuit made by Mr.
Harry Houck and which is now being in-
corporated in a commercial type of super-
heterodyne receiver designed for broadcast
reception. This improvement was made
after carrying out experiments with radio
frequency amplification of the incoming
signal before it is heterodyned by the oscil-
lator. The use of radio frequency amplifica-
tion at the incoming frequency helped in
sharpening the tuning but, of course, re-
quired some additional tubes and it was in
trying to simplify this circuit, that the use
of the second harmonic was found to be the
practical solution of the problem.

The diagram of Fig. 1 shows how the os-
cillator tube may be used to ampliiy by tun-
ing the oscillating circuit to the second
harmonic of the incoming signal. As may
be seen, the first tube amplifies at radio fre-
quency and is coupled to the oscillator tube
by a short wave radio frequency trans-
former. Passing through the oscillator the
incoming signal is heterodyned and its fre-
quency reduced by the well kuown beat
method. The out-put of the oscillator passes
through an intermediate frequency trans-
former which is connected to the first tube
reflex fashion so that it amplifies at two
frequencies simultaneously. From the out-
put circuit of the first tube, the intermediate
frequency passes through another trans-
former and is further amplified by the third
tube, then detected by the detector and
amplified at audio frequency through the two
last tubes. Fig. 2 shows in a diagrammatical

A

Fig. 3. The
photograph
below  shows
the inside of
the improved

J super - hetero-
dyne receiver
j built by
+ Messrs. Arm-
T < 8 strong and
= Houck,
L= © IWVide World
b3 Photo
. AN NIRRT
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Double Anglo-French Broadcasting

By LAURENCE S. LEES

RADIO program was broadcast si--

multaneously on two wave-lengths in

two different countries recently. Music
and speech, executed before a microphone
in the Radiola Studio, Boulevard Hauss-
mann, Paris, was heard by French ama-
teurs, on 1,780 meters and by British ama-
teurs on 369 meters.

It was announced that Monsieur Poincaré,
Prime Minister of France, would deliver a
message of greeting to the British Nation
from the French Foreign Office on the Quai
d’Orsay. Captain Lewis, the Art Di-
rector of the British Broadcasting Company,
had come over to Paris with the company’s
engineer, Mr, Thompson, in order to make
arrangements. However, much to Monsieur
Poincaré’s regret, he was unable to fulfill
his part of the program. This was learned
only 24 hours before the program took
place.

In order that the vast audiences on hoth
sides of the Channel should not be disap-
pointed, Captain Lewis set about making
other arrangements. Thanks to him and the
excellent co-operation of the French and
British Postal authorities and the Societé
Francaise de Radiophonie, the broadcasting
of an excellent program was carried out.
In the 24 hours at their disposal, they trans-
ferred two trunk lines connecting Paris and
London from the Foreign Office at the Quai
d’Orsay to the Radiola Studio. 2LO’s mi-
crophone and amplifier were brought over
from London, successful preliminary tests
were made, and a program was arranged.
The microphone and amplifier were attached
to one of the trunk lines, the other being
kept free for communication between Paris
and London as a sort of order wire.

At nine o'clock on the evening of the pro-
gram, the Anglo-French double broadcast
began. Captain Lewis opened up with the
words, “Hello, Great Britain, Paris call-

1577

The men responsible for the interesting experiment of double broadcasting carried out simultaneously
in France and England. From left to right are Captain Lewis, General Anthoine and Mr. Thompson.

ing!” As the evening’s program was be-  stations of the British Broadcasting Com-
ing broadcast simultaneously from the nine pany a microphone (Continuned on page 1638)

RADIO IN GERMANY

perienced before the first German

broadcast station, working on a regu-
lar schedule, was completely installed. No
suitable set and mno suitable room were
available, but it has now been definitely put
up in a room of the Vox House in Berlin,
Potsdamer Street. Vox is a concern making
phonographs and records.

The set was built by the Federal Tele-
graph Department and was completed on
October 1; on October 2, the installation be-
gan; on October 18, the antenna was strung,
and broadcasting began on October 29.

On the roof of the Vox House and on
the roof of the adjacent Hotel Esplanade
two tube towers 25 meters high were set up.
These were anchored 7 meters in the roof,
so that the effective height above the roof
is 18 meters. The distance between the
towers is 80 meters and a 30-meter antenna
of hexagonal cross section is strung between
the towers. The antenna capacity is 600
centimeters (.000666 mid.) and its funda-
mental wave is 400 meters. Experiments
are being carried on at present to determine
if a ground or an already installed counter-
poise will give better results. The station
operates on 400 meters.

The station calls “Hier Sendestelle Berlin,
Vox-Haus, Welle 400.” (This is broadcast
station Berlin, Vox House, on a wave of 400
meters.) Call letters have not been assigned
to this station yet.

Oscillations are produced with a Tele-
funken tube, type RS-15 of 1.5 K.\WW. Heis-
ing modulation is used. The filaments of

CONSIDERABLE difficulties were ex-

Dr. Marx, left, Chancellor of the German Republic, accompanied by members of his Cabinet, airing  both tubes are connected in series and receive
his views on political subjects through the microphone at one of Germany’s broadcast stations.

© Wide World Photos. (Continued on page 1633)
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Your Radio Batteries

TO DETECTOR

to the problems of the beginner with an
the simplest of terms will be noted

By MARIUS LOGAN

We are pleased to state that Rapio News is able to inaugurate this new department devoted exclusively
article by Mr. Logan. His ability to explain radio problems in
in the present article on the use and care of radio batteries.

Fig. 7.

This clearly shows the manner in which a “C” battery is connected in the circuit of a two-

stage audio frequency amplifier.

O matter what type of vacuum tube

receiving set you purchase or con-

struct, batteries are required to

operate it. To the beginner un-

acquainted with radio, the kind of
batteries used with a radio set, how many
are required, how they are connected up and
the necessary care they demand, is all very
important. Without this knowledge you
cannot get the most out of your set. What
is more, a mistake in connecting up your
batteries will result in one or more burned
out vacuum tubes at about
$5 each.

THE “A” BATTERY

The *“A” battery of a
radio set is employed for

Fig.. 1. A standard type of
No. 6 dry cell which develops
a pressure of 1%z volts.

lighting the filaments of the
vacuum tubes. It is con-
nected to each filament
through a variable resist-
ance or rheostat which controls the current
flow or amperes. A decrease of the resist-
ance of any one of these rheostats will in-
crease the current flow and consequently the
filament of the particular vacuum tube will
increase in brilliancy. s

Every battery has a rated voltage and it is
the type of vacuum tube that you are to use
that will determine the voltage of the bat-

tery employed to light them. WD-11 and
WD-12 vacuum tubes have 1%4-volt filaments
and hence require only a 1}4-volt “A” bat-
tery. Since they draw. only %4 ampere of
current, a dry cell is sufficient to operate
one. A common form of dry cell used for
this purpose is shown in F% 1. If your
set requires three WD-11 or WD-12 vacuum
tubes, it stands to reason that power re-
quired to light them all would be three times
as much as for one tube. It is then neces-
sary to use three dry cell batteries, as one
will not stand up to such a high current
drain. However, it is still of paramount
importance that the voltage for all three
tubes does not exceed 114 volts. This is ac-
complished by connecting the three dry cells
in parallel, as shown in the diagram, Fig. 2.
If these three dry cells were to be con-
nected in series, the total voltage at the
terminals would be 44, sufficient to burn
out all three tubes as soon as the circuit was
closed. Each rheostat used with these tubes
has a resistance of 6 ohms.

If you are going to use UV-199 or C-299

prm AT

Fig. 5. A 22'%-
volit and a 45-
volt “B” bat-
tery block.
Taps are pro-
vided on both
for fine volt-
age regulation.

AU
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vacuum tubes, a higher voltage will be re-
quired than for the WD-11 or WD-12 tubes.
Each UV-199 or C-299 draws .00 ampere at
414 volts. This voltage is obtained by con-
necting three dry cells in series, as shown in
Fig. 3, that is, the positive () pole of one
battery is connected to the negative (—) pole
of the next, and so on, thus giving a pres-
sure of 414 volts at the two terminals. It
is evident that even if one tube is used, three
dry cells will be necessary in order to obtain
the 414 volts. However, since one of these
tubes draws only .06 ampere, these three dry
cells, connected in series, can easily stand
up to the current drain required to light the
filaments of the three tubes to normal bril-
liancy. The rheostats used in conjunction
with these tubes, have a resistance of from
25 to 30 ohms each.

If UV-200, C-300, UV-201, C-301, C-301A
or UV-201A vacuum tubes, which require a
pressure or potential of six volts on their
filaments are used, it will be necessary to
use a six-volt storage battery. Although

enough dry cells could be connected in

Above: Fig. 2. Three dry cell “A” batteries
connected in parallel (12 volts) and below, Fig.
3, three dry cells connected in serics (4% voltsg.

series to give a potential of six volts, they
could not stand up to the high current drain
that these tubes demand. A storage battery
can deliver high amperage (power), or in
other words a large amount of current for
long periods without running down. The
life of the storage battery is dependent upon
this rating, which rating is in ampere hours.
For an example, a battery having a rating
of 60 ampere hours can deliver steadily, a
current of five amperes for 12 hours, at the
end of which time it will be run down. A

(Continued on page 1668)
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Choosing and [nstalling A Receiving Set

By PARKER L. WORTHINGTON

To the tyro, anxious to get into the radio swim, but knowing nothing at all about radio, this
article sets out in simple terms just what the different classes of radio receivers are and some of the
Price is discussed with special attention to accessories—which
may amount to almost as much as the set.

results that may be expected of them.

HAT kind of a set shall I buy?
This is the usual question the be-
ginner will ask after he decides

that he must have a “radio.” And

this is a question that no one can
answer for him. We can tell him what dif-
ferent types of receivers there are and what
their approximate performance will be, but
it is then up to him to decide. In the first
place, how much does he wish to pay? That
is the starting point of the whole thing. If
only about $10 or $15 is to be expended, a
crystal receiver is about all that can be pur-
chased. Such a receiver requires a fairly
long antenna for good reception. The aver-
age range of a good crystal receiver is ap-
proximately 15 to 30 miles. Under excep-
tional conditions such a set will sometimes
pick up stations 500 or more miles distant.
This, of course, is unusual and must not
be expected as a steady performance.

Next on the list is the single vacuum tube
receiver. This type of set can be regenera-
tive or non-regenerative. A non-regenera-
tive receiver does not howl or squeal, but
is limited in volume and distance reception.
For real good reception, a regenerative re-
ceiver should be used. With this type,
using a good aerial, consistent reception of
broadcast stations 100 to 500 miles away
can be expected.

A three-tube receiver of the three circuit type.
cessibility to binding posts.

No. 3—pig tail connections to rotor.

No. 1 shows the neat wiring to jacks, No. 2—ac-

No. 4—shielding. All of these are

important considerations in a receiving set.

and TWO STAGES OF AUDIO FRE-
QUENCY AMPLIFICATION. This is
the number of tubes employed in most of
the receivers on the market. A set of this
type will actually cost from $125 to $200,
according to the grade of apparatus in its
make up. This price includes all accessories

There are various circuits used in such an
outfit, the most common being the SINGLE
CIRCUIT. Such a receiver has a minimum
of controls and will do very good long dis-
tance work. This type, although easy to
tune, will not prove very selective and inter-
ference from local stations may be very

troublesome. If possible, a receiver should
be chosen using a TWO CIRCUIT
TUNER. This form will usually have one
more control but will prove more selective
and will give greater satisfaction.

AUDIO FREQUENCY AMPLIFIERS

A one tube set can only be used with ear-
phones and will not actuate a loud speaker.
If loud speaker operation is desired, at least
two tubes must be employed, the second
being used as an audio frequency amplifier.
With this combination only local stations, as
a rule, will operate the loud speaker, hence
for best results three tubes should be util-
jized. This will comprise a DETECTOR

P e P

A compact
and efficient
portable re-
ceiver, Note
the neatness of
wiring and ar-
rangement of
the apparatus.

SRR

such as tubes, batteries, loud speaker and
phones.

RADIO FREQUENCY AMPLIFIERS

Now we come to receivers using RADIO
FREQUENCY AMPLIFICATION. In
any receiver using a detector and audio fre-
quency, the reception is limited to the sen-
sitiveness of the vacuum tube detector. If
the incoming signal is not strong enough to
actuate the detector, it will not, of course,
be amplified through the audio frequency
stages. If, however, these signals are am-
plified before they reach the detector, they
will be built up in strength to a point where
the detector will respond to them. This is
known as the RADIO FREQUENCY
AMPLIFICATION and will result in re-
ception from more distant stations. If a
sufficient number of stages of radio fre-
quengy amplification are employed, an out-
side antenna and ground need not be used;

www.americanradiohistorv.com

a small loop being all that is necessary.
Such receiver costs from $150 to $300.

DRY CELL AND STORAGE BATTERY
TUBES

When buying a receiver, always find out
if it is complete or if $50 or more will have
to be spent for tubes, and other accessories
that are not included in the purchase price.
There are many good receivers on the mar-
ket that are furnished complete, and if little
is known .about radio, it would prove the
best policy to obtain such a set.

How about batteries for the filament of
the tubes? Some tubes are designed to be
used with a STORAGE BATTERY and
others will give fine results when used with
DRY CELLS, If a storage battery is used,
some means must be employed to charge it
when it is run down. There are many
chargers on the market designed for this
purpose, but one should find out before
buying, what kind of current is used in the
house. It may be Direct Current (D.C.) or
Alternating Current (A.C.) and the charger
to use in each case is different. Dry cell
tubes, although not able to handle the
amount of energy of a storage battery tube,
will nevertheless, give very good results.
Outfits can be obtained which use either
storage battery or dry battery tubes and this

(Continued on page 1672)

UV-199 tubes are em-
The same circuit

A compact two-tube set.
ployed with excellent results,
employed in the portable set is used here.
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Whistling Interference

By W. P. POWERS

ASSISTANT PROFESSOR OF ELECTRICAL ENGINEERING, STEVENS INSTITUTE OF TECHNOLOGY

Professor Powers has, in this article, placed before you an elementary explanation of the workings
of radio waves, how they interfere with each other and create whistles. Furthermore, he gives infor-
mation on 6 non-radiating receiving set in which sensitivity has not been sacrificed.

—] SOCONA. —>
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Fig. 1

A radio wave covers a distance of 300,000,000 meters or 186,400 miles per second.

The number of

waves radiated per second is equal to the velocity divided by the wave-length,

ATISFACTORY broadcast reception

cannot be accomplished when inter-

ference prevails. The slightest dis-

turbance, if it occurs during certain

delicate passages, will frequently
completely obscure the artist’s efforts. The
complete enjoyment of musical programs can
only be experienced if interference is ab-
sent.

There are many forms of interference.
Interference originating at the transmitting
stations; interference which results from
natural atmospheric conditions; and inter-
ference which is due to the improper opera-
tion of receivers. “Whistling,” in its worst
form, comes under this third class, and is
by far one of the most prevalent forms.
Especially is this true in the more congested
districts. This interference is directly under
the control of the receiving operators, and
can be reduced if certain precautions are ob-
served. It is the purpose of this article to
show how it is caused, and to indicate how
each receiving operator in co-operation with
his neighbors can materially contribute to
the improvement of receiving conditions in
his locality.

FUNDAMENTAL RELATIONS

Radio impulses are propagated through
space at a velocity of 300,000,000 meters per
second, this velocity being constant for all
radio signals. Each transmitter has what is
called a certain “wave-length” and so each
station transmits programs on a given wave-
length. We can then imagine that the trans-
mitter radiates a series of waves, and that
at the end of one second the first wave will
have reached a distance of 300,000,000
meters, as illustrated in Fig. 1. It is then
apparent that the number of waves radiated

per second is obtained by dividing the
velocity by the wave-length. This we call
the frequency. We say, for instance, that
a 300-meter station is operating on a fre-
quency of 1,000,000 cycles (1,000 kilocycles)
per second.

This situation can be explained in very
elementary terms by realizing that in walk-

E’ :/5;7/?2‘/7

Fig. 3

An arrangement whereby the tickler coil is
short circuited by a switch, during periods of
reception from local stations.

ing a certain distance in a minute, a certain
number of steps have been taken. Obviously,
the number of steps per minute (frequency)
is found by dividing the distance per minute
(velocity) by the length of each step (wave-
length).
PRODUCTION OF THE WHISTLE

When two waves exist simultaneously they
may, under certain conditions, produce a
continuous whistle in the surrounding re-
If the difference in frequencies of

ceivers.
Fig. 2. When
radio waves a

and b combine,
a beat wave is
produced as at
¢, which varies
in accordance
with waves a
and b as they

-
—

P

the stations is wichin the audible range (say
below 20,000 cycles per second and above 16
cycles per second), and if the waves are
of sufficient intensity at the receiving point,
then we may expect to hear this steady
whistle.

This problem has been partially solved by
legislation which extended the range of fre-
quencies allotted to broadcast stations. How-
ever, it is not to be expected that this type
of interference can be completely eliminated,
when we consider the vast number of broad-
cast stations in existence, and the fact that
our receivers reach out for thousands of
miles,

Let the wave A, in Fig. 2, represent the
carrier wave. of a distant transmitter. Wave
B is the carrier wave of another transmitter
having a slightly different frequency. The
resultant wave is shown at C. Note that the
effect is as if the amplitude of wave A were
continually varied. Wave A is, therefore,
“modulated,” and the modulation frequency
is equal to the difference in the frequencies
of the component waves. Any modulation
(change of amplitude) of a carrier wave, if
within audible range (and of sufficient in-
tensity), will of course be heard in the
receiver. Hence we hear a steady whistle in
the background.

Inspection of Fig. 2 will show that at
regular intervals the two waves A and B
are in phase (in step), and at regular inter-
vals they are directly out of phase. There
is a gradual transition from one of these
extreme conditions to the other, resulting in
the musical note at audible frequency.

It is not unusual for a station 1,000 miles
in one direction to produce this sort of inter-
ference with a station 1,000 miles away in
another direction. Ship operators at sea
frequently report whistling due to stations
thousands of miles apart.

This form of whistling interference is due
entirely to the adjustments of the transmit-
ters, and results in a steady whistle. It can-
not be corrected at the receiving point, and
the subject has been considered in order that
the reader may differentiate between this
form of interference and the more prevalent
form of whistling, which is caused by radiat-
ing receivers.

WHISTLING DUE TO RADIATING
RECEIVERS

A receiver of the regenerative type may,
under certain conditions, oscillate. When

oscillating, a receiver radiates energy into
space unless certain precautions are observed.
Such a receiver becomes a transmitter, and

=

go in and out of
phase with each
other. At the
right is shown
how the two
waves combine
to produce the
beat note.

T
——
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—
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is effective as a rule for a considerable dis-
tance. Turning the dials of the receiver
changes the frequency of the receiver trans-
mission, and so the entire neighborhood is
subjected to this continually changing fre-
quency. Other receivers, regardless of their
adjustments will pick up a whistle as this
variable frequency passes through the fre-
quency to which they are set. This is an
experience familiar to all broadcast listeners.
The interfering receiver sends out a fre-
quency which is continually changing, as the
operator, by turning the dials, sweeps
through the sky in search of signals. The
neighboring receivers pick up the resultant
effect as a musical note of extremely high
pitch, rapidly reducing to a point below audi-
bility (below 16 cycles per second) and then
increasing in frequency through the audible
range and disappearing at frequencies above
audibility. The whistle may vary in char-
acter from a full siren effect to a delicate
“tweet.” The interfering frequency may
cause comparatively little trouble for sur-
rounding reccivers which are operating on
other frequencies (adjusted for other wave-
lengths), but if the two receivers are tuning
in the same program, the result is disastrous.
The interfering operator, not being content
with his adjustment, is continually adjusting
and readjusting his receiver, with the result
that his frequency is always close to the
transmitter frequency, and so produces an
audible note in all the surrounding receivers
which are listening to that particular pro-
gram.

L

1
IE

—
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This, the single circuit tickler feed-back type
of regenerative set, is by far the worst offender
in point of interference.

PRECAUTIONS

If the receiver is of the regenerative type,
it is well to use only as much regeneration
(tickler or feedback) as is required for good
reception. If a note is heard which is con-
trollable by manipulating the dials, you can
be sure the set is oscillating. Reduce the
tickler or feedback adjustment until the
whistle disappears.

The quality of reproduction is usually

6 Yurns
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%/5 turns

45 turns

Fig. 5

A regenerative circuit combined with a muffler, commonly known as a radio frequency amplifier.
This arrangement prevents radiation and increases the sensitivity of the circuit.

much improved when the tickler adjustment
is reduced (using less regeneration). Doubt-
less many receivers are located so close to
the broadcasting station that regeneration
is not required for good reception. Some
have already discovered this, and have pro-
vided their sets with a switch which actually
cuts out the regenerative (feedback) coil,
when working locally. When working for
distance, the feedback coil -is used. One
scheme of this kind is shown in Fig. 3.

Certain receivers rely considerably upon
regeneration for their selectivity, and nat-
urally the above suggestion will, in these
cases, be looked upon with little favor.
Ordinarily a reasonable degree of selectivity
can be restored by the use of some form of
“wave trap” or “wave filter.”

Probably the worst offender in the long
list of receivers is the so-called single cir-
cuit regenerative receiver. A form of this
receiver is indicated in Fig. 4, and is shown
here simply as an example of what not to
use.

Unfortunately this receiver is inexpensive
and simple in construction, and as a conse-
quence 1t has enjoyed altogether too much
popularity. A modified form of this receiver
is shown in Fig. 5 and is to be recommended
as a substitute for the single circuit shown
in Fig. 4.

IMPROVED CIRCUIT
Fig. 5 shows a two-tube circuit having
two tuning adjustments and the usual tickler
or feedback adjustment. The circuit is so

arranged that there is comparatively little
radiation. The regeneration occurs in the
second tube, and the oscillations (if they
exist) are more or less confined to this stage.
Radiation can not occur easily because of
the interposition of the first tube, and the
large step-down ratio of the antemma coupling
transformer.

DESCRIPTION OF APPARATUS

The antenna coupling transformer is con-
structed by winding 45 turns of No. 24
D. C. C. copper wire on an insulating tube
3 inches in diameter. The turns are wound
in a single layer, and 10 turns are then
wound directly over the 45 turns, the 10
turns being concentrated at the center of the
spool in a single layer. The 10 turns are
connected in the antenna circuit.

The transformer between tubes is con-
structed in a somewhat similar manner.
Wind 45 turns of No. 24 D. C. C. wire in a
single layer, on a 3-inch diameter tube.
Directly over the center of this winding,
place six turns of No. 24 D. C. C. wire ina
single layer. Arrange a tickler coil of 15
turns of No. 30 D. C. C. wire so that it
couples to the 45 turns, and the coupling may
be varied. Connect the six turns in the
plate circuit of the first tube.

UV-201A tubes can be used with this
circuit, in which case 60 volts will be found
suitable for the plate circuit of the first tube,
and 40 volts (tapped as indicated) will be
correct for the second tube

Why Bother With Radio Freauency Amplification?

HAVE received many letters of comment
upon an article on elimination of inter-
ference which appeared in January Rapro

NEeEws. These letters contained various de-
grees of praise or criticism, but almost in-
variably indicated the belief that the
suggested addition to the set would be a
general cure-all. The amplifier described
greatly increases the range of the receiver
and eliminates radiation from it.

In 56 of the letters received, the writer
of each complained of some “rock-crusher”
in his neighborhood that makes it impossible
to enjoy a concert. They seek to eliminate
the whistles coincident with the tuning of
some regenerative receiver in the neighbor-
hood. The only way to eliminate this kind

By J. R. BALSLEY

of interference is to ecliminate it at its
source, and, unfortunately, there are crimi-
nal laws governing this particular branch of
interference elimination.

When any kind of a regenerative receiver
without radio frequency amplification is

The grid and plate elements of a vacuum tube
actually compose a small condenser, as
illustrated.
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operated with a high degree of feed back
(as they nearly all are) the receiver acts as
a transmitter and the antenna will radiate a
percentage of the energy generated, depend-
ing upon the type of tube and the kind of
receiving circuit used.

Of this class the single circuit and ultra-
audion are the worst because they are so
designed that the oscillating circuit is con-
ductively coupled to the antenna circuit.
The so-called two and three-circuit tuners
are a little less annoying because they do
not always employ maximum coupling and.
therefore, have more losses between the
oscillating circuit and the inductively coupled
antenna circuit.

(Continued on page 1662)
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The Vacuum Tube and How [t Works

By Prof. John H. Morecroft, E. E.

Assoc. Professor of Electrical Engineering, Columbia University

> N studying the action of the vacuum
tube it is very necessary to get a clear
idea of the modern scientific concept
of the constitution of matter. What
does a piece of metal, such as the fila-
ment of a vacuum tube, consist of ? Is it as
dense and solid as it appears? A piece of
tungsten wire such as is used for the fila-
ment of most vacuum tubes, is made up of a
tremendous number of separate particles
called atoms, or molecules, and there is
much empty space between, and in, these
atoms.

Each atom consists of a central portion,
called a nucleus of proton, and around this
proton are grouped many smaller particles
called clectrons. A simple atom may be
much like our solar system, the sun corre-
sponding to the proton and the planets, whirl-
ing around the sun, to the electrons of the
atom.

Many atoms are much more complex than
this picture would lead one to believe. Thus
the tungsten atom has 74 negative electrons
grouped about a cluster of nearly 200 posi-
tive protons, together with over 100 other
electrons tightly held together. A solar sys-
tem to be similar to such an atom would
have to have about 25 times as many planets
revolving about the sun, as has our present
system. The hydrogen atom, however, has
only one electron revolving about its proton,
so that it is very much like the combination
of our earth and the moon. The electrons
are probably in no closer contact with the
proton than are the planets with the sun.

ILLUSTRATION

If we imagine a piece of tungsten, the
size of a ball, like those used in the ordinary
ball bearing. magnified to the size of the
earth, then the atom would be as large as a
baseball, and an electron would be less than
one thousandth of an inch in diameter. That
is, the whole group of electrons and pro-
ton making up the atom would occupy as
much space as a baseball, but most of this
space would be empty as there would be in
it, besides the small central nucleus, nearly
100 small particles much less than one thou-
sandth of an inch in diameter.

Insulators and Conductors.—In general the
electrons that belong to a certain atom stick
to it very tightly and cannot be taken away
by another atom; in the same way none of
the planets which revolve around the sun
are taken away by other systems in the
stellar universe. In certain substances, how-
ever, principally the metals, it seems that one
electron per atom is more or less free to
leave the atom and wander about at will
among the other atoms and electrons, some-
times attaching itself to one atom and some-
times to another. In other substances such
as glass, rubber, hakelite and porcelain, all
the electrons are rigidly attached to their
atoms and cannot move about. These sub-
stances we call insulators, whereas the others,
like the metals, are called conductors.

The Electric Current.—If a wire is con-
nected with a battery, so that one end be-
comes positive with respect to the other, the
free electrons, really negative electricity, will

Part (

There are feww men better equipped than Professor Morecroft to tell the story of the vacuum tube.

He has related, in a comprehensive manncer, how the vacuum tube works and the various roles it plays

in the radio field. This is by no means a theoretical study, but a practical, informative article written
in @ mahner which will prove of interest to all.

be attracted towards the positive end of the
wire, and they will gradually drift along
through the crowd of atoms from one end
of the wire to the other. This drift of the
free electrons through the substance of the
wire is called an electric current. This
motion of the electrons resembles that of a
troop of men advancing through a woods;
the individual men go in very irregular
fashion, going sideways, and backwards even,

The Adam of the three clement valves, the
original De Forest ‘“‘Audion.” The plate and grid
leads issue fromm the top of the tube.

to avoid rocks and trees, but on the whole
the troop moves slowly forward. The elec-
trons drift in much the same mamner; they
bump into the atoms and into one another,
sometimes going sideways and sometimes
being bumped backwards, but on the whole
drifting from one end of the wire to the
other.

We can apply this idea of current to the
ordinary electric lighting system. An indi-
vidual electron starting out from the gen-
erator in the. power station may take a
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month or more to make a circuit of the sys-
tem and get back to the generator; in the
meantime it has been bumping its way along
through the wires hung on poles in the
street, through the house wiring, then
through perhaps an electric iron or lamp,
and so back through the wires to the station.

Motion of Atoms and Electrons.—At ordi-
nary temperatures the atoms of which a body
is composed are not stationary but have a
very rapid to and fro motion, going zigzag
fashion in all directions. They bump into
one another and bound away much as would
a lot of tennis balls shaken about in a big
box. Between the atoms, the free electrons,
if there are any, bound back and forth with
even greater velocity. It is this velocity of
the atoms and electrons that gives the body
its temperature; at absolute zero temperature
(about 460 degrees below zero on the Fah-
renheit scale) all the atoms of a body are
at rest.

At ordinary temperature the average
velocity of the atoms is several hundred feet
a second. There is a fundamental law of
physics which says that the free electrons in
a metal must have the same amount of
energy of motion as do the atoms. As the
electrons are so small and light when com-
pared to the atoms, the average velocity of
the electrons must be correspondingly high.
This average velocity of the electrons at
ordinary temperatures proves to be about
50 miles a second.

WHY THINGS GET HOT

Although we cannot attempt to prove it
in a non-mathematical article of this kind,
it is a fact that the temperature of a body
is measured directly by the amount of en-
ergy expended by the motion of the atoms
that make up the body; the greater the mo-
tion of the atoms and electrons the hotter is
the body. Anything that increases the aver-
age velocity of its atoms will correspond-
ingly raise the temperature of the body; if
a piece of iron is hammered vigorously the
iron and hammer both heat up, because the
average speed of the atoms of which each
is composed has been increased by the blows.
If two bodies are rubbed together, as in a
bearing, the shaft and bearing metal both
get hot because the friction between the two
has increased the average velocity of the
atoms.

Metals Are Porous—Anyone who has
grasped the ideas set forth thus far will
have reached the conclusion that what seems
to be a hard and dense metal is really
nothing of the sort, but a collection of com-
plex particles, each of which in itself resem-
bles a solar system, with the electrons
revolving about the proton; there is an
empty space between the atoms and also in
the atoms themselves. From this viewpoint
it is reasonable to believe that small par-
ticles, such as individual electrons or atoms.
might be shot right through a piece of metal
if they have sufficient velocity. Such is
really the case. These high-speed particles
go right through sheets of metal. They
shoot through the spaces between the atoms
or perhaps right through the atoms them-
selves.
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WHY AN ELECTRIC CURRENT
HEATS A WIRE

When a wire is carrying current, the free
electrons are forced to drift along the wire.
Hence, in such a conductor, the electrons
have an additional velocity as well as the
irregular motion due to the temperature of
the body. As the electrons crowd their way
along the conductor, they bump into the
atoms and other electrons more vigorously
than they would if there were no current
in the conductor; due to this effect the
average velocity of the atoms will increase
when the conductor carries current and will
increase with the amount of the current.
This accounts for the heating of a wire
carrying current, such as the filament of an
incandescent lamp; in such a filament the
intense heat is caused merely by the elec-
trons pushing their way along the wire and
so bumping the atoms and speeding them up.

WHAT “EVAPORATION" IS

We all know that such substances as
water or gasoline will evaporate in an open
dish. Just what is evaporation from the
viewpoint so far presented? Perhaps you
have seen a swarm of bees hanging in a
cluster from the limb of a tree; the writer
has often cut off such a limb, carried the
swarm to the front of a new hive, and
shaken the bees off on the ground. They
will roll over the ground in a layer perhaps
100 bees thick, almost fike thick molasses
and will gradually move into the entrance
to the new hive; but if the queen has been
lost, they will start to fly back into the
air. So we have on the ground a mass of
bees, perhaps half a bushel, corresponding
to a liquid in their motion, and, leaving the
surface of this mass, are the individual bees
taking wing. We may say that the bees are
“evaporating” as they leave the crawling
mass on the ground and fly up into the air.

This is a fairly good picture of what
happens at the surface of a liquid. Most
of the atoms of the liquid stay in the mass,
but some of those at the surface, having
sufficiently high velocity, will fly away from
the liquid all together, in spite of the effect
that the rest of the atoms of the liquid try
to hold them in. The high speed atoms at
the surface break away and become free
individual atoms of the substance floating
about among the air atoms at the surface of
the liquid, gradually bumping their way
through the air atoms and so away from the
liquid. It is these individual atoms that
break away from the surface of the liquid
and cause it to evaporate.

It is evident that those atoms at the sur-
face with the highest velocity are the most
likely to break away from the pull of their
companion atoms, and such is always the
case. In evaporation it is the fast ones that
get away. It follows, therefore, that as the
high speed atoms get away, those left behind
will have on the average a lower velocity
than before evaporation began to take
place; but lower average velocity of the
atoms means a lower temperature, and we
know that this is just what occurs when a
liquid evaporates. Alcohol allowed to evap-
orate from the hand will cool several de-
grees; liquid air left free to evaporate will
so cool down that what is left behind
actually freezes.

Effect of Temperature on Evaporation.—
The higher the speed of the atoms the more
likely are they to break away from the
attraction of their companions and so
evaporate; thus hot water evaporates much
more rapidly than cold water. Metals
evaporate very slowly at ordinary tempera-
tures, but as they are heated the rate of
evaporation increases. If the metal is sur-
rounded by air it will generally oxidize be-
fore reaching a temperature at which appre-
ciable evaporation takes place; but if the
metal is in a vacuum it will actually evapor-
ate or boil away just as do liquids. In the
ordinary electric lamp the tungsten is so

hot that appreciable evaporation takes place;
the metallic vapor condenses when it
reaches the comparatively cold walls of the
glass bulb. This is the black deposit of
tungsten visible in the bulb of any tungsten
lamp which has run a thousand hours or
more.

Evaporation of Electrons.—About 20 years
ago it was predicted by Richardson that if
a metal were sufficiently heated, not only
would it evaporate, hut clectrons might be
made to cvaporate from the metal also.
Moreover, it was evident that the electrons
would be the same in kind, no matter what
metal was heated. As the electrons move
so much faster than the heavier atoms it
was predicted that the electrons would
evaporate at a lower temperature than would
the atoms of the metal itself, and such
proves to be the case. In a good vacuum
(space from which practically all air or gas
has been pumped out) a glowing piece of
tungsten, platinum or similar metal may be
maintained at a white heat for thousands
of hours without appreciable evaporation of
the metal itself; yet in one hour the num-
ber of free clectrons evaporated is several

S .

A Navy 5§ K.W.
air cooled trans-
mitting vacuum
tube of the type
employed at the
Navy station at
Arlington, Va.
Itis 2234 inches
long and 6
inches in dia-
meter, really
small for a tube
of such capacity
but a monster in
comparison to a
receiving va-
cuum tube.

times as great as the total number of free
electrons in the piece of metal. Of course
as the free electrons evaporate, others must
be supplied to take their place, as will be
explained later.

Effect of Gas on Ewaporation—In order
to get appreciable electron evaporation it is
necessary that the space surrounding the
hot metal, from which the electrons are being
emitted, be very well evacuated, not only to
prevent the metal from oxidizing, but be-
cause of the effect of the gas on the
electrons that are trying to leave the hot
surface. The mass of the electron is so
extremely snrall that if it collides with an
atom of any kind it bounds backwards at
about the same velocity with which it was
rushing forward. This action is the same
as when a tennis ball collides with a can-
non ball going in the opposite direction; the
path of the cannon ball is scarcely disturbed
by the collision, but the tennis ball bounds
back in about the same way it would have
done had it struck against a rigid wall. Thus
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Fig.1

The atmosphere surrounding a hot tung-
sten filament contains, aside from the electrons,
atoms of gas (a) and atoms of tungsten (b).

Fig. 1.

if there are any atoms of gas surrounding
the hot metal, the electron bounding out of
the surface of the metal strikes against these
atoms and so bounds right back into the
hot metal from which it has escaped. The
gas thus acts as a screen surrounding the
hot metal, pushing the electrons back into
the metal as fast as they escape.

Effect of Surface Condition—We know
that if the surface of water is covered with
a layer of oil the water is effectually pre-
vented from evaporating. A similar effect
is often noticed when studying electron
evaporation, other things taking the place
of the oil layer. Thus, if some certain gas
sticks to the surface of the hot metal (such
gas is said to be “absorbed”), it may prac-
tically stop the electron evaporation, whereas
certain other gases have no effect at all.
Langmuir and his co-workers in research
have done most thorough work in investi-
gating these effects of different gases in a
vacuum tube; those especially interested
should consult the scientific journals where
such work is reported.

Effect of Oxides.—As noted above, cer-
tain impurities on the surface of a hot metal
prevent electron evaporation, yet Wehnelt
discovered that certain oxides, spread over
the surface of the hot metal, very much
increased the rate of emission. Van der
Bijl and his associates have developed this
phase of the question and have produced an
oxide-coated platinum filament that gives
profuse electron emission at temperatures
much lower than required for pure plati-
num or tungsten filaments. To get much
emission from pure tungsten the metal must
be at a dazzling white heat, whereas a
properly coated oxide filament will give the
same amount of emission at a dull red heat.
An oxide-coated filament should never be
raised to a temperature hotter than that
which gives a dull yellow color; otherwise
the oxide coating will be spoiled.

Electron Atmosphere.—The evaporation of
electrons from a hot surface is pictured in
Fig. 1, the small dots representing electrons,
the larger circles @, a, a, representing some
gas atoms, and the still larger circles b, b. b,
representing some tungsten atoms which
have evaporated with the electrons. It must
of course be remembered that no matter how
well the containing vessel has been pumped
there will always be many gas atoms left in
the vessel, around the filament. If there is
no action pulling the electrons away from
the hot surface from which they have come,
the height of the electron atmosphere repre-
sented in Fig. 1 will be only a few hun-
dredths of an inch. TUnless the metal is
above a dazzling white temperature, but few
welectrons get more than five hundredths of
an inch from the surface before they slow
down and then fall back into the hot metal.

THE STRANGE DISCOVERY THAT
EDISON MADE
The first observer of the effect of elec-
tron evaporation was Thomas A. Edison.
In the early days of incandescent lamp manu-
facture he noticed a peculiar action that
could not be satisfactorily explained at the
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Circuit for illustrating the “Edison effect” of
electron evaporation.

time. In an ordinary incandescent lamp
bulb he introduced an extra plate, having a
connecting wire to the outside of the bulb,
as shown in Fig. 2. Edison noticed, when
the filament was incandescent, that if this
plate were connected through a galvano-
meter to the negative side of the battery
heating the filament, no current flowed
through the galvanometer, but that if the
wire @ were connected to the positive side
of the battery, the galvanometer showed that
a current was flowing. This current stopped
as soon as the filament cooled down, show-
ing that it was an effect depending upon the
temperature of the filament. Although the
phenomenon could not be explained at that
time we know that it was due to the elec-
trons evaporated from the carbon filament.
When the plate was connected to the nega-
tive end of the battery it offered no
attraction to the electrons coming off the
filament, but when made positive by being
connected to the positive end of the filament
it did attract the electrons, and so caused
current to flow.

It is to be noticed that this current is due
to the electrons evaporating from the fila-
ment, streaming across the vacuous space
between the filament and plate, entering the
plate. then drifting along through the wire
and galvanometer, back into the filament,
and so re-evaporating and starting on their
course once more. 1he same electrons will
evaporate many times if the filament is
kept heated long enough.

For 20 years the “Edison effect” was
known, but not used until Dr. Fleming,
working with Senatoré Marconi in his early
radio experiments, got the idea of using it
in place of the coherer, as a detector, or
rather a rectifier, of the high frequency
signals.

HOW FLEMING APPLIED EDISON’'S DIS-
COVERY IN RADIO

In the upper part of Fig. 3 are shown
three groups of high frequency waves such
as would be sent out by three spark dis-
charges at a transmitting station sending out
spark-wave telegraph signals. The fre-
quency, or number of reversals per second,
of the current set up in the transmitting
antenna, and the corresponding current set
up in the receiving antenna, might be
1.000.000 cycles per second and the number
of these groups per second perhaps 1,000.
As the ear cannot hear 1,000,000 vibrations
per second, but can hear 1,000 vibrations per
second, it is necessary to use in the receiving
circuit some apparatus which will give one
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Showing how Fleminf used the Edison effect to

make a useful piece of radio apparatus, the Flem-
ing valve or rectifier.

impulse to the telephone diaphragm for one
group of waves. If in series with the tele-
phones there is some device which permits
current to flow only in one direction (a
device called a “rectifier”) the current in
the telephone will look as shown in the
lower curve of Fig. 3. Each of these cur-
rent pulses consists of a rectified (and
smcothed out) group of waves of the upper
part of the figure. Each of these current
pulses will give one pull to the telephone
diaphragm, and so the groups of high
frequency waves, through the rectifier, do
give in the telephone an audible tone of
1,000 vibrations, which is a musical note of
that frequency for which the ear is most
sensitive. In other words, the Fleming valve
passed spurts or gushes of electricity instead
of a steady stream, and these gushes came
slowly enough to enable a telephone receiver
to respond with an audible musical note.

Action of the Fleming Valve.—Fleming
used the Edison effect to detect radio sig-
nals in the manner shown in Fig. 4. The
filament F, was heated by battery A4, the
extra electrode P, which we shall call the
“plate,” was held at positive voltage, or
potential, by battery B. Whatever electrons
flowed to the plate returned to the filament
by going through the telephones D. When
a signal (high frequency wave-train as in
upper part of Fig. 3) came in, the voltage
between P and F was alternately raised and
lowered about the average value maintained
by battery B.

The plate current (amount of current
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signal. The noise given off by the phone
will be just the same, however, as it is for
the current shown in the lower part of Fig. 3.

The foregoing analysis has been made on
the assumption that the telegraph signal re-
ceived was sent out by a spark transmitter,
and we have shown that a musical note is
heard in the receiving telephones which has
a pitch fixed by the number of sparks per
second at the transmitter station. In case
a radio telephone signal is being received the
voltage impressed on the plate of the Fleming

AN NN

If a rectifier

connected

voltages, as in
the upper
curves, will
give through
the telephones
pulses of cur-

r\/\[\/\l\f\f\l\f\_’\,\ rent, as shown
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from filament to plate caused by electron
evaporation from F) varies with the plate
voltage about as shown in the full line
curve of Fig. 5; the signal voltage is shown
below and the corresponding plate current
shown to the right. It will be noticed that
while the plate voltage increases and de-
creases symmetrically about its average
value, which is the voltage of battery B, the
plate current variation is not symmetrical
about its normal value, owing to the curva-
ture of the plate current curve. The aver-
age plate current, which flows through the
phones, is indicated by the dotted line and
shows an increase during the time the wave
train lasts. From this it follows that if a
series of wave trains similar to those shown
in Fig. 3 is impressed on the antenna cir-
cuit of Fig. 4 the phone current will shows
a “hump” for every wave train; hence 1,000
humps per second, and this will give a note
of 1,000 vibrations per second in the phones.

It will be noticed that when using the
Fleming valve for a detector there is cur-
rent flowing through the phones all the time,
whether there is a signal coming in or not.
But if a steady current flows through a
telephone receiver no noise is sent off from
the diaphragm at all; it is the changes of
current only that cause the diaphragm to
vibrate and sound.

When using a crystal detector no current -

at all flows through the phones until a signal
is coming in, so the current will be about
as shown in the humps of Fig. 3. When
using the Fleming valve the phone current
looks as shown in Fig. 6. There is always
a large current flowing, and on the top of
this are the humps of current caused by the
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curves.

valve will be a very high frequency current,
the amplitude of which follows the shape of
the voice-wave acting at the transmitting
station. In such a case the current through
the phones will be somewhat as shown in
Fig. 6, but the humps in the current will not
be regular and smooth but of a frequency
and shape fixed by the pitch and quality of
the voice acting at the transmitter.

DE FOREST INTRODUCES THE GRID

Probably the greatest single step in the
advance of radio communication was due to
De Forest. He conceived the idea of intro-
ducing into the Fleming valve an extra
clectrode in the form of a lattice or grid,
this grid being so placed that electrons on
their way over from the filament to the plate
had to pass through it. Other names for this
“three electrode valve,” in more or less com-
mon use, are the audion (De Forest’s orig-
inal name) oscillion, radiotron, pliotron and
triode. The last named seems to be the most
applicable of the lot,

In reading the following explanation of

(Continued on page 1646)
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When a spark signal of 1,000 cycles is received
the current through the phones has 1,000 humps
per second, giving a 1,000 cycle note.
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Timely Notes on Aerial Installations

Very few novices realice th

By HAROLD JOLLIFFE

e importance of a good acrial installation.

The feeble currents from long

distance stations twill never reach the receiving set if the acrial is poorly, insulated or strung close to large
metallic objects. M. Jolliffe has taken up all the important considerations in this article.

HEN the average man-in-the-
street decides to install a radio
receiving set for the purpose of
listening to the various programs
of music, stock reports, educa-
tional matter and lectures that are being
broadcast hourly for his amusement and
edification, he is, almost without exception,
in a very great hurry to get his outfit set up
and in working order. In the majority of
cases he has listened in on receivers helong-
ing to friends and by so doing has become
inoculated with the ever-contagious radio
germ. Therefore. he does not rest until his
own set is in operation. )

In a way, this is natural and pardonable,
for it is logical to assume that he is eagerly
anticipating the novelty of experiencing the
thrill of listening to what is transpiring at
some point many miles away when he him-
self is comfortably seated in his favorite
chair, with friendly pipe or a good brand of
cigar at hand, before a glowing fire in his
own home. It was this thrill that captivated
the majority of us when we first delved into
the ramifications of the fascinating and in-
structive hobby, whether we are of the old
or the new school. It is still this particular
phase of radio which continues to offer the
greatest appeal and which, without the
shadow of a doubt, places the reception of
distant broadcast concerts far above all else
as being the most popular form of home
entertainment and pastime. For the be-
ginner, the novelty has not yet lost its keen
edge, so the quicker he can get his receiver
working the better he likes it.

All very well. But—here’s where the rub
lies: Walk along a street in any fair-sized
town and take note of some of the aerials
that adorn the house-tops. In most cases,
they are crude looking affairs that required
no more than a half-hour to erect. In many
instances, they have been installed with the
intention of listening to a concert the same
evening. No description is necessary; you
have all seen them. Not a thought given to
appearance, or efficiency for that matter. It
shows what some people think of their prop-
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Very, very poor practice. All these aerials are parallel to each other, consequently each person interferes

with the reception of his neighbor.

erty when they stick up something that looks
as if it were intended to catch sparrows and
not radio waves, on top of a beautiful house.
They'’re in too much of a hurry to listen in
and consequently will not take time to do
a neat job. The whole idea seems to be to
get the aerial up as quickly as possible and
then go down and listen to So-and-So’s
Gloom Dispellers. As an acquaintance of
the writer’s recently said, “I'm going to put
up a decent aerial next Saturday afternoon,
but this will have to do for the present as I
expect the crowd over to-night to hear the
Jazz-bow Six from station XYZ.”

Is it necessary to say that the man with the single wire aerial, well insulated and well supported, gets
much better results than the man withe.the small, uninsulated, poorly supported two-wire aerial?
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These aerials should be at right angles to each other.

THE USUAL METHOD

A great many of them, unfortunately, are
of the same procrastinating, put-it-off-until-
to-morrow, attitude in that they’re going to
put up a better aerial “just as soon as I've
listened to a few concerts.” But, somehow
they never seem to progress past the “think-
ing about it” stage. The excuses they put
forward are many and varied. Although
many of them, doubtless, really do intend to
make a few improvements, the original in-
stallation, in nine cases out of ten, is never
improved upon, but is permitted to display
itself prominently, for all to see, as a monu-
ment to the owner’s sloppy, careless, don't-
give-a-darn nature.

Viewing the matter from a different angle,
i.e., from the standpoint of efficiency, the fol-
lowing presents itself as being worthy of the
deepest consideration to those who are in
the game for the greatest possible results:

It has been said time and again that the
best results are obtained only by the intelli-
gent use of the best apparatus procurable.
This is an oft-repeated statement, but the
more it is propounded the truer it becomes
and it applies not only to the receiving
equipment proper, but also to the antenna
system. It may be said that the receiving
range of any type of receiver, in connection
with which no radio frequency amplification
is employed to boost the weak signals before
they are rectified, depends entirely upon the
efficiency of the aerial when other condi-
tions such as geographical, atmospheric,
power of distant transmitter, skill of receiv-
ing operator, etc., are equal. This applies
most emphatically to receivers of the crystal
detector type and to non-regenerative audion
outfits. The aerial must be efficient if the
reception of long-distance stations, theoretic-
a}lyd\vit}1il1 the range of the receiver, is de-
sired.

(Continued on page 1664)
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Possibilities of Unique Receiving Circuits

By MORRIS S. STROCK

ASST. PHYSICIST, BUREAU OF STANDAPRDS

A very interesting outline of experiments with ne
Strock, of the Bureau of Standards Laboratories.

Fig. 3.

N Fig. 1-A is shown, in conventional

form, a grounded vertical antenna, a

vertical oscillator. Such a device has a

natural period of oscillation which de-

pends upon certain electrical character-
istics, which in turn are influenced by its
height or length. If, while a transmitting
station is emitting radio waves, the height of
the vertical oscillator could be varied, it
would for some particular height become
“tuned” to the transmitting station and oscil-
late at the same frequency. A high electri-
cal potential would then be manifested at its
free end.

A method of varying the height of the
antenna, electrically speaking, is to insert in
it a coil of wire so constructed that its induc-
tance can be varied. This is conventionally
shown in Fig. 1-B. Now if the inductance
of the coil be increased, the physical height
of the antenna must be proportionally de-
creased if it is to remain in tune with the
transmitting station. We may then still
further increase the coil inductance until the
antenna becomes squeezed down in compact
form. In effect it is an antenna; actually, it

Apparatus used in the indoor experiments. The vertical wire at the left of the battery B is
connected to earth.

is a grounded conductor which can be tuned.
If the free end of this conductor which has
a high electrical potential, be connected to
the grid of an electron tube, we might expect
the effect to be registered in the plate cir-
cuit of the tube.

The writer proposes the discussion just
given as a basis for experiments with .ovel
receiving circuits. Reception circuits in gen-
eral are described in numerous radio articles
and most of them have been tested and
proven to be reliable. To the experimenter,
the fascination of trying out such circuits
is usually lost, since many of them are sub-
stantially the same and the results may be
very well predicted in advance. Most radio
articles also assume that the open antenna
(or aerial) and the coil antenna (also called
loop antenna or radio compass) are the only
means of intercepting the radio waves.

In this article are described experiments
which gave code reception from a distance
of 200 miles without an antenna or loop
antenna. In making this statement, the term
loop antenna is defined as any coil of wire
having directional properties. In other ex-
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w forms of receiving circuits carried on by Mr.
This opens up a new and colorful field of endeavor
for those absorbed in the art of radio reception.

periments which gave improved results, the
loop antenna was used in conjunction with
the original circuit. The complete scheme
of connections is new—at least the writer
has never heard of such circuits being used.

Eventually some of the circuits were com-
bined to give an effect such that the abso-
lute direction of the transmitting station
could be determined. This idea was the
basis of a patent which was dedicated to
the public as explained at the close of this
article. However, only the most signifi-
cant results are submitted in this article so
that the person who is interested in experi-
menting may use these novel circuits as a
basis for others. Just now the numerous
broadcast stations offer a great advantage
in making such experiments. Indeed, it
should be possible to obtain some interesting
results with relatively insensitive apparatus.

APPARATUS USED

Some of the experiments were made in the
open air, while others were made in the
laboratory. The apparatus used in these out-
door and indoor tests will now be briefly
described.

The outdoor experiments were made in a
fairly unobstructed location, there being no
trees, buildings or other obstacles closer than
75 feet. The apparatus, exclusive of that
which will be specially mentioned later, is
shown in the photograph, Fig. 2, and in-
cluded a variable inductor (I), a variable
condenser (C), a six-tube detector-amplifier
(M), telephone receivers (T), “A” battery
(A) and “B” battery (B). The amplifier
consisted of three stages of radio frequency
amplification, a detector, and two stages of
audio frequency amplification. The “A” bat-
tery was insulated from the ground, but oc-
casionally it was placed on the table. This
had no effect upon the received signals other
than necessitating a slight readjustment of
the tuning units.

The indoor experiments utilized the same
apparatus, but instead of being placed on a
table it was arranged on a horizontal shelf
at the center of a four-foot loop antenna
which rotated about a vertical axis, as shown
in Fig. 3. “A” and “B” batteries were placed
on the lower part of the rotating framework.
A ground wire was led by a circuitous route
to the apparatus.

GROUNDED INDUCTOR TO INTERCEPT
) WAVES
All experiments in this group employed the

L

A F1G. 1 8

The electrical height of the grounded vertical
antenna shown at A can be changed by the in-
“sertion of a coil of wirc as at B.
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connections. shown at Fig. 4. This applies
the voltage ‘from the tuned inductor to the
grid of the electron tube. The inductor acts
as an antenna in extremely compact form.
The amount of energy which the device
picks up from the radio wave depends mostly
upon its vertical height measured from the
point where the ground connection forms
contact with the true conducting earth. Al-
though the device is, in effect, an antenna,
its physical dimensions are too small to make
this definition acceptable.

In the very first experiment, signals were
received by carefully adjusting the inductor

and variable condenser (Figs. 2 and 4). In |

this and most other outdoor tests, the table [

was placed over a wire screen about eight
feet square to which was attached the
ground wire. This wire was sometimes con-
nected to a water faucet, but the intensity
of received signals was about the same. The
signals were received from a code transmit-
ting station 200 mules distant and their wave-
length was about 2,700 meters. The signals
were of very good audibility, about one-half
that which could be obtained from a four-
foot loop antenna connected as convention-
ally shown in Fig. For best signal
strength the variable condenser (Fig. 4) was
set at a very low capacity. When a length
of insulated wire was connected to the grid
amplifier terminal and allowed to lie upon
the screen, a tendency of the circuit to be
noisy and unstable was very much reduced
and when the inductor was carefully read-
justed the signal strength was the same as
before. This wire was probably acting as a
very high resistance and permitted some of
the excessively high potential charge of the
grid to leak away. It is interesting to note
that when the inductor as a unit was turned
about in various positions, the signals did
not change in intensity, which showed that
there was no directional effect and that there-
fore the device was not acting as a loop
antenna.

A little variation of the tests just described
was afforded by connecting the variable con-
denser in series with the wire leading to the
grid amplifier terminal. Just about the same
results were obtained, although it was neces-
sary to use the condenser at a rather high
setting.

INDOOR WORK

Some effects obtained indoors with the
apparatus arranged_as in Fig. 3 but usmg
the same circuit as Fig. 4 may be mterestmg

Since the floor of the laboratory is several
feet above the ground, and since the shelf of
the rotating framework upon which the in-
ductor was placed was several feet above
the floor, one might expect to pick up a
greater amount of energy. This was indeed

GRIO INPUT
L= VvARIABLE TERMINAL

Fig. 2. Apparatus used in most of the outdoor éxpenments
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The wire near the left table leg connects

to a metal screen on the ground,

found to be the case, as evidenced by the
fact that the same station received in the
outdoor tests could usually be tuned in so
as to give a louder signal than the loop
antenna itself, connected in the ordinary
manner,—that is, as shown in Fig. 5. The

LOOP
ANTENNA
DETECTOR
ArIFPLIFIER
@0
CONDENSER —1°
r—te
F1G. 5

The manner in which a loop aerial and variable
capacity are usually connected to a detector or
amplifier unit,

adjustments were more critical than in the
outdoor tests; this could probably be
attributed to a considerable number of elec-
trical disturbances in the vicinity of the
laboratory.

An interesting measurement was made
upon the intensity of atmospheric disturb-
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ances (static). Using the settings of the
inductor and condenser, which tuned in the
station just mentioned, an audibility meter
gave a static audibility reading of 800; the
same amplifier was then connected to the
rotatable loop antenna as ordinarily used,—
that is to say, as shown in Fig. 5,—and a
second audibility measurement of static gave
a reading of 1,000.

Static effects an oscillatory system by
shock excitation, that is, it sets it into
oscillation at its own natural period and
since the special connection to the grid was
found too sensitive in adjustment, it might
be expected that such a system would be
greatly affected by atmospherics. In addi-
tion, static disturbances may usually be as-
sumed to come from all points, but the loop
being directional would not be sensitive to
all these disturbances. Although the audi-
bility meter is a rather inaccurate device,
particularly when measuring sounds of such
varying intensity as static, still there was
enough difference in results from the two
circuits being compared to be noted readily.

Summing up the tests just described, it
may be stated that this novel circuit has
some interesting possibilities. Although it is
critical in adjustment, it seems to intercept
more energy from the wave than a loop
antenna of average size; the sensitivity of
the system is increased by increasing the
height of the apparatus above the ground.
In passing, it should be noted that the inser-
tion of something in the form of a very
high resistance,—such as the cotton insula-
tion of a wire,—across the condenser termi-
nals, makes the circuit more stable. The
next group of experiments combines this cir-
cuit with the loop antenna.

COMBINING A GROUNDED INDUCTOR
AND A LOOP ANTENNA

All experiments in this group. used the
circuit shown at Fig. 6 (conventional form
of Fig. 4), in combination with a single con-
nection from a loop antenna; that is, the
circuit conventionally shown in Fig. 7 was
employed and the actual arrangement of the
apparatus (indoors) is shown in Fig. 4.
Here the voltage from the tuned loop an-
tenna is combined with the voltage from the
inductor. The former voltage is applied to
the filament; the latter voltage is applied to
the grid. Thus although the loop antenna is
used, its method of connection is different
from that ordinarily employed.
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Experiments involving this circuit gave
further interesting results in that it was
less difficult of adjustment and the signal
strengths were usually better than those ob-
tained from tests in the preceding group; the
signal audibilities were also, in most cases,
quite noticeably better than thiose obtained
from the ordinary loop antenna connection
of Fig. 5. It must not be inferred from
this that the new circuits are at par with the
loop antenna, for although the circuit of Fig.
7 was less difficult to tune than the grounded
inductor previously employed, it was, never-
theless, very critical in adjustment. Quite
aside from this is the added objection that
the special circuits were, at best, noisy. .The
point to be stressed is that when adjust-
ments were properly made, these circuits did
give better signal audibilities than the ordi-
nary loop antenna.

A little detailed explanation of the tests
involving the circuit of Fig. 7 will now be
given; all of these tests were made in the
laboratory.

In the first experiment it was noted that
when the loop antenna (Fig. 3) was oriented
for a maximum signal its plane was in align-
ment with the transmitting station, this be-
ing the same directional effect obtainable
with the ordinary loop antenna connection.
It was further noted that rotating the loop
antenna through 180 degrees produced at
times a different signal intensity in the new
position. This was most probably due to a
shifting phase relation between the voltages
applied to the grid and filament. The sig-
nals used in this experiment were received
from a distance of 70 miles and had a wave-
length of 600 meters. These results were
later confirmed on signals of undetermined
origin and having a wave-length of 1150
meters. Again, signals of a wave-length of
1,609 meters were received from a distance

OETECTOR
AMPLIFIER

oNc)

GRrRIO

CONDENSER INOUCTOR
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Connections which give a louder signal than the
loop antenna, when the tiinductm- was critically
tuned.

of 70 miles and similar results noted.
Finally, a number of separate tests were
made upon a 2.700-meter station 200 miles
distant, giving further confirmation of the
results noted above.

A result of special interest was obtained
in one of the tests made above, wherein 600-
meter signals were being received; when
the wire connecting the inductor to the
ground was removed, the signals became

DETECTOR
AMPLIFIER
GRID @ @
|l e
Al S =y
FILAMENT
CONOENSERS
=
™~ 7é INOUCTOR
FI1G. 7

Schematic connections of circuit which utilized
voltages from loop antenna and grounded inductor.

faint, but they were still readahle. When
this wire was again comnected and the wire
leading from the other inductor terminal to
the grid amplifier terminal was removed, the
signals were lost. Quite evidently the un-
grounded inductor was picking up an appre-
ciable amount of energy!

The summarizing of these tests is actually
included in the introduction to this group,
yet one point is well adapted for a con-
cluding statement, namely, that the addition
of the loop antenna to the original circuit
gave somewhat more satisfactory results.

MODIFICATIONS OF THE TWO
CIRCUITS USED

Under this heading experiments are
described which used practically the same
apparatus as described at the beginning of
this article. By referring to the photo-
graphs it will not be difficult to understand
its arrangement.

The first experiment of this group was
made out of doors. In addition to the usual
equipment, a loop antenna consisting of five
or six turns of wire on a wooden frame
nine by four feet, was employed. This is
not shown in Fig. 2, but the wiring of the
complete circuit is shown in Fig. 8. Here
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the ordinary loop antenna connection is used
in conjunction with the inductor tuned to
earth; therefore, it seems that the system
should be tunable so that it would act both
as a loop and as an antenna. This is the
only connection scheme described in this
article which does not apply the voltage from
a tuned resonant circuit directly to the grid
of the tube. With this connection, 600-meter
signals were received from stations about 70
miles distant; the signals’ audibilities were
not compared with those obtained from the
loop antenna alone; the particular result

Loop,
ANTENNA

DETECTOR
AMPLIFIER
GRIQ

\@@
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Connections which led to a trial of the circuit of
Fig. 10

achieved is, however, summed up as follows:

By properly tuning the inductor, the loop
antenna was made to act both as a loop an-
tenna and as an ordinary antenna; it could
then be held in any position, except hori-
zontally, without greatly affecfing the signal
intensity. When the condenser was detuned
the signal strength was decreased because
the effect from the loop antenna was lost.
The resnilts show that both loop antenna and
ordinary antenna effects were manifested.

The last two experiments were made in the
laboratory and as they are rather closely
related, they will be discussed so as to em-
phasize this relationship.

It has been shown that a rather sensitive
arrangement may be obtained by applying
the voltage from a tuned circuit indepen-
dently to the grid terminal of the amplifier
as for instance, in the case of a grounded
inductor tuned to resonance with the received
wave (Fig. 6). It was also shown that if
the inductor be shunted by more than a very
small capacity, its sensitivity is lost. Apply-
ing these ideas to the loop antemna, the con-
nections were made as shown conventionally
in Fig. 9. When the condenser was property
adjusted, signals from a 2,700-meter station
could be easily read. The loop antenna gave
a directional effect, but the signal intensity
was considerably less than that obtained
from the ordinary loop antenna connection.
When the ground wire was removed, the
signal was but little changed.

These results were rather to be expected,
but they strengthened the idea that very
good results should be obtained if one termi-
nal of the tuned loop antenna could be
applied to the grid as before, provided that
some means could be used to increase the
voltage impressed upon the grid. Accord-
ingly, the connections shown in Fig. 10 were

(Continued on page 1656)
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Connections impressing a hiih voltage upon the
grid of the amplifier tube.
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Wired Radio Experiments for Amateurs

By DR. KARL ROTTGARDT*

N the previous article of this series, a
system of wired radio communication
used between central and sub-power
stations and also arranged in such a
manner that it would be used in con-
junction with ordinary line telephony, was
described. The details of the method by
which the high frequency waves generated
by an ordinary thermionic valve oscillator
were transferred to the high tension lines
as well as the method which was used to pick
them up at the receiving station and the use
of different wave-lengths for each transmitter
in order that simultaneous two-way conver-
sation could be carried on, was thoroughly
described.
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