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RADIO BROADCAST'S COMPLETE REVISED LIST
UNIVERSAL RECEIVER - OF BROADCASTERS
~ How to Get Better Audio Amplification o
A Low Power Short Wave Transmitter
Doubleday, Page & Co., Garden City, New Tork
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Ever cAlert— *
cAlways on Duty—

UNNINGHAM RADIO TUBES are the sentinels which

guard radio reception from distortion and discord. Enlist
them for long faithful service in every socket of your broad-
cast receiver—place them on the firing line—and when the
strain grows terrific—then you will learn why these radio
tubes have a ten year record of success behind them.

Since 1915—Standard for All Sets

$2 each

Home Office: 182 Second Street
CHICAGO SAN FRANCESCO NEW YORK
36
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Needs a Beldenamel Aerial
and a Belden Battery Cord

A Belden Radio Battery Cord
makes a compact, neat installation
of the battery wiring between the
A and B-batteries and the receiv-
ing set. The cord contains five
wires, each color-coded for easy
identification of the circuits. The
wires are all rubber-covered and
securely encased in a firm brown

glazed braid.

No more accidental short-circuits
between loose wires, when you
use a Belden Radio Battery Cord.
It saves tubes and batteries. It
eliminates the fire hazard that is
present when poor wiring is used.

% Tested and approved by Rapio BROADCAST *

A Beldenamel Aerialisastranded
aerial wire, each strand being coat-
ed with several layers of baked
Beldenamel. This coating prevents
oxidation and corrosion of the
copper conductors, and thus in-
sures a low aerial resistance, even
after the Beldenamel Aerial has
been in service for a long time.

Bare copper wire rapidly corrodes
and increases in resistance. Beld-
enamel cannot corrode. For this
reason, it is endorsed by leading
radio engineers as the best aerial.
Install a Beldenamel Aerial for
permanence, volume, and distance.

Mail the
Coupon
for Free
Illustrated
Booklet
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AGNATRONS in your set will give sweet purity of
tone~--clear and complete rendition of all the wealth ,

of overtones. Music and speech come from the loudspeaker
of the Magnatron equipped set with rich fidelity and |I
generous volume, recreating in your home the actual per-
formance itself, whether it be ten or a thousand miles away.

Magnatrons are the product of the oldest exclusive makers
of vacuum tubes. That, in a large measure, explains their
excellence.

There’s a Magnatron for every purpose, The DC-201A, the
DC-199 (large or small base), the DC-120 (for super volume),
and the Rex (for B eliminators) all list for only $2.50 each.

Write for your FREE copy of “Pot Pourri"—a snappy
review of mirth and music to Dept. R. B.

- CONNEWEY ELECTRIC LABS., -
W \\\ Magnatron Bldg.  Hoboken, N. J. . /\
/ . :

f

l Complote factory stock for acific Const cariied at Pacific Radio ILabs,, 258 8. los Angeles St., Los Angeles, Cal,

% Tested and approved by Rapio BroapcasT %

RADIO BuoADOABT. Juuuary, 1926,  Pablished wmanthly,  Val, VI, No, 3. Publlshed ut Garden City, N, Y.  Subseriptlon price $4.00 u year. Entered at the post office at
Garden City, N Y., ay secomd eclnss mndl matter,  Doubledny, P'nge & Company, Guvden City, N. Y.
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Supremacy

IN every industry there is some one product that » of |
by sheer merit and outstanding quality and §

performance is accepted as the standard by which
other products may be judged.

In the Radio Industry it 1s the Mu-Rad Transcon-
tinental Receiver. In this great Radio Receiver,
for the first time, unmatchable tone-quality, abso-
lute selectivity, extreme distance and simplicity of
tuning have all been perfected.

Only One Dial to Tune

Aside from its pure, natural tone, the most re- , = TN _ £\ ‘ |
markable feature of the new Mu-Rad 1s its One | A ‘
Dial Control.

MU-RAD RADIO CORPORATION

Write Dept. E-5 for literature

Sales Offices
Newark, N. J.

Factory
Asbury Park, N. J.

-“

& ~ ONE DIAL CONTROL~

% MURAD
-" i Transcontinental Recerver .

T

Caabn N R P

% Tested and approved by Rapio Broapcast %
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Patented May 15, 1923

Rapio BroapcastT

Newark (N. J.) CaLL
INDIANAPOLIS STAR

PorurLAr MEecHANICS MAGAZINE
Rapio 1N THE HoMmE

CaMDEN (N. J.) PosT-TELEGRAM
BrookLYN EAGLE

NEw York WorRLD

In acoustics.

revelation
it or write us.

HEN 16 radio publications and
newspapers officially recommend

B-Liminators, you take absolutely no
risk in buying one—in addition they
are fully guaranteed.

PI‘IC $2 8 .50 with special tube. Slightly
e higher West of the Rockies.

Here are the pubhcatlons which after
the most severe tests have placed
their okay on B-Liminators which
take the place of all “B”’ batteries
and operate from a source that is
inexhaustible — your electric light
circuit—AG, 60 cycle 110 volts.

Boston TRAVELER

Fort WORTH STAR-TELEGRAM
HArRrIsBURG (PA.) TELEGRAPH
EvLecTrRICAL RECORD
ELectrICAL: GOODS

ArizoNA GAZETTE

AmMERICAN RADIO JOURNAL
Rapio Doings

Your dealer carries B-Liminators. Ask him for a folder telling of some
of these tests or write us direct and it will be forwarded promptly.

~ And now another product of the Timmons Laboratories

The Beautiful

Timmons Cone Talker

14" Cone
Price $25.00

TIMMONS engineers have long been recognized as experts

In the Timmons Cone Talker they have

made an instrument as musical as it is beautiful. You must
hear this Cone to appreciate how wonderful has been the
advance in loud speaker construction. All the deep tones lost
before, are now heard. The treble notes are rich and clear
and have full support of the bass. Your dealer will gladly
let you hear the new Timmons Cone Tallker—it will be a
your dealer will, also, give you a folder describing

TIMMONS RADIO PRODUCTS CORPORATION

Germantown, Philadelphia

TIMMONS Radio Products

% Tested and approved by Rabio Broapcast %
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MICADONS

Found in Famous Radio Sets

In radio sets that have earned fame and a reputa-
tion for quality, you will find Micadons—the
foremost fixed condensers of radio.

Over 25 Million in Use

More than 25 million Micadons are to-day giving
satisfactory service—they are found in 90% of all
the radio sets in use.

The Reason is

Dubilier knows how to make efficient fixed con-
densers and their methods are fully protected by
basic patents. Micadons are the result of twenty
years’ intensive, scientific research. *

- Dubilier

CONDENSER AND RADIO CORPORATION

% Tested and approved by Rapio Broancast %
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F ALL stars in the heaven the good mariner most
often uses the North Star. Because it is fixed—
safe!

Steer your Radio Course for 1926 by the North Star of
Radio Circuits as embodied in the Samson TC Assem-
bly. A Circuit that for a long time has been sponsored
by the Editor of Radio Broadcast because of its sterling
performance.

The Samson TC Assembly will give you a startlingly
real, surprisingly faithful reproduction of the selection
as it is broadcast, variable selectivity to suit any owner,
and—distance.

In every respect it is a quality job throughout, from its
design by nationally prominent engineers, its manufac-
ture—the crowning achievement of nearly half a cen-
tury experience—and the exclusive use of high-grade
standard parts. There is no substitute for such quality.

The Samson TC Assembly, with all parts mounted
on Formica engraved and drilled panels ready to wire

in a few hours—$65.00.
For the man who builds his own

it will not be necessary to discard the parts you have as
the Samson Transcript Kit contains only the new essen-
tials for building this remarkable circuit—g14.75.

Samson Electric Company

Manufacturers since 1882
Sales Offices in thirty leading American cities

CANTON, MASS.

RIM O ¢

* Tested and approved by Ranio Broancast &
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Distance with Volume

HREE stages of perfectly matched audio
enable you not only to hear, but to
enjoy even the distant stations with loud
speaker volume and absolute tone fidelity.

Ferguson “Six"«Tawvo tuning controls

(A six tabe Tuned R. E. Recciver] In the acid test of comparative perform-
gabi““ Mﬂd“-i»-u— emoeeoooo$180 4 ance, the Ferguson wins every time, be-
Tt wir cause it is fundamentally correct in design

Ferguson “Bight"— Onetuningcontrol and precision-built in its super-crafts-
{A six tube Tuned R. F. Receiver)

Cabinet Model manship.

C°“s(°;:”ff ﬁff}m e ;]$ i The graceful dlgmty of Ferguson cabinet
' ' work is the crowning touch that has won

a permanent place for the Fer-

guson in so many of the better

homes throughout the country.

Gotoyour Authorized Ferguson
Dealer—hear the Ferguson in
comparison with others and you
will learn why it has been popu-

larly acclaimed:““The Gold Stand-

ard of Radio Receivers.”

J. B. FERGUSON, Inc.
41 East 42nd Street - New York, N.Y.

One Tuning Control—
Calibrated in Meters!
Simply choose your program,
turn up its wavelength and in
comes your station—right on

the linel J B. INCORPORATED

The Gold Standard o fRadzo Recevers

% Tested and approved by Rapio Broabpcast %
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Enchanting Radio Nights for Everyone

Each night, when a myriad flashing
lights make fairylands of the cities,
a million folks tune in. Play-weary
youngsters hear wonderful bedtime
tales; light-footed boys and girls dance
to the rhythmic music of fine orches-
tras, and their elders listen to great
musicians and world-famous men.
Winter nights no longer drag in Radio
Homes.

Bakelite played no small role in bring-
ing radio within reach of all. Makers
of radio sets and parts quickly found
that the use of Bakelite improved
both performance and appearance.
That its splendid insulating properties

“The registered Trade Mark and Symbol shown below may bz used only on

manufactured by Bakelite Corporation.
quaniity.

made it ideal for tube bases and
sockets, transformers, rheostats and
many other parts and accessories.
That its strength and permanently
beautiful color and finish made it
superior for panels, dials and knobs.

Make sure that the radio equipment
you buy is Bakelite Insulated. 959,
of the radio set and parts manufac-
turers use Bakelite.

Write for Booklet 29

BAKELITE CORPORATION

247 Park Avenue, New York, N. Y.
Chicago Office: 636 West 22nd Street

roducts made from materials

Under the capital ‘“B’’ 5 the numerica .rx/znéormﬁmty or unlmnttd
It symbolizes the infinite number of present and future uses of Bakelite

orporation’s products.”’

BAK

LITE

Shaw Insul. Co.

Bell Mfg. Co.
Vernier Dial Dial

Polymet Mfg. Co. Airgap Products Co.
E. Z. Stat

O. R. Gischow Co.

Socket Gee Haw Dial

% Tested and approved by Rapio Broapcast
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FACTS

THE “WHY OF THE SIX”

As described in Radio Broadcast of November

SELECTIVITY is such that out of town stations
may be brought to Chicago through twelve power-
ful local stations. Selectivity can be regulated
at will, from a degree satisfactory for ordinary
rcccptlon, up to the surprising limit where side-
bands are cut.

SENSITIVITY is so great that either cocst may
be brought into Chicago dunng th: summer
months on a small antenna—in many cases on a
loop.

FLEXIBILITY permits the use of antenna or
loop with either detector, one or both stages of
radio frequency amplification. Interchangeable
R. F. Transformers, with adjustable antenna
coupler, permit operation on all waves from 50 to
550—or higher if desired.

VOLUME may be adjusted to any degree by a
single knob.

QUALITY cannot be excelled due to resistance
coupled amplification. It is the only roceiver that
will bring real appreciation of ‘“‘cone’ speakers.

CIRCUIT consists of two stages of R. F, amplifi-
cation with special oscillation control uniformly
effective at all wavelengths, grid-biased detector
and three stage resistance coupled audio amplifier.

EASE OF CONTROL allows use of one, two or
three dials at will.

TUBES may be either dry cell or storage battery,
with UV201-A’s recommended. ‘“B” Battery
Consumption at 135 volts is below 10'milliamperes
—less than one third that of other six-tube re-
ceivers,

ASSEMBLY requires but a few hours, using only
parts supplied in kit,

T S AT I S D D PR S SE—
Silver-Marshall, Inc., Chicago, I1l. I
Gentlemen: Please send me:

A—Complete building data on the Silver
“‘Six,”” for which I am enclosing 50c.
B—Descriptive circulars on S-M Products.

C—Complete building data for S-M B-Elimin-
ator, 10c.

Namme. .. ... ..eusaabal s, qaagas

McMurdo Silver’s new “SIX” is the tuned radio frequency

receiver described in November Radio Broadcast.
Mr. Lynch, the Editor, said that Mr.

ing upon the “SIX”,

Silver’s receiver was exceptionally selective.
from builders of the first ‘Sixes.”

thousands—

Mr. Plenge, a Chicago
Auditor, writes:

“I cannot retrain from writing you
about the wonderful results the ‘Six’ ob-
tains—have built several hook-ups, but
none has ever performed as well as this—
Set is extremely easy to wire—finished the
job in 3 hours—Second station I received
was KOA Denver, through locals—Monday
night I brought in 21 DX Stations with
clarity and volume equal to locals—*Six’
possesses fine tone and unusual degree of
selectivity—Sure is a wonder!”’

Comment-

Read the letters
Here are two out of

Mr. Streeter, a Chicago
Haberdasher, writes:

“Bought your Silver ‘Six’ Kit and put
the set together easily and quickly-—on
Tuesday night pulled in 17 out-of-town
stations through the Chicago locals all
around me—Can blank out WQJ (a mile
away) on two degrees of dial—KOA Denver
comes in at 40, WSAI at 401, and WLS
41;—able to separate each from the other
—Recommend the ‘Six’ for tone, ease ot
tuning and volume wrecked a small
cone type speaker with volume from local
—Count me as an SM booster.”

All the parts, just as recommended by
McMurdo Silver in November Radio Broad-
cast, are contained in these Kits.

TYPE 600 KIT
Including all parts necessary to build 553.00
thc complete “‘SIX”

TYPE 610 KIT
Essentials only, including 3 condensers,

inductances and 3 inductance sz 75
SOCKELS . .. o oervs i o= 4K~ bE S (OCTT: ;T 7

S-M TYPE 650 RAYTHEON-THORDARSON
B-ELIMINATOR KIT

Includes Thordarson transformer, choke, Tobe

condensers, genuine Raytheon tube, $ .00

Bradlcyohms and all necessary parts 34

This Eliminator will deliver from 20 to 200
volts at three different, adjustable voltages and
maximum current of 50 mnlhampcrcs—«morc
than enough for the largest receiver. As-

sembly Instructions by McMurdo Silver 100

See These and Other S-M Products at Your Dealer’s

ilver-

103 South Wabash Avenue
CHICAGO

arshall.inc

*

% Tested and approved by Rapio BrRoADCAST %
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HE science of radio has reached its present day development

only by careful study of fundamental principles. Much of this
study has been conducted with scientific apparatus made by the
General Radio Company and used in the laboratories of such
prominent institutions as the General Electric Company, Westing-
house, Bell Telephone System, and Bureau of Standards.

No one company in the history of radio has contributed more in
laboratory equipment than the General Radio Company. To-day
General Radio precision instruments are standard equipment in
nearly all the commercial and technical school laboratories through-
out the world.

GENERAL RADIO CO.

TYPE 285 CAMBRFI,[;?E.MAQS.

AMPLIFYING TRANSFORMER

PRICE 86.00

P 3 Lo = RGN

Behind the Panels

% Tested and approved by Rapio Broabcast
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The same outstanding craftsmanship and materials are embodied
in General Radio parts for use in the construction of broadcast
receivers.

Through the merits of design, performance, and price General Radio
instruments for the scientist or set-builder are universally recognized
as the Standards of Excellence.

Every instrument made by the General Radio Company is
thoroughly guaranteed.

GENERAL RADIO CO., Cambridge 39, Mass.

s

¥ oih 'I‘.l o ¥
i |
T,

ANEL MOUNTING
‘I,';INA;LE AIR CONDENSER

T ‘ pmce u-oo

of Better Bulilt Sets

% Tested and approved by Rapio Broapcast v
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There’s Economy

*
Valley Electric

% Tested and approved by Ranio Broapcasr

and Satisfaction

in these Valley units

You will ind both economy and satisfaction
in the use of the Valley B-Eliminator and the
Valley Battery Charger.

Economy in the B-Eliminator because it stops
forever the expense of buying new B
batteries.

Economy in the charger because it recharges
your own storage battery at home overnight
at one-tenth the cost of service station charg-
ing. . . .

And satisfaction in both because, by using
them, you need
never miss a
program on
account of low
or worn-out
batteries.

Tue Varey B-EuiMiNnaTOR oOperates from
ordinary light socket; provides a steady noise-
less flow of B current at a constant voltage all
the time.

With it, there can never be any decrease of
signals or frying noises due to low B batteries.
Volume is maintained. Reception is uniformly
good.

For receiving sets of from one to eight tubes.
Costs less at the start than wet B batteries.
Costs less in the _ N
long run than dry - &
cells. Much more ;
satisfactory than

both.

THe VarLey Bartery CHARGER is the only
charger needed for all radio storage batteries.
Its correct 6-ampere charging rate makes over-
night charging a possibility.

The Valley Charger also functions on any lamp
socket. It takes about a dime's worth of current
for an average charge. Quiet in operation.
Most radio dealers handle the Valley B-
Eliminator and Valley Charger. Any one of
them will be glad to show you these units and
explain their advantages.

Radio Division
VarLry ELectric Co. St. Louis, u.s. A.
Branches in Principal Cities

List  $3.50

| Price

The Best Dial for the

Finest Tuning

The Fynur dial operates by traction (not gears}
so that no backlash or lost motion is possi-
ble. Moreover, the dual control permits of a
guick general sett.ng as well as the infinitely

ne vernier adjustment. A quality dial for
those who want the best—beautiful, mechan-
ically perfect, and durable.

FYNUR c6Rrror

If your dealer can’t supply you, write to

AUGUST GOERTZ & CO., Inc. X
\—L 270-286 Morris Ave.

Newarlk, N. J.

//’f'iéz"j":‘
Loy e @
w0 )
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(e i X
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Dependabihity
are the factors w%ﬁz made Supertyon

the foremost Tube in Amevica | !/

The Public buy and enjoy Suﬁrtrons because they are assured of satisfaction by & serinl
numbered guarantee onjecach tube for their protection—at their own price; the public demand
price—two dollars.

The best dealers sell Supertrons because they give the most satisfaction; the best profit and
a permanent good will.

The jobbers who practise their purposes sincerely carry Supertrons] to serve their dealers
better, because Supertron facts are beyond dispute.

Backed by a rigid policy; substantinl organization and clean merchandising.

All Types $2.00 Each (%)

Braneh Oftlces

ATLANTA CHICAGO DENVER LOS ANGELES
DALLAS DETROIT RUFFALO PORTLAND
PHILADELPHIA MINNRAI'OLIS RUSTON TOLEDO
PITTSBURGI KANSAS CITY OMAIIA, NEB. ST. LOUIS

SUPERTRON MFG. CO., Inc.
HOBOKEN, NEW JERSEY *
Export Depariment, 220 Byoadway, New York

SUPERTRON

A SERLAL NUMBER GUARANTEE




RADIO BROADCAST ADVERTISER

289

‘ Sraidht £

querncy Lime fuming

Marks a new era in Radio progress—

Sweeping country like a tornado—
Fans welcome it with open arms—

*

Irresistible demand growing by leaps and bounds—

KARAS StartedlIt

= and KARAS Is Carrying On!!

When we sprung the Karas Orthometric Condenser on a
restless, hungry radio public—we knew we had started
something. But we scarcely expected to be snowed under
with such a literal avalanche of orders.

We inaugurated Straight Frequency Line Tuning at the
psychological moment. Radio Fandom was waiting hun-
grily for something new. And here was something—not
only new—but so perfectly simple — so thoroughly scien.
tific—so downright sensible, that everyone wanted KARAS
Orthometric Condensers at once.

Qur scheduled production was like a drop in the bucket.
Buyers pleaded — cajoled — even threatened. Our plans
were doubled, trebled, quadrupled. But it all took time.

KARAS Orthometric Condensers could not be thrown
together. It took months to train gangs to build them
with the absolute precision KARAS demands. So tens of
thousands had to wait or buy other makes, hurriedly
assembled to supply the demand we had created.

NOW — after months of preparation we are able to pro-
duce enough KARAS Orthometric Condensers to take
care of at least a fair share of the demand. This an-
nouncement is an apology to those who were disappoint-
ed. A note of thanks to those who have waited. And a
promise of revelation to those who have not vet discov-
ered the marvelous advantages of Straight Frequency-
Line Radio Tuning.

How KARAS Orthometric Cendensers

Simplify the Tuning of any

NCTHS WAYELf VELERCTHS Wavyg,
Qs Vi~ 3 Qi Ly, &

I% , "‘b‘ﬁ

Ordinary Condenser Arrangement of Wavelengihs

Ordinary straight capacity condensers
crowd 70 of the 100 wave lengths
into the first 30 points of the dial.

Sizes and Prices—
23 plate, .0005 Mfd., $7.00
17 plate, .00037 Mfd., 6.75
11 plate, .00025 Mfd., 6.50
5 plate, .0000972 Mfd., 6.50

Note the
long

eccentric
plates

ric

a0 SO0 ¢gp
20 o\“m‘”c S

With straight-line-wavelength con-
densers 57 of the 100 wavelengths are
crowded intothefirst 30 pointsonthedial.

Order on this

Condensers. If your
dealer happens to be one who
hasn’t secured them,we will sup-
ply you direct on our 30-day
Money-Back Guarantee. Just fill
in and mail this coupon at once.
Send no money. Pay your post-

Radio Set

(s U LLLNGTHS WM‘M@G 7
}“\“ﬁ‘*’ "4'[‘('0

S

—5 =
ol o 53
}é KARAS oRTHOMETRIC coNDENSER Arrangement
of Wavelengths on Dial
The New Scientific Karas Orthometric
Condensers insure absolutely equal sep-

aration on the dial of all wavelengths
throughout the entire broadcasting range.

Government regulations separate all stations by an equal interval of 10 kilocycles. Old type
condensers—straight line capacity and straightline wavelength—warped this uniform arrange-
ment — crowding a lot of low wavelength stations into the first few degrees on the dial. Diffi-
culty in tuning—confused heterodyning interference—garbling of programs—these were the
results. KARAS Orthometric Condensers give low wavelength stations the same equal sepa-
ration as the high ones. It is the last word in making real selectivity possible. The illustra-
tions above tell the story better than words.

Karas Orthometric Condensers are both theoretically, and mechanically perfect. Made entirely of brass—plates
patent leveled and securely bridged to insure permanent rigidity and alignment. Every joint soldered. Grounded
frame and rotor. Adjustable cone bearings. Spring copper pigtail. In short, so beautiful a job that one engineer,
on seeing the condenser for the first time, smilingly inquired, “How many jewels?”’ As proof of their mechanical

and electrical efficiency, Karas Orthometric Condensers will hold a charge for from 6
to 8 hours, as against one hour to an hour and fifteen minutes for ordinary condensers.

If your dealer hasn’t secured a stock of Karas Condensers

Karas Electric Co.,
c ou p on ° 4043 N. Rockwell St., Chicago
°
Most good dealers every- Please send me_ oo ____ Karas Orthometric Con.
where, sell Karas Orthomet- e e ats

Name

I will pay the postman the list price, plus postage, on deliv-
ery. Itis understood that I have the privilege of returning
these condensers any time within 30 days if they do not prove
entirely satisfactory, and you willrefund my money at once,

KARAS ELECTRIC CO,,

For more than 30 years makers of PRECISION Electrical Apparatus
e

man ondelivery.

4043 North Rockwell Street
CHICAGO, ILLINOIS

% Tested and approved by Rapio BroADCAST Y

Address

Dealer’s Name
If yousend cashwicthorder,we’ll send package postpald
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BEHIND EDITORIAL SCENES

AMES Stokley. who writes “Ether Waves You Cannot
Hear™ is an associate of Dr. Edward E. Slosson, the di-
rector of Science Service in Washington. Science Service is

a most interesting and unusual organization, devoted to present-
ing in an able fgshion the facts about science in any of its
branches. The board of directors of the organization number
some of the fgreatest scientists now living in America. For
the benefit of those readers who do not know, Professor J. H.
Morecroft whose “March of Radio™ has appeared in Rapio
BroaDcAsT ever since its first issue is a professor of electrical
engineering at Columbia University, where he has trained many
a radio engineer. Austin Lescarboura, the writer of“What's
New in Radio™ was formerly Managing Editor of the Scientific
American. He is now a free lance writer. Some interesting
slants—as the baseball writers put it—on broadcasting are
offered by the new conductor of “The Listeners™ Point of
View," John Wallace, whose first department appears in this
number. The changes in call letters, and frequency of Cana-
dian and American broadcastings tations during the past few
months have been many and we have made every effort to have
the list appearing on page 337 the most accurate to be found
anywhere. Readers who have access to a razor blade and a pin
can quite easily make up a sixteen-page booklet from the list.

Some misunderstanding has arisen about the description of

a new N-P coil for the Roberts Knockout receiver printed on
page 66 of Rapio Broapcast for November. The author was
Ralph D. Tygert, an engineet on the staff of the F. W. Sickles
coil company at Springfield, Massachusetts. Mr. Tygert's
findings have been incorporated in the new coils now being
marketed by that company for the Knockout receiver.

OCTOBER and November have been the months of radio
shows throughout the country; November especially was
a red letter month in American radio affairs, for the third of
Secretary Hoover's radio conferences was held in Washington
and everyone agrees that the policies recommended for radio
are most wise and calculated for the best interests of radio in this
country. Too much credit can not be given to Mr. Hoover for
his ability and foresight in causing the varied and sometimes
sharply competitive interests of radio to settle their complex
problems by amicable conference where reason has almost al-
ways prevailed.

b 1 UCH activity is seen in the Laboratory these days. The

staff is experimenting with three distinct receiver cir-
cuits, all of which have great merit and technical interest.
If the receivers are proved worthy, each one will be described
in an early number of the magazine. The Laboratory is col-
lecting data on radio tubes and Keith Henney, director of the
Laboratory, will have an article showing curves on all the popu-
lar tubes with a mass of highly valuable information for every
radio user, which, as far as we know, has never been put to-
gether in one article before. The February number will also
present “‘How Long Will My B Batteries Last?”” by George
C. Furness, an engineer who probably knows as much about
radio batteries as anyone in the business. We shall also give
the latest plans for the 1926 International Radio Broadcast
Tests which will occur one week after the February magazine
is on sale. Those Tests, by the way, give promise of being
more interesting and successful than either of the two which
have so far been held.—W. K. W,
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No matterwhat
set you buy, be
sure the dealer
puts in genuine

Radiotrons :

Uv-199 $2.50
UX-199 $2.50
UX-120 $2.50

UV-201-A $2.50
UX-201-A $2.50

UV-200 $2.50
UX-200 $£2.50
WD-11  $2.50
WD-12 $2.50
WX-12 $2.50
UX-112 $6.50
UX-210 $9.00
Rectrons:
UX-213 $7.00
UX-216-B $7.50
A MUXIJorMWXII

tube is the same as
the corresponding
llUV’l or llWDII
tube, except in the
design of the base.

Radiotron
UV-201_A,

standard high-
vacuum tube for
storage battery
SEts.

£ g 3 E
(’7“\“\ 1\\’0 ’:":’\ S [

_!“A = — —e
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0r every k

Christmas Radio Set

use only genuine RCA Radiolrons

EAD all the claims of all the makers of radio
sets—and then remember this when you buy—
that getting what is claimed for a set depends upon
the quality of the vacuum tube put into it. You
cannot get clearness—you cannot get distance—you
cannot get volume—unless the #xzbes get it. That is
why it is so important to look at the base of every
tube, to be sure it is a genuine RCA Radiotron.

H great gift 'i
for any fan— at 2 j
|

A radio fan will appreciate a “spare” Radiotron,

just as an autoist appreciates a spare tire. But the

Radiotron—a genuine RCA Radiotron—costs only |
$2.50. If you note what make of set a man owns, f
any dealer can tell you which #ype of Radiotron he - .}-‘
uses, and you can give him exaCtly what he would .
choose for himself. ‘

. for owners.of Super-Heterodynes -
— the new power tube

Every owner of a Radiola Super-Heterodyne can |
bring his set right up-to-date with the latest im-

~ provement, if you give him the new dry battery :
power Radiotron UX-120, and the adapter. The 5
adapter costs but $1.50. And this new tube means l
great volume with better tone than ever!

RADIO CORPORATION OF AMERICA
CHICAGO NEW YORK SAN FRANCISCO

RCA- Radiotron

f
e .

MADE BY THE MAKERS OF RADIOLAS ]

% Tested and appreved by RApio BROADCAST %
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Once turn this dial—

and yowll know the reasons
for its sensational popularity

ELDOM, if ever, has any single radio

instrument been accorded the im-
mediate and widespread approval that
has come to the Mar-Co Dial.

Already it has been used in Radio
Broadcast’s ‘““Aristocrat”—for Popular
Radio’s “Single Control Super-het”—for
Radio News’ “Balanced Intra-flex”’—and
for many others of this season’s most
advanced circuits.

Ask your dealer to show you this big
improvement in tuning controls. Feel,
for yourself, its responsiveness, its su-
preme accuracy. Notice the entire absence

of backlash.

Try it on your set—you’ll quickly de-
cide no other dial will do.

Furnished with Scales read-

“Nickel Gold
Plated mg 0 to 100, or 100 to O, as Plated
$2.50 ptefetred $3.00

MARTIN-COPELAND CO.
Rhode Island

Providence

TRODUCTS

Veri®Dial

+ Tested and approved by Rapio Broapcast %k

THE

ATrwounn *

LOOP

BANK

HE NEW FIAT LOOP

ANTENNA combines
efficiency, selectivity, appear-
ance and convenience to the
utmost degree.

Its striking beauty results
from the use of only genuine
walnut or mahogany wood,
highly finished and unusually
+  painstaking craftsmanship.

‘ Perfect insulation between

turns by the use of bakelite

supporting combs, insures
high efficiency.

The turns will always remain
taut due to a unique feature of
design. The ease with which
the FIAT may be opened or
folded together with its small
size when folded, are a great
convenience when used with
portable type sets.

Pat’'d Oct. 27, 1925

PRICE $12.50

STD. MODEL TUNES
WITH .0005 MF COND.
CENTER TAPPED

Compare the FIAT with other loops
displayed by your dealer. Its supe-
rionity is readily apparent.

“Remarkable Efficiency Combined with Unusual Beauty™
Designed and Manufactured by

| RADIO APPLIANCE LABORATORY
4884-90 NORTH CLARK STREET
L

CHICAGO, ILL. J

e — —
————r —

=
| BUS BAR WIRE

“COOKS*

. We make a superior wire

% of pure copper

Every piece of Cook Bus Bar Wire is now plainly
stamped “COOK'S"—your protection against
substitutes.

! It is finished square or round, properly tinned and
! correctly tempered for radio use.

' Furnished in standard lengths of 2 feet.

EDWARD N. COOK
| PLATE CO.

70 Ship Street Providence, R. I.
Representatives

MR. W. I; OTIS
Rialto Building, San Francisco, Cal.

HARRY ]. CAFFREY
51 East 42nd St., New York, N. Y,

1 A. ALLEN SMITH
304 E. Fourth St., Los Angcles, Cal.

WOOD & LANE CO.
915 Olive Strect, St. Louis, Mo.

| —

— s Ema ey —
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]




RADIO BROADCAST ADVERTISER

292

THE B-T “SILENT” SOCKET

All radio has been searching for months for a remedy for
microphonic noises. |

B-T Laboratories had tried every conceivable means ot
springs, cushions, flexible mountings and even the complete
suspension of the tube without success.

And then it was discovered that instead of floating the tube,
what was needed was shock absorption of entirely different
nature.

R S J

The ¢““Silent’’ Socket is the result.

-

It has cured every case yet found, and the worst cases
have been sought out for test.
Put one on your detector.

The B-T TOROSTYLE
TRANSFORMER

The B-T Torostyle Transformer,—heart of the unequalled
“COUNTERPHASE”—the only new circuit of the season.
(Patented June 23, 1925.)

The
regular B-T Universal Socket. $1.25

*‘Silent Socket’’ includes a

Read what they say about Torostyle Transformers:

Kansas City.

“The Counterphase 1is in
every particular by far the mosi
effictent receiviug sel that I have
owned or heard in operation.
| One stage of audio is quile suf-
I ficient for ample loud speaker

receplion in ﬁpvr rooms of all
. class B stations in the U. S,
and many class A

JLE M

room for error.

Chicago.

“November oth, oulside of
the usual run of distant sta-
tions the following were picked
up from Chicago Heights;
Miami Beach, New Orleans,
New York, Denver, Springfield,
and FOUR DIFFERENT
STATIONS IN CALI-
FORNIA.

C. B. M.

B-T Products Include:

| Condensers, Tuners, Aircore Transformers, Sockets, Dials, Modulators,
|* Variable High Resistances, Potentiometers, Choke Coils, Mikro-Mike
Condensers, Audio Transformers, ‘“‘Nameless’’ Kits, Counterphase Kits, and

Cincinnati.

““Summarizing lesls on
Counterphase Set I can safely
say it has more volume, greater
selectivity, grealer sensilivily
and produces higher qualily of
reproduction than any receiv-
ing set I have ever heard.”

A. C. H.

Kit No. 5 for the patented 5-tube Counterphase $28.50.
| Kit No. 6 for the 6-tube Counterphase $38.00.

‘L he g-color wiring diagrams have never been approached in radio.

Complete Receivers

“TOROSTYLE" FOR
EASY YYIRING
Torostyle Transformers in three
styles: TA Antenna Coupler, TC

Intermediate, T4 for one stage
radio, each $4.00

They leave no

| Bremer-Tully Manufacturing Co.

‘532 South Canal St. Chicago, Ill. |

- et ) e it 3

% Tested and approved by Rabio Broabcast v
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BREMER-TULLY |

Pioneers of Better Tuning

In every industry certain names stand out as synonyms for quality and-reliability.
It has been the good fortune of the Bremer-Tully Manufacturing Company to achieve
that distinction 1n radio,

Jobbers of B-T Radio Apparatus coined the B-T slogan:

“B-T never put out a radio part that was not an outstanding success.”’ [

“EUPHONIC”

“Pleasing to the Ear”

No other product ever attained such instant approval as
the Euphonic Audio Transforner. No other B-T product ever
created an equal national demand, or grew so rapidly into na-
tional distribution. The only explanation lies in the faith of the
Radio Public in B-T ability,—and the fact that the Euphonic
Transformer demonstrated its quality on every test.

The Euphonic is an entirely new conception in design.

It is not over-size 1n iron, but amply proportioned, and with
a scientific core distribution that is the result of 20 years of

: ; : 2.2t018$5.00. 4.7 to1$5.75
Radio and Wireless experience. 1

There is, however a great increase in the much more expensive copper,—both primary and [
secondary bemg far in excess of ordinary practice.
Tonal quality over the full range and maximum amplification on both high and low notes |

make the Euphonic superior in our estimation to any other form |
of audio amplification. Try it and you’ll agree. |
The Euphonic offers the first remedy for distortion due to
crossed wires. Movable legs permit mounting in almost any
position, and the appearance is equally pleasing in any position.

The B-T TUNING CONTROL |

Says Mr. L. J. D. of Toronto:

“I certainly like your new dial. Your goods don’t need *
recommendations; they speak for them:elve: One can buy them
knowing they are getting the best.” L. J. D.

The B-T Tuning Control combines excellent appearance
with the utmost in mechanical efficiency. It is the only dial that
is good for either right hand or left hand condensers. It reads
in degrees, station wave lengths, or station call letters. Ratio
Black and Gold $2.50 12 to 1. The B-T is the original window dial.

B-T “LIFETIME” CONDENSERS ARE ACKNOWLEDGED LEADERS |

Have You Read ‘“‘Better Tuning?’’ Mr. A. F. B, Ft. Wayne, Ind., says:
Ft. Wayne, Ind., Oct. 16, 1925.

“I consider “Better Tuning” one of the best and most sensible booklets ever issued by any radio manufacturer.”’

A. F. B. ‘

Bremer-Tully Manufacturing Co.
532 South Canal St. Chicago, IlL |

% Tested and approved by Rapio Broapcast
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Bremer - Tully Counterphase

Six Tube Receiver

List
Price

$165.00

HE B-T COUNTERPHASE SIX is housed in a beautiful Walnut Cabinet with “B” battery
compartment and-a multiple plug is used for all “A™ and “B™ battery connections.

The
Sensation

of

Chicago

is of burnt walnut finish with specially. finished tuning controls to match.

In order to secure the highest degree of practical selectivity, as well*’

as improvements in tone quality and to reduce stray noises, the cabi-
net is completely copper lined and shielded throughout. The design
of the Torostyle coils allows the use of this shielding method with-
out loss in efhciency which would follow in the case of open coils.
As a result, the set can be operated with great satisfaction in con-
gested districts where interference from broadcasting stations or
other nearby receivers would cause great difficulty with any un-
shielded sets.

A special form of radio transformers has enabled the ‘manufacturer
the use of a third radio frequency tube which secures maximum re-
sults without a long cumbersome aerial, something which many are
unable to erect. Also 1s tuned with only two controla
Tandem Condensers.

Radio frequency circuits generally have a distinct weakness, they =

either oscillate violently or if any of the usual means of stopping this

Uses BT .

tendency is employed, the receiver will not respond redsonably ex-
cept on certain stations.

The B-T Counterphase Six is the only factory-built receiver of this
type available to-day that provides the means of securing the maxi-
mum efficiency possible from all stations, whether they are on the
lowest or highest broadcast wave lengths. This result is secured by
the exclusive B-T patented Counterphase method.

The capacity of a.receiver to bring in distant stations is a measure
of its efficiency. The B-T Counterphase recognizes no equal in this
respect.

The sensitivity and volume control is another exclusive B-T 1nven-
tion. All the operator needs to know is that the panel knob 1s
turned in one direction to increase and in the other direction to de-
crease either sensitivity -or volume.

The B-T Counterphase Six is the most practical, selectwe and gen-
erally efficient radio receiver made.

Immediate shipments to any authorized B-T Dealer in
the Umted States made from our large Warehouses here

«WE SHIP FAST” IN ANY QUANTITY

B-T Counterphase Kits B.T
B-T Nameless Kits

“szettme” Condensers
B-T -Euphonic Transformers

B-T Tuning Controls

‘Some of the Famous Lmes we Distribute:

CROSLEY BREMER-TULLY
CUNNINGHAM BALKITE
EVEREADY REMLER p
KING TRIMM
FROST ACME
VALLEY JEWELL

B-T Upniversal Sockets
™ JEWETT PREMIER
) CARTER " HARKNESS
DUBILIER SAMPSON
MORRISON HAMMARLUND
ALL-AMERICAN WESTON
BELDEN BLANDIN

Dealers only write for our New Catalog RB 1006

RADIO DIVISION

WAKEM & McLAUGHLIN

STANDARD RADIO SUPPLIES AND EQUIPMENT
“WE SHIP FAST”

225 EAST ILLINOIS STREET

CHICAGO

The panel

% Tested and approved by Rapio BROADCAST %
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23 MURRAY ST., NEW YORK

41 W. 43rd St., New York City
111 S. CLARK ST., CHICAGO

Haynes-Griffin

Haynes-Griffin Has All Parts for the
Bremer-Tully Counterphase Six

VERYWHERE the new Bremer-Tully

- Counterphase Six is receiving unqualified
praise.
and worthwhile circuit acknowledge it to be
the most powerful tuned radio frequency re-
ceiver available to the set builder.

Three stages of neutralized tuned R. F. am-
plification plus regeneration give a most extra-

Exact Parts Specified for
B-T COUNTERPHASE SIX

One B-T No. 6 Counterphase Kit
consisting of

One Type TA Torostyle Coil
Three Type TC Torostyle Coils
Two Type L D 17, B-T Tandem Condensers
Three Micro-Mike Condensers
One B-T Dual Resistance
One 4-ohm Fixed Resistance
One set of R. F. Leads, in code colors.
Set of Blue Prints, Color Charts and Diagrams.

Complete Kit $38.50

1 BAKELITEA PANEL 7 x 24 DRILLED AND EN-

GRAVIED) 1am s a0 5 Vg s P o - 0r e s e $6.00
1 WOOD BASEBOARD 9§ x 23}................... 100
1 BT EUPHONIC AUDIO TRANSFORMER (ratio
272 COL L) 5 R Frems #3755l e e o T T PR 5.00
1 BT EUPHONIC AUDIO TRANSFORMER (ratio
A5 O e s B B . 3. B e 5.75
2 BTTUNING CONTROLS. .................0uun 5.00
2 1MFD. FIXED CONDENSERS ................... 2.50
1 .001 FIXED CONDENSER .. ..... ..o, 40
1 .00025 FIXED CONDENSER ... ................... 35
1 2 MEG GRID LEAK AND MTG................. 90
6 BT TYPE UL SOCKETS........... T L FOC I a 4.20
1 DOUBLE CIRCUIT JACK No. 104 ............... .60
1 SINGLE CIRCUIT JACK No. 101................ .50
1 FILAMENT SWITCH........coovoiieeiin .65
1 3 OHM RHEOSTAT............civivvnnn... = I |7
1 INDUCTANCE SWITCH........................ 1.00
5 BINDING POSTS AND MOUNTING STRIPS..... 1.00
1 4VOLT CBATTERY..........ccviviiiiinnn, .60
TOTAL $75.20

ordinary degree of selectivity and sensitivity.
Owners of the new Counterphase Six report

Those who have built every workable extreme distance reception with short indoor

antenna alone.

B-T engineers—designers of the famous Name-
less Circuit—now give the set builder a receiver
even better and more efficient than the
Nameless.

SPECIAL SERVICE

on

Counterphase Parts

Haynes-Grifhin Mail Order Department is ready with
complete parts for the new Counterphase Six. You can
count on quick and accurate service in ordering your
Bremer-Tully parts from Haynes-Grifin. The list in
the left hand column of this advertisement containg all
parts for the Counterphase Six.

Write to any Haynes-Griffin store. Your order or in-
quiry will receive the same prompt attention no matter
which store you do business with.

Wholesale Distributors for

BREMER-TULLY APPARATUS
in Metropolitan New York

TIMES APPLIANCE CO.

33 WEST 60TH ST., NEW YORK CITY

R. H. McMANN, Inc.

122 CHAMBERS ST., NEW YORK CITY

Address all mail orders and inquiries to

HAYNES-GRIFFIN RADIO SERVICE, Inc.

41 West 43rd St.
NEW YORK CITY

23 Murray St.
NEW YORK CITY

111 S. Clark St.
CHICAGO
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The Wave Master
Consolette

A beautiful genuine
mahogany model with

inbuilt horn,
$235.00
Also made I Get W hat
in a handsome Console
Modzel.s grsce I Want
w2 TPl When I Want It”

KELLOGG
Found the Way!

ERE, at last, is a radio set that is REALLY easy

Dial Tuning
Yet

Grealer i
Selectivity

to tune. Just one tuning dial—but what a magic
dial it is! For it actually has a range of 540
degrees—over three times more station finding range

than the ordinary dial.

A dial that gives lots of room
for a wide separation of stations.
Makes it easy to tune in the
one you want and to completely
blot out the others.

In fact, this remarkable new Kel-
logg receiver is exactly the set
busy men and women every-
where have been asking for. A
set that bringsin what you want
when you want it—without fus-
sing, without “hushing” the rest
of the family, without any need
of knowing what is going on in-
side the handsome cabinet. Sim-
ply superb is the musical quality
of WAVE MASTER reception.

This masterpiece of receiving
sets is the product of a manu-
facturing company that would
naturally be expected to design
a great set. For 28 years, the
Kellogg Switchboard & Supply
Company has been making pre-
cision electrical instruments—
telephones, switchboards, and
apparatus. Ever since the be-
ginning of radio we have been
making radio parts of highest

quality. But not until now have
we been able to perfect a radio
receiver that we felt was worthy
to carry the Kellogg name.

The Kellogg WAVE MASTER
has little in common with other
five-tube sets. It operates on a
new, better and more efficient
principle. By using a new sys-
tem of amplification and detec-
tion, we have solved the difficult
problem of single dial tuning.

We have done it without any
sacrifice of selectivity; instead,
we have INCREASED selectiv-
ity as greatly as we have in-
creased simplicity.

Would you know more about
the WAVE MASTER? It is our
aim to make it easy for folks
to test the WAVE MASTER
wherever they may be located
—the country over. If you do
not know the Kellogg dealer in
your vicinity, write us at once
for his name and a full descrip-
tion of the WAVE MASTER
circuit. Ask for Folder No. 5-A.

Kellogg Switchboard & Supply Company
1066 West Adams Street, Chicago, Ill.

Standard Model
5.TubeWave Master

in beautifully finished
cabinet of solid genuine
mahogany. Price,

$125.00

Symphony
Reproducer
$25.00

A Separate Circuit for Each
40 Meter Wavelength Band

One-Dial Control, Yet Greater Selectivity.

Radio Dealers and Jobbers!

We are now closing sales franchises in open
territory, which is fast being taken up, The
WAVE MASTER franchise, backed by
Kellogg resources and our powerful advertis-
ing campaign is most valuable. Wire us if in-
terested—or get into Chicago quickly and see
us regarding this money-making proposition.

*
ASTER

SWITCHBOARD & SUPPLY CO.

s Tested and approved by Rapio Broapcasr %
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HOW “TELEPHONED" PHOTOGRAPHS LOOK

Radio men have been interested in the announcement of the Amercian Telephonz & Telegraph Company of the successful sending of photographs by wire.

The center oval shows a transmitted picture of the parade a President Coolidge’s inaugural. Note the great detail preserved. Checks and business papers

are frequently sent by wire. The check shown was sent from New York to Chicago in seven minutes. The finger print is shown upper left, as received

in Chicago after it was sent from the files of the Police Department in New York to the Chicago police, for indentification, which was made and confirmed

in three minutes after reception. Directly above is shown the picture receiving device. On the left is the lamp house, next the “light valve,™ operated

by electric impulses received from the sender. The rolled unexposed film is shown on the drum in the foreground; behind it is the synchronous motor.
When pictures are received, the room is kept dark. The only light on the receiving film is that which passes through the light valve
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Ether Waves You Cannot Hear

The Few Isolated Facts Known About the Ultra Short Waves of Heat and Light
—The Characteristics of X- and Radium Rays—Taking Photographs Through Dense
Mists by Aid of Infra-Red Rays—How the Gap in Knowledge is Being Bridged
Between Radio Waves and the Much Shorter Ones Familiar as Heat and Light

OST radio enthusiasts are a-

ware that when they listen to

a broadcast concert or lecture,

the ether is frequently full of

commercial messages in code

sent from ships or land stations, yet, in the

best receiving sets, these are not heard be-

cause their wavelength is much greater than

that to which the sets are tuned. Likewise

short-wave transmission, using wavelengths

down to a few meters, which has been so

much discussed as making possible the

sending of messages over great distances in

daytime, does not affect the ordinary set,

but requires a special one that is tuned to
these waves.

By JAMES STOKLEY

physicists and many other tireless workers
in allied fields in many countries are busily
engaged in closing these gaps, and making
the series an unbroken one.

Most familiar to us, more familiar even
than the radio waves, are those which make
up visible light. The wavelengths of these
are between z3ley and wxdey of an
inch, the shortest making up violet light
and the longest red. Between these are
the wavelengths of the other colors, but
longer than the longest red waves, and
shorter than the shortest violet ones, are
the waves which make up what is often re-

ferred to as “invisible light.”” Those that

are too long to see are called infra-red, and
the short ones ultra-violet.

When a beam of white light is passed
through a prism, the familiar rainbow-like
spectrum is the result, a band of colors
varying from red at one end to violet at the
other. But the red and violet parts are not
really the ends; the fact that they seem so is
only because our eyes are not as sensitive as
some scientific instruments. Take a radio-
meter, the little device consisting of small
vanes, black on one side and silvered on the
other, inside a glass bulb, which is often
seen in an optician’s window, and spins
merrily when the sun shines on it. This is

operated by the heat rays,

Even a short-wave receiv-
ing set, however, will not
make audible the multitude
of still shorter waves that are
continually fleeting through
space, for radio waves are not
the only kind of ether waves.
Thousands of times shorter
but otherwise identical with
them, are the waves of light,
and still shorter are the X-
rays, and the rays of radium.

Thus there is a complete
range of vibrations, all the
way from those with waves
whose lengths are measured
by the millionths of an inch,
to others whose waves are
miles long. Some occur in
nature, some are produced by

and if it is placed a little be-
yond the red end of the spec-
trum, it will twirl, thus
showing the presence of heat
waves, which are identical
with the infra-red.

On the other hand, if we
allow the spectrum, and the
part of it beyond the violet,
to fall upon a photographic
film, the most impression on
the film will be made not by
the yellow part of the spec-
trum, which appears bright-
est to the eye, but by the
darker blue, and there will
be a prominent image caused
by the presence of the short
waves called the ultra-violet.

In the realm of invisible

man with his various pieces
of scientific apparatus, and
still others are yet to be pro-
duced. There are undiscov-
ered gaps in the series which
have not yet been filled, but

The largest and smallest ones made.

surgical work during the past few years.
suppose, a piece of metal has become lodged, between the tube and a phosphores-
cent screen, the flesh will be found to cast a very faint shadow; the bones, a
stronger one; while the embedded metal object will show a clear defined shadow

TWO EXAMPLES OF X-RAY TUBES

These tubes have been invaluable for
By placing the hand, in which, let us

light, things are not always
what they seem. During the
World War, several allied air-
planes arose from their own
lines bearing what was ap-
parently an enemy insignia,
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and they could easily have flown over the
German lines without molestation from
anti-aircraft guns. Neither did any of
the allied soldiers attempt to capture the
occupants of the planes when they landed,
nor were any bombs dropped betore the
planes came down, for although to the un-
aided eye they bore a strange insignia it
was transformed to the familiar design of
an allied craft when observed through red
color screens provided the allied observers.
The enemy insignia was painted on the
airplane in paint that reflected visible light,
but that of the allies was painted with
pigment that reflected its shape and form
only in deep red light.

Even the secrets of the spheres are re-
vealed through astronomical photography
with invisible light. lLast summer at the
Mt. Wilson Observatory, in California,
when Mars made a-close approach to the
earth, it was found possible for the first
time to measure the extent of the planet’s
atmosphere, and indeed, to prove to a cer-
tainty that it has an atmosphere. These
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pictures were made with the great 100-inch
telescope, the largest in the world. Two
scts were made, one by blue light, and the
other by infra-red. Not only did the latter
exposures show numerous markings on the
planet, which were completely obscured in
the blue set, but they also showed the dia-
meter of the planet appreciably smaller!
This, of course, is what we would expect if
Mars had an atmosphere like the earth’s.
The blue light photographs could not pene-
trate the Martian laye: of air, but the infra-
red ones did, and enabled us to see the
planet’s surface.

This same principle also permits photo-
graphs to be made on the carth through
great depths of atmosphere, and even
through mists so dense that the human eye
cannot sec through them. Airplane photo-
graphs from great heights arc made in his
manner, and the special plates used reveal
all the detail on the ground below. The
photographer ordinarily uses a red light in
his dark room because light of that color
does not affect his sensitive emulsions, but
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by bathing the plates before use in special
dyes, they becomesensitive tothis partof the
spectrum, and may be used with sufficiently
fast shutter speeds to permit aérial photo-
graphy with red, or even infra-red light.

The bathing beauties and the brave life
guards browned by the sun have ultra-
violet rays to thank for their coloration.
For sunburn is largely due to light waves
shorter than the visible spectrum. Babies
arc endangered when they lack this sort of
light, for it is necessary to their health.
One of the most important recent discover-
ies in the field of nutrition is that foods,
such as milk and even lard, when exposed
to ultra-violet rays, develop properties that
prevent and cure rickets in animals and
human beings.

The sun is the greatest and best ultra-
violet ray machine we have. The sun is a
great doctor. Mercury, vapor lamps can,
of course, substitute for the sun, when days
are dark or short. Moreover, there should
be little or nothing between the sun and the
patient for the most effective treatment

MODERN X-RAY APPARATUS

Which is due to the discoveries of Réntgen, in 1895, of certain rays called X- or Réntgen rays.

stoppage of cathode rays by a solid obstacle.
center of the bulb.
when they strike a suitable object.

ultra-short light waves

These rays are invariably produced by the sudden
In modern X-ray tubes, the rays are as a rule allowed to impinge on a tungsten target placed in the
X-rays are then emitted only on the side of the bulb facing the tungsten. These Rontgen rays, like cathode Rays, excite fluorescence
The exact nature of X-rays is still a matter of controversy, but most people now maintain that they are simply
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TWO EXHIBITS AT THE NATIONAL ACADEMY OF SCIENCES, WASHINGTON

To the left is shown an ultra-violet lamp which has been photographed by means of its own light.
right shows another picture of this instrument.

For most substances, glass among them, are
opaque to these short rays. A sun bath
behind a window pane would be ineffectual
and for the same reason many violet-ray
machines with lamps housed in glass, are
valueless.

WHAT CAUSES LIGHT

UT what causes light, or other ether

waves, and how are they trans-
mitted? Many years ago it was supposed
that a luminous body gave off myriads of
tiny particles, or ““corpuscles,” which tra-
veled in straight lines, and when they en-
tered the eye, produced a physiologic effect.
This, however, gave way to the wave theory
which is still held, though with some modi-
fications. In studying light, one of the
most useful instruments has been the spec-
troscope.

When light is passed through a prism and
the proper combination of lenses, a band of
colored light, the familiar spectrum, is the
result, and if the prism and lenses are prop-
erly adjusted, there appears, when sun-
light is being analyzed, a number of dark
bands or lines which cross the spectrum at
right angles. These were long ago shown
to be due to incandescent gases, and by
their use, astronomers have been able to
tell what substances the sun contains, al-

most as well as if they had a piece of it in
the laboratory to study.

Each eclement has certain lines in the
spectrum. Thus many thousand are
known for iron, while others do not have so
many. Hydrogen has a number in various
parts of the spectrum, and corresponding to
the color, or wavelength of the part that
they occupy. In 1885, Balmer found that
a simple law would give the wavelengths of
the lines of one of the series due to hydro-
gen. Since then, similar series have been
found for other series of hydrogen lines,
and also for other elements.

This, then, showed that there must be
some order in the structure of these cle-
ments, but it is a different thing to find,
by trial and error, a law that fits a series of
cases, and to work out the reason that
such a law is followed. But the talent was
not lacking to find such a reason, and the
best explanation, and the one that is most
generally accepted by physicists, is that
given by Prof. Niels Bohr, of Copenhagen,
Denmark. 1t explains not only the series
spectra of hydrogen, but also of the other
elements for which such spectra have been
determined.

According to the Bohr theory, the atom
consists of electricity. At the center is a
charge of positive electricity called the

The photograph to the

The mercury-vapor lamp, as it is termed, is rich in ultra-violet light

proton, and around it revolve one or more
negative charges, which the physicists calls
electrons. These resemble the planets of
the solar system, while the proton is similar,
in its relative position, to the sun, around
which theelectrons revolve in definiteorbits.
But here is an important difference between
the cclestial and atomic cosmogony.
While the planets in the sky always move
in the same orbit, the electrons have the
power of jumping from one orbit to another,
and every time that such a change occurs,
either visible or invisible light, or possibly
one of the other forms of radiation, is given
off.

The simplest atom is that of hydrogen,
and thus it is understood why the spectral
series of that element was first determined.
Its atom consists of a single proton, or
nucleus, around which revolves a single
planetary clectron. Every time the planet-
ary electron changes its path, a radiation is
given off. But, one asks, how is it that
there are so many lines in the spectrum of
hydrogen, when a single wavelength is
given off with each change? As a matter of
fact, if it were possible to isolate a single
hydrogen atom, it would not radiate light
of the entire hydrogen spectrum. But
when there are a great number of atoms to-
gether, as there are in even the smallest
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quantity of hydrogen that we
can work with, there are so
many that at any instant every
possible change is going on in
one or more atoms, and the
combination produces the

spectrum.
Invisible

X-RAYS USED TO ANALYZE

Ulrra-Violer Visibility

Green
Green Green

Limit of Violet Blue Blue-

Yellow- Orange Red Deep Limlt ot
Red Vlisibility

Laue thought that X-rays
were really light waves of very
short wavelength, and that the
reason they could not be dif-
fracted was because the dis-
tance between the lines on
even the finest grating that
can be made artificially, some

THE ATOM

ITH the shortest ultra

violet waves about
So00000 Of an inch in length,
and the atoms so much smaller
than that, it would seem hope-
less to expect to study them by that means,
but here the X-rays came into use. Much
like lifting one’s self with one’s boot straps
is this method, for the X-rays have been
used to analyze the atom, and at the same
time the study of the structure of matter
has thrown light on the nature of the X-
rays. In 1895, on the 8th of November,
Prof. W. K. Rontgep, at Wurzburg, Ger-

THE SOLAR SPECTRUM

As defined by the spectroscope and photographed on a sensitive plate.
ray to be analyzed is passed through a narrow slit before the prism. The
slit tends to prevent overlapping of the various colors.
graph shows, at the violet end, a part of the spectrum beyond the limit of

human visibility

between the lines is not very much greater

than the wavelengths of the light waves
themselves.

SIR ERNEST RUTHERFORD

An English physicist, born in New Zealand in

1871. He has been responsible for much de-

velopmental work in radio-activity, and pub-

lished papers on the subject as early as 1904.

He has done a lot of useful work in bre aking up

atoms by means of radium rays, and was awarded
the much coveted Nobel Prize in 1908

many, discovered these rays which bear
his name, and as their nature was not
known, they were also called X-rays.

In 1912, however, another German
scientist, Laue, found that by passing a
beam of X-rays through a crystal they
were deflected, in much the same way as a
beam of light is deflected when it passes
through a grating consisting of fine lines
ruled on a glass plate, thousands to the
inch. This cffect is called “diftraction,”
and will only take place when the distance

A RADIOMETER

The device invented by Sir William Crookes to
exhibit motion caused by action of light. It
consists of a light horizontal vane formed of four
metal discs, supported by cross arms at right
angles, on an easily moving pivot. The whole
is mounted in a highly exhausted glass bulb.
The four metal discs are polished and blackened
on alternate sides. 1f light rays are concentrated
on the instrument,what little gas remains therein,
is heated, and the discs are affected, the black
ones becoming the hotter. The gas molecules
acquire a greater velocity when flying off the
black discs than they do off the bright ones, and
the difference of velocity causes motion. The rate
of rotation depends on the brightness of the light

Note that the photo-

15,000 to the inch, was so much
greater than the wavelengths
of the X-rays that the effect
was not appreciable, So he
set to work to use a natural
grating, and he chose a crystal
which, according to the ac-
cepted ideas, consisted of molecules
arranged in layer fashion.

Many facts previously observed made
this theory of the structure of crystals the
accepted one. When Laue passed X-rays
through a crystal and found them deflected,
the molecular layers themselves acting as
a very fine grating, he investigated the
nature of crystals and of X-rays at the

The

PROFESSOR R. W. WOOD

Of Johns Hopkins University, Baltimore, who
has interested himself in spectrology. While a
Major in the United States Army (1917 to 191g),
he developed a system of secret signalling, em-
ploying both visible and invisible light. One of
his earlier inventions, curiously enough, can
hardly be compared even remotely with his
present work. It was a device for thawing
frozen pipes by means of electricity

same time, and we now know the X-rays
to be short waves, about 53,9¢0.000 Of an
inch long.

Since then, Sir William Bragg, of the
Roval Institution of London, and his son,
W. L. Bragg, who is now professor of
physics at the University of Manchester,
England, collaborated on a remarkable
piece of research, which in 1915 won for
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them the Nobel prize in physics, probably
the highest honor that can be given a scien-
tist. They made an exhaustive study of
the way crystals deflected X-rays, and from
their results were able to deduce many facts
about the very structure of the molecules
of which the crystals were made.

Another Englishman, Sir Ernest Ruther-
ford, also a Nobel prize winner, has since
carried the work into the very heart of the
atom. According to the Bohr theory, the
atom consists of electrons revolving around
a central nucleus, and if we could hit the
nucleus hard enough, somethingshould hap-
pen. This seems impossible, at first sight,
because there is apparently no instrument
small enough to get into the atom. Sucha
devicewould have to beas small as the atom
itself, and as every kind of known matter
is itself made of atoms, it is hard to imagine
how we could knock an electron out of its
orbit.

Here Sir Ernest made use of that wonder-
ful element, radium, which is continually
changing into another element. A small
particle of radium constantly emits atoms
of helium at a speed which would take them
half way around the world in a single
second. Actually, they cannot travel more

THE JANUARY INTERNATIONAL TESTS

than a few centimeters, but by placing the
material—he used nitrogen—the atoms of
which it is desired to knock apart in close
contact with the radium, the alpha parti-
cles, as the helium atoms are called, hit
with a high velocity. They are so small
themselves that they can enter the atom,
and, when one hits the nucleus of an atom,
its high speed can do a lot of damage.

This is not quite so easy to accomplish
as it sounds however. Even in the most
solid matter, the atoms are so spread out
that, in proportion to size, there is as much
empty space between the electrons and
those of their neighbors as there is between
the stars in the heavens. As there is no
known way of aiming the alpha particles at
the nucleus, the only possible procedure is
toshoot a great many, by letting the radium
act for a long time, and then waiting for an
accidental hit. The process has been well
compared with throwing keys at a door
and waiting for one to lodge right in the
keyhole.

But while the English scientists have
been working on the problem, our American
scientists have not been idle. Chief among
those active in this branch of scientific re-
search is Dr. Robert A. Millikan, of the
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Norman Bridge laboratory of the Cali-
fornia Institute of Technology, at Pasa-
dena, California. Within the past year, by
means of what he calls high vacuum, hot
spark spectrometry, he has been able to re-
move some of the electrons from an element
and to detect the difference with the
spectroscope.

Although it represents probably the
greatest achievement of physical science in
recent years, the study of the atom and the
forces within it, is barely beginning. Now
we have but a glimmering of the time when
atoms can be changed from one element to
another at will, and when the tremendous
forces that hold the atoms together can be
utilized in our daily work. One difficulty
has been suggested that may arise when this
is accomplished. 1f we start the atoms
disintegrating, will we be able to stop them,
or will the disintegration continue until the
entire world has been reduced to hydrogen,
perhaps, and, like lcarus, our efforts result
in our own annihilation? Whether this
will happen cannot be foretold, but it seems
likely that the physicists of the future who
succeed in breaking up the elements at
their pleasure, will not be without a means
of controlling their efforts.

LATE NEWS ON THE INTERNATIONAL TESTS

LANS for the third International Radio
P Broadcast Test are progressing so rapidly
that it is impossible to make a complete
and accurate announcement in Rapio Broap-
CAST at this time because this is written about a
month before the magazine appears on the news-
stands. The last week in January, 1926, is the
time fixed for the tests. American, Canadian,
Mexican, and Cuban broadcasters will transmit
from 10 to 11 p. M. Eastern Standard time
beginning on the evening of January 24 (Sun-
day), and running throughout the week. Eng-
lish and Continental broadcast stations will be
on the air during the same week from 11 to 12
p.M. Eastern Standard time.

Although the arrangements are not completed
at the moment of going to press, it is probable
that on Friday night, of that week, -American
listeners especially will have the opportunity of
sharing in a most unusual broadcast experiment.
During the first fifteen minutes of the American
transmitting period, broadcasters in the Eastern
time zone will broadcast while all other North
American stations are silent. During the second
fifteen minutes, stations in the central time zone
will send, while all others are silent. And during
the third fifteen-minute period, all the broad-
casters in the mountain time belt will be on the
air and every other station silent. During the
last fifteen-minute period, the stations in the
Pacific time belt will send out their programs
under the same conditions.

It is expected that British and Continental
stations will engage in a similar north and south
broadcasting experiment during their trans-
mitting hour on the next to the last night of
the test. The transmissions for the first fifteen-
minute period will begin with the English sta-
tions in the Greenwich Mean Time zone and
progress across the Continent, if the present
plans go through.

On the final night of the test, the British and
Continental stations are expected to engage in a

By WILLIS K. WING

north and south broadcasting test, which will be
similar to the one in which the North American
broadcasting stations will take part. The
north and south schedule for American stations
follows:

EAsTERN STaNDARD TIME

From 11 to 11:15 P, M., Canadian stations will
transmit.

From 11:15 to 11:30 P. M., stations in the north-
ern half of the United States will transmit.
From 11:30 to 11:45 P. M., stations in the south-
ern half of the United States will transmit.
From 11:45 to 12 M., stations south of the United

States will transmit.

This schedule will not only give American
listeners a chance to hear stations in this country
never heard before because of the station
operating on a frequency used by some near-by
station, but this arrangement will also give the
overseas listeners a chance to pick up some
American stations that are more distant from
them than the stations almost on the edge of the
Eastern seaboard. The arrangement of the
American tests so that on the first night (Friday,
American time) the stations will progressively
transmit from east to west, and on the second
night of those tests (Saturday, American time)
transmit north and south, will give American
listeners a chance to experiment with DX
reception such as they have never before had.

The Continental and British stations, if they
follow the same plan for their territory, on the
last two nights of the test, will be on the air just
one hour earlier than the American stations.
This will keep the air clear for the American
transmissions which follow. The British and
Continental broadcasters will undoubtedly
appreciate this arrangement, for it will give them
achance to get a bit more rest. Since the trans-

missions from abroad come at from three to four
o’clock in the morning, London time, the physi-
cal strain on the various station staffs is bound
to be quite heavy by the end of the test week.

The time chosen, which is a distinct hardship
on the foreign broadcasters, is necessary because
only during those hours is there a complete band
of darkness clear across the Atlantic and as far
as the Pacific coast of this country. It was
hoped at one time, to interest the Australian
broadcasters in joining the experiments, but the
serious difference in time made that simply out
of the question.

In every city of importance in the United
States and Canada, one official ‘‘International
Radio Week newspaper’ will be chosen by the
International Radio Week Committee. That
paper will print the official, verified programs
as transmitted from the overseas broadcasters.
This will allow every listener to verify his
reception the day after he has heard a foreign
station. Newspapers throughout the country
will carry frequent announcement of the latest
development in the plans for the International
Radio Broadcast Tests of 1926.

But if all those who had verified reports last
year will send a description of their apparatus and
something about the results they have with their
receiver, to ‘““International Radio Broadcast Test
Committee, RAp10 BROADCAST magazine, Garden
City, New York’ the Committee will pass on
their equipment and wherever possible, appoint
them as an official listening post for the Tests.

Results of successful reception can be sent to
the Test Committee by mail, telegraph, and
telephone. We can then verify reception. Re-
ports of successful reception of the overseas sta-
tions can also be forwarded to the Test Com-
mittee by amateur radio. Station 2 ¢y, operated
by Rapio Broapcast Laboratory will be in con-
tinual operation and will receive and acknowledge
all messages which outside listeners file with
amateur radio stations in their home localities.
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The Fascinating History of the Vacuum Tube

BOUT a year ago the question of
vacuum tube patents was dis-
cussed in these columns and the
occasion was the expiration of

the seventeen-year life of De Forest’s
“third electrode” patent. This patent of
De Forest’s, combined with the Fleming
valve patent,completely tied up the vacuum
tube industry for years, and during those
years, six dollars was the price we had to
pay for even the poorest type of tube.
The De Forest patent had been acquired
by the Radio Corporation and for years
the price stayed where it had been put by
De Forest when his output was measured
in the hundieds and the cost of his hand
made article was necessarily high.

The Radio Corporation had a complete
monopoly of the manufacture of triodes
and could fix the price as they chose.
But in the last year or two with the rapidly
expiring life of the De Forest patent,
independently made tubes began to appear
in large numbers and coincidentally, the
price of RCA tubes began to fall to some-
where near a reasonable value. Whether
the possible competition forced the RCA
price down or whether it was purely an act
of thoughtfulness for the good of the public
on the part of this corporation, the broad-
cast listener can probably best judge.
At any rate, we do know that when there

was no competition, the price remained
very high.

Because of this very recent situation, we
are somewhat perturbed to see that the
““high vacuum” patent has finally been
granted to Dr. [rving Langmuir of the
General Electric Company—which means
also the Radio Corporation of America.
This basic patent has had a checkered
career since the application was made in
1913. Almost allowed by the patent ex-
aminer at one time, and then withdrawn to
permit interference proceedings in behalf
of Arnold of the Bell Telephone Labora-
tories, the patent has been the subject of
most exhaustive and expensive litigation.
A decision by one authority in favor of
Dr. Langmuir was nullified by a reverse
decision by another and only during the
last month has the patent been adjudged
Langmuir’s by the Court of Appeals of the
District of Columbia.

This patent may prove to be so impor-
tant in the development of radio apparatus
that it well behooves us to know just what
it is; and in deciding upon the possible ef-
fect of a renewed monopoly in the vacuum
field we have only to remember that not
longer ago than a year or two, companies
making receiving sets were actually being
sued by the Radio Corporation on the
basis of their tube patents. The conten-

tion was that a radio receiver was evidently
intended to be used with tubes and that
therefore the set manufacturer should pay
tribute, and turn in a percentage of his
income to the Radio Corporation! The
percentage was demanded not because he
was making tubes but because he was
making sets for which tubes were required!

In the half dozen years before 1912,
vacuum tubes were obtainable only in the
form manufactured by De Forest; modified
small electric lamps is all they pretended
to be. Their degree of vacuum was only
as good as the commercially available
methods permitted at that time. The
tubes were far from uniform. One con-
tained little gas and another had ten
times as much, so that the performance of
the tubes as detectors and amplifiers was
erratic and unreliable. De Forest ap-
parently didn’'t know why his wonderful
devices were so variable in character, so
that the ground was prepared for the
procedure which started shortly after.
It was not long before the Western Electric
and General Electric Companies began to
appreciate the significance of the De
Forest audion, and to perceive its possi-
bilities. Their research staff was put to
work to find out why' it was so variable and
how to make the tubes more uniform.
The American Telephone and Telegraph
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Company was already using vacuum tubes
as “‘repeaters” in its long distance lines
and the General Electric Company had
been for years greatly interested in vacuum
devices so that both groups of research
workers began intensive experimentation
on the problem. The Western Electric
engineers in their work of improving De
Forest’s rclay (as they were using it)
didn’t consider their improvements in
evacuation as anything really novel, al-
though the improvement in the vacuum
was the one thing De Forest’s audion
needed to change it from a toy to a reliable
and most important piece of engineering
apparatus. If a vote were taken to-day
in one of our national societies of scientists
as to whether the improvement in vacuum
of De Forest tubes could be considered an
invention, the result of the vote would un-
doubtedly be negative; the General Elec-
tric Company nevertheless had Langmuir
apply for a patent on a new kind of audion.
The patent claimed that the General Elec-
tric tube, evacuated better than De For-
est’s had been, was sufficiently novel and
new to be patentable.

At first the American Telephone and

CAN “HIGH VACUUM™ BE PATENTED?

Telegraph engineers maintained (as would
any reasonable scientist) that there was
no patentable idea involved—that lLang-
muir had simply done a little bit better
than De Forest had been doing for years.
Langmuir contributed to the problem no
really new ideas but simply brought the
facilities of a great laboratory to help do
the work De Forest’s incompetent work-
men had been trying their best to accom-
plish.

When it was finally decided by the patent
office that these highly evacuated audions
(given “Greco-Schenectady” names, to
quote De Forest) actually constituted an
invention, the American Telephone and
Telegraph engineers started proceedings to
show they had achieved the improvement
of the vacuum first. Testimony was taken
from the best scientists in England as well
as America, the court was treated to ela-
borate laboratory demonstrations on the
methods and results of getting high
vacuum. Altogether the report of the
proceedings covered some thousands of
pages.

The upshot of the proceedings is now
before us. The Government says that to
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improve the evacuation of De Forest’s
audion does constitute a patentable idea
and that the General Electric Company is
entitled to the patent. This means, evi-
dently, that every highly evacuated tube is
subject to Langmuir’s patent. But nowa-
days we use nothing but highly evacuated
tubes so that we must conclude that every
tube we have to-day is subject to this new
Langmuir patent. This constitutes a
most dangerous situation, one which the
Radio Corporation of America can ap-
parently freely use to their advantage if
they desire. If we read the patent aright,
it appears that now, and for the next
seventeen years, all of our tubes are legally
produced only by RCA so that the price is
again at the mercy of this radio trust.
Possibly the RCA will not now push
their advantage as they might have done
had the patent been granted three years
ago. The present Federal Trade Com-
mission inquiry will probably effectually
prevent the Radio Corporation from at-
tempting crude monopoly. Seventeen
years is a long time, and if the Radio Cor-
poration lasts that long (a matter open to
some doubt) it may still exert a strangle-

-
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THE SHORT WAVE EXPERIMENTAL STATION

Of the Burgess Laboratories at Madison, Wisconsin, operating under the calls g £k and o xH. This elaborate station contains three distinct trans-

mitters, one, in the immediate foreground operating on 3748 kc. (80 meters), another, directly above it tuned to 7496 kc. (40 meters), and a third,

next to the 7496 ke. transmitter adjusted to 14,990 ke. (20 meters). A 7o-foot telephone pole, three feet from the window shown at the right in this

view, supports a rigid vertical antenna. The receiver at the left has a range of from 19,000-2998 kc. (15-100 meters). The next one to it works on

4997 kc. (6o meters). This is an example of a very well planned station, although it is considerably more elaborate than many successful amateur

stations whose short wave signals bridge distances on the map as easily as a navigator does with a pair of dividers. One of the low powered trans-
mitters here is operated entirely from heavy duty B batteries
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hold on America’s radio before the expira-
tion of the life of this patent.

We believe that the Court was unfortun-
ately advised in deciding that any man is
entitled to a patent on the improvement
in vacuum of a well known device. Un-
fortunately our opinion does not affect the
legality of the situation. If Jones con-
ceives a new and novel device and builds it
to the best of his ability it appears that
Smith may take one of Jones’ devices and
improve it by the help of better tools and
thereby get a patent on it. Smith’s patent
represents no real inventive genius on his
part but simply the application of better
tools, which Jones would probably have
used if he had access to them.

It may be that some legal step yet re-
mains by which this threatened strangle
hold of the Radio Corporation on the tube
situation may be broken, but just what
means are to be employed are not quite
evident.

Pure Science Becomes Practical

& I ‘O THE scientist it is most fascinat-
ing and gratifying to see the ap-
paratus and phenomena which he

studies as his life-work, coming to be of

general service to mankind. And in the
last few years, many are the cases in which
this has come to pass.

Twenty-five years ago, most of the people
who are broadcast listeners would have
classed Richardson as a crazy visionary,
not dangerous to be sure, but certainly
unbalanced, when he dared to speak of
evaporating electricity from a bot metal. To-
day the Radio Corporation makes millions
of dollars each year in the utilization of
this idea.
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Ten years ago,
some American and
European investiga-
tors had to delve
through ancient and
unused textbooks to
find out what was
known regarding
piezo electricity. The
older textbooks said
that if certain crys-
talline substances
were properly
squeezed, their sur-
faces developed elec-
tric charges; the
amount of electricity
which thus became
available was so in-
finitesimal that engi-
neers would. have
laughed at the idea
of applying these
crystals to useful
service. Yet to-day
these very piezo-elec-
tric crystals are being
used in the broadcast
stations to maintain
the frequency con-

stant. Furthermore
this same piezo crys-
tal has been found to
be the most efficient
sound producer we have for sounds above
the audible range. Asa submarine detector
these piezo-electric sound generators gave
more promise than any other device, and
intensive development was carried on dur-
ing the war to push the piezo-electric de-
tection scheme to completion.

Now another discovery from the realm

V. K. ZWORYKIN AND HIS THERMIONIC PHOTO-ELECTRIC TUBE

Which was recently developed at the research laboratories of the Westinghouse Company at Pitts-
burgh. The large illustration shows a special set-up to demonstrate the capabilities of the tube. A
75-watt bulb is at the extreme right; next to it is the photo-clectric cell, which is really an improved
vacuum tube, showering millions of electrons when light falls on an electrically sensitive substance,

inside the tube. This light-sensitive substance in turn operates a relay.

In the demonstration,

the smoke of a cigarette, coming across the plane of the light caused a bell to ring, and the slightest
shadow caused the cell to howl. Thecell may be used to measure the light of the stars, through com-
bination with a device developed by Dr. R. A. Millikan

Radio Times, London

Householder (to departing burglar): *“ Er, would it be too much
to ask you to take the loud speaker from the flat below?"

of pure science promises to push itself into
the purview of the layman. It has been
known for years that if light, especially
that toward the blue end of the spectrum,
is allowed to fall on the fresh surface of such
a metal as sodium, the surface being in
vacuum, electrons will pull loose from the
metal surface in some way by the action
of the light waves. Small indeed was the
amount of electricity thus set free, but to
the scientist it was all important—as it
allowed him to check his theories dealing
with the constitution of matter. But now
this photo-electric effect, as it is called, is
to be used to check the stationary fireman
to see how much smoke he sends up his
chimneys.

The possibilities of the photo-electric
cell have been realized for many years.
Many experimenters in university labora-
tories have spent long hours of research
and investigation to discover and formulate
the laws governing its action. It has been
used in talking movies to change light
impulses into electric currents which could
then be amplified by the vacuum tube
amplifier. 1t remained for one of the
Westinghouse engineers, V. K. Zworykin,
however, to combine the photo-electric
cell and the triode to make a more com-
pact, and possibly more reliable, piece of
apparatus. The electrons freed from the
photo-electric cell in the tube are made to
affect the potential of the grid of the tube
and thus the plate current; this in turn
opens or closes relays or performs other
similar services.

As the light falling on the photo-electric
surface varies, so does the plate current of
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the triode; by arranging an incandescent
lamp to throw its light on the sensitive sur-
face of sodium, the smoke recording device
became possible. The smoke, passing
between the incandescent light and the
sensitive surface of the photo-electric cell,
perhaps one hundred feet away, cuts off
part of the light, thus operating proper
relays to record the event. At one of his
demonstrations, Mr. Zworykin showed
that if the smoke from a cigarette passed
between the lamp and his sensitive cell
the latter was sufficiently activated to
cause the opening or closing of a switch.

Short Waves Are Growing Shorter
' I ‘HE daily press recently gave con-

siderable space to an announcement

of John Hays Hammond, Jr., that
hie had perfected a scheme for sending as
many as eight radio messages on the same
wave. The frequency of his carrier wave,
30,000 kilocycles, shows how short these
short waves are becoming.

It is not evident that the Hammond
transmitter has anything of real merit in
it or that any new ideas are involved.
Patents have apparently been granted on
the method, but that indicates very little
nowadays. To the best of our knowledge,
Mr. Hammond has not yet explained the
merits and new features of his scheme to
any of the engineering societies, and we
cannot help but feel that announcements
of engineering accomplishments which are
first divulged through the daily press in-
stead of through the transactions of an
engineering society, the members of which
are able to judge its real merits and rate it

THE GRADUAL IMPROVEMENT IN RADIO EQUIPMENT

at its proper worth are decidedly
open to question.

A wireless dispatch to the New
York Times from Berlin states that
Professor Esau of Jena University
has invented a wireless sender us-
ing a frequency so high that the
wavelength is only two meters.
It is reported that Professor Esau
finds these very high frequency
waves are not affected by the
conditions which give absorption
and fading on the longer waves
and that he expects to telephone
to America with his set ‘‘before
Christmas.”

Another report tells of experi-
ments at the University of lowa,
in which wave-lengths of only 74
centimeters were used. Just what
was done with these short waves,

we do not know. I.

Before anyone else “invents”
more of these short waves, we
hurry to say that waves much
shorter than any of these re-
cently reported have been experimented
with and measured years ago. Radio
seems to be a field in which things are
continually re-invented. At Columbia
University, Professors Nicols and Webb
years ago performed a number of striking
experiments with short waves—really short
ones. It is our recollection that they went
as low as two centimeters, that is, about
one inch. These waves were measured for
length, were focused by mirrors and lenses,
and reflected back and forth across the
laboratory. Later Professor Nicols worked
with waves much shorter, so short that his
waves practically joined the

spectrum of heat waves, which
also are electro-magnetic.

If anyone else thinks of
“inventing’’ some other short
waves he had better look up
scientific papers recording the
work of earlier experimenters
and then go back to the fa-
ther of them all, Hertz. In
his book on electric waves,
Hertz describes practically all
the phenomena which the re-
cent inventors have been giv-
ing us. Some of these recent
announcements of short wave
“inventions” read almost like
sections of Hertz’s book; pub-
lished thirty-five years ago.

How Radio Has Im-
proved

JOHN HAYES HAMMOND, ]JR.

With a bit of apparatus from his laboratory. Mr. Hammond,
whose inventive talents are active in many fields beside radio,
is probably best known for his secret system for radio control
which several years ago was sold to the United States Govern-
The inventor recently sold certain rights on a directive
and secret “broadcasting’’ system to the Italian Government.
Many of Mr. Hammond'’s radio experiments have been carried
on at Cruft Radio Laboratory at Harvard

ment.

4 I ‘HREE general moves in
the direction of improve-
ment in the broadcast

field we have consistently ad-

vocated and it is a pleasure to
see them all coming to pass.

The single-circuit regenerative

receiver has come in for the

universal condemnation it
deserves and for which

H. KORDI, EGYPTIAN

Sent to the United States by King Fuad to study Ameri-
can radio methods.
arc telegraph transmitter at station wcG, New York

RADIO ENGINEER

M. Kordi is showninspecting a 11 kw.

these columns called years ago. Im-
proved quality of reproduction was the
next general suggestion Rapio BRoADCAST
called for—hornless speakers, improved
transformers, and power tubes for loud
speaker operation. All of these are featured
to-day in the best radio sets. Next we re-
peatedly called attention to the absurdity of
continuing with batteries as the only source
of power supply for radio sets. The crudest
devices of the home use power from the
light socket, yet radio outfits, the most
scientific piece of apparatus the average
home will ever have, continued with the
crudest form of power supply. Only this
year have the A and B batteries both been
eliminated fiom any standard set and even
now the price of such a set is absurdly
high. The man with two hundred dollars
to spend for radio, still has to depend upon
batteries for his power, and how many
times he runs into trouble as a result of this
power supply! Dry batteries give out
altogether, or become noisy; storage bat-
terics call for a charging outfit and are
troublesome to some listeners: all this
time the light socket has unlimited power
supply at negligible cost.

Commander Elmer Langworthy, U. S.
N., who designed and built sets for the
White House says, ‘“About ninety-five
per cent. of the trouble fans have with
reception is due to their power supply.”
When called upon to diagnose reception
troubles (for the President, we suppose)
the Commander “usually finds dead or low
low B batteries, defunct C batteries, and
broken or loose battery leads.” These
troubles with the vexatious performances
of the radio outfit, or no performance at
all, will disappear when radio tinkering
changes to radio engineering. An engineer
depends upon batteries for power only
when absolutely necessary, but in radio
reception this is not so. The greatest
need of the radio listener to-day, who is
eager enough to get gond quality without
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WILLIAM DUBILIER

remeeses New York; Quoted in the British wesmmesesy
press on his recent European tour

“Radio broadcasting 1s only four years old
in America, yet the radio industry there is the
sixth largesl in America, and equals the auto-
mobile industry. The sales in America
alone this year will be al least £100,000,000.
As regards broadcasting, it may interest those
who are continually criticizing broadcasting
methods in Greal Britain to know that in this
comnection you are in a much betler position
bere than we are in America. The conditions
in New York are intolerably worse than those
of lLondon. In my opinion, the Brilish
system is easily the belter of the two. [ am
certain that good broadcasting is the key not
only to international amity, but lo world
peace.”

further urging, is a reliable and reason-
ably cheap apparatus for supplying the
power to his set from the light socket.

]

The Month In Radio
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ing on an important scale, the Commerce

Department has been deluged with
complaints from owners of radio sets relative
to the great interference encounted from ship
signals. Fans will be delighted to hear therefore
that the Department of Commerce has agreed
with British and Canadian authorities to pro-
hibit the vessels of the three countries from using
frequencies in the broadcast band when within
250 miles of the United States, Canada, or the
British Isles.

I :VER since the development of broadcast-

NE of the most famous American stations has

outlived its usefulness and has been retired.
After the outbreak of the war in Europe, all of
Germany’s communications to this country had
to be carried out through their Sayville station
on long Island. Many an amateur listened-in
on the dot and dash signals which went out over
this channel—and so did Uncle Sam. Although
United States officers were stationed there as
censors, it was said that “contraband” messages
were continually coming and going over Say-
ville’s channel. We now know through an arti-
clein World’s Work (Nov. 1925) that the famous
Zimmerman telegram inviting Mexico to take
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whatever of our Southwest territory she desired,
with the additional suggestion that Japan join
her, traveled by way of Sayville in one of its
routes to Mexico City. When we entered the
war, the station was, of course, taken over and
the Navy has operated it ever since. Now it
has been decided that Sayville’s traffic can well
be routed over other Navy channels. The
famous Sayville station will now be held for
reserve duty only.

THE Columbus (Ohio) Dispatch, has just
issued a most interesting compilation of
statistics for the radio dealers of that State.

All information of any value about prospective
radio buyers is contained in the folder. How
many buyers there are, percentage of male and
female owners, number in family, character
and earning capacity of the people in the differ-
ent towns of Ohio, how many own automobiles,
etc. We find the number of radio sets bought
last year, number of radio dealers, number of
clerks and employees, whether parts or sets
satisfied the average buyer, whether the dealers
serviced their sets and how it is done, how much
advertising the radio trade does and where it
is placed. This is the best piece of statistical
work of value to radio manufacturers that we
have seen.

THE Radio Corporation is in for a thorough
airing. The Corporation will have to con-
vince the Federal Trade Commission of their
fair and just treatment of competitors and the
radio public in general. There are one or two
unsavory reports of the Corporation’s activities
still in our minds and it is to be hoped that no
more will be brought to the light.

The companies being investigated by the
Federal Trade Commission in addition to the
Radio Corporation are The General Electric
Company, American Telephone and Telegraph
Company, Western Electric Company, Westing-
house Electric and Manufacturing Company,
International Telegraph Company, the United
Fruit Company, and the Wireless Specialty
Company. The Federal Commission expects
to bring out that a monopolistic trust exists
in the radio field. It is possible they will prove
such to be the fact. That isn’t the thing that
really counts, however; the question is, Has the
trust (if such exists) been reasonable in the
prices it has charged for its wares?

Interesting Things
Said Interestingly
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HASKELL COFFIN (New York; artist):
“Men have good color and they don’t put
anything on their faces. For youth to rouge and
paint is just like gilding refined gold and losing
the perfection and modesty of a sweet girl. A
couple of glasses of cold water, a good walk in
the park, or exercise in the morning by radio are
a great deal more efficient in assisting beauty.”

I_?RD GAINFORD (London; chairman of the
British Broadcasting Company): “On a
conservative basis it is estimated that ten
millions of the inhabitants of these islands listen
to our programs either regularly or occasionally.
The peculiarly intimate character of this
medium—the fact that the programs are re-
ceived at the fireside—adds greatly to the burden
of our responsibility. In a little more than two
years, broadcasting has not only been estab-
lished as a necessary part of the machinery of
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DR. IRVING LANGMUIR

e Schenectady: Research Engineer, mummsm:
General Electric Company

“No branch of electrical engineering bas had
more inlerest for the physicist than radio.
Hertzian waves, the vital element of radio,
were discovered in a physical laboralory.
Electrons, the discovery of another greal
physicist, J. J. Thompson, found their first
engineering application in the form of a pure
electron discharge in the bands of the radio
engineer. Studies in lbhe pbysical laboratory
of phenomena in bigh vacuum, such as
“clean-up’’ effects of electron emission, of
diffusion of one metal through another, of
contact potential, and of other inleresting
physical phenomena, bave all contributed to
the development of the vacuum tube, which
bas been called the ‘ beart of the radio system.’

“Now, when a high stage of development
bas been reached in lransmitting and receiving
apparalus, the problems of the transmitting
medium become more fascinating than ever.
We are just beginning to understand the na-
ture of the much-discussed Heatiside layer,
and something of the polarization, reflection,
absorption, and interference of radio waves.”
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civilization, but it has come to exert a definite
influence on the minds of the people. It is
something that so far we have built this in-
fluence on definite ideals and standards of public
service. But it is of greater importance that in
future the medium of broadcasting should
exercise no increasingly beneficent influence,
and that nothing be done to endanger this
influence.”

R. 1AGO GALDSTON (New York; New

York State Medical Society): “ Five of the
largest broadcasting stations in and near New
York City are now codperating with the Medical
Society of the County of New York in its en-
deavor to present authentic health information
to the public, to the extent of accepting volun-
tary supervision of all health talks going out
over their wires. There are still,
however, certain agencies, both radio and
journalistic which, to our great regret, have not
closed their avenues of publicity to the insidious
propaganda disseminated by persons whose
ignorance of medical science is unbounded.
They employ gross falsehoods daily in their
attempts to discredit scientific medicine, and
they advocate healing theories whose fallacies
are largely veiled by the plausible manner in
which they are presented. The medical profes-
sion has been unable to stem the flow of this
propaganda.”




What’s New in Radio

Many Interesting Refinements were Exhibited at the Fall Radio Shows, Which Started
the Radio Season Off, But No Startling Developments Were Shown—Improved Quality
Striven for by Nearly All—The Artistic Appearance of the Receiver Is Improving

By AUSTIN C. LESCARBOURA

A SIX-TUBE SUPER-HETERODYNE

The second harmonic principle is embodied and
aloopis used. While this type of receiver is not
absolutely new, it has been redesigned and its
appearance considerably enhanced. 1t is manu-
factured by the Radio Corporation of America

A FINE T. R. F. RECEIVER

Made by the Pathé Company. Such an instru-

ment would not disgrace the appearance of any

living room. The built-in loud speaker should
gratify the most descriminating of tastes

7 ‘l YWO radio shows recently held in New
York and those in other cities have
served the usual ends. There has been
the institutional round of handshaking,

banquetting, chinning, praising, knocking, argu-
ing, and agreeing—the social business of any
gathering, radio or otherwise; and there has
been the business of laying the radio cards on
the table, in the form of new offerings to the
radio public—the real, honest-to-goodness ex-
cuse for a radio show or exposition, and the
very thing which attracts the crowds. These
shows have well served as the national window
display of the radio industry.

NO STARTLING CHANGES BUT NO END OF REFINE-
MENTS

HERE isn’t a single genuinely startling

change among this season’s offerings—at
least, if there is, it hasn’t been exhibited at the
radio shows thus far. Of refinements, how-
ever, there are many, indicating that radio
engineers and manufacturers are keen to keep
apace with the radio march of progress, devoting
their attention to details when there are no pros-
pects of immediate changes in fundamentals of
radio reception.

Indeed, the whole atmosphere of this season’s
offerings is a happy one. Thus the fellow who
bought a receiver a year or so ago, can feel
happy in the assurance that he hasn’t been
“stung,’”’ because the same fundamentals that
were included in his receiver are still being em-
ployed in the latest offerings. For the fellow
who has waited until now, there is likewise much
satisfaction; because, while the fundamentals
may remain unchanged, there have been numer-
ous refinements which go to produce greater se-
lectivity, simpler operation, better tonal quali-
ties and, in a few instances, more volume. For
the manufacturer, too, there is much happiness
in the stability of radio engineering. The more
critical radio enthusiasts are bound to want the
very latest refinements and will therefore pur-
chase the new receivers, happy that these re-
finements have been made. So everyone is happy
with the present state of affairs.

THE PRIME CONSIDERATION IS TONAL QUALITY

HE keynote of this season’s offerings is tonal

quality. A year ago, the general trend
among radio receivers was toward sensitivity,
selectivity, and volume; but to-day the prime
consideration is tonal quality, which, like charity,
begins at home with the radio receiver itself.
In other words, the radio enthusiast now realizes
that tonal quality is not a matter of trying one
loud speaker after another, always in the fond
hope that some day, somewhere, a suitable one
will be discovered, which will produce the long
desired realism. Distortion and poor tonal
qualities originate in the radio receiver, and more
particularly in the audio-frequency transformers
and in the amplifying tubes. Poorly designed
audio-frequency transformers fail to amplify with
equal volume the wide range of audio frequencies.

THE CAMPBELLS ARE LISTENING:
LA, TRA LA!

An interesting photograph showing two instances

of being all dressed up. The general trend at

the recent radio exhibition was not toward any-

thing revolutionary in design but rather toward

improvement of existing models, both in general

design and outward appearances. The receiver
depicted 1s a Premier

TRA

Also, transformers constructed with poor quality
of iron for their cores, are unable to keep up with
the rapid magnetic changes caused by the audio
frequency currents, with the result that the tonal
qualities are blurred.

Until recently, the audio frequency end of

RECEIVER

Of particularly handsome appearance. [ts oper-

ation is quite simple, two main controls accom-

plishing the tuning. There is plenty of room in
the cabinet for the inclusion of batteries

A NEW PARAGON
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radio reception has been sadly neglected in the
merry chase after new circuits. The audio-
frequency transformers employed have often
been the same as those originally intended for
radio telegraph work, in which it is desirable to
have a definite amplifying peak at 500 to 1000
cycles, so as to produce the utmost strength of
signal at the usual audio frequencies employed
in signaling. However, with radio telephony it is
quite different. A flat amplifying curve, provid-
ing uniform amplification of signals from at least
100 to 8ooo cycles, is absolutely essential if real
tonal quality is to be had from the loud speaker.

So it is to be expected that this season’s
offerings stress the audio-frequency end. All
sorts of queer terms are heard in this connection,
such as acoustical synchronization, omni-tonal,
ortho-sonic, polytonal and so on, which, reduced
to plain English, mean improved audio-frequency
amplification so as to produce loud speaker re-
sults comparable with those obtained from the
simple crystal detector receiver and head set—
the cheapest yet highest acoustic development in
radio telephone reception! A glance at the work-
ing parts of the new offerings discloses larger
audio-frequency transformers. In some in-
stances, the transformers have been replaced by
resistance-coupled stages of amplification; in
other instances, the transformers are employed
in conjunction with special by-pass condensers
and special resistances designed to aid the tonal
qualities.

THE HORN VS. THE HORNLESS LOUD SPEAKER

HE radio shows have indicated a decided

swing in favor of the hornless loud speakers,
although, truth to tell, the horn type still is in
the majority in numbers by a very comfortable
margin. The hornless type is represented by a
number of exposed parchment cones, all more or
less alike in design and mechanism; by an ex-
posed cone of wood veneer—a very beautiful
thing to gaze upon and presumably of excellent
tonal qualities; and by enclosed or concealed
parchment cones, which are provided with
wooden cabinets or metal barrels.

With the present state of the radio acoustic art
as applied to loud speaker horns, it is safe to say
that the cone type of loud speaker has advan-
tages which are not to be denied. However, the
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last word has not been said in connection with the
horn type of loud speaker, although the radio
shows failed to promise anything startlingly
new in that line. There are some interesting
horns of moulded construction—veritable pret-
zels, designed to produce deep, mellow notes, yet
fitting in a surprisingly small space.

Just what the latest loud speakers can or can-
not do was not demonstrated at the radio shows.
One cannot think about the early radio shows
without recalling the bedlam of shrieks and
groans and distorted music from hundreds of
loud speakers all going at once. Fortunately,
most radio shows to-day do not attempt to emu-
late the Tower of Babel, although it has always
seemed to us that a radio show ought to demon-
strate what a radio receiver can do. Individual
sound-proof booths provided for the various ex-
hibitors with something to demonstrate in the
way of loud speaker performance, would solve
this perplexing problem. However, at the
Grand Central Palace exposition, excellent radio
music was provided by Hewlett induction loud
speakers, two of which were employed for the
entire vast hall.

AND NOTHING NEW IN THE WAY OF HOOK-UPS

ETTING down to the real fundamentals of
radio—the hook-ups—there is nothing new
to report, so far as the present season’s offerings
are concerned. There is an overwhelming ma-
jority of receiving sets employing the five-tube
radio-frequency layout, with two tubes for radio
frequency, one for detector, and two for audio
frequency amplification, and with the usual three
tuning controls so much like the neutrodyne re-
ceiver that there is often some confusion in the
lay mind. In some instances the number of con-
trols have been reduced from three to two, and
even to one, either with a single fixed means of
tuning the circuits in combination, or with a fixed
means and an optional means, so that each circuit
may be tuned in combination or individually for
maximum efficiency. In the simpler tuned radio
frequency receivers, various means are employed
to prevent regeneration.

Even though radio frequency receivers com-
prise the greater number of offerings, particu-
larly in the low-priced group, this must not be
taken to mean that this circuit is preferable to

NO A B OR C BATTERY

Is required for this receiver.

It is connected directly to the house electric light socket—its

only source of power. There is nothing unusual about the circuit itself, it being of standard radio

frequency pattern.

It is made by the Batteryless Radio Corporation, New York
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SIMPLICITY OF CONTROL

Is the keynote of this Ferguson receiver. The

two controls are for volume and sensitivity,

while a numbered revolving dial behind the face

of the panel enables one to write down the set-
tings for the various stations

others. It should be remembered that the
patent situation has no little influence on the
choice of circuits by manufacturers, and that the
regenerative, reflex, and super-heterodyne circuits
are more or less dangerous ground to tread upon.
As a matter of fact, a well designed three-tube
regenerative receiver will usually do as well, if
not better, than a five-tube radio frequency re-
ceiver, although its operation is more critical
and is not so well suited to lay operation.

There is little change in the reflex circuit, as the
original arrangement has been found quite satis-
factory. The number of tubes for commercial
reflex receivers is five or six, with two or three
control dials. The reflex receivers are arranged
for either antenna or loop operation. Some still
employ the crystal detector, while others have
gone to the tube detector which is simpler and
more stable in its operation.

While the neutrodyne circuit remains basically
the same, with the familiar three tuning dials,
numerous refinements have taken place in pro-
ducing the present season’s neutrodyne receivers.
The standard layout of five tubes has, in several
instances, been increased to six, with the addi-
tional tube employed either in the radio fre-
quency end or the audio frequency end. One
neutrodyne receiver now employs three stages
of tuned radio frequency, a detector, and two
stages of audio frequency, with but two tuning
controls. The antenna coupler tuning condenser
operates on one tuning control, while the three
remaining interstage condensers are ingeniously
coupled together and operated by a single tuning
control. The four radio frequency sections are
individually shielded, to prevent the interplay of
energy and to permit of increased voltage ampli-
fication. One neutrodyne manufacturer offers
a six-tube set, with the extra tube used in the last
stage of audio-frequency amplification, so as to
have two tubes in parallel to handle the increased
energy without distortion, even when employing
standard vacuum tubes.

The regenerative circuit has all but disap-
peared in present offerings, being retained only in
connection with the lowest-priced offerings.

The super-heterodyne is represented by just a
few offerings. This circuit, in its highly devel-
oped commercial form, is now offered in twor
popular models, a six-tube receiver and an eight-
tube receiver, both employing a decorative loop.
Also, there is an elaborate decorative set con-
taining an eight-tube super-heterodyne receiver
and enclosed loop, together with concealed cone-
type loud speaker and battery eliminator. This.
radio receiver, as it stands, is beyond doubt the
greatest achievement so far scored in radio re-
ception. Operating from the standard alternat-
ing current socket, without batteries of any
kind, this radio receiver produces remarkable
tonal quality in any volume from a mere whisper
to a beautifully modulated output that will filk
the largest hall. Antenna-operated receivers
still lead by a big margin, despite the large
number of loop type receivers.

L " T
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WHAT'S NEW IN RADIO
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the special vacuum
tubes now avail-
able for resistance-
coupled amplifi-
cation. More and
more 1t is coming
to be recognized
that the vacuum
tube is part and
parcel of a radio
circuit, and must
therefore be de-
signed for the
specific purpose in-
tended. There is
no such thing as a
universal tube.
The A. C. tube
has not as yet re-
ceived wide recog-
nition, although a
few sets have been

designed specific-
, ally for it.
A CABINET-MAKER S BOOTH
Unless the trend in present day design was toward a more beautiful receiver =~ THE IMPORTANCE
outwardly, it is obvious that the above exhibitor would not waste time and OF LITTLE THINGS
money at the show. Now the public wants a good cabinet for the receiver N LITTLE
things as well

BATTERIES OR NO BATTERIES—THAT 1S THE
QUESTION

VERY definite phase of this season's

offerings, as reflected in the New York
radio shows, is battery elimination. There are
many offerings which have for their object the
simplifying of storage battery operation, on the
one hand, and the total elimination of batteries
on the other. Some offerings are in the form of
complete receivers with self-contained battery
eliminators, but most of them are presented as
accessories, intended for use with any receiver.
Again, some offerings eliminate both A and B
batteries, and even the C battery; but for the
most part, merely the B battery is eliminated,
because, after all, that is more readily achieved
with satisfactory results than the elimination of
the filament battery.

Due to ingenious methods of recharging the
storage battery, this old-time radio device has
received a brand new lease of life. This season’s
offerings include various combinations of storage
battery and recharger, which do away with the
usual storage battery. An interesting develop-
ment is the trickle recharger, through the use
of which a storage battery is constantly on charge
at a very slow rate so that the current consump-
tion is virtually negligible. Certain it is that
these automatic storage battery outfits, if such
they can be called, restore the storage battery in
the good graces of the radio fan because of their
steady output of current and their relatively low
upkeep.

MORE AND BETTER TUBES THAN EVER

T 1S with keen satisfaction that we note the
tube developments for the coming season.
Instead of being limited to just a few types of
tubes for the various purposes encountered in
modern radio reception, the radio enthusiast now
has a wide range of vacuum tubes to choose from.
To the former standard tubes, now appearing
with the new standardized base, there have been
added power tubes for taking care of the last
stage of amplification in storage-battery as well
as dry-battery receivers. The growing use of
battery eliminators and power amplifiers has
also called for special tubes, such as rectifiers,
ballast tubes, special power amplifier tubes and
soon. To what extent the radio industry aims
to give the very best it possesses, is exemplified in

as big things, the keynote of the present radio
season is improved reception. With no startling
developments to monopolize attention, the radio
engineers and the radio manufacturers have
found time to concentrate on the numerous
details of radio.

Even a hasty survey of radio parts and acces-
sories discloses no end of refinement and
improvement. Condensers have undergone
marked changes, particularly toward the
straight-line frequency type of plate, which pre-
vents the crowding of radio stations at the lower
end of the tuning dial. Sockets have been
improved not only in mechanical details but also
toward better insulation, with the former metal
shell replaced by dielectric material. There is
a definite trend toward broken-away bases,
with the object of forming an air gap between
plate and grid to reduce possible leakage.
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And so it goes with all other parts, such as
rheostats, potentiometers, plugs, jacks, fixed
condensers, grid leaks, and binding posts, No
radical changes, please understand, but plenty of
evidence to prove that engineers and manu-
facturers have been hard at work.

LESS ACCESSORIES AND MORE SELF-CONTAINED
RECEIVERS

HE order of the day, if we read the signs

correctly, is a steady move toward self-
contained receivers. More and more the radio
manufacturers are coming round to the practice
of a single cabinet with batteries, loud speaker,
and, in some cases, wave interceptor, complete.
Thus what were once accessories now become
integral parts of the self-contained receiver, not
only making for greater efficiency, since all com-
ponents must obviously be better balanced in
such an arrangement, but also making for re-
markably attractive radio cabinets.

Then, too, there is a definite tendency toward
beautiful appearance, with all signs of radio
mechanism artfully submerged in the more ad-
vanced offerings. Thus the insulating panel
with its dials, rheostat knobs and jacks, has been
giving way to decorative wood fronts, with the
radio controls artfully blended with the general
decorative scheme so as to be inconspicuous.
The standard tuning dial and knob have dis-
appeared in many receivers, and in their place
we have ingenious controls in the form of drums
or rims which protrude through decorative slots;
or, again, we have small knobs which control
dials placed behind the panel, with just the
immediate readings appearing through small
windows. Some receivers have the tuning
controls entirely concealed from view, until they
are exposed by a drop front or other means.

Fortunately, however, this move toward
camouflaged radio is devoid of freak effects.
There are no radio receivers made to look like
pianos or ice boxes or reading lamps. The move
is a safe and sane one, which must go far to con-
vince Milady that she should have the finest
radio obtainable for that corner of the living
room. It certainly makes things lots easier for us
men who must sell the radio idea to Friend Wifef

BLACK BEAUTY

[s a title befitting the new Bosch Amborola receiver.

The cone type loud speaker shown in this

photograph, and exhibited at recent radio expositions, is the first of its kind to be made of wood



FIG. 1

The set-up of apparatus which is required to take accurate readings of audio transformer amplification o¥er the audible frequencies. At the left is

shown the audio oscillator which grinds out the signal whose frequency is known.

In the center of the picture may be observed several sizes of tuning

forks which, when struck, produce an audible signal whose frequency depends upon the mechanical make-up of the fork. At the right of the picture
is the recording apparatus for measuring the degree of amplification of the audio transformer under test

The Requirements for Better Audio

Amplification

How to Tell a Good Transformer by Its Curve—Comparing
Resistance and Transformer Coupling—The Right Tubes to Use

N SPITE of the fact that the audio-

frequency amplifier is one of the oldest

units of radio and telephonic recep-

tion, it is still the subject of much
controversy, and conflicting ideas are just
as prevalent now as they ever were. The
purchaser of coupling units for the audio
amplifier is confronted with a variety of
products to choose from, which are ac-
companied by as many different curves
taken under as great a diversity of condi-
tions. Then, after examination of the
characteristic curves, he decides on a par-
ticular transformer, resistance unit, or
choke, and installs it in his own receiver
where it operates either to his pleasure or
dissatisfaction.

There is just one sad thing about the
whole affair and that is that he is usually
satisfied with his arrangement, chiefly be-
cause the theory of the thing is right. The
ear is rather untrustworthy to some minds
and even though things may not sound just
right, the unsophisticated listener is apt to
recall the curves that he has scen on the
device, or some particular theory that he
has heard regarding it, and conclude that
the theory must be right and that his ears

By KENDALL CLOUGH

Research Engineer, Electrical Research Laboratories

are wrong. As a consequence, too many of
our homes are blessed with radio melodies
of a nature that would make the composers
as well as the artists blush with shame.

One of the first applications of the audio
amplifier was its use in telephone systems
for the amplification of the voice frequen-
cies. In this capacity, it was considered
necessary that the repeating devices used
between tubes should handle with equal
facility all frequencies between 200 and
2000 cycles per second. It has been recog-
nized that the transmission of music re-
quires a still greater frequency range, but
how much greater, the manufacturers’
curves do not seem to agree. It seems
that, to date, few of them have considered
the performance of their transformer or
other devices below 100 cycles per second,
and in some cases not that low. On the
upper range, we see some carrying their
curves up to 3000 cycles and some to as
high as 8000 or 10,000 cycies.

The chart shown in Fig. 2 may shed a
little light as to how great this frequency
range actually should be. Here the piano
keyboard is shown in full lines correspond-
ing to actuality, while an additional oc-

tave, which will be discussed later 1is
shown dotted. The heavy lines opposite
the names of the various instruments are
indicative of their frequency ranges.

The important point of this chart is the
fact that the piano notes involve frequen-
cies as low as 30 cycles. In addition, such
instruments as the bass viol and the tuba
have their entire ranges in the lower fre-
quencies thus making it imperative that
the audio amplifier be capable of magnify-
ing such frequencies if it is to be properly
designed. There are a few instruments,
such as certain kettle drums and organ
pipes, that sound at frequencies lower than
those shown on the chart, but these notes
are so exceptional that it is hardly necessary
to consider them for the average broadcast
program,

In the upper range of frequencies, the
piano continues to represent the extreme,
having a frequency of more than 4000
cycles at the highest note. 1t might appear
on first thought that it would be unneces-
sary to measure amplification at higher fre-
quencies, although, as mentioned previously,
some transformers will amplify efficiently
at considerably higher frequencies.
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It is a fact well known to musicians and
physicists that when an orchestral instru-
ment is sounded, there is emitted, not only
the fundamental note, but also frequencies
of double, triple, etc., the frequency of the
fundamental. These are ordinarily called
overtones by the musicians, and harmonics
by engineers. For example, suppose that
the note C, frequency 250, is struck on the
piano. Frequencies of 512, 1024, 2048,
etc., together with combinations of these
frequencies, will be present in the resultant
note. In general, the intensity of these
overtones will decrease in the order named,
but for a given instrument they will bear
a definite amplitude relative to the funda-
mental note played. 1t is the number
and intensity of these harmonics that en-
able the ear to distinguish between the
violin and the piano playing the same note.
These harmonics aid the highly trained ear
to tell the Stradivarius violin from others.
In other words, the harmonics and their rel-
ative intensities determine the tone quality
or color of the individual note. Experience
has shown that in order to retain with
fidelity the characteristics of the upper
notes that at least one harmonic must be
provided for in the design of the amplifier.
For that reason we will need to consider cer-
tain notes that are not actually on the piano
keyboard although they are heard. They
are shown in the chart by the dotted line
portion and by the notes of the staff above.

So the first point that we will want to
assure ourselves of in the purchase of ampli-
fying devices is that the characteristic is
desirable from 32 to 8192 cycles or more.

WHAT CURVES AND CHARTS MEAN

HERE is a considerable variation in

the appearance of response curves ac-
cording to the type of codrdinate paper
that is used in plotting the results of tests,
so that it is well when reviewing curves to
note what type of paper is used. To il-
lustrate this point, curves on two different
transformers have been plotted on three
different scales, such as have been used by
various firms. The full line in each chart
1s the characteristic of a very good audio
transformer while the dotted line repre-
sents a poor instrument. It will be noted
immediately that there is very little ap-
parent difference between the two as
plotted in Fig. 3a while a decided difference
is shown in Figs. 3b and 3c. The first
curve is plotted in the usual regular co-
ordinates and the third in what is called
logarithmic scale. The second, Fig. 3b,
is a combination of the two, frequencies
being plotted on the logarithmic scale and
the response or amplification in regular
scale,

There can be no doubt but that the scale
of frequencies should be plotted in logarith-
mic scale. The ““C’s” of the musical scale
have been marked off on the three charts
to show the absurdity of the use of regular
codrdinates for this purpose. Note in the
curve, Fig. 3a, how the octaves are crowded
at the lower end of the scale and spread out
at the upper end. In logarithmic scale,

THE REQUIREMENTS FOR BETTER AUDIO AMPLIFICATION

however, the various octaves of the musical
scale are each given equal importance and
are actually illustrative of physical fact.

There is yet some doubt as to the proper
scale to use in the plotting of amplification
in these characteristics. While the semi-
logarithmic scale is capable of differentiat-
ing between the good and the poor in trans-
formers, it would seem that the double
logarithmic paper gives a more accurate
picture of what may be expected in the
actual performanceof the instrument. This
opinion is based on Fechner’s Law which
states that “physiological response is pro-
portional to the energy involved in the
phenomena.” This means simply that a
sound pressure of 1000 dynes, for example,
will produce only three times the sensation
to the ear as would a sound pressure of 10
dynes, 1000 being the cube or third power
of 10. It would not produce 100 times as
great a sensation as might be expected.
Hence a full logarithmic scale in the plot-
ting of representative characteristics is
considered best.

Now, unfortunately, a given transformer
does not show the same characteristic
under a variety of conditions. Thus, not
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only will the characteristic be altered by a
change in tubes but also by changes in grid
and plate voltages with the same tube.
Furthermore, tubes of the same type do
not have the same characteristics at the
same voltages, so it is important that curves
for purposes of comparison bear a notation
of the types of tube used, the voltages at
which it was used in the test, and the ampli-
fication factor and the plate resistance of
the tube at those voltages. '

This variation of amplification charac-
teristic with change in tube constants is
a subject that holds remarkable possibili-
ties for the listener who is striving toward
perfection in reproduction.

The characteristic of a given transformer
is influenced by the amplification constant
of the tube only in the matter of degree.
That is, the amplification is high or low
in proportion to the amplification factor
of the tube provided the plate resistance
of the tube is unchanged. This explains
the fact that greater volume is obtained
from the use of the 201-a type tube, with its
amplification factor of 7.5 than from the 199
type with a factor of 6.0. It should not be

thought that the use of some of the new
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FIG. 2
A most interesting graphical comparison of the frequency range of a piano and other musical instru-

ments,

Even though there is overlapping of the ranges covered by these instruments, the particular

tone by which a certain type of instrument may be identified is produced by a combining of the
overtones emitted with the fundamental tone
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high-Mu tubes would be desirable with
transformers on this account, however,
for there is another consideration in the
case.

That consideration is the plate resistance
of the tube. It is a difficult if not im-
possible thing in vacuum tube design to
produce a tube having a high amplifica-
tion constant and a low plate resistance.
Hence we find that the high-Mu tubes have
an almost correspondingly high plate im-
pedance which produces an exaggeration
of the effect illustrated in Fig. 4. Here
are shown curves of the transformer pre-
viously referred to with a tube having an
amplification factor of 7.5 and values of
plate resistance of 5000, 10,000, and 15,000
ohms as marked. This instrument has a
remarkably high primary inductance which
causes it to produce high amplification at

RADIO BROADCAST

to increase the bias on the first stage to
4% volts, the curve would be modified to
that marked 15,000 ohms, for we have in-
creased the plate resistance to that value
by the use of a high bias.

It would not be wise to increase the bias
beyond 1} volts unless required to by the
tests described by Mr. Crom, for we would
only be impairing the quality at the low
frequencies.

On the other hand we might decide, after
listening very analytically to our speaker,
that the low frequency instruments cannot
be heard with quite the volume relative to
the other instruments that we would hear
them if actually in the studio. In this case,
unless the loud speaker has a decided dis-
crimination against the low frequencies
there will be some advantage in operating
two 201-A tubes in parallel as shown in
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such proportions that a single 201-aA will
not handle it without some tube distortion.
Therefore, the low plate resistance of two
tubes or of a power tube in the last stage
will allow the plate circuit to deliver more
energy to the loud speaker at the low fre-
quencies.

RESISTANCE-COUPLED AMPLIFICATION

ONSIDERABLE material has been

published on the improvement of
reproduction at the low frequencies to-
gether with various means for attaining it.
Among these the claims of the various
manufacturers of resistance couplings are
predominant. While it is true that the
theory of the resistance-coupled amplifier
attributes to it the property of uniform
amplification at all audible frequencies it
can be shown by test that the average

Fig. 5. The combined plate  resistance-coupled amplifier, as merchan-
Gt a0 oV cv impedance of the two tubes dised, does not do very well with the low
i : : would be reduced to 5000 notes. This is due principally to the low
B 5; [ = i ohms and we would obtain  capacity of the coupling condensers advo-
;H : : /l -\—'— =tr=="
” | e e oL L b —
o / | FIG. 3
5{' il %3 ] I Here are three curves, A, B, and C. They are all for the same two transformers. It is
i 1A ) ' evident that by using one kind of cross section paper, the curve can be made to look as
220 —a 1 5 o
a1 ll though the transformer measured was very good and amplified well over the frequencies
e :} I I TUBE 201-A desired. From an inspection of the three ways in which a transformer curve may be
S :.I”{ : I Apfﬂtl"“g“,ﬁm Fﬂlcg"&gghms indicated as presented here, it is obvious that the curves in Fig. 3A are not honest in
= t'{', I : l m'.me,ﬁ;ﬁ‘,e 5.0 comparist_)n to those shown in B and C. In Fig. 2 we saw that the tones and sounds we
= i nl { " {  Piate Voltage  90.0 are most interested in ranged from about 32 to 4000 cycles. Yet by presenting a curve
='| ! ! [ GridVollage -05 as in A, attention is subtly centered upon the flat portion of the curve which deals
10 ity T ! mostly with the high notes. The amplification at the lower frequencies is negligible
P : ! compared to the higher frequencies. In B this condition is corrected somewhat by the
f 1' ! | use of logarithmic cross section paper where the frequency is plotted on a logarithmic or
| l I : octave scale. H_owever, the amplification indication is not of the same scale. The scale
b ! ! employed in C is favored by many as the true way to represent response curves for
ol [ I ! audio transformers. H_ere the frequency increases on_the !oga_nthm_lc or octave scale,
0 1000 2000 3000 4000 5000 6000 7000 8ooo As it is played on a musical instrument. Also the amplification in 3C is plotted logarith-
FREQUENCY-CYCLES PER SECOND mically which is probably the way in which the ear hears sounds
FIG. 3-A o Ca__C ) c [ o - A
bt . . 0
/_/ iR { cated in such amplifiers, whose i1m-
the low frequencies, but note that the 23 pedance at 30 to 6o cycles bf;corr.les
amplif_ication falls off at the_se fre- T /,’ | :o hlfgh afs toltprevtt:)n:har;uceceeec;ilr\:e
quencies as the plate resistance = Pt 2 "‘1;5 erTo A0 l“lge s - h'g
increases, due to lack of balance g A,,A A tu it he only ;eme y forl this
between the plate resistance and the g AT = condition 1s ‘fn the Useh (l)f arger
transformer impedance at those fre- & S TUBE 2A Co_“de?se"; of d"om 0“‘}’1 a hto eI
quencies. This slump of amplifica- 2, i Amitcaion e 15 4] rr;lcro arad, anl_ S8 1 enht ere a;e
3 H esis!
tion on the low notes would be /'.’ Fisa Valage£0 often certain lm}‘t;litlons tbat. mihe
aggravated with the_high amplifica- . 4 Grd Voluge -0 || guzﬁfgl):)f"?fpis;éu:ti;ﬁ go’ggle is
Hon _tube§ and, while the over-all il a well designed transformer-coupled
amplification would be very good at L0 i I l ! 8
the high frequencies the low notes Yo 2 oMo B0 2 3 4 36781000 2 3 4 5678100 amplifier.
would receive almost no amplifica- GRS AR (22 s et
tion with consequent unnatural re- FIG. 3-B 100 ¢ ¢ ¢ cm v v
. . T . T
production. 80 = - = . ] R
Our particular interest in these curves o | ; Hi— -
lies, however, in the fact that they repre- the curve shown for that figure ps | ot | ] I B
sent particular possibilities in regard toselec  on the chart. Or, we might use %[~ T T 13 -

tion of tubes. The curve, Fig. 4, marked
10,000 ohms would be indicative of the per-
formance of this transformer when used
with a 201-A tube with go volts on the
plate and a negative grid bias of half a
volt. This tube and these voltages would
be very satisfactory for operation in the
first stage as the grid of the tube would
never become sufficiently positive on
moderate signals, to introduce the kind of
distortion discussed by Mr. Crom in the
October Rapio Broapcast. [If we were

a single 216-A tube with some

sacrifice in amplification (am-
plification factor 5.6) but with

the same quality. The grid bias
in the second stage should not
be omitted due to the risk of the
grid becoming positive and

AMPLIFICATION

+—— Amplification Factor 7.5 =t 1 =l]

_____ Plate Resistance 10,000 Ohms |
Filament Voltage 5.0

+——— Plate Voltage 90,0
Grid Voltage  -0.5
LLLys :

drawing current as described in
Mr. Crom’s article. Hecre, how-

Vi

ever, the use of semi-power tubes 1o
is desirable, for the output signal
from the first stage has rcached

20 30 405060 80100 2
FREQUENCY CYCLES PER SECOND

.3 45678100 2 3 5 6781000

FIG. 3-C
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The principle of these limitations is the
inability of the resistance amplifier to over-
amplify the high frequencies. It has been
the writer’s experience that the average
loud speaker discriminates against the high
frequencies in such manner as to make it
desirable that the amplifier supply a little
more energy at these frequencies than at
the low or medium frequencies.

In addition, in the more selective receiv-
ers the detector output shows a falling char-
acteristic, that is the low frequencies are
louder than the high, due to the tuned cir-
cuits of the radio amplifier cutting the side-
bands of the transmission. This effect is
illustrated roughly in Fig. 6, showing the
output characteristic of a regenerative
detector. Hence the desirability of being
able to amplify the high frequencies to a
greater degree than the low tones.

It is not the contention of the writer that
all transformers are good in this respect.
The majority of the transformers on the
market show such ineffectiveness at the
low frequencies that it is impossible to
offset their characteristics. One particu-
lar transformer on the market
is very poorly designed as
evidenced by the fact that
at 125 cycles it ceases am-
plifying entirely and from
there down is actually nulli-
fying the amplification ob-
tained from the tube. From
30 to 60 cycles, an octave in
the bass of the piano, it ac-
tually attenuates the signal
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FIG. 6

Briefly, this curve shows that as regeneration is
increased the response on the higher frequencies
is reduced

a transformer over the entire frequency
range of the piano becomes very evident.
There are several transformers on the
market suitable for low frequency repro-
duction and among these is the transformer
whose characteristic is shown by the solid
line in Fig. 3c. The extremely good ampli-
fication obtained at the low frequencies is
made possible by the use of a novel core con-
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tubes’ ability to amplify, so
that any note in this octave
would actually be louder at
the detector output than at
the output of the amplifier.

Input

to a greater extent than the

Unfortunately there are sev-
eral transformers on the mar-
ket that have similar char-
acteristics, so the necessity of
knowing the characteristics of

FIG. §

By paralleling the elements of tubes as shown, the effective

plate impedance is reduced to one half the value of one tube.

However, this arrangement does not increase the amplification
but does increase the power output of the amplifier

struction known amongpower

engineers as the cruciform.
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The advantage in this type
of construction is the fact
that the magnetic flux de-
veloped by the windings is
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almost completely confined
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to the iron core, with the
_ result that the primary in-
H ductance obtainable with a

L

given amount of iron is
higher with consequent bet-
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FIG. 4

Simply because a tube is called high-mu it does not follow
It is difficult, in high-mu
As the value of mu,
shown here, increases, the plate impedance increases.
the curves shown above it will be observed that as the plate
Impedance is increased the amplification falls off correspond-
ingly. However, when high-mu tubes are used in a resistance
audio amplifier, the story is entirely different

that better amplification will result.
tubes, to obtain a low plate impedance.

ter transformation at the
low frequencies. Fig. 7 shows
the manner in which the flux
leaks out into the surround-
ing space with the more usual
core construction, while with
the cruciform construction
the coil is so completely sur-
rounded by iron that the
leakage is negligible.

From
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EDITOR'S NOTE

N THE October, 1925, Rapio Broan-
l CAsT, an article by George C. Crom
reviewed certain considerations of
audio frequency amplification which are
quite fundamental. Some of the readers
of this article may not have seen Mr.
Crom’s remarks, and so, reprinted below
are several paragraphs dealing with the
requirements, as Mr. Crom sees them, for
distortionless amplifier operation. These
conditions apply to the amplifier tube it-
self:

First—The filament of the tube must be
operated at a temperature high enough to
supply all the electrons resulting from the sum
of the direct plate current and its audio fre-
quency component. The majority of good
tubes give this necessary electron emission at
low temperatures such as that resulting from
4.5 to 5.5. volts across the filament of a five-volt
tube.

Second—The plate circuit should have suffici-
ently high impedance. This high impedance
straightens out the curve which is usually re-
ferred to as the operating characteristic, and is
explained in Paragraph 60 of Thermionic
Vacuum Tubes, by Van Der Bijl. The dis-
cussion there is too involved to be detailed here.

Third—The grid must be maintained negative
with respect to the filament so that at the posi-
tive peaks of the signal-voltage wave, apprecia-
ble current does not flow to the grid. 1f current
does flow to the grid, it pulls down the plate

FIG. 7

The lower illustration shows the flux leakage
prevalent in most transformers. This condition
can be remedied by the intelligent use of iron
cores situated as shown in the upper sketch
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- ' necessarily true, for
' individual tubes vary
widely.

Fourth—the plate volt-
age must be high enough
so that the plate current
can faithfully follow the
grid voltage. The plate
voltage must force the
plate current through
the resistance of the ap-
paratus in the plate cir-
cuit and still apply
enough voltage to the
tube, so that on the
maximum negative sig-
nal voltage on the grid,
some plate current will
still be flowing. In other
words, the negative

FIG. O

This is a detailed view-of the audio-frequency oscillator.
switches on the front of the panel allow the adjustment of the instrument
to frequencies ranging from 30 to 100,000 cycles with three inductance
The large white coil at the right is the coil for the medium range
frequency. Note the phones attached to the small pick-up coil used for
picking up the tone of the oscillator for comparison with the standard
fork. The large fork at the left has a pitch of 32 cycles and near it is a

coils.

fork of 64 cycles

current and causes a bend in the operating
characteristic curve, that is, the positive peaks
of the plate current waves are cut off. As cur-
rent flowing to the grid must pass through the
transformer secondary with its many turns, it
may saturate the transformer core, pull down its
amplification, and thus cause distortion in the
transformer. The value of the C battery neces-
sarily depends on the structure of the tube used
and upon the signal voltage. This is not

COLIBRATION RESISTANCE

peaks of the plate cur-
rent waves must not be

The dial and  cut off.

These conditions
sound complicated,
but they are not when
stated simply. The
first is: use good
tubes and keep vour
A battery charged. The second is: use good
transformers. The third and fourth are:
use the proper value of C battery for the
signal voltage at the grid of each tube,
and a plate voltage which corresponds to
this C voltage.

The most satisfactory method, and also
the easiest, for determining these last two
conditions is to put a milliammeter (d. c.,

JANUARY, 1926

of say, o-15 milliamperes range) in the plate
circuit of the amplifier tube under investi-
gation and observe the plate current while
the strongest signal that is to be received
is going through the amplifier. If the C
battery voltage is not high enough and
positive peaks of the plate current are cut
off (and current is flowingin the grid circuit),
the plate current will decrease with a strong
signal. Increasing the C battery will pre-
vent the grid from going too much positive.

If the plate voltage is too low (inthe
opinion of the writer, it usually is) and the
negative peaks of the plate current are
being cut off, the current will rise on a
strong signal. Increasing the plate volt-
age will remove this difficulty.”

In an early number, we expect to publish
an article about audio frequency trans-
formers which should be of deep interest to
everyone in the radio field. We shall
show many curves of the electrical charac-
teristics of audio transformers, taken in
Rapio BroabcasT’s Laboratory. This
feature alone should be very interesting
because with so many transformers on the
market, it is difficult for the untutored
buyer to know just what transformers have
the characteristics he wants. The article
will explain how the transformers are
measured. Some needed light will be
cast on the disputed effect of the use of
shunt condensers and resistances in audio
transformer circuits. The effect of the C
battery on transformer operation will be
carefully covered.

INPUT DUMMY FILAMENT
FOR VACUUM TUBE THERMOCOUPLE | [TReS!
YT RESISTANCE RP. VOLTMETER
_ TRANSFORMER ~LOAD IN PLATE CIRCUIT
goE:TI%AL\m':EPJg 0.C. MILL.VOLTMETER CEUEL TGSl METER IN OUTPUT
slpallL (INPUT METER) VOLTMETER OF VOLTMETER

FIG. 8
A close-up which is self-explanatory of the recording apparatus

TUBE
AMPLIFIER

TUBE




Additional Notes on the Model 1926

Recelver

How to Employ Impedance- or Resistance-Coupling in the All-Wave
Receiver—How Quality in the Loud Speaker Can Be Bettered by Coup-
ling the Output Tube to the Speaker Through an Auto-Transformer

HIS year we find attention con-

centrated upon the improvement

of the reproducing quality of the

radio receiver, rather than upon
its sensitivity and selectivity as in past
years. There is very little reason why this
problem should require any very great
concentration or experiment upon the part
of the enthusiast or listener desirous of
building his own, since equipment is avail-
able upon the market for audio amplifica-
tion purposes which will permit of nearly
perfect reproduction.

In the November, 1925, Rapio Broap-
cAsT there appeared a description of a re-
ceiver developed by McMurdo Silver which
possessed ample selectivity and sensitivity,
and consequently was admirably fitted for
the incorporation of any type of audio
frequency amplification desired by the
individual builder. In this article, a
standard two-stage transformer-coupled
audio amplifier was considered, while in
the present article, methods of improving
this amplifier, the use of resistance and
choke coupling, and the application of the
new power tubes are considered.

THE ORIGINAL AUDIO AMPLIFIER

N THE November article, the receiver

was shown with a two-stage audio ampli-
fier using Thordarson 3}:1 audio trans-
formers. These transformers are remark-
ably satisfactory, though they -do not
wholly satisfy one
condition necessary
for distortionless
amplification—
which is that the

[

By ERNEST R. PFAFF

than 10,000 chms, while the lowest frequency
at which the condition stated above is
satisfied will be in the neighborhood of 175
cycles, since the tube impedance for a uv-
201A is approximately 12,000 chms. There-
fore, it is obvious that above 175 cycles,
substantially distortionless amplification
will be obtained, while below this frequency
the gain will fall off rapidly, until some of
the lower notes below 50 cycles suffer
badly.

The reproduction from practically any
audio transformers used in an amplifier
can be very appreciably improved by care-
ful and judicious attention to small de-
tails, such as by-pass condensers, proper
operating voltages for the tubes used,
shunt resistances and shunt plate feed ar-
rangements. A most excellent discussion
of such features will be found in Mr.
Crom’s articles in the October, 1925, RApio
BroacasT.

A point not stressed by Mr. Crom is the
use of shunt resistances across audio trans-
formers secondaries, as well as small by-
pass condensers across these windings.
Grid leaks of from .05 megohms on up to
.5 megohms shunted across audio trans-
former secondaries will invariably help to
stabilize an amplifier, and at times will tend
to improve its quality of reproduction.
Small condensers ranging from .ooo! to
.0005 mfd., shunted across the secondaries
of audio transformers will tend to bypass

Tip of Plugs

primary impedance
of the interstage
transformer should
exceed by three
times the output
impedance of the
tube feeding into it
at the lowest fre-

Input tofetector

[
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VWA

quency to be han-

some of the higher frequencies, with the
net result that in many cases the reproduc-
ing qualities of the amplifier for low notes
seem materially improved. This, how-
ever, is only apparent improvement since
it amounts to decreasing the high fre-
quencies to the same volume as the low
notes. A combination of resistance and
capacity shunt is also frequently helpful.

Where a high plate voltage is used on an
audio amplifier, the last stage should not
include the loud speaker directly in the
plate circuit of the tube. This is because
the normal direct plate current would flow
through the speaker, to which would be
added the alternating signal component.
In many cases the handling capacity of
loud speakers is decreased to one-half or
one-quarter what it would normally be by
this arrangement. A much more satis-
factory arrangement is to feed the plate
supply directly to the plate of the tube
through a high inductance choke, such as a
Thordarson autoformer, and then shunt the
loud speaker in series with a .5- or 1.0- mfd.
condenser from plate to filament. In this
way, the direct current component is fed
through the choke and kept out of the
speaker; only the alternating signal com-
ponent reaching the speaker windings.
Thus, the value of signal required to satur-
ate the speaker is that normally required,
instead of, with the usual connection, the
normal value minus the direct plate current
—often several
times the alternat-
ing component.

If it is desired to
use a shunt feed
system in several
different stages of a
receiver, the choke
and condenser can
be permanently
connected to the
speaker and set,
and one side of the
speaker plugged

.5to 1. mfd.!

350 H
Choke (X

O

U

[o2)

dled. The primary
impedance of the

34:1 Thordarson
transformer at 50
cycles, which may
be considered as the
lowlimit of frequen-
cies to be repro-
duced is a bit less

B+ B*¥ - A- A-
Det. Amp. ¢ B-
c+

FIG. 1

The circuit of a transformer-coupled audio amplifier showing how the output coil and con-
denser constitute a separate unit which insures correct functioning of the loud speaker

e (9 > 5 ) T o S e 1 ) e e

into the different
stages at will. Fig.
1 illustrates a mode
of connection which
can be applied to
any amplifier.

In this case, the
join between the
choke and conden-

r_.____
I

Speaker Cord and
Condenser Permanently
Connected
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FIG. 2

"That part of the circuit to the left is the tuner section of the receiver described by Mr. Silver in November Rapio BRoOADCAST.

To the right is shown

two types of audio amplification, the lower is resistance coupling while that above is the regular transformer audio amplification described last month.
This circuit shows how one may be substituted for the other

ser connects to the tip of a phone plug
only, the sleeve being left free. The ar-
rangement will be found quite helpful.

RESISTANCE COUPLING

WHILE resistance coupling has been
popular for quite some time, this is
the first season where indications point to
a general appreciation of the merits of this
system by the listening public. Unques-
tionably, resistance-coupled audio amplifi-

RF.T. RF.T.

3 5 3
ANT.

cation will give as fine quality of repro-
duction as it is possible to obtain, and
contrary to general opinion, it is not ex-
tremely wasteful, either from the power
consumption standpoint, or the quantity
of apparatus necessary to render this sys-
tem the equal of a good transformer am-
plifier so far as voltage gain per system
goes.

A three-stage resistance-coupled ampli-
fier made up of standard parts, operated on

135 volts, using proper tubes, will give
about the same amplification that may be
obtained with two transformer stages
operated on go volts. The actual B bat-
tery consumption figured over a period of
time is no greater than that of the trans-
former amplifier, though it is true that the
initial battery cost is higher by 50 per cent.

Mr. Silver’s six-tube receiver with a re-
sistance amplifier is at its best, for the
quality of reproduction is truly splendid.

R.F.T. AUTOFORMER AUTOFORMER AUTOFORMER
5 mid 5 mfd 5 mfd
5 3
) ¥
E E
x x
B B B
6 4
.
5mid 6 OhmRheo. 5 mid
B+90 B+45 A- B-C+ At C-4%
FIG. 3

= -

———

A complete circuit diagram of the receiver employing impedance-coupled audio ampliﬁcatiop. The various features described
in the text, such as modulation control on the r. f. secondary and impedance amplifier coil, are brought out here prominently




