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RADIO /g TUBES

Be guided by a name that has meant absolute tube
integrity for the past fourteen years. s The name
is Cunningham — choice of the American home.

E. T. CUNNINGHAM, INC.

NEW YORK CHICAGO SAN FRANCISCO DALLAS ATLANTA

Manufactured and sold under rights, patents and inventions owned and/or controlled by Radio Corporation of America
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“RADIO,” August, 1929. Vol. XI, No. 8. Published monthly by Pacific Radio Publishing Co.. Pacific Bldg.. San Francisco, Calif. $2.50 per year. 25 cents per copy.
Entered as second class matter at Post Office at San Francisco. Calif., under the Act of March 3, 1879.
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HE demand for TRIAD is

sweeping along to tremendous
proportions — and TRIAD quality
has done it! Quality that eliminates
all guesswork from tube buying and
selling; quality backed by an actual
bonafide guarantee of six month’s
perfect service or a satisfactory
adjustment. Every dealer knows
what that means — reduced service
calls, easier and quicker sales,

greater profits and absolute satis-
faction for him and his customer.
Here is the greatest achievement in
radio tube history — accomplished
by a group of nationally-known
pioneers in the industry. The
TRIAD Line is complete, including
even Television and Photo-Electric
Cells. Don’t delay — send in your
stock order now. TRIAD customers
won'’t accept substitutes.

Call your jobber or write us direct for complete Triad dealer information

TRIAD MANUFACTURING CQ., Inc.
Pawtucket, R. 1.

West Coast Factory Representatives:
W. J. NOEL
508 Eddy Street
San Francisco, Calif.

“Ask for the
2 tube in the
V . yellow and
i black

triangular

J. A. CASH
Pioneer Bldg.
Seattle, Wash.

Tell them vou saw it in RADIO
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CANTO SERIES

is NEW
MRAD Z/ne
SE/1S;

HE opinion of Amrad Distributors

expressed with emphatic enthusiasm
in the May Convention has been cor-
roborated by Amrad dealers in every
section of the country.

Here is a radio line, out of the intensely competitive
field—yet priced reasonably enough to sell readily.

It wins on appearance — for Amrad Consoles are
beautiful examples of master furniture design; it
wins on examination — for every detail of the
chassis is engineered with painstaking exactness;
it wins on demonstration for the tone is a marvel
of rich, full, loveliness — the finest tone in radio!

Built-in full floating dynamic speakers; screen grid
tubes in three stages; eight tubes including two
powerful 245 tubes in push pull; extra heavy con-
struction; four tunéd circuits for maximum
selectivity ; special audio system. The most notable
product of 1929,
THE AMRAD CORPORATION
MEDFORD HILLSIDE, MASS.

J. E. HAHN POWEL CROSLEY. J&.
President Chairman of the Board

There are still open dealer territories for
authorized Amrad dealers. Write today
to Dept. UX for full details.

Tell them you saw it in RADIO



THE BEL CANTO

SERIES

" —

Modern sliding door cabinet of diamond
matched Oriental Walnut, and other fine
Uses standard Amrad shielded
grid chassis with R. C. A. 106 Dynamic

woods.

The SERENATA

Speaker. 1

Tae DUET

Combinatipn electrical radio
and phoncgraph. inspired by
the firest Art Moderne fur-
niture. Of Oriental Laurel,
with Macassa Ebony base
rail. Includes the R. C. A.
106 Dynamic Speaker built in
cahinet,

Each
Amrad
model has
phonograph
pick-up
attachment.

The ARIA

Selected Butt Walnut Veneer,
with African Walnut over-
lay. New ultra-sensitive
Amrad chassis using shielded
grid tubes; equipped with
Dynamic Speaker.

Prices
slightly
higher West
of the
Rockies.

The SYMPHONY §
Beautiful cabinet of Art Modcrne
design. Front and sides veneered
in highly fizured East Indian Laurel
Wood, with base rail of Macassa
Ebony, decorated with inlays of
ebony and holly. Uses 8 tubes.

29,

Tell them you saw it in RADIO




‘X\ “SEMI-AUTOMATIC”
@ TUNING

S

1930
BROWNING — DRAKE

Five tuned circuits—nine tubes
Tuned antenna

Push-pull audio (245 power tubes)
Power Detection (plate rectification)
Hum Eliminator

Dial in kilocycles and stations
Band-pass filter effect (10 k.c. selectivity)
A.C. screen-grid and heater type tubes
Mershon trouble proof condenser

10. Voltage regulation adjustment

11. Power unit integral part of chassis

12. Hand rubbed satin Duco finish

13. Large size (12 in.) dynamic speaker
14.  Phonograph and short-wave connection.

830-K0A
820 -WHAS

S e Chanl s e el

Six models, table and console, ranging in price from
$98.00 to $172.50

(Prices slightly higher avest of the Rockies.)

Kilocycles and important stations on the dial!

WE ARE proud to announce this as the leading feature of the finest receivers
we have ever produced. Nearly a million and a half people all over the world
listen in on Browning-Drake receivers, and no other set has ever commanded the
enthusiastic popularity of a vast radio amateur following.

Located in a new plant with a production capacity of over 1500 sets per day in a
district famous for the skill of its precision labor, we are equipped to make, month
in and month out, scheduled shipments of the highest quality merchandise. The
Browning-Drake exclusive franchise is fast becoming one of the most profitable
in the industry.

Tell them you saw it in RADIO




LL signs point to the outstanding pop-
ularity of the small console for 1930,
convenient and artistic in size and more
economical than table models with asso-
ciated equipment. This attractive num-
ber uses the standard chassis, both heater
tube and screen-grid types, with dynamic
speaker and *‘semi-automatic” tuning.
The cabinet has a Satin Duco finish on
selected walnut and American gumwood.
Dynamic speaker. Dimensions, 38 x

26 x 14.
LIST PRICE

Model 64 (heater tubes), $137.50
Model 54 (screen-grid), $142.50

e ——— E—

i

THE modern large console de-
sign for 1930 carries the body
of the cabinet much lower than
former highboy types, is of
slender, graceful lines and uses slid-
ing rather than hinged doors.
These features are outstanding in
the beautiful console model fea-
tured as the Browning-Drake
leader. Exquisitely figured and
matched walnut paneling, in Satin
Duco finish, contributes to a
beauty of appearance which re-
flects the performance of the in-
strument itself. Cabinet work by
one of the oldest New England
piano manufacturers. Dynamic
speaker, ‘“‘semi-automatic” tuning.
Dimensions, 46 x 27 x 15.

LIST PRICE
Model 65 (heater tubes), $167.50
Model 55 (screen-grid), $§172.50

| g

BROWNING-DRAKE CORPORATION
CALVARY STREET, WALTHAM, MASS.

California Representatives: Factory Sales Agencies Co., 508 Eddy Street, San Francisco and
2700 South Hill Street, Los Angeles

Tell them you saw it in RADIO




T ROVED superior in the most criti-
/ég/g:\? cal scientific tests known to Amer-
i “ﬁm ica’s leading radio laboratories the
@%E%E; %k New Jensen Concert Dynamic
“5“:]5 LA Speaker won their immediate en-

dorsement. Sixteen manufacturers
at the R. M. A. Show last month announced their new
radio receivers equipped with Jensen Electro-dynamic
Speakers.

Individually, they in co-operation with Peter L. Jensen
have adapted this speaker to their own specific re-
quirements. Collectively, they have established a new
era of berter reproduction and Jensen has answered the
demand of an industry for finer tone quality and
greater dependability.

Equally as complimentary are the manufacturers of
phonographs, talking moving picture equipment and
other sound reproducing apparatus who find their
requirements answered with either the Jensen Standard,
Concert or Auditorium Speaker.

Jobbers and dealers will find new impetus to the
sale of dynamic speakers separately or in radio furniture.
And, of course, radio receivers Jensen equipped will
sell better.

An attractive schedule of net prices is available to
all members of the trade on this most complete line of
speakers offered with eight, ten and twelve inch cones.
List prices range from $25 to $55 on DC models and
from $32.50 to $70 on AC models. Cabinet models
range in price from $42.50 to $100.

LICENSE UNDER LEKTOPHONE PATENTS

ensen

FLECTRO-DYNAMIC SPEAKERS

<l

JENSEN RADIO MANUFACTURING CO. - 6601 S. Laramie Ave., Chicago, Ill. » 212 Ninth St., Oakland, Cal.

Tell them you saw it in RADIO
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YOU CAN

VVVeVYVY

SEE WITH

YOUR OWN EYES
WHAT MAKES

EVEREADY

RAYTHEON TUBES
SO MUCH BETTER

PICK UP an Eveready Raytheon
Tube, ER 227, for instance. See the
unique, patented 4-Pillar construc-
tion, imbedded at the bottom in a
solid, four-cornered glass stem, and
at the top anchored to a stiff
mica plate.

Only Eveready Raytheon Tubes
use this 4-Pillar construction.

Now you can see why Eveready
Raytheon Tubes come to you with
all their power intact, for the ele-
ments within have not been dis-
torted by the bumps and jars of
shipment. The customer, carrying

themhome, cannot injure them.

These unique tubes give the user
a degree of radio service he has
never experienced before. More
volume, better tone, greater dis-
tance, quicker action. Now is the
time to sign up for Eveready
Raytheons.

NATIONAL CARBON CO., INC.
New York, N. Y.

Branches: Chicago, Kansas City,
New York, San Francisco

Unit of and Carbon
Union Carbide Corporation

= Y V VVVVVVVVVVVVVVVVVVVVVVN
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SJENSATIONAL OFFER ON
A. C. PADIO RECEIVEL...

Priced to Sell!

A FEW HUNDRED ONLY .

Chassis by one of nation’s
largest radio manufacturers

Electro-Dynamic Speaker by Jensen

BEAUTIFUL WALNUT CABINETS

| Here Is What You Get—

TABLE MODEL

For A marvelous value. The same chassis as is used
in the console model. Built by one of the
$45 largest radio manufacturers in the U. S. Sold
direct to dealers by us at a ridiculously low
price. There is more value in this receiver than

in others costing more. ORDER ONE TODAY.

PACIFIC “"MERIDIAN” CONSOLE

A great value. $72.00 for this console, com-
plete with the 9-tube chassis (including rectifier) NET PRICES
For and the {\IISIIS\I’I'SE%electﬁo-dynamic spegker. The
price is d e sell at a one-profit price— ) :
$72 DIRECT TO DEALERS. Prices do not include 78 R e L B
tubes. We guarantee the tone quality, per-
! formance and appearance of this console to be

The
prices quoted at NET, with all dis-
counts deducted. You can make your

3 g . own list price—mark up your own s
superior to anything in its price class. N =t yhun s 12beH oni ihe
| receivers. )
S
Deliveries PACIFIC RADIO
357 Twelfth Street
At Once! .
No delays in shipments. We have these Each Set Fully Guaranteed Against
receivers fully;ssem}aled and tetstetd.‘ A rig:ld Mechanical Defects .......... I
inspection and performance test is made
before the receiver is shipped to you. YOU TAKE NO CHANCES ... .. P

Tell them you saw it in RADIO



You Cannot Match These Prices
for Such Superlative Performance

This Is Unquestionably the
Greatest Value in Radio

EIGHT TUBES (AC) and rectifier—
nine tubes in all. All electrical com-
ponents are scientifically shielded. Four
R.F. tubes and push-pull audio. Maxi- :
mum selectivity. Enormous volume. 1 : el
Faithful, undistorted tone. Tuning L
condensers shielded and mounted
on cast aluminum block to in-
sure rigidity. Inductance coils
shielded in beautifully bur-
nished copper casings.
Console: 24" wide, 15"
deep, 38" high. Table
model: 25" wide, 16~
deep, 12" high. Jen-
sen electro-dynamic
speaker used in con-
sole models.

CONSOLE BEAUTY

y A console in walnut. Beautiful

SULMOCK .in appearance and very sturdy
in  construction. The finest
kind of cabinet work.

CONSOLE COMES TO YOU
COMPLETE WITH THE . . ..

ENSEN

ORDER A SAMPLE RECEIVER ELECTRO-DYNAMIC
NOW! . ..

Buy Direct—Save Money—Get Value! SPEAKER
Telegraph your order for one of these re-
”,

ceivers now. No delays. We have but a
limited number of sets available. When they

are sold at these low prices there will be ”, ©
no more. », o
EX :i/e ship l{anywhf;e by ’ R ‘d’\o
IMMEDIATE o & N
SHIPMENTS . .. S O
anywhere. \)Q)9 (\b‘ ‘AO be?o\\‘\”o
Oakland, California F PR =
& ot =
. . o o9
Mail Ovrders Shipped Same Day o5
Received When Possible . . . . . e -
o (@) 8 =)
Prices Are F. O. B. Oakland RGN P by
' X3 t\o D) c\\ S\o N
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P A puts wings on

muted notes
ODERN musicians in their search for orig:nal effects use muted
instruments more than ever before—and thus lessen the power

of music to penetrate the distant corners of large ballrooms.

This difficulty has been overcome entirely at the Marigold Ballroom,
Minneapolis, Minnesota, where the orchestra music is picked up by a

microphone which delivers it through a PAM installation to loudspeakers
placed in remote corners.

Thousands of ballrooms need PAM equipment today and wide awake
dealers will see that they are supplied.

A new 16-page bulletin giving mechanical and electrical characteristics,
representative installations, and many new PAM amplifiers will be sent
upon receipt of 10 cents in stamps to cover postagz. When writing ask

for bulletin No. R10.
amonf/gﬁé'@

Main Office: u: Factories: Canton and
Canton, Mass. Watertown, Mass.
Manufacturers Since 1882
PACIFIC COAST OFFICES:

327 Tilden Sales Bldg. 324 North San Pedro Street 2607-11 Secord Avenue 637 East Broadway
SAN FRANCISCO, CALIF. LOS ANGELES, CALIF. SEATTLE, WASH. PORTLAND, ORE.

MARIGOLD WARGaLD ™

DANCING

Leasd TSN AL SEA A"

Tell them you saw it in RADIO
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Besides these

BASIC PATENTS

824,637
824,638
836,070
836,071
841,386
841,387
879,532
979,275

1,201,373

1,230,874

1,311,264

1,329,758

1,437,498

1,453,267

1,507,016

1,507,017

1,567,260

1,612,440

there are 228 others issued

and more pending.

All De Forest Audions

are manufactured under
DE FOREST patents

“De Forest” is the best known name in
radio. De Forest Audions are made under
patents owned by De Forest Radio Com-
pany—patents which under license arrange-
ments with De Forest Radio Company make
possible all the radio vacuum tubes manu-
factured and sold by all other companies
under known trade brands.

Only De Forest Audions are produced
under supervision of the man who in-
vented the first radio, Dr. Lee De Forest,
“the father of radio.”

Every day thousands of Audions are pro-
duced in the great De Forest plants in
Jersey City and Passaic, New Jersey.

The close and rigid tolerances demanded
of every De Forest Audion establish stand-
ards of comparison by which the perform-
ance of other tubes is judged.

The latest ichievements from the
De Forest [Laboratories are the improved
Audion 427 A-C heater type, delector-am-
plifier and A-C Screen Grid Audion 424.
These two radio tubes render direct cur-
rent operation practically humless by rea-
son of a shielded cathode, first lintroduced
by this company.

Make a tome-test comparison between
“high vacuum” De Forest Audions and the
tubes you are now using for demonstration.
We will welcome it.

DE FOREST RADIO CO.
JERSEY CITY, NEW JERSEY

Branch offices locared in

New York St. Louis Denver
Philadelphia Fittshurgh Kansas City
Boston Chicago Los Angeles
Atlanta Detroit Seattlo
Dallas Minneapolis

Tell them you saw it in RADIO



TONE QUALITY

An Outstanding Feature of All General Amplifiers

MODEL GA-15

[ A two-stage power amplifier employing one 227, two 245

power tubes in push-pull and one 280 rectifier. Will
deliver approximately 4.5 watts of undistorted energy to
the reproducer. Suitable for the home or other moderate
sized installations.

Price (less tubes) $85.00

MODEL GA-20

A three-stage power amplifier incorporating dual push-
pull. The tubes required are one 227, two 226s, two 250
power tubes and two 281 rectifiers. Will deliver approxi-
mately 14 watts of undistorted energy to the reproducers.
Suitable for apartment house, theatre or other service re-
quiring extreme volume reserve.

|  Price (less tubes) $225.00

[ MODEL GA-30

A three-stage power amplifier employing two 227s, two
250 power tubes in push-pull and two 281 rectifiers. Will
deliver approximately 12 watts of undistorted energy to
the reproducers. As in all other General Amplifiers, no
output device is required.

r‘

HE manufacturer and the pur-

chaser of “Sound Projection”
equipment realize the important re-
lationship of the power amplifier to
the satisfactory performance of the
complete assembly. The rapidly in-
creasing demand of the general public
for finer tone quality necessitates im-
proved design in all associated equip-
ment. This demand has been success-
fully met in General Amplifiers.

Created by an engineering staff whose
sole aim has been to give the public the
best in power amplification. Built by
men thoroughly experienced in their
construction and operation. A product
of merit is the result.

Sound engineering and inbuilt quality
together with the incorporation of
many distinctly unusual features have
made possible this line of power ampli-
fiers of unrivalled performance and
tone quality. From the faintest whisper
to tremendous volume absolute faith-
fulness in reproduction is maintained.
Volume, tone fidelity, stability and ser-
vice are assured with General Ampli-
fiers.

Our engineering staff, specialists in the
design and manufacture of power am-
plifiers to meet specific requirements,
are always pleased to cooperate with
you in your problems of audio ampli-
fication.

These and other models, not illustrated,
are fully described in our Bulletin R3,
which will be sent on request.

GENERAL AMPLIFIER COMPANY

27 Commercial Avenue, Cambridge, Mass.
MAKERS OF HIGH-GRADE POWER AMPLIFIERS

Tell them you saw it in RADIO




AMPLION OFFERS THE LATEST PUBLIC ADDRESS EQUIPMENT

Amplion Giant Dynamic
Largest Ever Made
Air Column Unit

Microphone Amplifier

Furnishes one stage of Audio Frequency
Amplification and the direct current en-
ergy for the Amplion Microphone from
110 volt 60 cycle A. C. current. Will

Built especially for public address and t
operate into any standard power amplifier.

band repeating in large halls, theatres
and open spaces. Designed to operate on
an output of 10 to 30 watts of undistorted
power. Field supply 114 amps. at 6 volts
D. C. This giant Amplion Dynamic Unit
(weight 20 pounds) is capable of range
and volume heretofore unattainable in
any Unit, and is the largest ever built.
\ i
LN
et
4 L
T
ok F &

e

Amplion Exponential
10 ft. Air Column Horn

Double Stand Diesk Stand

Specially designed to reproduce the hu-
man voice and orchestral music in talking
picture and group address installations.

Amplion Microphone

Finest instrument in Europe or America,
is equal to the finest scientific instrument
made costing four times as much. It is
a sensitive Carbon Microphone free from
carbon noises. For broadcasting, theatre
or public address use. With the use of
Amplion Microphone the signal strength
is greatly increased and tone quality is
retained. Stands shown furnished only
when ordered extra.

Amplion Dynamic Cone
Chassis

(PMS-2 Standard) A. C.-111 is designed for a
direct current—field supply of
6 volts—with step-down input
transfornmer, audio input cord
. and field supply switch. The
Moving Pictures field draws one amp. from a

6-volt storage battery, or other

field magnetizing supply. Tull

Amplion Cabinets for Amplion Electric

Phonograph Pick-up

Specially designed for the new electrically

Cabinets contain 2 i vave trickl -
motolrs AlS: C(l?:ltains t:f::b:e iec“ll'c 318003 stclxagee cll]a"’trff;. may e recorded phonograph records. Has per-
5 P or Ampl- Diameter of cone—9 inches. manent field magnet of special cobalt

fier. Amplien electric pick-up and control
board for fading one piece of music
into another, or making instantaneous

Chassis over all—height 914
inches.

Overall width—11 inches.

Overall depth (front to back)

steel which makes possible a high mag-
netic field in a small space. Tone arm
is adjustable in length, to accommodate
the new 16-inch records, made for talking

switches. —734 inches. picture use.

FOLDER AND COMPLETE INFORMATION ON REQUEST

Tell them you saw it in RADIO L&



CYears Ahead a.f Its CJime!

Band Selector Tuning ~

HE first important departure from conventional tuning systems is the band selector, invented by Dr. F. K. Vreeland

and developed by Paul Ware, of neutrodyne fame. The band selector admits the entire broadcast channel through the

radio frequency amplifier, so that the full range of tone frequencies is equally amplified before it reaches the audio-frequency
system. Conventional tuned radio frequency amplifiers with sufficient selectivity to meet modern conditions cut off the higher
frequencies, producing the familiar “radio effect.” With Ware reception you enjoy, for first time, the full magnificence of
radio reception, the low tones in their powerful richness and also the high frequencies essential to brilliance in musical repro-
duction and good articulation in speech, undiminished in volume. The band selector makes the receiver unresponsive to signals on
neighboring channels, offering a degree of selectivity unattained heretofore with any commercially built receiver.

A.C. Screen Grid Tubes—~

Of course the Ware Electric employs alternating current screen-grid tubes. More
than this, it employs them in their full effectiveness, attaining an enormous multi-
plication of the incoming impulse. A small indoor aerial gets down to the noise
level under midwinter conditions. The Ware radio frequency system offers greater
amplification than four efficient stages using three-element tubes. The noise level,
however, is far lower because only two tubes contribute “amplifier hiss.” Conse-
quently, the Ware receiver offers distant reception beyond comparison.

245 Power Output Tube—~

The mere use of a powerful output tube is of itself no assurance of efficient per-
formance, for most audio-systems with several watts of electrical energy in the
output circuit can radiate only a fraction of that power acoustically. The Ware

audio system, while employing a power detector, has not gone to the extreme of eliminating one audio stage and therefore its
output volume is only restricted by the handling ability of the power amplifier tube which is many times greater than the require-
ments of any home. The total power drawn from the power line, however, is but half that of many well known radio receivers.

Priced from $195 and up. Console Model No. 10 with RCA 106 Dynamic Reproducer (illustrated) priced at $280.

WARE MANUFACTURING CORP.

TRENTON, N. J.

NEW YORK OFFICE: 480 LEXINGTON AVENUE
NEW YORK !

14 Tell them you saw it in RADIO
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THIS NEW BOOK TELLS YOU HOW!

OU need Ferranti’s New Book to build the

latest, most approved heavy-duty Power

Amplifiers for every purpose. Crammed with
the combined knowledge of the most experienced
Power Amplifier Engineers. The last and best
word on Power Amplifiers for engineers, con-
structors, installation men and everyone interested
in radio’s latest development.

10 Amplifier Hookups and Diagrams

Follow the diagrams and instructions exactly. You can
produce Power Amplifiers for every purpose as fine as it
is possible to build . . . Power Amplifiers with the most
astonishing natural reproduction . . . with high gain and
flat response level, capable of operating several speakers
at maximum volume. You can build Power Amplifiers
using the UXi171, UX250 and even
the very new UX 245 type tube. That’s
how late this book is!

Build Amplifiers for Profit

Schools, hotels, theatres, stores, hospi-
tals, public auditoriums, churches, ball
parks, and factories are calling for
Power Amplifiers. You can make

FERRANTI, Ltd.

Hollinwood, England

’\___/
/’\

FERRANTI, Inc.

130 West 42nd Street, New York

N Vrvedons POWER

AMPLIFIERS

FOR RADIO RECEIVERS—
FOR PUBLIC ADDRESS
SYSTEMS AND OTHER

AMPLIFYING USES

BUILT FROM A
FERRANTI DIAGRAM

money supplying the demand. Or you can build a complete
Public Address Svstem and rent it out at a high figure.

A demonstration will sell any outfit you build accord-
ing 1o the diagrams in Ferranti’s New Book.

Exhaustive tests by engineers and experts in repro-
duction have definitely established the superiority of
FERRANTI Engineered Power Amplifiers over the best
of the available commercial power amplifiers.

Use FERRANTI Transformers
to Improve Any Amplifier

Acknowledged the finest obtainable audio transformers,
FERRANTI Transformers are used exclusively byengineers
when the highest tone quality and most natural repro-
duction are demanded.

FERRANTI Transformers have low self and mutual
capacity in addition to low magnetic leakage. These are
but 2 of many reasons why they are demanded by en-
gineers and others working to high standards.

FERRANTI Transformers are in-
comparably finer than the best of
ordinary commercial transformers.
There's a special FERRANTI Trans-
former for every audio and output
requirement. Insist on FERRANTI
Transformers from your dealer. Send
T-O-D-A-Y for FERRANTI'S New
Power Amplifier Book.

FERRANTI ELEC., Ltd.

Toronto, Ont., Canada

PACIFIC COAST REPRESENTATIVE . . . . . THE SPECTOR CO.. RIALTO BLDG. . . . . . SAN FRANCISCO, CAL.
——————————————————————————— cCcOUPON-————( - — — —————————————
FERRANT], Inc. [ Ferranti’s New Book on Power Name.......... LB i B R N B .
130West 42nd St., Suite 161, NewYork City Amplifiers 15¢

Gentlemen:—1I enclose. ...c in coin for [ Ferranti’s 1929 Year Book on VAT &S, i EXI SN » T N o it s E 3 ) 4w aimims e
which please send me post-paid the book Audio Amplification, 15¢
or books checked to the right. 25¢ for both Gl W e s PP Pcmn: WP, . mikwmnbnddd State =



You Can Spend a Lot More and Get Less
—But You Can’t Spend Less and Get More

ALUE in radio equipment is like value in everything else. You can
get a lot of quality at small cost if you know how to choose.
The safe way is to follow the leaders—do what the engineers
do; buy what they buy. Electrad invites you to select your voltage
and volume controls on that basis—because radio engineers the
world over know that the name *“Electrad” on a resistance
symbolizes perfection at the lowest possible price.

TRUVOLT All-Wire Super-TONATROL
RESISTANCES High-Power Volume Control
ADJUSTABLE
¥  SUDING
6 cup

A é,/ Cioston

% ‘/{ 1034104
N

U. S. Pats.

.\ U. S. Pat. «
1676869 and >
% ./ Pats. Pend. " :

) . 1034103-
U. S. Pat. & W= 1034104-
1676869 and 1593658 and
Pats. Pend Safest for your eliminator of A new Electrad development Pats. Pend.

power pack because patented
construction makes for  onp0f of high voltages, with
greater durability and satis-  rapid heat dissipation in
faction. Resistance wire is  oycess of five watts, un-
first wound on an asbestos-  equalled smoothness and
covered enameled copper  Jurability beyond all ex-
core, then this in turn  psoctations. Resistance
wound on a grooved, element fused to an
fire-clay base. This gnameled metal base.
means a cooler unit Pure silver floating
that holds its rated  contact that improves
value. The sliding  with use, owing to
clip—an exclusive  minute silver deposit
Electrad feature—  on the resistance.
permitsconvenient  Seven types with

without a parallel. Perfect

TRUVOLT va.riationi:ZZStoclll( uniform or tap- TO RO
| sizes, for a ered . 82.40
Variables usual needs. t© $3.50. IO L

Volume Controls

Same superior construc-

tion as fixed type, with

the addition of a handy

control knob and variable

contact arm for fine ad-
justment. Due to unique
winding, the contact trav-

els endwise over the resist-
ance wire, giving smoother
operation with less wear.

ELECTRAD, INC..
Dept. PR8, 175 Varick St.
New York. N. Y.

Please send data on:
TRUVOLT Resistances,

Super-TONATROL.
TONATROL LINE.

A complete line of volume

controls for all types of
receivers. Rugged con-
struction means long wear.
The finest of insulating
materials and a smoothly
operating mechanism that
regulates volume and tone

One-hole mozlintlnfg, Name (oo ‘;'hlsper e and ton
t frame and perfor power of your amplifier.
ealtI(::::l{y ventilating l)shleld Address y P

Made with or without
filament switch attached.
$1.50 to $3.00.

Greatly simplifies elim-
inator construction. 22
stock sizes. $2.50 each.

175 Vvarick St., New York, N.Y.

CTRAD

AANAAAAAANANANANANAAN NI N € AN

Western Representatives:

905 Mission Street

UNIVERSAL AGENCIES
SAN FRANCISCO, CALIF.
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-Are You

By Service Problems?

Read How One ]obbcr Helps

His Dealers

By J. EDWARD JONES
Manager Service Department, Leo. J. Meyberg Co.

0 wHOM should a dealer look for
I help when his service men run up
against a stump, if not to his job-
ber? This means that the successful
radio jobber should maintain a competent
technical staff and well-designed testing
equipment so as to be able to answer
questions and to do jobs that are bevond
the capabilities of the dealer’s organiza-
tion.

Furthermore, such a service depart-
ment should be the clearing-house from
which is distributed technical informa-
tion about radio apparatus and means
for overcoming the various disturbances
to radio reception. At least, this is the
way that the writer regards his job and
consequently judges that others will be
interested in how the work is done by
one successful jobber in California.

Any repairs can usually be made very
readily if the cause of the trouble is
known. The first thing to be done, be-
fore trying to cure a sick radio set, is to
diagnose the case. So we consider that
the testing apparatus is the most impor-
tant equipment in a radio service depart-
ment.

T’he minimum equipment should in-
clude oscillators for both radio and
audio frequencies, tube testers, and con-
tinuity testers. An attenuator and vac-

Stumped

uum tube voltmeter will also be found
useful, if for no other reason than to be
able to give to the ever-inquiring boss,
salesman or customer an opinion based
upon known facts.

Much of the effectiveness of this
equipment depends upon the manner in
which it s arranged so as to expedite
performance. We have mounted all of
our equipment on one large frame, as
shown in the accompanying illustration.

This frame holds eight units or panels.
l—an audio-frequency oscillator, 2—a
radio-frequency oscillator, 3—an attenu-
ator, +—a 180 kc oscillator, 5—a con-
trol panel, 6—a vacuum tube voltmeter,
7 and 8—tube testers. The circuit ar-
rangements are shown in detail in the
schematic diagram on the next page.
Power for operating these various units is
supplied from an a.c. source through the
usual tvpes of transformers, rectifiers and
filters, which are mounted in the rear of
the panel. In the rear also is an imped-
ance-coupled audio-frequency amplifier
designed to give as uniform a frequency
amplification curve as possible.

In the lower left-hand panel, No. 1,
is a beat note a-f oscillator which has a
continuously variable output of from 30
to 10,000 cycles. This consists of two r-f
circuits in which 26 tubes are used to

RADIO FOR AUGUST, 1929

generate the r-f oscillations. The two
circuits are identical in all respects ex-
cept that the grid coil of one is tapped
and shunted with a .0005 uf variable
condenser for variation of the beat note
of a-f output. A pickup coil, shunted by
a capacity bridge, is coupled to the un-
tuned oscillator circuit and applies the
a-f current to the grid of a '27 mixer
tube. The output of the mixer goes to a
pair of tip jacks on the panel and may
be used for testing the characteristics of
a-f components, amplitiers or loudspeak-
ers, or for modulating the r-f current
emitted from the r-f oscillator in panel
No. 2.

This r-f oscillator employs a *27 tube,
getting plate and heater supply from the
power pack through switches on the con-
trol panel, unit No. 5. The grid circuit
1s coupled to the plate and pickup coils,
the latter being a part of the only tuned
circuit. Minimum grid bias is supplied
by a 2000 ohm fixed resistor between
grid and ground and may be added to
by an increase in a 2000 ohm variable
resistor between ground and cathode.
Carefully designed r-f and a-f filters
are placed in the plate lead, and the
plate voltage may be varied by means of
a 20,000 ohm variable resistor in this
lead. The output of the a-f amplifier.
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through a 20 uf condenser, is connected
to a potentiometer in the plate lead of
the r-f oscillator, making it possible to
modulate the latter with the amplified
output of the a-f oscillator, a radio set,
phonograph or any other source. Tip
Jacks are provided for a modulated input
that does not need to be amplified, and
another pair of tip jacks provide outlet
connections.

Panel No. 3 houses an attenuator
which is used to measure the strength of
an a-f or r-f signal. It is used in con-
junction with the vacuum tube volt-
meter in panel No. 6 and contains a
four-tap decade resistance block shunted
by a .0005 pf variable condenser for fill-
ing in between taps. A 0-125 thermo
milliammeter is connected in series with
the input leads, upon which a reading of
100 ma gives voltages specified by the
taps in the resistance block, namely, .001
to 1 volt. A reading of | ma with the
tap at .001 would indicate 10 microvolts.
The variable condenser further reduces
this to 1 microvolt.

"The 20 ohm resistor, 50 ;h choke and
.00025 uf condenser connected in series
ir the output lead constitute a dummy
antenna with an effective height of +
meters. This is used in testing sensitivity
of receivers in microvolts per meter.

Just below the attenuator panel is an
180 kc modulated oscillator designed
especially to test Radiola i-f transform-
ers and amplifiers. This unit employs a
’26 tube as a generator, with a 10 ma
plate meter in the circuit to show reso-
nance. A Kellogg 4 p.d.t. switch in the
plate meter circuit connects the meter to
a pair of tip jacks, making it possible to
use it for other purposes. Another
4 p.d.t. switch allows the choice of two
separate oscillatory circuits; one for =
180 kc and the other for a range of
from 500 to 1500 kc, both being mod-
ulated at about 500 cycles by the grid

leak and condenser. This makes it possi-
ble to test the r-f circuits of a 180 ke
superheterodyne as well as the i-f stages
and provides a simpler method of match-
ing coils and gang condensers than that
provided by the precision instrument in
panel No. 2.

No. 5 is the control panel, having
plate and filament switches for the beat
note oscillator tubes, r-f oscillator, mod-
ulated oscillator, audio amplifier, vac-
uum tube voltmeter, all tube testers and
the 110-volt line. It includes a 0-150
volt a-c meter which is used constantly
across the line in order to advertise any
change in test conditions. T'ip jacks and
a switch are provided in case this meter
is desired for another purpose, and a 50
ohm power rheostat is used in series with
the line for regulation of- voltage fluctu-
ation. The 114 ampere meter in this
panel is so located for convenience, be-
ing connected to a pair of tip jacks.

‘T'he vacuum tube voltmeter shown in
the sixth section has numerous uses, most
important of which are the tests of a
receiver’s sensitivity, selectivity, overall
gain and fidelity. To determine the sen-
sitivity of a receiver in microvolts per
meter a modulated signal is applied
from the oscillator, the vacuum tube
voltmeter being connected to the re-
ceiver's output. Then the attenuator is
connected to the input circuit and ad-
justed until the voltmeter gives a read-
ing indicating 50 mw. A reading in
microvolts is taken direct off the attenu-
ator and divided by the number of me-
ters in the antenna, which in this case
ts 4. This value, the uv/m necessary to
give an output of 50 mw is the nearest
to a standard yet devised and gives a
satisfactory comparative check on the
sensitivity of any receiving set.

Selectivity is judged by measuring the
voltage output of a receiver when tuned
to resonance with an incoming signal

(preferably from the modulated r-f os-
cillator) and again at certain points off
resonance. Several points should be plot-
ted on each side of the resonance peak
and a curve drawn to show relative
strength of signals =+ 35 kc either side
of resonance. Measuring overall gain or
the gain or loss of any unit is merely a
matter of using the attenuator and vac-
uum tube voltmeter in the input and out-
put circuits respectively and comparing
results. To get a fidelity curve on a-f
apparatus the beat note oscillator is con-
nected to the input and varied over the
calibrated scale, readings being taken at
each frequency to be plotted. To judge
the overall fidelity of a receiver it is
necessary to modulate the r-f oscillator
with the beat note oscillator, varying the
former only when curves are wanted at
more than one radio frequency. A 2215-
volt battery is used for plate supply to
the vacuum tube voltmeter tube, two re
sistors allowing a double range for the
instrument.

Four switches and four sets of tip
jacks are mounted on the left of the volt-
meter panel, although they have nothing
to do with the latter. “These, as may
readily be seen, merely constitute a com
parator system for several loudspeakers.
The center switch connects the receiver
output to the primary of a 25 to 1 step-
down transformer, the secondary of
which may be connected across the gal-
vanometer in the tube-testing unit.

Panel No. 7 is for testing rectifier and
ballast tubes. T'wo 0-200 milliammeters
give simultaneous readings on both plates
of a type '80 rectifier, while only one is
used for the '81, and cne 0-3 ammeter
indicates the effectiveness of either a 76
or an '86 ballast tube. A screw and a
strip of brass form the “socket” for the
ballast tubes, making it unnecessary to
screw the tube into a base.

(Continued on Page 54)

Front View of Test Panel
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ARITHMETIC of a

G

HE purpose of a power pack is to
I supply electric current at the volt-

ages necessary for the various tubes

in a radio receiver or a phonograph <
amplifier. The alternating current ordi- Z

narily available at 110 volts, 50 or 60
cycles, must be rectified and filtered for
use as plate or grid supply, and must be
stepped up for high plate voltages and
stepped down for filament voltages by
means of a power transformer.

The first problem in the design of a
power pack is the determination of the
amount of high voltage direct current
which it will be called upon to supply.
This depends upon the number and types
of tubes in the receiving set which is to
be used with the power pack.

The amount of plate current which is
drawn by any tube depends upon its ef-
fective plate voltage, increasing as the
plate voltage increases. The effective
plate voltage E, depends upon three
factors: the supply voltage E,. the oper-
ating grid voltage E,. and the ampli-
fication factor mu. The effective plate
voltage, with negative grid voltage, is
numerically equal to the supply voltage
minus the product of the grid voltage
and the amplification factor.

M.A.

5 8 R

PLATE CURRENT
S

O o o

80

PLATE VOLTAGE

Fig. 1. Characteristics of °71 Tube
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transformers

By J. E. SMITH

President, National Radio Institute
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Fig. 2. Characteristics of °26 Tube

In Fig. 1, for example, are shown the
plate currents, as well as the amplifica-
tion factors, corresponding to various ef-
fective plate voltages in a 71 power
tube. For a plate supply of 180 volts,
a grid supply of 40 volts, and an ampli-
fication factor of 3.2, the effective plate
voltage becomes:

E,— (E.—FE,)=—(180—3.2x40) =
180—128-—52 volts. By referring to
Fig. 1 it will be seen that the plate
current corresponding to 52 volts is 16
milliamperes. In actual practice the mu
of a ’71 tube is often about 3, so that

(umless ‘Power-Pac

[ How to figure plate current
drain, resistors chokes and

-

(o

of perhaps 1700 ohms. With 3.1 m.a.
this would cause a voltage drop of /R —
(3.1 x 1700)=-1000—=5.3 volts. Con-
sequently the effective plate voltage
would be decreased by this amount and
the plate current correspondingly de-
creased.

Fig. 3 gives similar information for a
'27 tube used as an amplifier. If used
as a detector in a grid-leak circuit with
45 volts on the plate, its plate current
{s given as 2 m.a. in the tables of tube
characteristics.

Consequently the plate current and
voltage demand on a power pack which
is to supply a six-tube set using three
'26 tubes as r.f. amplifiers, one 27 tube
as detector, one 26 tube as audio ampli-
fier, and one 71 tube would be:

No. and

Type of Plate  Grid Plate
Tubes Volts  Volts mu  Current
3—"26 90 —6 8.2 9.3 m.a.
1—'27 45 Grid-Leak ... 2.0 m.a.
1—'26 90 —6 8.2 2.6 m.a.
1—'71 180 —40 3 20.0 m.a.
33.9 m.a.

Thus the rectifier and filter must be

designed to supply the set with 33.9 m.a.
at 180 volts. In addition it must sup-
ply a maximum negative grid bias of

E,— (180—3 x 40) - 60 volts, for which Rl 3
the corresponding plate current is 20 _; 7 iEaEal. =
m.a. = 6 o ~
Fig. 2 shows the characteristics of a T =
'26 tube, such as often used in the r.f. — 5[ 1| 05
stages with 90 volts on the plate and 6 5 H—=H— P&
volts on the grid, the mu being 8.2. For & 4 { 8~
such conditions the effective plate volt- 2 Hreet—H Ue :—2
age 1s: T i ol e o 1l S
E,— (90 —8.2x6)—(90—49.2) = w /% = e 4 T
40.8 volts. For this voltage the plate < et T ey 2
current is seen to be 3.1 m.a. ai | ! | *‘ T H: .__::._T.:Q =
If the 26 tube is used as an audio 0 R TR ] <
amplifier, its plate circuit will include 0 20 40 60 80

the primary of an audio frequency trans-
former, which may have a d.c. resistance
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Fig. 3. Characteristics of '27 Tube



40 volts and must also take care of the
losses in the resistances which are used
te reduce the supply voltage necessary
for the various tubes.

4 woltage divider which can be used

to supply the plate and grids of the six-
tube set mentioned is shown in Fig. 4.

fwM f/jéMMf;
fofd/'OR

GRID BIAS AF § R JUgr S.
Q_GRID BIAS 171 TUAE

Fig. 4. Typical I'oltage Divider

Its resistance losses are readily figured.
The plate of the '71 tube requires 20
m.a. drawn directly from the 180-volt
terminal and returned to —B without
loss. All the rest of the plate current
for the various tubes must flow through
R, at whose terminal 9.34-2.6 m.a.
(or 11.9 m.a.) are drawn off at 90
volts for the ’26 r.f. and a.f. tubes and
returned to —B. The remainder of the
current will flow through R.,, at whose
terminal 2 m.a. will be drawn off at 45
volts for the ’27 tube and returned to
—B. Some current must flow through
R; in order to establish a voltage drop
across it and to provide stable opera-
tion. This may be arbitrarily taken as
15 m.a., which will give a convenient
size for R, and be suitable to the cir-
cuit design. This gives a total of 33.9
-4 15 — 489 m.a. to be drawn from
the filter.

The resistor values necessary to give

quired for the voltage divider specified
are:

Resistor Voltage Current Resistance
R, 90 .028% amp. 3110 ohms
R. 45 .0170 amp. 2650 ohms
R 45 .0150 amp. 3000 ohms
R, 6 .0489 amp. 123 ohms
R 34 0489 amp. 695 ohms

A conventional two-stage filter with
a full-wave rectifier appears in Fig. 5.

RECTIFIER

v

with L., R;, R. and R.. After drawing
off 20 m.a. for the power tube, 28.9
m.a. are left to pass through the second
choke L,. At the 90-volt terminal 11.9
nia. go to the r.f. and a.f. plates and

at the 45-volt terminal 2 m.a. to the
detector plate. The value of the resist-
ances are now:

Fig. 5.

The two choke coils are assumed to have
a d.c. resistance of 800 ohms each. They
carry a current of 48.9 m.a. (or .0489
amperes). Each causes a voltage drop of
800 x .0489=39 volts. Consequently the
voltage across the first condenser is
the sum of these two, the plate voltage
and the grid voltage--39-1-39- 180+
+0— 298 volts.

Instead of using a series arrangement
in the voltage divider, several commer-
cial power packs secure greater economy
in the use of available voltage and cur-
rent and reduce a.c. hum by employing a
parallel-series arrangement as in Fig. 6.
Here the plate current for the '71 power
tube is taken from the end of the first
choke so that L; and the plate-filament
circuit of the power tube are in parallel

Conventional Taco-Stage Filter

FILTER
+180 KLTS
(TAKE 20 14)
*90 /019’
(TAKE 11944)
—— + 45 1/
R3 7;4/('[? id)
1;4 S
5§ _q s
Voltage
Resistor Drop Current  Resistances
R, 45 017 amp. 2640 ohms
R. 45 .015 amp. 3000 ohms
R 6 0289 amp. 208 ohms
R, 40 .0489 amp. 819 ohins

In the economical design of a filter
circuit another consideration is the sub-

—M———— T/ PLRTE

=Ig
;= R 21 %0
’L 45
—— RZ‘E' -BRO
q C'Q .Rs}% -6 "ﬂ./’”
st P

Second Step in Dewvelopment of
Economical Filter

Fig. 7.

#90 0 AFS RF 3”’ '_)1
#4510 PETEGTOR ]
—B FROM FILS AFRF § DET

~6v GRID BIFS Af S RF

177

the required voltages are figured from L =40v GRID BIAS 17/ Tigs SONER
Ohm’s Law R- /I, when R is the re- TUBE
sistance in ohms, E is the voltage drop, %
and I the number of amperes. A milli-
ampere is .001 ampere. The values re- Fig. 6. First Step in Dewvelopment of Economical Filter
ﬂ%ﬂ’ 0 171 AATE flt‘iltgti.on ;;f a.resistolr for L., as in (1;‘1;1 7
p his 1s effective under certain conditions
LA + 9% e and saves the cost of an expensive choke
I 2 _LC’; - coil. If L, and L. are 800-chm chokes
i ; the voltage required across C. is equal to
< Bg E‘ the voltage drop in L; plus the plate and
¢ 7 R, _6 grid voltages on the '71 tube. These are
71 S i equal to (800 x.02) 4180 + 40 — 236
23 -40 TRANSE. volts.  The circuit in parallel “1th C,
e - consists of R-|-R, RH—R R,. The
£ - ] | 171 FUBMENT voltage aLro;*—R ;I}:en is equjl_ to 236—
r— A (45445 6 1 40) — 100 volts. As
E % .0289 amp. is to be carried its resist-

Fig. 8. Circuit Diagram of Economical Filter
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ance should be 100—.0289 — 3460 ohms.

Further decrease in current consump-

21



tion, and consequently further elimina-
tion of hum, can be obtained by elim-
inating R, and obtaining 45 volts for
the detector plate through R; which is
placed in parallel with the 90-volt sup-
ply to the r.f. and a.f. plates in Fig. 8,
both being connected to the —6 volt
terminal of R.. This should give
(96—45) =51 volts across R;, which,
since it carries .002 amp., should have a
value of 51-=—.002—25,500 ohms.

It has already been shown that there
are 236 volts across C. and 100 volts
across R which carries 11.94-2—=13.9
m.a. Consequently R should have a
value of 100=-.0139—7200 ohms. The
total load current is 20 m.a. (for the
’72 tube) +11.9 m.a. (for the r.f. and
af. tubes) 42 m.a. (for the '71 tube),
a total of 33.9 m.a., as compared with
the 48.9 m.a. in the original circuit. The
voltage drop across L, is 800 x .0339
27.12 volts. So the voltage necessary
across C,==27.12-4-236--263.12 volts.
As R. must produce a drop of 6 volts
for a load of 11.9 m.a. its resistance is
6—+.0119-—-504 ohms. Likewise R;
has a resistance of +0—-.0339—1180
ohms.

Grid bias resistances are ordinarily
obtained by letting the plate circuits of
one or more tubes develop a voltage
drop across a resistance. Thus in Iig.
9 1t will be noted that the grid voltage

Voltage drop in L;—3800 x .0466—
37.2 volts.

Necessary voltage across C,=37.2-
236—273.2 volts.

Necessary voltage across C;=1201
6—126.

Necessary voltage across C,—904-6
—96.

Volts Curreht
Resistor Across R Through R R
R, 110 26.6 4140
R. 30 5 6000
R. 50 2.5 20400
R, f 241 249
R, +0 20 2000

Elimination of hum. When an alter-
nating current is impressed across the
plate and filament of a rectifier tube

Fig. 10. Full-Wave Rectifier Circuil and
Rectifier Voltage

whose plate is kept positive with respect
to the filament, current will flow in only
one direction. If the rectifier has two

plates 4, and 4. in Fig. 10, 4, will be

Thus the voltage £ which changes the
condenser in the full-wave rectifier cir-
cuit of Fig. 10, has a frequency of 120
cvcles when the supply is 60 cycles. But
the condenser tends to smooth out the
pulsations so that the voltage e across its
terminals contains much less of a ripple
than does E. This is illustrated in Fig.
1i. The reason for this is that the con-
denser is being charged while E is in-
creasing and is discharging while F 1s
decreasing. The instantaneous discharge
veltage from moment to moment tends
to neutralize the decrease in the charg-
ing voltage so that the condenser output
voltage is steadier than the input voltage.

The mathematical equation which ex-
presses the relation between E and e
shows that for any given frequency and
load resistance R the amount of steady
d.c. voltage depends upon the value of

() ®B)

Choke Coil and Choke Condenser
Connection in Filter

Fig. 12.

the condenser C, e becoming smaller as
C becomes larger. Experiments show
that there is no especial advantage for
this purpose in having C larger than +

DET

!

|

& 771 FILANENT

g
12 ‘

& 706 FILANENT

€ 707 FILANENT

for the r.f. and a.f. ’26 tubes are ob-
tained from their combined plate cur-
rents, although the circuit design re-
quires a higher plate voltage for the r.f.
tubes than for the a.f. tube. The grid
voltage for the ’71 tube is obtained from
its own plate current.

To calculate the values of the volt-
ages and resistances in this circuit will
be instructive. Let it be assumed that
800-ohm chokes are used, that the r.f.
tubes have 120 volts on their plates and
6 volts on their grids, the a.f. tube 90
and 6, and the ’71 tube 180 and 40. Let
it further be assumed that the current
drain of three r.f. tubes is 21.6 m.a.,
the a.f. tube 2.5 m.a., the detector 2.5
m.a., and the '71 tube 20 m.a., a total
of 46.6 m.a. Then:

Necessary voltage across C., — 16 |-

180 40—236 volts.

22

Fig. 9. Current Supply System to A.C. Receiver

positive with respect to the mid-point of
the transformer secondary during one-
half cycle and A4, will be positive during
the other half cvcle. Consequently such
a tube will pass a unidirectional cur-
rent whose frequency is twice that of the
supply voltage. If the rectifier uses but
one plate the frequency of the rectified
current will be the same as that of the
supply voltage.

RECTIFIED VOLTRGE,

BENSER Vorraek| | OS]

Logizi] 1

il ARTIFED FOLTARE ST

mfd. and that 2 mfd. capacity sufhces
fcr many cases. But still more filtering
is necessary to reduce the ripple voltage
before it can be impressed on the tube
plates without causing an a.c. hum.
This fAltering action could also be ac-
complished by using the choke coil L,
in Fig. 12a. Its effect in minimizing
the ripple voltage can readily be figured
(Continued on Page 55)

At
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Fig. 11. Effect of First Condenser in Reducing IHum
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Economy
ot 'Code

The Future

r I"‘HF advent of commercial facsimile
transmission and experimental tele-
vision has resulted in a host of

prophecies, most of which are based more

on imagination than on exact analysis of
the situation.

An understanding of what the future
holds for telegraph, telephone, television
and facsimile transmission requires first
of all an appreciation of the factors
which make our existing communication
systems take their present form. Thus
the telegraph has survived in competition
with the telephone, and today one finds
all news, stock reports, etc., transmitted
by the apparently cumbersome dots and
dashes of the telegraph code rather than
by dictation over telephone lines. Again,
the transcontinental telephone line came
fifty years after the transcontinental tele-
graph, and at the present time there is a
trans-Atlantic cable which can send mes-
sages at the rate of 1900 letters per min-
ute, yet there is no expectation of tele-
phoning over such a cable without break-
ing it up into 600 to 800 mile lengths
with the insertion of amplifiers.

The frequent use of the telegraph in-
stead of the telephone as a means of
communicating information is not a re-
sult of inertia, unprogressiveness or other
similar reasons, but is because the tele-

As Forecast by

FREDERICK EMMONS TERMAN
Stanford University

@ orann o

( b) \\}\M’\W’V\N‘w

Fig. 1. Code Vibrations and One-T hirty-
sixth of the Voice Vibrations Used to
Transmit “Lee”

graph code is inherently a more econom-
ical method of communication than is the
human wvoice. The telegraph code is a
shorthand method of exchanging ideas,
and is inherently much simpler than talk-
ing. Thus in pronouncing the word
“lee” the voice takes about 0.36 seconds,
and in this time hundreds of irregular
sound vibrations have been set up. To
send the same word ‘lee” by telegraph
code requires the transmission of dot-
dash-dot-dot-space-dot-space-dot, in place
of the hundreds of cycles demanded by
the voice.

The difference between these two
methods of communication is brought out
strikingly in Fig. 1, in which a shows
the dots and dashes required to send the
entire word ‘““lee,” while b shows the
sound vibrations corresponding to ap-
proximately one thirty-sixth of the same
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Convenience

of Voice
or,Picture

of Radio Communication

word.! That is, & shows the sound
vibrations for 0.01 seconds, but vibrations
similar to these lasting for 0.36 seconds
are required in speaking this one word.
It is apparent from Fig. I that the dot-
dash characters representing the word
“lee” could be repeated over a wire thir-
ty-six times while rendering the spoken
word only a single time. Thus in this
simple case the telegraph code will trans-
mit the same information at least thirty-
six times as fast as the telephone, with-
out making any more demands upon the
communication system.

The actual ratio of telegraph speed to
telephone speed can be readily deter-
mined for any particular case. With the
telephone it is necessary to transmit a
band of frequencies about 2000 cycles
wide, ie., from 400 to 2400 cycles, in
order to get only such fair service as
given by our usual home phone. Trans-
mission of a quality high enough to avoid
the necessity of frequent repeating re-
quires a frequency band of at least 4000
cycles. On the other hand, the side band
in cycles required in transmitting ordi-
nary words by means of the Continental
Morse code is approximately 0.55 times

!This record is taken from ‘The Sounds of
Speech,” by Irving B. Crandall, B, S. J..
Vol. 4, page 586, October, 1925.

(Continued on Page 57)
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Freak Reception
Near a Powerful

<§ speakers; elimination of
4

Broadcast Ntation |

X FANs may recount the thrills
D of reception from stations +,000

miles away, but some interesting
experiences may also be had with a set
located in a home only 4,000 inches
(100 meters) from one of the most
powerful broadcasting stations in the
world. In such a location, when an
experimenter wishes to learn whether
a tube has burned out or whether the
interruption in the radio program was
due to the station, the antenna lead
may be touched to the ground. If a
bright spark occurs he will know that
the hiatus in the program was not due
to the station. Even though the an-
tenna be of the indoor type, when an
ungrounded wire connected to it is
picked up with bare fingers, a slight
but unmistakable odor of burning flesh
and a very minute, needle-like burn on
the fingers usually results.

Frequently, when the electric lights
are turned off at the switch, some of the
lamps in the home, on the porch, and
in the garage continue to glow as though
they were operated at more than half
of normal voltage, until the radio sta-
tion signs off. FEach evening it is the
same lamps which show this phenome-
non. Turning on certain house lamps
may detune the radio-illumination cir-
cuit and extinguish the occult light.
This was also observed in the home of a
neighbor, who called the power com-
pany electrician to see if a power circuit
defect had developed. While power
companies have sued farmers for ob-
taining power inductively from a fence
wire paralleling a transmission line, it
would seem improbable that a broad-
casting station would sue an experi-
menter who arranged a tuned circuit to
light his house by radio.

Both in the author's home and in a
near-by school a stove with no electrical
connections has reproduced radio pro-
grams distinctly. In one case the gas
pipe probably acted as an antenna, a
water pipe as a ground, a rusted stove
pipe as a crystal and a hot-water tank
served as a loudspeaker. This was dis-
covered by a little girl, who announced
to her incredulous parents that the rats

24

1-—‘

By AN ELECTRICAL ENGINEER

had a radio! A similar phenomenon
was observed in the garage when music
was weakly but distinctly emitted from
the metal guard of a portable light
when it was laid upon an automobile
fender.

With a tuned r.f. receiving set of recent
design this station can be heard on all
points of the dial at full loudspeaker
volume, even with a very short antenna
and with the controls set to give mini-
mum volume. On at least one occa-
sion, with the set detuned as far as pos-
sible, and with the antenna disconnected,
some one in another room suggested
that the radio be turned down-to a
more comfortable volume!

On one evening after we had been
listening to grand opera sent many miles
by telephone to the adjacent station and
by radio to our home a few hundred
feet away, a new feature of the set was
discovered.  The lights were being
turned out for the night and, on ex-
tinguishing the last one, the grand
opera suddenly ceased and jazz music
of approximately the same volume was
received from a station 350 miles away.
When the light chain was repeatedly
pulled, grand opera from Chicago
through the adjacent station, or jazz
from Louisville were received alter-
nately. It happened that earlier in the
evening we had unintentionally placed
the dial on the Louisville position and
had left the volume control partly on,
and the change in the lighting circuit
had changed the effective antenna, as
the power lines acted through capacity
as a parallel antenna. While this ex-
periment has been repeated on other
nights, the second station did not vanish
but could be heard with greatly de-
creased volume until the power circuit
was again changed to favor it.

The effect of a lighting circuit as an
antenna was demonstrated in a test with
a high priced a.c. superheterodyne en-
closed for experimental purposes in a
heavy copper casing with the antenna
and ground leads of the set disconnected
and placed inside the shield and with
no openings in the shield except one
which provided a tortuous path for the
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Crystal reception without
aerial or ground; stovepipe

detector and water-tank

static; radio house lighting.

a.c. power leads. Under this condition
the near-by station could be heard with
loud volume at about 40 places on the
station-selector, and a low-power sta-
tion 10 miles away gave normal volume
at one very narrow place on the dial.
This same set, however, was found to
give all the selectivity desired when lo-
cated a few hundred feet farther from
the powerful broadcasting station. With
a less selective type of superheterodyne
receiver the powerful station can be
heard at approximately 20 places on the
dial when the set is located several
blocks away.

With a radio set composed of a crys-
tal, head phones and a coil of a few turns
of wire, good reception has been ob-
tained from the near-by station without
antenna or ground connections. With
this simple radio set in a coat pocket
it is possible to walk about the house
and hear a radio program from head
phones. Under this condition the shield-
ing effect of the earth is not noticed in
the cellar, even at the wall adjacent to
the broadcasting station. In fact, the
simple, untuned crystal set could be
heard when it was placed in a copper
wash-boiler with its lid in place and with
no wires extending outside, except a
short pair of leads to the head phones.
Ordinary crystals had a short life in
service with so much radio power, but
a Rectox copper-oxide disk gave fine
results; although in locations more re-
mote from a station, they might not be
sensitive, due to their high capacitance.

Operation of a radio set adjacent to
a high-power station has disadvantages,
such as, for example, telephone inter-
ference and the inability to tune out
the trill of picture transmission by
radio or to prevent the simultaneous re-
ception of programs sent out on the
regular frequency and on the short-wave
emanating from the experimental sta-
tion operated in conjunction with the
broadcast station; but it has one advan-
tage, namely, that there is plenty of
power available so that static is scarcely
ever detectable and the a.c. set has been
operated satisfactorily on the local sta-
tion, even without the detector tube!



TROUBLE
SHOOTING

. oA Radio Set

WITH AN R.F.

OSCILLATOR AND

DIP METER

By EVERETT E. POWER

TWITHSTANDING all the infor-
l mation that has been published

regarding the construction of set-
testing equipment, there is still a dearth
of information regarding the principles
which govern its use and how to use it
to the best advantage. Even a simple r.f.
oscillator and grid-dip meter, whose cir-
cuit diagram is shown in Fig. 1, is well
adapted for neutralizing and lining up
the r.f. tuner of a set and for locating
troubles which are not shown by the
ordinary current and voltage readings.
A more elaborate outfit is necessary for
finding troubles in superheterodynes.

The circuit in Fig. 1 consists essen-
tially of a vacuum tube oscillator whose
grid circuit contains a 0-1.5 m.a. mil-
liammeter and to which an r.f. feeder
wire is attached. The grid circuit is
opened and closed by a switch 8. The
oscillator can also be calibrated as a
wavemeter for calibrating the dial set-
tings of a new receiver.

This outfit is particularly useful in
lining up gang condensers, the idea being
that each condenser and its associated
coil is accurately tuned to the same fre-
quency by the control knob. This is
attained by adjusting the receiver con-
densers so that each gives maximum dip
reading on the milliammeter in the grid
circuit when the r.f. feeder wire is con-
verted to the grid side (stator plates)
of each condenser in turn.

The switch § is kept open until the
oscillator tube is oscillating. When the
switch is closed, the meter will indicate
a current of from .25 to .4 m.a., depend-
ing upon the type of tube and the voltage
applied in the set. If an absence of grid
current indicates that the receiver tube
15 not oscillating, change tubes and check
connections and applied voltages until
grid current is shown.

The oscillator and receiver should

Uieaw of Adssembled Test Kit Without Batteries

Fig. 1. Simple Oscillator and Grid Dip Meter

C,—500 mmfd. variable condenser

C.—15 mmfd. variable condenser

C.,—250 mmfd. fixed condenser

L,—50 turns of No. 26 silk on 2%-in. tube.
25 turns each side of center

[.—3 turns on same coil as L,

L,—5 turns on 1-in. form. L, and L, are not
critical

R,—Filament control device. For '99 tubes
use 20-ohm resistance or Amperite. For
WD-11 use 1.6-ohm resistance. Rheostats
are satisfactory.

R.—Grid-leak of approximately 3 megohms.
Try several and select the one that gives
the best audio note.

(Switch § open during tests.)

The feeder wire is several feet long and has
a clip on the end to facilitate connecting to
condenser plates. The ineter covers 0-1.5
m.a.

Batteries, 2 Eveready No. 768 and 2 Evercady
No. 771.

then be tuned to the same frequency by
watching the meter as the receiver dial
is rotated. At one or more points the
meter needle will suddenly “dip” and
then return to normal as the dial is
rotated. T'hese points of minimum grid
current are resonance points at which
the receiver circuit is tuned to the same
frequency as is the oscillator. More
than one resonant point indicates the
presence of oscillator harmonics which
are multiples of the fundamental fre-
quency. The harmonics show less dip
than does the fundamental.
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If this dip or decrease in grid current
cannot be noticed, increase the capacity
of ., tune the receiver to another fre-
quency, and try again. Also check the
feeder wire connections. After the meter
works, adjust C: to show maximum dip
without instability,

Then adjust the trimmer condenser
in the set until maximum dip occurs as
the feeder is connected to each of the
condensers in the gang in turn. It may
be necessary to go over the gang several
times. During the whole operation the
main condenser control and oscillator
should remain unchanged. On sets that
have a tendency to oscillate at the
higher frequencies, the lining up should
be done at a lower frequency, sav 350 k.c.
This will tend to compensate for the
decrease in sensitivity at the lower fre-
quencies. The condensers will usually
be staggered at the higher frequencies
and thus reduce the sensitivity where
it is not so desirable.

On a few sets, such as the later Ma-
jestics and Kolsters, the outside rotor
plates are slotted. By bending these
plates properly, the condensers can be
lined up throughout the whole range.
Set the variable condenser gang at mini-
mum capacity and adjust the trimmers
to a position approximately half way
betwween minimum and maximum ca-
pacity. Now rotate the condenser gang
until the first segment of the slotted
rotor plate has just fully meshed. Now
use the dip meter and bend the plates
in or out until the condensers are lined
up. The grid current meter should now
drop to a minimum current as the
feeder clip is moved from one stator to
another. Now rotate the variable con-
denser until the second segment has just
fully. meshed and proceed to bend the
second segments until the condensers are
lined up. Do not bend the segment that
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Fig. 2. Circult

Diagram of Outfit for

meshes first because this will mis-align
the condensers at the higher frequencies.
When the second scgments have been
properly bent, proceed to bend the third
set and so on. After the plates have been
properly bent, the trimmers can be used
for closer adjusting if found necessary.

In sets where the stator is not easily
accessible, the feeder can be connected
to the grid terminal at the socket or put
into the hole for the grid prong so that
it makes contact. If it is necessary to
remove one tube, all of them should be
removed so as to compensate for the
grid-filament capacity.

Complete failure to dip indicates
either an open condenser lead, shorted
condenser, open coil or grounded grid,
probably due to a grid-filament short.

To neutralize a receiver, connect it
to a ground and short antenna to which
the oscillator is coupled by means of its
coupling coil or r.f. feeder wire. Start
the oscillator with § open and rotate C.
until a buzz is heard in the receiver
speaker. Tune the receiver and oscil-
lator to about 1300 k.c. (230 meters)
and adjust the neutralizing condensers
with a wooden screwdriver and a
dummy tube until the set is free from
oscillation at all points of the dial.

The dummy tube is prepared by cut-
ting one filament prong from a good
tube of the same type as is used in the
set. It should be placed in the first neu-
tralized r.f. stage and the corresponding
neutralizing condenser should be ad-
justed until minimum volume is heard
from the speaker or head phones. This
is repeated for each r.f. stage, replacing
the original tubes in the stages which
are not being tested.

When calibrating the oscillator as a
wavemeter, disconnect the feeder wire
and short the switch §, using the zero
beat method. Be sure that the batteries
are in good condition when the calibra-
tion is made.

A somewhat more elaborate outfit
which may also be used for aligning the
180 k.c. intermediate frequency trans-
formers in the Radiola 60, 62 and 64,
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and as a volume indicator is shown In
Fig. 2. This requires the use of addi-
tional 180 k.c. plug-in coils and two
more toggle switches.

These coils L, and L., may be wound
on bakelite forms 15/16 in. in diameter
and 214 in. long, both being wound in
the same direction and each requiring +7
turns of No. 28 wire for the broadcast
band and 105 layer-wound turns for
180 k.c. The grid and plate terminals
are taken off in the center with the B
plus and grid returns at the ends. L;
consists of 6 turns of wire wound just
below the coil socket and Ly of 5 turns
on a | in. form for external coupling.

C,, C. and C; are the same as the
corresponding condensers in Fig. 1. C,
is a .001 mfd. fixed condenser connected
between the plate and grid prongs of
the 180 k.c. coil only, being conveniently
placed inside the coil. R, and R. are
the same as in Fig. 1. R, is a 3-ohm
shunt resistance, 8, is a Yaxley 760 and
S, and 8, may be anv good toggle
switches.

For use as a grid dip meter §,;
is thrown so that the meter is in the
grid circuit.  The feeder wire is con-
nected to C., and then to the grid side
of the tuned r.f. circuit under test.
When the oscillator and receiver are
tuned to resonance the grid current will
decrease suddenly. By using this method,
tuned r.f. circuits may be aligned and
troubles in the r.f. amplilier located as
previously explained.

e

B

DETFCTOR

TUBEF @

For neutralizing the feeder wire is
disconnected and the coupling coil Ly is
connected, being placed near the receiver
antenna. S; is opened and the set neu-
tralized in the customary manner.

To change to the 180 k.c. band it is
merely necessary to remove the broadcast
range coil and insert the 180 k.c. coil
in its place. L, can be placed beneath
the first detector inductance, but prac-
tice has shown that it is better to couple
to the oscillator coil. A piece of paper
should be inserted between the grid
prong and the socket contact of the
oscillator tube. This will prevent any
change in voltages and at the same time
stop the oscillations that are not re-
quired. The proper dial setting for 180
k.c. can be determined by taking the
average of readings from several sets
that are operating properly.

When the meter is changed from the
grid circuit to the external circuit by
means of 8; and is connected directly
into the B plus lead to a power detector,
it gives a much better indication of rela-
tive r.f. amplification than does a loud-
speaker. If the B plus detector lead
cannot be conveniently reached, the lead
may be broken by means of an adapter
which is inserted in the receiver’s de-

tector socket as shown in Fig. 3a.
Such an adapter can be made from an
old UY-227 tube base on which is

mounted a small UY-227 socket for
holding the tube. All prongs and termi-
nals, except the plates, are connected
from one to the other. ‘The positive
lead to the meter is taken from the plate
prong of the tube base and the nega-
tive lead is taken from the plate termi-
nal of the adapter socket. This method
can be used with the Radiola 60, while
the 180 k.c. oscillator is being used to
align the iLf. transformers, thus making
other Instruments unnecessary.

Where grid-leak and condenser detec-
tion is used the volume indicator of Fig.
3b is satisfactory for aligning and neu-
tralizing the r.f. amplifiers. This consists
of an output transformer, carborundum
detector, and the meter in the test set.
The primary of the transformer is con-
nected across the loudspeaker terminals.

A more complete outfit whose circuit

=

(B>

Fig. 3. Circuits for Comparing RF. Amplifications
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Fig. +. Circuit With R.F. and A.F. Oscillators

L, 50 turns
L; 6 turns
L; 105 turns

L, 4 turns
L, 30 turns
L, 60 turns

1s shown in Fig. 4 uses a separate audio
frequency oscillator instead of a grid-
leak and condenser to modulate the r.f.
oscillator. The switch 8, is used instead
of changing the plug-in coil to change
from the broadcast band to 180 k.c. Its
use as a grid-dip meter or volume indi-
cator is the same as already described.
The accompanying picture shows its gen-
eral appearance with the batteries re-
moved. All the coils are wound on 2-in.
bakelite tubes.

The audio frequency oscillator can be
used to supply a.c. for testing a.f. cir-
cuits and amplifiers, lines, and bridge
measurements of inductance and ca-
pacity. I'ts limited frequency range makes
it unfit for use in making frequency-
response curves. Cy Is necessary to by-
pass the r.f. current in the r.f. oscillator
plate circuit. Too small a capacity in
this condenser will prevent oscilla-
tion at the lower frequency end of the
broadcast band and too large a capacity
will lower the frequency of the audio
oscillator.

C, 500 mmfd.variable
C, 15 mmfd. variable
C; .001 mfd. fixed

, .05 mfd. fixed
R, 20 ohm fixed

R. 3 ohm

§; and §. Yaxley 760

T'he good points of Figs. 2 and 4 are
combined in Fig. 5 which also includes
a four-pole double-throw switch for
changing the milliammeter from the grid
circuit to the plate circuit. This allows
its use as a vacuum tube voltmeter, a

~ INPUT

i

2o 0-75 hajs

Fig. 6. Details of Simple I'. T. I'oltmeter
Circuit

simple diagram of which is shown in
Fig. 6. While this is useful in measur-
ing small, low-frequency a.c. voltages
where the current consumption must be
small, it is not dependable for high-
frequency work because of the numerous
capacities which are connected in the
circuit. Its general operation is other-
wise the same as for Figs. 2 and 4.

Fig. 5. Circuit Diagram of Test Kit With V. T. Voeltmeter

L,L, L, L, C,Cy, R, and 8. same as for Fig. 2, C, same as Fig. 4, S, Four-Pole Double-T hrow
Anti-Capacity Sawitch
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A better volume indicator than those
in Fig. 3 is shown in Fig. 7. It is con-
nected directly across the speaker termi-
nals so that a.c. is impressed between
the grid and filament of the tube. The
grid bias E. is increased negatively unril
the plate current with no signal is zero.
The negative half of an incoming signal

o_l Ig -2 MF
~INPUT 3. MEG
@

Fig. 7. I'. T. Voltmeter as Volume Indicator

has no effect but the positive half will
decrease the grid bias and thus increase
the plate current. If the meter needle
goes off the scale increase the grid bias
ard put a variable shunt across the
milliammeter terminals. By increasing
negatively the grid bias, the plate cur-
rent can be made zero for ordinary sig-
nal strength and at the same time a full
scale deflection obtained on louder signal
strength. The change in meter deflec
tion for a small signal change is very
much larger than for other methods of
volume indication. .

A NOVEL HOTEL RADIO
INSTALLATION

A new system for the transmission of
radio programs to rooms in the Hotel
Lincoln, New York City, requires no
individual wires to the rooms but em-
ploys the steel framework of the build-
mg. In a room on the top floor are six
master receiving sets, each using the
same aerial but tuned to a different sta-
tion. The output from each set is car-
ried by wire to a monitor table at which
1s seated an operator who controls the
volume of reception. From this table
are wires which lead to six oscillators
completely shielded by copper nettings.
The output of each oscillator is modu-
lated by the audio frequency from its
associated receiver and then transmitted
into the steel frame of the building,
each being on a different wavelength.

The programs
picked up in the rooms by receiving sets
which respond only to the new wave-

lengths. These receivers are of the one
piece portable type with built-in loud-
speaker.

re-transmitted are
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Fig. 1. Charging Current and Output
I'oltage froam Rectifier

|

HOW PICTURES OF VOLTAGE AND CURRENT |

ARE TAKEN AND WHAT THEY EXPLAIN

N APPARENT anomaly in electrical
A work is the charging of a battery
by a source whose voltage reads
lower than that of the battery. For in-
stance, a d.c. voltmeter reads 2.7 volts
when connected to the output of a
tungar charger; the voltage measured on
the battery is 6.0. But when connected
to the battery, the same charger is able
to shove 2 amperes into it. As a compari-
son, water’s running up hill seems to be
in the same class.

It requires only a study of electrical
wave forms, with perhaps a few refer-
ences to the methods of determining
them, to explain away the anomaly. An
oscillograph picture of battery charging
looks like that of Fig. 1. The upper
trace is the charging current fed to the
battery. The lower curve is that of the
output voltage of the rectifier. The hori-
zontal line is the battery voltage.

The tungar rectifier, of course, allows
current to flow only one way; so that,
even though the battery voltage be
higher than that of the charger, current
cannot back up through the circuit.
Only when the charger voltage is
higher than that of the battery does cur-
rent flow, in the correct direction.

The reading given by a d.c. meter on
the half-wave rectified voltage is the
average value taken over the period of
one cycle, or approximately 32 per cent
of the peak value. The d.c. battery volt-
age is about 78 per cent of the peak
charger voltage. Thus, while the d.c.
meter shows the charger voltage as less
than half that of the battery, still for
short periods of time the charger voltage
is actually higher than the battery volt-
age, and during these short periods
charging current flows.

A d.c. meter has a permanent magnet,
and a moving coil through which flows
all or part of the current which is to
be measured. The permanent magnet
forms a steady magnetic field, with
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which the current in the coil reacts to
twist the coil about its axis. A restrain-
ing spring keeps the coil from rotating
like a motor. Any given current twists
the coil till the turning force is balanced
by the spring, when the resulting deflec-
tion of the pointer is a measure of the
current. If the current in the coil be re-
versed, the meter deflection will reverse
also.

1f a pulsating current is measured, the
pointer will tend to follow the pulsa-
tions; but because the coil and pointer
assembly is comparatively heavy it will
not follow variations that occur faster
than four or five times a second. If the
fluctuations have a frequency of 60 or
120 cycles per second, there will be only
a slight flutter of the needle about its
average position. For any type of wave
a d.c. meter reads the average value.
On a simple rectified half wave a d.c.
meter reads 32 volts if the peak 1s 100;
on a rectified full wave the reading is 64
volts, on a.c. the d.c. meter reads zero.

In order to measure a.c., the perma-
nent magnet can be replaced by a fixed
coil. Through both this coil and the
moving coil is passed the current to be
measured. The current through the
moving coil, instead of reacting with a
permanent field, reacts with the field
produced by itself from the fixed coil.
Suppose any given current flowing in the
meter be doubled. The field of the fixed
coil will be doubled, as will also that
from the moving coil, so that the turn-
ing force on the pointer becomes four
times as great. 1n other words, the force
on the pointer is proportional to the
square of the current.

1f the connections to the meter are
reversed, the current in both the fixed
and moving coils reverses, so that the
relation of one with respect to the other
i unchanged. The pointer moves in the
same direction as before the reversal.
Thus on a.c. the pointer reads positive
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for either positive or negative direction
of current. As with the d.c. meter, how-
ever, the moving coil and pointer cannot
follow rapid changes in current, and the
force on the meter needle is proportional
to the average square of the current.

T'he electrodynamometer type of
meter, as the above is called, gives read-
ings in effective values, for any type of
wave. Root-mean-square, abbreviated
r.m.s., is a synonym for effective. Other
types of meters, including the iron-vane,
coil-and-plunger, hot-wire instrument,
etc., read r.m.s. values. Such meters can,
of course, be used to measure cither a.c.
or d.c.

I'o determine the peak value of a

wave, the circuit of Fig. 2 can be
REQTIFIER -L
‘D.q.
AQ INPUT wLr-
”-FF METER.
[ 4

Fig. 2. Circuit for Measuring Peak Value

utilized. The condenser is charged on
the positive half-cycles, and after a few
¢veles reaches the peak value of the wave.
The d.c. voltmeter has a very high re-
sistance so that it discharges the con-
denser only by a negligible amount be-
tween cycles. The meter reads the peak
value of the wave directly. The ordi-
nary vacuum tube voltmeter, in which
the a.c. wave on the grid is bucked out
with d.c. bias until the plate current re-
sumes its initial value, is another peak-
reading voltmeter.

All these instruments give readings
which are averages over comparatively
long periods of time. Instantaneous
values of electrical quantities can be de-
termined by use of an oscillograph. In
its most general form it is nothing more
than a d.c. meter which is capable of
following four or five thousand fluctua-
tions per second.
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Fig. 3 shows an oscillograph stripped
to its simplest details. The meter ele-
ment has the permanent magnet in whose
field a one-turn moving coil is placed.
The coil is simply a fine metallic strip
stretched over bridge supports so that
the current goes down one side and up
the other. Centered between the bridges
and glued to the two metallic strips is a
tiny mirror. Light from a source is re-
flected from this meter mirror to another
mirror, or to a photographic film. The
second mirror rotates, or oscillates, so
that it causes the spot of light to move at
right angles to the deflection caused by
the meter mirror.

With both mirrors stationary, a single
spot of light shows on a ground glass
viewing screen. With a.c. lowing in the
meter clement the mirror twists slightly
back and forth about its zero position
and widens the spot into a line across
the screen. With rocking of the second
mirror, the line becomes a curve which
shows the instantaneous values of cur-
rent flowing in the meter element.
Strictly speaking, the instrument in this
function of visual observation is an
oscilloscope.

As an oscillograph the instrument
makes permanent records. In this case,
the second mirror is removed from the
light path, and the meter mirror throws
its line through a narrow slit. Back of
the slit and at right angles to it is moved
a photographic film; the combination of
the two movements causes the spot of
light to trace the current curve on the
film.  An analogous action can be had
by retracing a pencil line back and forth
across a piece of paper, and then draw-
ing the paper at right angles to the line
from beneath the pencil. The light-
moving coil system of the oscillograph.
using a beam of light for a pointer, per-
mits recording of waves up to approx-
imately 5000 cycles per second. The
upper limit. of course, may vary consid-
erably either way, depending on the de-
tails of the machine.

There are also other types of oscillo-
graphs—the electrostatic, rather than the
clectromagnetic as above; the string
oscillograph: the cathode ray oscillo-
graph; and a refinement of the latter in
the Dufour oscillograph, which is about
the fastest known. With it pictures of

waves of a frequency of ten million can
be taken.

Curve “a” of Fig. 4+ was traced by a
60-cycle voltage from the power lines.
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Fig. 4. Analysis of Current Wave with
Fundamental and Third Harmonic

It is very nearly a pure sine wave—that
is, a wave which has a component of
60 cycles only, and no harmonic com-
ponents of 120, 180, 240, etc., cycles.
A pure sine wave is made the basis of
practically all a.c. measurements and cal-
culations.

Any a.c. wave whatsoever that repeats
itself periodically can be resolved into a
fundamental and harmonic frequency
components of definite magnitudes and
relative positions. Thus the performance
ot civcuits or apparatus can be predicted
for any periodic a.c. wave whatsoever, if
the performance for single-frequency
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waves is known. If a wave departs from
the simple sine curve, it contains har-
monics to varying degrees.

Sometimes an approximate idea of the
harmonic content can be had by inspec-
tion. Curve “b” of Fig. 4 is the current
flowing into a small 300-watt filament
transformer with no secondary load—in
other words, the exciting current. The
curve “a” is the voltage that was im-
pressed on the transformer. It is at once
apparent that the exciting current wave
15 distorted from the pure shape. By
comparing the shape with that synthe-
sized in Fig. 4¢ from a fundamental and
a third harmonic, it may be seen that
the exciting current harmonic content is
chiefly 180 cycles. Smaller amounts of
the fifth and seventh harmonics are also
present.

By measuring and tabulating the
height of the curve at equidistant points
along the zero line, and by subjecting
these data to a rather laborious analysis,
the exact magnitudes and relative posi-
tions of the fundamental and various
harmonic components could be deter-
mined. The relative positions, or phases,
or the components play an important
part in the wave shape. T'wo other
synthesized forms are plotted in Fig. 4,
d and e, with the same magnitude of
fundamental and third harmonic as in
4c. By merely shifting the starting point
of the third harmonic the wave shape can
be changed from a peak to a flat top.

The third harmonic component in ex-
citing current becomes more pronounced
as the magnetic flux density in the trans-
former core increases; i. e., as saturation
s approached. In audio transformers
the presence of d.c. plate current tends
to prematurely saturate the core. Pre-
venting the d.c. from flowing in the
winding aids in overcoming harmonic
distortion due to magnetic action in the
transformer.

If an a.c. wave is symmetrical about
the zero axis—if it repeats in the second
half-cycle the negative of the values in
the first half—it contains only odd har-
monics.  All even harmonics, including
zero frequency or d.c., are absent. Such
waves are the type met with in alternat-
ing current power work. Symmetry in
the rotating machinery of a power sys-
tem allows only symmetrical waves to be
produced or maintained.

In radio work, however, all types of
waves and harmonics are encountered.
In general, the more irregular the wave,
and the sharper the breaks or changes in
the curve, the greater will be the har-
monics in both number and magnitude.
Not only may there be one fundamental
and its harmonics; there may be two or
more fundamentals, each with its at-
tendant train of harmonics. Fig. 5
shows the wave shape obtained from a
huzzer compared with a 60-cvcle wave
for timing and shape. Such a ragged,
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irregular form indivates a myriad of
harmonics,

‘I'he chanze in shape from a pure sine
wave to o distorred wave, occasioned by

Fiw. 3. Current IWawe with Many Harmon-
ies (upper) and 60-Cycle Voltage
Wave (lower)

passing through a circuit or apparatus,
is caused by a non-linear relation be-
tween input and output over all or part
of the working range. By non-linear
relation is meant that a change of cur-
rent or voltage does not produce an
equal, or proportional, change in another
current or voltage. A rectifier in a bat-
tery eliminator is a non-linear device
that causes intentional wave form distor-
tion. An improperly operated amplifier
tube causes undesirable wave-form dis-
tortion.

Fig. 6a. Current Wawe of Amplificr «with
Too Low a Grid Bias

Examples of amplitude distortion in
an improperly operated amplifier are
shown in the oscillograms of Figs. 6a
and 6b. In the one case the d.c. grid bias
was too low, so that the grid swung posi-
tive and took enough grid current on
the positive voltage peaks to lower the
input voltage. The plate-current curve
at these points was sliced off. In the
other case the grid bias was too high,
with the result that on the negative grid

;
| _

Fig. 6b.

I

Current Wawe of Amplifier awith
Too High a Grid Bias
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voltage swings the plate current was
brought down in the cutoff region. The
upper traces on the films are the prac-
tically pure input voltages. A synthetic
curve in Fig. 7a, compounded from a
fundamental and second harmonic,
shows by comparison with 6a or 6b that
the latter contain a good bit of second
harmonic. It may be noted that these
waves, containing even harmonics, are
not symmetrical.

If two tubes were operated in a push-
pull amplifier, the plate current of one
tube would swing up as that in the other
went down, something as in Figs. 7a and
7b. It is assumed that distortion occurs
on the negative swing. The output from
a push-pull amplifier is taken so that
the difference of these two currents is
cbtained. Subtracting 7a from 7b in
effect adds the fundamental components
and cancels the second harmonics. The
resultant output wave is the nearly pure
form had in 7c. Such cancellation of the
even harmonics is one reason for the
efficacy of the push-pull amplifier.

The action of a battery-charging recti-
fier has been shown in Fig. 1. A some-
what similar action is had when a recti-
fier feeds a condenser as the first ele-
ment of a filter system. The condenser

COND
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Fig. 7. Analysis of Current Wave with
Fundamental and Second Harmonic
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charges to a voltage somewhat less than
the peak of the input. It is only when
the output voltage of the rectifier is
higher than the condenser voltage that

Fig. 8. Oscillogram of Full Wawe Rectifier
Feeding a Condenser

current flows from the rectifier into the
filter system.

The oscillogram in Fig. 8 was taken
on a B eliminator using a full-wave rec-
tifier. 1f a full-wave rectifier were feed-
ing a resistance load, the half loops of
rectified current would touch at the bot-
tom. Instead, when feeding the con-
denser, the half loops of current occupy
only a fraction of the half cycle. How-
ever, the d.c. value of these half loops
must be the same as the d.c. in the load,
shown by curve “b” on the film. To
have this average value, the short-period
jabs of current must be extremely large.
On the film the current through the rec-
tifier rises to more than twice the av-
erage d.c. Such a load imposed on the
rectifier tube materially shortens its life.
Omission of the first condenser in the
filter system removes the cause of these
heavy current jabs, so that the current
through the rectifier becomes much more
uniform and the tube life is prolonged.
At the same time, however, the d.c. out-
put voltage is lowered and the hum in-
creased somewhat.

As has been said, the average values
of the two waves “a’”’ and “b” in Fig.
8 are the same. The average value of
any wave may be stated as the total
area under a complete cycle of the curve
divided by the length of the cycle. For

(Continued on Page 74)

Fig. 9. Oscillogram of Current and Voltage
on a Mercury Arc Tube

a.—Peak value of alternating component of cur-
rent—3.34 amps.

b.—R.M.S. value of total current—=8.7 amps.

c.—Peak value of total amount—11.75 amps.

d.—Average or d.c. value of total current—8.4
amps.

e.—Voltage wave = 25.5 volts average.



Liox periments

with _4C’
Detector
L ubes

By GLEN H. BROWNING

interested in actual results than in

any discussion of the complicated
theory of detection, the writer herein
confines himself to an account of some
experiments with the 27 and ’24 types
of tubes when used as detectors. These
experiments were concerned with the
relative merits of these tubes when used
in detector circuits with grid leak and
grid condenser and with grid bias.

The function of a detector in a radio
set is to rectify the incoming signal,
which appears in the r.f. amplifier as a
radio frequency alternating current mod-
ulated by an audio frequency current;
so that after the signal has passed
through the detector only the audio fre-
quency current is present. That is, the
detector only unscrambles the voice fre-
quencies, which have been transmitted
from the sending station by means of a
carrier, so that these voice frequencies
are audible on head phones or in the
loud speaker as the case may be.

There are two generally accepted
methods of doing this. One is by means

f ;INCE the average radio man is more
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Fig. 1. Oscillator Circuit Used for Measurements

of a grid leak and grid condenser placed
in the grid circuit of the detector tube
and the other is by means of a C battery
placed in the grid return. This latter
method is usually called plate detection.
There is an opinion prevalent in radio
circles that the quality of signals de-
tected by the use of a C battery is better
than those obtained by means of the grid
leak and condenser. However it is def-
nitely known that the grid leak and con-
denser method gives considerably more
signal strength. In fact the difference is
so great that it may be readily observed
by ear.

As loud speakers and audio amplifiers,
which were formerly the worst offenders
from the standpoint of quality, are being
rapidly improved, those interested in per-
fect radio reception are scrutinizing
each part of the receiver for possible
sources of distortion. As a consequence,
plate detection is being employed even
at the expense of signal strength.
Whether or not this is a step in the right
direction cannot be entirely decided from
the data at hand, yet the experimental
facts tend to show that if the right val-
ues of grid leak and grid condenser were

used practically the same quality could
be obtained by this method as is obtained
with plate detection.

There are two possible sources of dis-
tortion in the detection of radio signals.
One is due to the variation of detection
efficiency for different audio frequencies,
Le., a frequency of, say, 90 cycles would
appear in the audio amplifier with less
intensity than a frequency of 2000 cycles,
though both frequencies were of equal
strength before they passed through the
detector. The other is due to the fact
that extraneous audio frequencies are
always introduced to some minor extent.
If two frequencies are simultaneously
put into a detector, not only are those
two frequencies present in the output,
but also other frequencies which repre-
sent the sum and the difference, and har-
monics of the original.

The method of measuring detection
used by the writer is shown in Fig. 1.
The r.f. signal was generated by an
oscillator whose frequency was held con-
stant at 1000 k.c. This was modulated
by a second oscillator which generated
the audio frequencies. Care was taken
that the radio signal was completelv mod-
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ulated at all times. This completely
modulated r.f. voltage was put into the
detector tube, the magnitude of the input
voltage being measured by means of a
Rawson thermal voltmeter which had a
range as low as .3 volt full scale. The
output audio voltage developed across
the secondary of an audio transformer
was measured by means of a vacuum tube
voltmeter. Thus the conditions used in
the experiment were as near as possible
te those encountered in actual practice.

T'he results of the measurements made
on a '27 type tube are shown in Fig. 2,
where the audio voltage developed
across the secondary of the audio trans-
former, divided by the radio volts put
into the detector, is plotted against the
modulating audio frequency. In this
case the input radio signal was held con-
stant at .1 of a volt.

Curve | shows the detection obtained
with the use of a grid condenser of 200
mmf. and a grid leak of .5 meg. Curve
2 was obtained with €, 200 mmf. and
R, 3 meg. Curve 5 gives an idea of the
amount of detection obtained with a C
bias of 3 volts, which was found to give
the greatest amount of detection that
could be obtained by this method. Note
that the grid leak and condenser method
gives roughly four times the efhiciency
obtained by the C battery method.

It is also interesting to observe that
the frequency distortion when the grid
leak and grid condenser are used is quite
apparent, though if the grid leak is only
.5 meg and the grid condenser 200 mmf.
(Curve 1) probably no noticeable dif-
ference to the ear would be observed.
Thus it would seem that practically the
same quality, as far as the detector was
concerned, could be obtained by using a
.5 meg grid leak and a 200 mmf{. con-
denser and at the same time the eficiency
of the system would be increased four
times. It should be also observed that
the frequency curve of the first stage
audio transformer is included in these
curves; but this transformer was a very
good one and when used with a ’27 type
tube had a flat characteristic over the
frequency range used.

We now come to the question of over-
load in the two systems of detection, for
this might cause distortion of either of
the two types spoken of. Fig. 3 shows the
results of the tests, where output audio
volts are plotted against input radio
signal. Curve @ was taken with the grid
leak and condenser method with C,
200 mmf. and R, .5 meg. No sign of
overload is indicated by either method,
even when 3.5 volts are developed
across the secondary of the first stage
audio transformer. This signal strength
would mean that at least 56 volts could
be delivered to the input of the power
tube, which would be sufhicient to over-
load most of the tubes used in the last
audio stage. In the case of the grid leak
and condenser system this voltage would
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be obtained with an input signal to the
detector of .195 volt while in the case
of the C battery detector the input r.f.
signal would have to be .775 volt.

Let us now examine the a.c. screen-
grid tube to determine its relative ad-
vantages as a detector. As the screen-
¢rid tube has a very high plate resistance
a special high impedance audio trans-
former should be used. But as there
were none on the market when these ex-
periments were made the same audio
transformer was used and the plate re-
sistance of the screen-grid tube kept as
low as possible by using 180 volts on the
plate at all times.
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Fig. 3. Comparison of Overload Tests I'ith
Grid and Plate Detection

Fig. 4 gives the performance of this
tube as a detector. Curve 1 and Curve 2
were taken with the grid leak and con-
denser. In Curve 1 the signal was im-
pressed on the control grid while in
Curve 2 the signal was impressed on the
screen-grid. Both curves show that about
five times as much signal strength can
be obtained with the same input as was
obtained with the ’27. However, the
frequency distortion is very great so that
it excludes its use except where good
quality is not essential. (This frequency
distortion could be materially reduced
by designing an audio transformer whose
characteristics match  the screen-grid
tube.)

By means of the voltages and the €
battery indicated on the chart, Curves 4
and 5 were obtained. Curve 4 was taken
with the input signal impressed on the
screen-grid and a C battery of —3
volts. This shows a very fair frequency
curve with slightly more signal strength
for a given input than is obtained with
the '27 tube.

In summary, these results show that:

(a) An ac. screen grid tube gives
five times the output voltage of a '27
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tube for the same input, but gives serious
audio-frequency distortion.

(5) With either type of tube the grid
leak and condenser method gives about
four times the signal strength obtained
with the grid bias method.

(¢) With the ’27 tube there is little
difference between the two methods of
detection, so far as frequency distortion
or overload are concerned, provided that
a low value of grid leak is used.

(d) With two a.f. stages, power
tubes of the ’50 type or smaller will over-
load before a ’27 detector will overload.

(¢) With a '27 detector with grid
leak and condenser, a completely modu-
lated r.f. signal of 0.1 volt into the de-
tector will give about 1.2 volts across
the secondary of the first audio trans-
former.

THE STONING OF A MINOR
PROPHET -~

The intuition of poet or artist has on
occasion been responsible for significant
predictions in the field of science. For
obvious reasons, prediction to be ortho-
dox must come from competent, not to
say prominent, men of science. The pre-
diction described below appears some-
what difficult to classify as either artis-
tic or orthodox, but seems worthy of
record.

During the winter of 1878-9 a rough
Pennsylvania mountain school teacher,
aged about 50, ventured to express his
belief in the coming of wireless telegra-
phy. For this he was mercilessly re-
buked by one of the most distinguished
physicists of America, then a man in
his late thirties. This incident, described
below in the words of an eve-witness, is
all the more interesting because the
physicist was a man of lively mind and
intense natural curiosity. The eye-wit-
ness is an early graduate of Mount Hol-
yoke.

It was the winter of 1878-9. 'The
Teachers’ Institute of Fayette County,
Pennsylvania, was meeting at Union-
town in the courthouse.

Public school teachers from all over
the county—big towns, small towns,
rich farming sections and mountain dis-
tricts—were present.

This week’s break in the routine
teaching—the week between Christmas
and New Year’s—was an unusual oppor-
tunity for these teachers. There were
sure to be on the program a few real

celebrities—scientific, literarv. musical
and what-not.
In this particular year, Dr. was

the great light.

One of his talks was on telegraphy—
the Atlantic cable and the marvelous
achievements of Morse and Fields. At
the close, opportunity was given for
questions.

(Continued on Page 80
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DR. H. K. NIXON:

Professqr of advertising and sales, Columbia
University, School of Business.

DR. DONALD A. LAIRD:

Colga.te Univers.ity., in a paper on “Nervous
Reaction to Vanan?ns in Sound,” presented
before the Acoustical Society of America.

JAMES G. ALLEN:

Radio Engineer, Duquesne Light Co., Pitts-
burgh, Pa.

H. H. WALKER:

Los Angeles Electragist, specializing on
apartment house radio installations.

WALTER KRAHL:

Chief Engineer, Arcturus Tube

) R us_ Co., in
discussing tube characteristic curves,

COL. GEO. M. STUDEBAKER:

A director of the Colin B. Kennedy Corp.,
South Bend, Ind.

HARRY W. WELLS:

Radio Researfh Engineer with the All-
American Lyric Malaysian Expedition, en
route to Dutch Borneo.

PAUL WARE:

Ney Yotk City, Consulting Engineer and
radio manufacturer.

EDGAR H. FELIX:

Radio Consultant to National
Manufacturers® Association.

Electrical

DR. STANLEY MARIE:

Tube Engineer, Triad, in explaining why
Triad tubes have a dull-surfaced plate.

“The radio illdllStI' today fﬂCCS reat possibilities balanced by some serious economic
) ) Y
problems.”

“The pitch or tone of a sound, and not its volume, is responsible for shattered nerves.”
This helps to explain why a shrieking soprano is so annoying to a radio listener. It can
be corrected by by-passing some of the higher frequencies.

“A favorite expression among salesmen is ‘leaking transformer.’ This idea has caught
like wildfire and extends from coast to coast. There have been transformers that leaked

. . . >
and gave radio interference, but they are rare enough to deserve a place in a museum.’

“The electragist serves the need for large radio installations. Nobody buys bananas in
a plumbing shop, but people have been known to buy radios from drug stores and
even by mail. "T'he electragist personally installs and adjusts every instrument.’

“The only curve of tube performance that really means anything is one with the cus-
tomer’s dollars and cents on the abscissa. With the screen-grid tube it is possible to give
the buyer greater sensitivity per dollar. And with the 45 tube we can give him better
quality per dollar.”

““T'he point of saturation in the radio field is not in sight, radio to my mind being in
the same positioni in this respect as the automobile industry fifteen years ago. Even with
the tremendous growth of the radio industry in the past five years only one-third of the
homes in the country have radio and less than one-fifth have modern apparatus.”

“The Japanese are great radio fans, the widespread ownership of sets being eloquently
demonstrated by the veritable forests of tall bamboo poles, which are used for aerial
masts. ‘Thousands of these bamboo masts sprout from the roofs of the larger cities like
Tokio, Kobe, Koyoto, Yokohama, Osaka and Kamakura.”

“The screen-grid tube has a permanent place in receiver design and will contribute
significantly to attainable selectivity and sensitivity. Entirely new design precautions,
however, must be taken with respect to shielding, placing of parts, etc., to prevent
interaction of r.f. circuits.”

““The action of the House in opposing the Dill measure, calling for a census of radio
sets, is a flagrant disregard for the industry’s most vital need. The history of the radio
industry has been largely the history of radio legislation which has imposed senseless
restrictions on broadcast allocation and in turn obstructed progress in the development
of the art.”

“The dull-surfaced or carbonized plate in Triad tubes is intended to prevent the reflec-
tion of heat or light waves that might interfere with electronic movements in the tube
and to minimize the heating of the plate and its consequent emission of gases. ‘A single
gas molecule would be as great an obstruction to the flight of an electron as an Egyptian
pyramid would be to a baseball.’ ”’
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ence is being waged all over the
United States. Workers are tracking
down the enemy cvervwhere, but as vet
have found no one method of extermi-
nation which is effective in every case.
While the main reliance is being placed
upon individual effort, the various radio
trade associations and public utility cor-
porations are lending their aid for the
benefit of the radio user.

A record of some of the general meth-
ods which have been effective appear on
this page. In the future it is hoped to
publish accounts of specific cases which
readers have met in practice. Such ac-
counts will be welcome and be paid for.

In general, according to James G. Al-
len in the 1. R. E. Proceedings for May,
1929, every service man should know the
following simple rules for locating radio
interference:

1. Remove the antenna and ground
wires and notice the change in noise in-
tensity. 1f the noise continues undimin-
ished, look for set trouble. 1f the noise
is cut down not more than 50 per cent,
look for trouble in the complainant’s own
house wiring and appliances, as this indi-
cates that most of the noise is entering
the set by conduction. If nearly all the
noise goes when the antenna is removed,
look for outside interference.

2. Find out what electrical equipment
is being used in the neighborhood. If any
appliances are suspected. have them
turned on and off several times while
listening to the receiver.

3. If all vour observations indicate
that the public utility's equipment is
probably the source of trouble and if you
are not able to locate the exact source,
then call upon the utility company for
assistance.

’ I \yE campaign against radio interfer-

Equipment for locating interference
sources consists of self-contained super-
heterodynes. low frequency amplifiers,
exploring coils, audibility meter, and
miscellaneous meters. The most useful
is the suitcase super. Set testers are
handy when the real trouble lies in the
set and the owners are obstinate and
troublesome. Care must be taken that
this does not lead to free service work.
The low-frequency amplifier is useful
when near the source of trouble, as it
picks up the disturbance only when at
a short distance from the source and
avoids the false indications met while
using a more sensitive receiver.

When a source has been found, the
interference is most effectively killed by
connecting a filter in the line which sup-
plies current to the electrical device
which is causing the trouble. If this is
not possible such a filter may be con-
nected in the line at the service switch
near the meter or even between the plug
socket and the radio set, though in the
latter case less noise will be eliminated
than if the filter is installed at the source.

3+

mmunition for
A gainst RADIO

What the boys are

Suitable filters are, in general, of the
low pass tvpe, i. e., they will readily pass
the 60-cyvele current and block the higher
audio frequencies which constitute the
“noise.” In some cases it is sufficient to
connect two fixed condensers between
the two sides of the line and ground.
thus simply by-passing the audio fre-
quencies. In other more obstinate cases
it is necessary to insert choke coils in the
line so as to block the high frequencies
and allow them to be by-passed to ground
as in Fig. 1.

100-TuRNS

—

— 1 MID

- T0 1570[[305 or 1{[0[,572‘(/7

L on——
Fig. 1. The Big Bertha, a filter circuit awhicl
acill kill four-fifths of the cases of line noise

The circuit in Fig. 1 is applicable to
four-fifths of the cases.

Any service man can make up such a
filter from two r.f. chokes shunted by
two high-voltage condensers. The chokes
may consist of 100 turns of wire each
bank-wound on a double wooden bobbin
or fiber cvlinder. No. 14 wire should be
used for a +-ampere load ; No. 12 wire for
6 amperes, and No. 10 wire for 9 am-
peres, using d.c.c. wire and insulating
between lavers with Empire cloth. The
condenser should be tested for 500 volts
and should be installed in metal boxes
or have insulated terminals, 1 or 2 mfd.
usually being sufficient.

A similar filter can be purchased
ready-made in the form of a number of
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RMA DIAGRAMS OF FILTER
SYSTEMS
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€ —Condensers .1 10 5. Mfd.

70 pEVICE
ENICE

For Doarbells, Buzzers and Annunciator
Systems

i~ rooev cc
POwEA LINE f—\m
___“———,
Re-Varable resistance such as “Dim-A.Lite’ socket.
Adjust to point where theemostat does not operats
but device may be kept at a satisfactory temperature.

THIS 1S A LAST RESORT FOR PROVECTION
OF HEATING PADS ONLY.

3 10 BEVIC
POWER LINE E

For Ileating Pads and Thermostatically
Controlled Devices

NOTE —Very ser terferone has been drieloped
due 0 Stac g o+ [t drcag belt This cas
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€ —Condensers .1 to 5. Mtd.
G, —Ground

For Refrigerator awith Belt-Driven Com-
pressor

i
€ —Condensers .1 to 5. Mfd.

For Motor-Driven Sign Flasher

Choke la—For 5 amperes or less, about
150 turns of No. 18 wire wound in a single
layer on a fiber, bakelite or porcelain tube
3 in. in diameter and 8 in. long. If double
cotton-covered wire is used the layer should
be treated with shellac or insulating varnish.
When larger wire is used, in accordance
with the same specifications as for Choke 1,
the dimensions of the tube may be increased.
Both chokes are air-core and no iron should
be placed in the spool or tube.
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C —Condensers .1 to 5. NEd.

For Miscellaneous Devices

Choke 1—For 5 amperes or less; about
560 turns of No. 18 insulated wire wound
on a spool having a core diameter of 34 in.,
an outside diameter of 1Y% in., and a
winding space of 9/16 in. deep and 7/16 in.
wide. The spool may be of fiber, bakelite
or paraffin-treated wood. If cotton-covered
wire is used the spool should be treated with
shellac or insulating varnish and then baked.
If enameled wire is used the layers should
be separated by insulating paper. When it
is necessary to carry 10 amperes No. 16
wire should be used; 20 amperes, No. 14;
25 amperes, No. 12; 30 amperes, No. 10; 50
amperes, No. 8, etc. The spool dimensions
should be correspondingly increased when
wire larger than No. 18 is used.

noise suppressors which are on the mar-
ket.

‘This type of filter has been especially
successful in eliminating interference
caused by any motor-driven device, such
as an electrical refrigerator, vacuum
cleaner, vibrator, washing-machine, or
oil-burner. It has five terminals, two of
which are connected to the current sup-
ply terminals of the motor, two to the
two sides of the supply line, and one to
ground.

) Turns #17 S.CF PAPALIEL

fuf > '_J:I_‘—Z’Uf‘—j?—

69% Turns #17 S.C.£ PiraLLEL

Circuit of a successful eliminator of
line interference

Fig. 2.

Another commercial filter which has
proved successful in many cases employs
the circuit shown in Fig. 2. It consists
of two r.f. chokes,, each of which is con-
nected in one side of the power line near
the load, and one of which is by-passed
by two | mf.condensers whose midconnec-
tion is grounded. The coils consist re-
spectively of 71 and 6914 turns of
doubled No. 17 s.c.c. wire wound
on a 115 by 2 in. rectangular cardboard
form. Each coil is wound in two layers
on the same form, one coil being sepa-
rated from the other by three layers of
.01 fish paper. This particular device
does not employ an iron core, although
some others do, with provision for mov-
ing the core in or out so as to roughly
tune the circuit.

A typical device of this character is
rated at .76 k.w. or about 7 amperes at
110 volts. If the motor to which it is
attached draws more than 7 amperes, an
additional device should be added for
each additional 7 amperes or fraction
thereof, connecting the two or more
devices in parallel. Thus a 3-h.p. motor
would require three such devices in par-
allel if they are placed at the motor.

In the case of X-ray apparatus, dia-
thermic equipment, sign flashers, electric
warming-pads, or other electrical devices
where sparking occurs, the problem be-
comes more difficult, since the radiation
from the spark is transmitted through

(Continued on Page 60)
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Practical Interference
Elimination

By HECKERT PARKER

FTER exhausting available sources of
information about methods and
means to combat ‘“man-made

static”  or electrical interference to
broadcast radio reception, the Leo J.
Meyberg Co. has adopted the apparatus
listed here as the most practical to
handle and recommend to dealers. The
whole subject is highly complicated and,
without a rather extensive technical
training involving experience with the
gamut of electrical and radio devices, no
one can possibly write the specifications
and say in every case just what appa-
ratus or system of flters will stop the
noise under each particular set of condi-
tions. Therein lies our opportunity.
The more experiments we make with it
the more expert our whole organization
will become.

The disturbances to radio reception
are produced by three sources:

First—Static originating in the ether
or atmosphere, referred to as ‘“‘natural
static.”” With this we are more or less
familiar and already know that there is
nothing that can be done by way of
eliminating or reducing it. So-called
static eliminators have appeared from
time to time but this house will never
sell them. Any reduction of that kind of
static can only be secured by a corre-
sponding decrease of the radio signal
strength of the same frequencies as the
static itself.

Second —Wave signals set up by ra-
dio tubes. Fortunately, these do not
bother except in case of regenerative re-
ceiving sets.

Third.—Wave signals set up by an
electrical spark gap. The wave form is
exactly the same in all three cases and
generated at any frequency. The old-
style spark-gap wireless transmitter, the
arc or gap of a common doorbell buzzer,
power motor brush, make-and-break con-
tacts such as sign flashers, lamp sockets,
auto ignition systems, ignitors for oil
burners, all generate a wave of most any
old frequency and when these frequen-
cies are within 200 to 550 meters (1,500
to 600 kilocycles) or the radio broadcast
band, then theyv cause trouble, which is
interfering with the volume of radio
sales.

This third class of disturbance—
“man-made static”—can be tackled with
hope of some success.

When a radio set is tuned to a radio
broadcast signal of say—300 meters, one
does not mind additional signal of that
frequency coming in over the light wires
or in over anvthing else, but one does
object to signals at other frequencies
coming into his set from any source
whatever. What we can do is to filter



aut all other t.FHqUCI]CiCS within the
broadeast band and allow only the 60-
evele power current to pass into the set
gver the line connection.

Flectrical disturbances set up by arc-
iy comtacts, leaks un power lines, violet
rav, X-ray and similar devices set up a
wave signal which reaches the receiving
set through two channels:

First.—It is propagated through the
atmusphere just as are signals from a
hraadcast station. The disturbance
caused will be in proportion to the
strength or power of the signal and the
distance from the set, just as the power
and distance of a broadcast station
affects ability to pick up signals. The
whole mass of metal in a building, in-
cluding the electrical wiring, the water,
gas or heating pipes, metal building
framework, etc., also picks up this dis-
turbance and in turn radiates it to the
receiving set aerial, aerial lead-in, and
the r.f. coils and r.f. wiring of the set.

To determine what part of the dis-
turbance reaches the set in this manner,
disconnect the aerial lead-in from the set
and note how much of the disturbance
stops. 1f this discloses that much of the
disturbance does come in over the aerial
and lead-in, much or all of it can be
stopped very often by using a shielded
lead-in, especially where the lead-in is
long or passes through two or more
floors of the building from the roof to
the set. The material used and method
of installation of shielded lead-ins are
aiven below.

Likewise try disconnecting the receiver
ground. Much disturbance can reach
the set through the ground if connected
to a water-pipe system or other metal
piping in the building. The remedy for
this is a separate independent ground.
T'he material and methods for installa-
ton of independent grounds are given
below.

Second.—Radio frequency currents
follow Ohm’s law and likewise take the
path of least resistance. Copper offers
a much lower resistance path than air,
hence these disturbances will jump to
the light or power wires at the point of
the disturbing arc and follow these wires
to the receiving set. Sometimes these
disturbing currents at both radio and
audio frequencies will travel for miles
over the power company primaries or
trolley feeders to reach a receiving set.
It can be stated conservatively that well
over 50 per cent of the disturbance to
radio reception reaches the set over the
power wires and, fortunately, can be
stopped by the use of suitable filtering
devices.

How to Stop Radio Disturbances

Carried Over Power Lines

It is a very easy matter. Just elimi-
nate the apparatus causing the interfer-
ence! However, when the owner of a
disturbing motor, sign flasher, diathermy

(Continued on Page 62)
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Importance of Ground Connection in
Minimizing Interference-

By N. E. BORCH

Ny radio receiver, with the excep-
Ation of a loop-operated set, must
have a good ground connection in
order to perform at maximum efficiency.
From many radio installations recently
inspected, it has been determined that the
average radio service man does not realize
the importance of grounds both on power
lines and on the receiver proper. In many
cases grounds are left off entirely be-
cause a set is found to operate better
with no connections to the ground bind-
ing post in the receiver. If this were a
true condition, the manufacturer of re-
ceivers would not provide a ground con-
nection, and, therefore, the reason for
the receiver operating better must be an
external one.

Cold water pipes, when used as
ground, may be anything but perfect,
particularly in tall buildings. Wher-
ever a pipe joint is made high resistance
is introduced by white or red lead, lead-
ite, or various cement compounds. The
resistance of the fresh water flowing in
the pipes is also very high compared to
that of salt water. The total resistance
in some apartment houses has actually
measured up to between 200 and 300
ohms and, in such instances, the ground
is useless.

Electric power companies usually con-
nect the neutral service wire to the near-
est cold water pipe. Some water com-
panies object to this and use an insulated
pipe-coupling joint in the pipe line near
the ground. This is done to prevent
electrolysis. When such insulating coup-
ling joint is used the water pipe system
in the building may possibly act as a
counterpoise but never as a real connec-
tion to the earth.

Ground pick-up of interference often
occurs where a water pipe is used as a
common ground to the power company’s
neutral, or where the water pipe is run-
ning close and parallel to any wires car-
rying and fluctuating electrical current.
This ground pick-up may also occur in
the ground wire itself before it is con-
nected to either the water pipe or the
independent ground.

Independent ground is always the best
except where no moisture is found in the
soil. Water pipe will, at times, run for
a considerable distance before it enters
moist soil. This will have the effect of
decreasing the selectivity of the receiver
and will cause considerable extraneous
pick-up. Technologic Paper No. 108 of
the Bureau of Standards contains data
pertaining to suitable grounds for wired

*Radio Interference Bulletin No, 1, Pacific
Radio Trade Association.
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telephone and electrical power installa-
tions. From experiments it has been de-
termined that the moist stratum of the
earth is found between six and eight feet
below the surface and if a good contact
is made to this moist stratum, the very
best ground is always had. Mr. Heckert
Parker, in the August, 1928, Rapio
gives some valuable information as to
soil resistance, the effect of moisture and
temperature on the resistivity of soil, the
seasonal variation of pipe grounds, the
variation of resistance with depth, and
the effect of salt water as compared with
fresh“water.

The neutral wire on the electrical
power company’s service to buildings is
grounded. But this ground may have a
comparatively high resistance. This re-
sistance will be found to fluctuate con-
siderably and may cause instability of
reception and excessive external pick-up.
This is due to the fact that an improperly
grounded metallic object will act as a
radiating surface which will pick up en-
ergy from passing radio waves. 'The
amount of pick-up will vary with its
resistance. After such a condition is
found, stability of reception may be in-
creased by regrounding the neutral to a
cold water pipe near the earth. This
must be done by a licensed electrician
because the neutral ground is to be treat-
ed in the same manner as a hot wire. In
a three-wire service the neutral is always
the center wire to the main service
switch. In a two-wire service the neutral
may be spotted by the use of a test lamp.
The lamp will glow when connected from
the hot side of the line to the water pipe
but will not glow when connected from
the neutral to the water pipe. Sometimes
the phenomenon of the station riding in
on the carrier wave of another may also
be greatly reduced by thoroughly
grounding the neutral wire.

An independent ground should be
made with 1% or 34-in. galvanized iron
rod, or pipe, 6 or 8 ft. long. An increase
in diameter of the rod or pipe will not
further decrease the ground resistance
nor will a length longer than 8 ft. be
of any material assistance. (Galvanized
iron is used to prolong the life of the
pipe, not to reduce the resistance, as rust
(iron oxide) has no higher resistance
than the soil and is just as permeable to
moisture. ‘The occasional application of
salt water to the soil near the ground
state will further decrease the effective
resistance. T'wo or more ground stakes
may be used in parallel provided each
stake is separated by at least 6 ft.

(Continued on Page 63)
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ANGED condensers may be matched

by using the circuit shown in Fig. 1.

Two r.f. oscillators are used, one being
tuned with any good receiving condenser
and vernier, the other by the condenser
under test. Setting the receiver dial at
zero, or minimum capacity, attach the
clips to the first of the gang condensers,

TO GANG CONDINSER—

————— el

A-B- 4+

Fig. 1. Circuit of Beat Frequency Oscillator
for Use in Matching Ganged Condensers

which will be used as a standard, then
tune the first oscillator until zero beat
is indicated in the phones. Leave Oscil-
lator No. 1 as it is, change the clips to
the second condenser in the gang and
vary the trimmer for zero beat as before.
Continue thus until all the condensers
are matched to the first. Now check up
on the maximum capacity of the con-
densers by tuning Oscillator No. 1 for
zero beat with the gang when the latter
is turned completely in.

The oscillators must be as nearly alike
as possible and shielded from each other.
They may be tuned to any convenient
band of frequencies, although a finer ad-
justment may be had if they are designed
for the lower frequencies, such as 60 or
100 k.c. R.f. resistance should be avoided

if a true zero beat is to be obtained.

PAPER condensers cause a much more
serious loss of energy than do mica
condensers when used in r.f. and if.
amplifiers, oscillators, and filter circuits.
Dubilier engineers find that mica con-
densers permit 31 per cent more current
in a high-frequency tuned circuit than
do paper dielectric capacities, the latter
also increasing any tendency toward
broadness of tuning.

TECHNICAL BRIEFS

ter serve a double purpose is shown
in Fig. 2. It is applicable to either an
amateur transmitter or to the power
pack for an amplifier. When the
3-p.d.t. switch is closed in one direction
it puts the 0-10 milliammeter and a
100,000 ohm series resistor, Ri, across

; Y
771" €

A_ SIMPLE method for making one me-

Fig. 2. Circuit for Dual Meter Connection

the plate supply, giving a reading of
0-1000 volts d.c. When thrown to the
opposite side the milliammeter is shunted
with a resistance, R. equal to 1/10 or
1/20 of its internal resistance and is
placed in series with the positive lead.
A shunt of 1/10 the internal resistance
of the meter will allow a reading of
0-100 m.a. That of 1/20 will give a
0-200 m.a. reading.

HY the impedance of an audio
-\; -\/ transformer’s primary winding
should match that of its associated vac-
uum tube’s plate circuit for the lowest
audio frequency to be reproduced, rather
than at some higher frequency, is not
generally understood. That maximum
energy transfer occurs when the imped-
ances of the two coupling units are equal
is a well-known rule of thumb. The
impedance of the tube is about the same
for all audio frequencies. The impedance
of the primary increases as the frequency
increases, and so the curve of energy
transfer from tube to primary drops for
increasing frequencies. On the other
hand, the curve of energy transfer from
primary to secondary rises as the fre-
quency increases. These opposite ten-
dencies neutralize each other so that their
resultant curve approximates to a
straight line. 'Which is to say that the
energy transfer from tube to secondary
is nearly uniform for all frequencies re-
ceived from a broadcast station if the
tube impedance matches that of the
transformer primary at the lowest audio
frequency.
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HE relative amount of hum pro-

duced because of unbalance in the
filament circuits of 26 and ’27 types of
tubes is strikingly illustrated in Fig. 3.
It will be noted that a 10 per cent dis-
placement increases the hum voltage by
about 60 millivolts for the '27 type and
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PER CENT OFF BALANCE

Fig. 3. Relative amount of hum due to un-
halanced filament circuits avith 26 and 27
types of tubes

by about 550 millivolts for the ’26 type.
As a satisfactory means for bringing the
grid return to the electrical center of the
filament circuit, and thereby minimizing
the hum from either type of tube, the
Clarostat Manufacturing Co. suggests
an adjustable center-tap resistance.

‘ x J HILE no difficulty may be ex-

perienced in figuring the number
of ohms required in a resistor to cause a
required drop in voltage, R—E—+I, an
experimenter may be at a loss to know
what current-carrying capacity is neces
sary to insure safety against heat dam
age to condensers or other near-by units.
Modern resistors are usually rated on the
basis of the maximum number of watts
which they will carry without burn-out.
But this rating is entirely too high for
safe operation in a poorly ventilated in-
stallation. Good engineering practice re-
quires the temperature of operation not
to exceed that of boiling water, 212
degrees Fahrenheit. The Aerovox Re-
search ¥ orker recommends that a re-

(Continued on Page 74)
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adiotorial (ovmment
By the Editor

ROFITABLE disposal of trade-ins, admittedly

the dealer’s most serious problem today, is more

dependent upon the ability of the service man than is

generally realized. His expert judgment should deter-

mine the true worth of an old set

To Trade-In which is to be turned in as part
or Not

payment for a new set. His skill
to Trade-In is ne'efied to put the old set into

condition for re-sale. And his
knowledge of its peculiarities will forestall complaints
as to its subsequent performance.

Too many dealers have blindly bought “a pig in a
poke,” failing to realize that it is not the original list
price of an old set which determines its present value,
but its possible re-sale price, based largely upon its
selectivity, sensitivity and tone quality, as well as
upon its mechanical condition. Too many dealers are
carrying a dead stock of trade-ins which they are
unable to put into salable condition at any price.
Too many dealers have their re-sold old sets turned
back. And all because of a lack of a service man who
knows his business.

Every purchaser of an old set is a prospective pur-
chaser of a new one. The confidence in a dealer,
engendered by satisfactory experience with a trade-in,
is the basis for future dealings in the purchase of a
new set. But unless a dealer is an expert himself, or
has in his employ an expert upon whose judgment he
can rely, he will be a wiser and richer man by refusing
to handle trade-ins.

ADIO history has shown periodical shortages in
Rthe supply of vacuum tubes and a consequent
retardation in the sale of radio sets. Some experienced
set manufacturers predict that history will repeat

itself this year and are planning
Will Tube to deliver all their sets com-
History

plete with tubes. The tube
Repeat Itself? factories, on the other hand,

have announced a production
schedule that will create an oversupply of millions of
tubes even in the big market that is anticipated. So
there you are!

As a matter of fact there will probably be enough
good tubes to meet all normal requirements and
enough inferior tubes to create plenty of competition.
The important point is for the dealer to be sure of
the good quality of the tubes in the new sets which

he sells. Defective tubes have been responsible for
nine out of ten of the service calls on new sets. These
calls not only cut the dealer’s legitimate profit but
also cause consumer ill-will.

UBLICITY and advertising made this a screen-
grid year. The novelty-seeking public, ever inter-
ested in possessing the latest development in radio,
demands sets with screen-grid tubes. The manufac-
turers have created and sup-
plied a demand which every

Grid Set Really dealer can fulfill. But from
every section of the country

Arrived Yet? )
come grumblings and rum-

blings of dealer dissatisfaction with the performance
of screen-grid sets which have been made to sell
rather than to perform. One dealer reports that
his screen-grid sample gives no better selectivity,
sensitivity or tone quality than does another sample
which uses three-element tubes. Another dealer
reports good selectivity for low volume but poor
apparent selectivity for high. Still another tells a
tale about getting just as good reception when
one screen-grid tube was entirely removed from the
set.

Has the Screen-

These tales may be exaggerated, and then again
they may not. Certainly there can be no smoke with-
out some fire. There has not been given enough time
to determine whether or not all screen-grid sets have
yet been sufficiently perfected to justify their wide-
spread use this year.

A certain few sets have been so perfected. They
have been intelligently engineered to take full advan-
tage of the remarkable possibilities of the screen-grid
tube. But certain other sets are no better than those
using the older type of heater tube. So it behooves the
dealer to exercise the greatest discrimination in the
choice of the line which he intends to sell.

Undoubtedly there will be less initial selling resist-
ance for the screen-grid set. But, from the dealer’s
standpoint, that is only half the story, since he is as
much interested in keeping the set sold as in the
initial sale. A lot of screen-grid sets will probably be
returned by dissatisfied customers who were oversold.
So the wise dealer will satisfy himself that a set will
perform before he assumes the responsibility of push-
ing it.
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HE stage is set for the greatest season in the
Thistory of radio broadcasting. The manufac-
turers are geared to top production, the salesmen are
pepped up to beat last year's bogie, and the stations
promise the finest programs ever.
But there is one bad actor who must
be hissed off the stage if all the
preparations are not to be for
naught. This discordant note in
the symphony of radio is the direct advertiser. For a
long time he caused only a relatively few stations to
lose their audiences. But now he monopolizes nearly
all of them at least part of the time. And as a conse-
quence those who own radios turn them off when the
selling talk starts and those who don’t own sets refuse
to buy until after the selling talk stops.

Banish the
Direct
Advertiser

Direct advertising over the radio benefits nobody

except the agent who gets a commission for selling:

the time. It harms the advertiser by breeding ill-will
for his product. It hurts the station by causing it to
lose listeners. It sickens the industry by decreasing
sales. And, if not stopped scon, will kill radio broad-
casting.

Nobody objects to a little publicity during a pro-
gram. We can all be broad-minded enough to laugh
with good grace at the patronizing manner in which
we are told that we are enjoying some good music
because of the good-heartedness of Whosis & Co. in
sponsoring a program. We will even suffer them to
tell us that they manufacture false teeth for false-
faced falsettos, and we will buy them when we become
so afflicted.

But when they tell us that their false teeth are bet-
ter even than the molars which nature gave us and
that everyone should have his present dental appen-
dages yanked out by the roots so as to enjoy food
chewed with Whosis’ teeth, we rise up in our wrath
and shut off the set for the night. And then when
they tell us tomorrow night that Whosis’ teeth are
guaranteed to chew 10,000 miles of macaroni without
wearing out and that they are insoluble in the de-
natured alcohol that masquerades as fine old Scotch,
we get real mad and shut off the set for the rest of
the week.

Nor is there undue exaggeration in this picture of
human reaction against the bally-hoo with which the
air is filled. Mr. Whosis may like it because he likes
to hear his own name—the first thing he ever heard,
wrote or learned to spell, his most precious gift to his
wife and children, and the great heritage which he
bequeaths to posterity. But no one else would pay a
burned-out tube for all the Whosis hooey that was
ever perpetrated on a long-suffering public.

Radio advertising is, like all forms of advertising,
an intrusion. It is not invited. Yet even an uninvited
guest may be made welcome, or at least received on
sufferance, if he is not obnoxious and does not stay
too long. If program sponsors can get this point of
view they can help the broadcasters to hold a worth-
while audience.

The listeners can roar, the radio men can rail, and
the public-respecting advertisers can object, but the
only one who can put a stop to this evil is the manager
of the offending station from which such halitosis
emanates. Nobody has to tell him that he is in bad
odor. He knows it but lacks the backbone to say no
to an advertiser who should know better. Why should
radio’s obituary be “died from halitosis”?

HE decreasing importance of technical problems
and the increasing importance of marketing prob-
lems have been cited by Prof. H. K. Nixon of Colum-
bia University as the most significant trend in the
marketing of radio. But if there
is any truth in the old adage that
goods which are well made are
Needed half sold, this professor of adver-
in Radio txsm'g and sales sc-.:ems to pe.rmxt
the importance of his own specialty
to overshadow the importance of the technique
whereby radio equipment is manufactured and ser-
viced. It will be many years, if ever, before radio
equipment becomes so perfected that the technical
man can be given a subordinate role.

When a factory discharges its engineering staff it
will be a signal for the advertising and sales force to
look for new jobs. Many problems are yet unsolved in
the conversion of the infinitesimal energy from the
aerial into sound from the loudspeaker. Unless the
engineer is encouraged to overcome these difficulties,
the salesman will have no ammunition for his cam-
paign against the selling resistance of the prospective
buyer.

The salesman himself should also understand some-
thing about the technical side of radio. At any time
he is likely to meet the statement that a competitive
set has a sensitivity of 5 microvolts per meter or some
other technical specification as to selectivity or gain.
What can he say about the merits of his set if he
cannot quote its corresponding specifications or if he
doesn’t even know the meaning of these expressions?
The first rule in salesmanship is to know your product.
Such knowledge, in radio, is a technical problem.

Furthermore, the most importént element in the
sale of a radio is that it stay sold, as many dealers
know from sad experience. The service man generally
has the job of keeping it sold. He must have a prac-
tical working knowledge of a set’s circuit and why it
may not function satisfactorily. He must be techni-
cally informed. Even as it is, many a purchaser com-
plains that the service man doesn’t make his set oper-
ate satisfactorily. A good service man is a dealer’s
best asset.

These comments are not intended to nullify the real
purpose of the professor in stressing the necessity for
a study of merchandising methods, such as advertising
and sales, as well as credits and collections. But they
are intended to correct any inference that the solution
of technical problems is not equally important.

Technical
Knowledge
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DANCING
Green Light

By EARLE ENNIS

RINSLEY, police reporter for the

News, tapped on the table with the

end of his pencil. “Your trouble,”
he said, ““is that you laugh at psychology,
and then use it daily in your business,
not knowing that you do so. In the
newspaper game, we use it because we
understand it, and have learned not to
laugh at it.”

Captain of Detectives Lew Brady
snorted, and reached for a fresh cigar.

“Such as what ?”’ he demanded. Brins-
ley considered.

“Well, such as the Brillig case, for
instance. You took Brillig down to look
at his victim, laid out on a slab in the
morgue, didn’t you? Well—why?”

The captain scowled.

“To get a confession, of course,” he
snapped. “We figured his nerve would
break once he got a look at the old
money lender laid out as he had left him
in the shop. We stood him so he had to
look at the dead man’s face. When he
looked away he found us staring at
him—waiting. Well, it got him, didn’t
it? It broke him, didn’t it? He came
clean and told us the works, didn’t he?”

Brinsley laughed.

“Sure he did. That’s psychology.
When everything else failed, you let his
conscience break him by accenting its
effect. That’s just what I'm trying to
tell you. The police use psychology and
don’t know it. Take the case of “The
Tiger.” You've worked on him for two
days now, haven’t you?”

The captain bit down into his cigar
with a vicious snap.

“T’ll say we have,” he growled. “You
don’t know the half of it. That boy is
made of iron.”

Brinsley nodded.

“I can guess some of it,”” he said.
“I’ve seen plenty in the time I've been
down here. Physically—he’s made of
iron. You may kill him trying to get a
confession. But you’ll never break him.
I got just one slant at him when he came
in, and he’s prognathus.”

The captain removed his cigar.

“He’s what?”

“Got a projecting jaw,” Brinsley
explained. “He’s pain-proof, if you get
what I mean. You could wind him up
by the arms and still he wouldn’t talk.”

“Yeah,” said the captain. “We found
that out.”
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“4laays, that terrible light bored into his face”

“Right. But that boy’s mentality is
another matter.”
“You said it.” The head of the

detective bureau laughed heavily. “He
hasn’t got a scrap. He never went to
school a day in his life. He’s as dumb
as a doorknob.”

“Just what I thought,” said the re-
porter. “And still that doesn’t mean
anything to you birds.”

Captain Brady flushed.

“Say! what are you getting at any-
how ?” he demanded belligerently.

“Just this,” said Brinsley. “You've
been trying to smash ‘The Tiger’ on his
strongest side. If you knew anything
about psychology, vou'd try his weakest
side, instead. You’d work on his mind.
That’s his weak point. His type reasons
simply and directly—cause and effect.
Down underneath are certain latent
fears and inhibitions that come to the
surface with the slightest urging. The
rest is—concrete. I'll bet a hat he’s
afraid of black cats and the figure
thirteen, and that sort of stuff.”

Captain Brady twisted around in his
chair.

“Well, granted all that. Where does
that get us?”

Brinsley’s eyes narrowed.

“It gets a confession, if you know
how to use it.”
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The detective chief leaned back and
regarded the reporter in silence.

“Go on,” he said briefly.
listening.”

“If “T'he Tiger’ killed three women,
as we both believe he did,” said Brinsley,
“then there’s only one thing he’s afraid
of, and that is the three women he
murdered. Do you get me?”

Captain Brady shook his head.

“I do not,” he said succinctly. “If he
killed ’em he’s not afraid of 'em. At
least he wasn’t when they were alive.
Now they are dead, they’re dead, ain’t
they? It's a cinch he’s not afraid of 'em
now.”

Brinsley leaned back and lighted a
cigarette.

“I’m not so sure,” he said softly.
“That is just the point I am coming to.”

Something in the reporter’s answer
caused the head of the detective bureau
to regard him closely. He was always
a bit nervous with Brinsley at work on
a murder case. The News man had a
habit of digging up weird angles on
mysteries that worked out logically and
unexpectedly. Brady had once made the
mistake of underrating Brinsley, and
he had sorely regretted it. He found
himself wondering if this was another
such occasion.

(Continued on Page 64)
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Instrument Whose Construction I as Described in March, 1929, RADIO

W hat's the Use of a ¢

Vacuum-
Voltmeter?

Tube &

By HARRY R. LUBCKE -

LTHOUGH simple and inexpensive to
Aconstruct, the vacuum tube volt-
meter 1s one of the handiest of in-
struments wherever radio measurements
are made. From an emergency measure-
ment of a step-down transformer voltage
to a determination of the gain of a radio-
frequency amplifier it serves with equal
facility, and with equal accuracy, if
properly designed. In a radio receiver
its application is valuable and interest-
ing not only to the designer and engi-
neer, but also to the less vitally con-
cerned custom set builder, experimenter.
and technically inclined broadcast lis-
tener.

The fact that the vacuum tube volt-
meter requires only an infinitesimally
small current for its operation makes it
especially suitable for measuring the
feeble electro-motive forces found in the
radio receiver. The only current drain is
that due to leakage across the socket and
tube insulation, and an out-of-phase
component due to tube capacity; a mat-
ter of one-millionth of an ampere
(one microampere) at audio frequen-
cies, and perhaps fifty millionths of an
ampere at radio frequencies where ca-
pacitance becomes effectiv .

The meter can be appli:d *2 any point
in a receiver, regardless of th: frequency,
with the assurance that the indication
will be the true voltage, the instrument

described by the writer in March, 1929,

V.T.
VM.

MJ\
C ”

Fig. 1. Connections for determining grid sawing
of an audio amplifier tube

[y

Rap1o having no frequency error. Con-
sequently the vacuum-tube voltmeter can
be credited with the performance of
measuring almost any voltage, of any
frequency, and of diminutive strength.
Besides voltage measurements, currents
can be determined by measuring the volt-
age drop across a known resistor.

One of the simplest and yet most
valuable receiver measurements is the
determination of audio-frequency volt-
ages. In both the design and the opera-
tion of an audio-frequency amplifier the
magnitude of the signal voltage must
be limited to prevent its peak value from
exceeding the grid bias of any tube.
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It determines the correct J

grid bias, measures ampli-

Aer gain, and tells fidelity ||

of reproduction

Should this condition obtain, too much
grid current flows and distortion re-
sults. Proper design requires that cer-
tainly no bias be exceeded, and that the
bias on successive tubes increase at least
roughly proportional to the increase in
signal voltage through the amplifier.

To ascertain the condition in this re-
spect it is merely necessary to connect
the input terminals of the voltmeter
across the grid and C- connection of the
coupling device as shown in Fig. 1 and
to note the maximum reading for the
loudest signal. If the voltmeter is cali-
brated to read root-mean-square volts, as
is the case if an a.c. voltmeter has been
used to calibrate it, the observed reading
multiplied by a factor of 114 gives the
peak voltage reached, assuming a wave
shape not much more sharply peaked
than the sine wave.

If this quantity exceeds the grid bias,
either the signal input must be reduced
or the grid bias increased. Thus, sup-
pose the grid bias on a 112-type tube is
9 volts and that a strong signal con-
sistently gives maximum deflections of 8
volts as read on the meter. The peak
value is: 1.5X8=12 wvolts. This ex-
ceeds the bias considerably and if the
signal voltage is not to be decreased the
bias must be increased to 12 volts. Had
the signal peak been 17 volts, say, rather
than 12 volts, a tube of larger inpus ca-
pacity would be required, such as the

41



’71 type, which permits a maximum bias
of 45 volts.

After the grid biases have been ad-
justed to correct values the input ter-
minals of the voltmeter can be connected
across the loudspeaker terminals, as
shown in Fig. 2, and the voltage input
to the loudspeaker obtained. Consider-
ing the antenna input from a given
transmitter a constant, the magnitude of
this voltage may serve as an index to the

1 V.T.
VM,

]

Fig. 2. Measuring the wvoliage input to the
speaker

over-all efficiency of the receiver. The
effects of various adjustments can be
noted and set for a maximum response.
By maintaining the voltage reading con-
stant the relative performance of several
loudspeakers can be determined. The
more or less constant level of dance mu-
sic or of a certain announcer from a
given local station gives a fairly depend-
able datum for these measurements. A
near-by code station is even better.

V.T.

Fig. 3. Measuring the gain of an R.F.
Amplifier

In a similar manner the performance
of the radio-frequency amplifier can be
checked. The input terminals of a low
reading, 0-2 or 3-volt full scale range,
tube voltmeter are connected across the
terminals of the detector resonant cir-
cuit as shown in Fig. 3. A positive indi-
cation as to whether a new coil, a larger
antenna, or a new tube really makes any
difference is immediately secured by tak-
ing comparative readings.

The foregoing applications have re-
quired only the receiver under test and
the vacuum-tube voltmeter for their ac-
complishment. While the tests involving
the use of a broadcast station as a stand-
ard of signal strength allow certain
inconstancies to enter, laboratory tests
indicate that these might easily be as
small as variations in the day-to-day per-
formance of the receiver itself. The
measurements are much more accurate
than the simple “hearing’’ tests often

LIST OF VISUAL BROADCASTING STATIONS

Call Signal Owner ¢ Frequency (K.C.) Watts
Wi1XAE Westinghse. E. & M. Co., E. Springfield, Mass. 2000-2100 20,000
WIXAY J. S. Dodge, Lexington, Mass. 4800-4900 500
WiXB General Industries, Somerville, Mass. 2100-2200

2750-2850 500
W2XBA WAAM, Inc, Newark, N. J. 2750-2850 50
W2XBS R.C.A. (portable), New York, N. Y. 2000-2100 5000
W2XBU Harold E. Smith, Beacon, N. Y. 4800-4900 100
W2XBV R.C.A. (portable), New York, N. Y. 2000-2100 5000
W2XBW R.C.A. (portable), Bound Brook, N. J. 2000-2100 5000
W2XCL Pilot Elec. Mfg. Co., Brooklyn, N. Y. 2000-2100

2750-2850 250
W2XCO R.C.A. near New York City 2100-2200 5000
W2XCR Jenkins Telev. Corp., Jersey City, N. J. 2100-2200 5000
W2XCW General Electric Co., Schenectady, N. Y. 2100-2200 20,000
W2XR J. V. L. Hogan, New York, N. Y. 2000-2200 500
W2XX Robt. F. Gowen, Ossining, N. Y. 2000-2100 100
Wi3XK Jenkins’ Laboratories, Washington, D. C. 2000-2100

2850-2950 5000
W3XL R.C.A., Bound Brook, N. J. 2850-2950 30,000
W4XE Wm. J. Lee, Winter Park, Fla. 2000-2100 2000
W6XAM B. S. McGlashan, Wash. & Oak Sts., Los An. 2000-2100 500
We6XC R. B. Parrish, 5155 S. Grammercy PL, L. A.  4500-4600 15,000
W7XAO Wilbur Jerman, Portland, Ore. 2750-2850 100
WSXAV Westinghouse E. & M. Co., E. Pittsburgh, Pa. 2000-2200

2750-2850 20,000
WIXAA Chicago Fed. of Labor, Chicago, IIL 2000-2100 1000
WIXAG Aero Products, Chicago, 1IL 2000-2100 1000
WIXAO Nelson Bros. B. & M. Co., Chicago, 11l 2000-2100 500
WIXAZ Univ. of Towa, Iowa City, Iowa 2000-2100 500
WRNY Aviation Radio Station, Coytesville, N. J. 1010 250
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employed. Using a given antenna and
supply syvstem with the voltmeter across
a given loudspeaker makes possible com-
parison tests of various receivers that
leave no doubt as to the results.

1f laboratory apparatus is available,
the measurements described are readily
refinable to laboratory precision. The
use of a standard signal generator to
produce a known signal for a radio fre-
quency amplifier or a complete receiver
housed in a shielded booth gives definite
and accurate results.

A simple and yet accurate method of
securing audio-frequency amplifier char-
acteristics, as shown in Fig. 4, employs
one vacuum-tube voltmeter for measur-
ing both input and output of the ampli-
fier. Any frequency of calibration errors
in the voltmeter are almost completely
eliminated. T'he output of the audio-

R1
o IR %‘R‘[ T
I'NPUQ - SW. 1
[

V.T.
VM,

Fig. 4. Taking a Fidelity Curve on an .A.F.
Amplifier

AMP

frequency oscillator is measured by the
meter when switch 7 is thrown to input
and the output voltage of the amplifier
1s secured when it is thrown to output.
The input to the amplifier is made some
definite fraction of the oscillator output
Ly taking it across a portion of the decade
resistance boxes R;, R.. The deflections
for input and output are made approxi-
mately equal by varying the magnitude
of R, and R. to suit the gain of the am-
plifier under test. For example, if the
readings of input and output were §v.
and 9 v., respectively, with a ratio of R,
to R of 10 to 1000, the actual input
voltage to the amplifier would be:
8> 10/1000—.08 wvolt, and with the
output voltage of 9, the gain would be:
9/.08-—112 times. Readings are taken
at representative points in the frequency
spectrum and plotted as usual.

Tube manufacturers report that at
least half of all filament burn-outs can
be traced to placing the tube in the
wrong socket, such as placing a 174 volt
tube in a 214 volt socket. The filament
current should always be turned off
when changing tubes. Otherwise there is
possibility that a power tube will be
overloaded if the plate prong makes con-
tact before the grid prong. It is also
found that careless handling of tubes
often displaces the relative position of
the elements so that the characteristics
may be changed to such an extent that
the tube will not function properly.
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Analysis of the Fada
Model 25

By L. M. COCKADAY

{ Y ELECTIVITY, sensitivity and freedom
S from oscillation is secured in the

Fada Model 25 by combining two
‘27 tubes in a neutrodyne circuit with a
24 tube in a tuned r.f. circuit. Heater
type tubes are also used in the detector
and first a.f. stage and two '+3s in push-
pull in the last a.f. stage. In laboratory
tests the neutrodyne stages showed a
voltage amplification of 10 and the
screen-grid stage of 40. In selectivity it
is capable of tuning in stations separated
by 10 k.c. without overlap and vet broad
enough to prevent slicing of side-bands.

It is assembled as a console receiver
with built-in dynamic speaker, especially
designed to eliminate acoustic hangovers
and cabinet resonance. The set is housed
in a walnut cabinet, with maple panels,
carved legs and moulded ornamental
stretcher. Although designed primarily
to operate on 110-volt 60-cvcle alternat-
ing current, models for 25 and +0-cvcle
power are available.

The chassis assembly is 20 by 1034 in.
and is divided into two detachable sec-
tions, one for the receiver itself, and one
for the power unit. The entire chassis
assembly may be removed from the cab-
inet by detaching four strong bolts. The
power unit, which is adjacent to the
receiver frame, is attached by two bolts.

; I 'S ABOUT
ORY BUILT

RECEIVERS- -

Fada Model 23

A terminal block, somewhat like a stand-
ard telephone switchboard connector, is
fastened under the power unit. Power
wires to the set attach to this block, and
may be removed, should it be necessary to
change the unit.

On the receiver chassis (which is to
the left of the power unit) are mounted,
across the front, four 420 micromicro-
farad wvariable condensers, linked to-
gether by a half-inch solid shaft. The
condensers are mounted in slotted holes
in the frame, and held tight by small

PHONOGRAPH

springs. This is done to prevent throw-
ing the “gang” condensers out of line,
due to the base becoming warped. Com-
pensating condensers are provided, at-
tached to each, and with the exception of
the one across the antenna circuit con-
denser, all are locked at the factory. The
antenna compensator is left adjustable,
in order to compensate for the length
and capacity of the aerial employed.
This facilitates accurate one-dial con-
trol, without the use of a “‘dummy’’ tube
in the antenna circuit.

Between the third and fourth con-
densers, or at the middle of the whole
assembly, is a 5-in. illuminated drum
dial, which is calibrated in both fre-
quency and wave-length. The “gang”
condensers are turned by a friction
wheel, which rotates a 5-in. drive wheel
attached to the antenna end of the shaft
controlling the condensers.

Behind each of the tuning condensers,
mounted in a hole in the metal chassis,
are the r.f. transformers. Fach is sup-
ported within the hole in the frame, and
covered with an inverted bell-shaped
shield. These transformers are wound
on a l-in. diameter form. Coupling in
all but the screen-grid stage is loose to
insure maximum selectivity. Behind
these are the four vacuum tube sockets,
and at the extreme rear are the three
audio-frequency transformers, namely,
the first stage, the input and the output
transformers.

Three knobs on the front panel con-
trol the operation. At the left is the
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conventional “on' and “off” switch; in
the middle, directly under the drum dial,
i the volume control, and on the right
is the tuning control. Knobs are attached
to the shafts in a rather unique fashion.
The knub itself is slutted, while a phos-
phor bronze spring fits in a small groove
cut cross-wise an the shaft, which fits in
the slot, 1o artach or detach, the knob
is pushed or pulled on or off.

Although provision is made for an-
tennat and ground connections, the set
may he operated without them. How-
ever, it is alwavs desirable to employ a
pround with an slternating current set,
25 1t will have @ tendency to reduce hum.
In the Fada 25, a small switch adjacent
to the antenna post is provided for con-
necting the antenna input to the line
side of the power circuit, in series with
a small condenser. This makes use of
the electric light wires as a substitute
for the aerial.

Two phone-tip jacks are provided on
the binding post strip at the rear of the
set for attaching the receiver of a phono-
graph through a “pickup.”

The r.f. stages progress from right
to left, with the detector at the extreme
left. The first two stages are neutral-
ized by means of low-capacity condensers
connected between the grid and filament
circuits. In the screen-grid circuit, tight
coupling is employed between the pri-
mary and secondary of the transformer
in order to take full advantage of the
high gain obtainable.

Volume is controlled by means of a
potentiometer in the grid circuits of the
first two r.f. stages. Variation of the
bias alters the impedance of the tube cir-
cuit, and regulates the volume to the de-
sired degree.

All wiring is under the chassis. The
component parts have been so designed
that terminals protrude below the frame,
placing all wires within vision. Wires
for the power, r.f. and filament circuits
are code colored, facilitating easy iden-
tification. All grid leads to transformers
are shielded in order to prevent coupling.

The power unit supplies both plate
and filament heater-current for all tubes
of the set. In order to avoid coupling
between filament circuits, four separate
2.5-volt secondaries are provided on the
power transformer. The high voltage
secondary feeds the plates of an ’80 full-
wave rectifier. This circuit supplies all
the plate and grid bias voltages in the set,
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Various intermediate voltages are ob-
tained by means of a voltage divider, con-
nected across the output of the rectifier.

The filter circuit consists of a S5-uf
condenser block, and two audio chokes,
one of which is the field coil of the dy-
namic speaker. The primary of the
power transformer is tapped in order to
allow for the necessary compensation for
variations in line voltages.

ErratUuM: In Figs. 3 and 4 of Frank
C. Jones’ article, “Notes on Audio Am-
plification,” June, 1929, “RADIO,” it
is necessary to use plate rectification
instead of grid rectification. The grid
condensers and leaks must be replaced by
a C battery located in the grid return.



Analysis of the Atwater
Kent Model 55

By L. M. COCKADAY

THIS is the first of the screen-grid
sets made by Atwater Kent. It em-
ploys two '24 tubes in the r.f.
stages, with ’27 tubes in the detector and
first audio and two '45 tubes in push-
pull in the second audio. Under test, it
showed a total r.f. gain of over 500, and
the output of the audio circuit showed
approximately straight line amplification
from 80 to 6000 cycles.

To keep the detector output below the
point where a strong local station will
tend to overload the first a.f. stage, a
“local” knob is provided on the front
panel to adjust the second r.f. trans-
former so that only one-fourth of its pri-
mary is in circuit. For ‘“‘distance” the
entire primary is cut in. Resistance
coupling is also used in the first audio
stage to prevent overload and to give
fidelity of reproduction.

The set has binding-posts for long and
for short aerials, the former being for
antennas more than 30 ft. in Iength It
utilizes only three turns in the primary
of the first r.f. transformer, thus serving
to increase the selectivity. The latter
connects the entire primary into the cir-
cuit and increases the sensitivity for
“distance” receptlon

Volume is controlled by direct varia-
tion of the shield-grid voltage in the r.f.
tubes through a series resistance. This
unit varies the potential from zero to
about 75 volts, and gives quiet and

Chassis of Atwater Kent 55

power unit output to the desired maxi-
mum.

In series with the plate of the detector
tube is a choke coil to prevent r.f. cur-
rents from entering the audio circuits.
This is by-passed in the usual manner.

T'he output of the first a.f. stage feeds
to the primary of the push-pull input
transformer, and thence, through induc-
tion, to the center-tapped secondary, and
to the grids of each of the two power
tubes. The output transformer feeds to
the floating coil of the dynamic speaker.
This output unit is especially designed to
operate in conjunction with the Atwater-
Kent reproducer.

The power unit is virtually the same
as employed in all conventional receivers,
utilizing a full-wave rectifier tube, fed
from a center-tapped line transformer.

circuit supplies plate and grid voltages for
all of the six receiver tubes, and in addi-
tion, excites the field coil of the dynamic
speaker. Audio circuit grid bias is ob-
tained through resistances connected in
series with the grid returns.

Two 214 volt filament windings,
wound as secondaries on the single power
transformer, furnish the necessary
cathode heater current for the '24 and
the '27 type tubes, and the '45 power
amplifier filaments and the pilot light.

Mechanically the Atwater-Kent 55
has an all-metal chassis and is attached
in a metal cabinet with eight bolts.
Because of the high radio frequencies
which are apt to result from the use of
screen-grid tubes, each unit in the set,
including each of the screen grid tubes,
is shielded with the greatest care. All

smooth control of the input to the de- The rectifier output feeds to a “brute of the r.f. transformers are housed in
tector and amplifier. A “bleeder” re- force” filter, consisting of three filter metal cans, and except for the small
sistor is connected ahead of the variable condenser units, and two high inductance holes for the wires, are completely
unit, reducing the bias voltage from the audio choke coils. The output from this (Continued on Page 80)
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'The Harkness 1930 Screen-
Grid Seven

This kit is designed to use three '24 screen-
grid r.f. tubes, ’27 detector and first audio
stage, and a power stage of two '+5 tubes in
push-pull. The chassis and shields are made
of aluminum and are punched and tapped
for easy assembly. The panel is equipped
with an escutcheon plate for the single drum
dial, a volume control knob, and two switches,
one for the a.c. line and the other for phono-
graph operation.

A 300-ohm potentiometer is shunted across
the antenna and ground connections, allow-
ing control of the input signal strength to
the grid of the untuned antenna coupling
stage. This resistor controls the volume
without discrimination of frequencies. Grid
bias is supplied to the first tube from the
drop through a fixed resistor between cathode
and ground plus that from the lower portion
of the volume control. Inductively coupled
transformers couple the next two stages, grid
bias being supplied from individual resistors.
“The primary of each, as well as the cathodes
and screen-grids, are carefully bypassed, and
the plates and screen-grids are provided with
a positive potential from taps in the voltage
divider.

A third transformer, similar to the two
preceding ones, couples the third r.f. stage
to the detector, for which a '27 tube is used
in a plate rectification circuit with high plate

Front View of Chassis,

voltage and a corresponding bias. An r.f.
filter in the output circuit of the detector
halts the flow of any remaining r.f. current.

The detector is coupled to the first a.f.
stage by means of resistances, one of the
s.p.d.t. switches breaking the circuit for the
phonograph input. Transformers are em-
ployed between the first and second audio
stages and in the output circuit of the power
stage. Grid bias for the power tubes is
supplied from the drop through a resistor
in the power unit connected between the fila-
ment center tap and ground.

The power pack is conventional; one '80
tube being emploved as a rectifier, two chokes

PHONOGRAPH PICK-UP

I ithout Shielding

with a condenser from each terminal to
ground comprising the filter. Either a mag-
netic or an a.c. dynamic speaker may be used,
a plug being provided for the field of the
latter.

The kit is accompanied by complete direc-
tions and pictorial diagrams so that the com-
plete set can be assembled in a few hours.
All the wiring is under the base and is quite
simple. The power unit is completely wired
ready for use. Both the receiver chassis and
power pack can be enclosed in any standard
cabinet having minimum inside dimensions
of 2014 in. width, 8 in. height and 12 in.
depth.
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New Equipment From the Radio Manufacturers

Contributions to This Department Are Invited

Crosley Radio Corporation announces a
number of new models equipped respectively
for either screen-grid, heater type, a.c. fila-
ment or d.c. filament tubes. Any one of
these four types of chasses may be obtained
in a walnut console, with or without built-in
speaker, or in a metal cabinet, with or with-
out legs.

Crosley 82 Type of Cabincet

The S-chassis, which is used in the 82-8§,
41-S and 42-S models, has three ’24 tubes in
the r.f. stages, a ’27 detector, a '27 first audio,
and two ’45 tubes in push-pull in the last
stage, with ’80 rectifier. The 82-S is a con-

Crosley 42 Type of Cabinet

Crosley 41 Type of Cabinet

sole without speaker, the 41-S a metal cabinet,
and the 42-S a console with speaker.

Corresponding cabinets with ’27 tubes in
the r.f., detector and first audio stages and
two ’45 tubes in the last audio are the
82-1I, 41-1 and 42-11. The 82, 41 and 42
have three r.f. stages with ’26 tubes, detector
with 27, first audio with 26, and last audio
with two power tubes in push-pull. An ’80
rectifier is used in each case.

The 83 is a console, the 61 a metal cabinet
and the 62 a console with speaker, all using
d.c. tubes, five '01A and three '71A. The
21 and 22 likewise use three 22, two '01A
and one '71A. The 31 and 32 are metal cab-
inet and console respectively, with four '26,
one '27 and one (and two) '71A, with '80
rectifier.

I'he Crosley speakers include the Dynacone
and the Dynacoil, an electro-dynamic type.
The Musicone is no longer in production.
These speakers are furnished in various forms
and may be used as table models or may be
installed in consoles with complete reecivers.

Amervox Electrodynamic Speaker Units
are made in several types. for operation
either with 110 or 220-volt a.c., 25 or 60
cycles, 90-110 volt d.c., or 6-volt d.c. The
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first-named type, as illustrated herewith, con-
tains a step-down transformer in its base and
uses current rectified by an Elkon M16 unit
together with a ripple filter. The second
type requires 45 ma. at 90 volts from a
power pack for field excitation. The third
type uses a battery. The field coil is designed
to carry 614 watts without overheating and
has a flux density of 14,000 lines per sq. in.
The cone, voice coil and spring are extremely
light and strong and are designed to give
distortionless reproduction from 30 to 7000
cycles for inputs as high as 14 watts.

The Jewell 409 Set Analyzer gives simul-
taneous readings of plate current and plate,
grid and filament voltages by means of four
instruments mounted in its panel. These in-

clude a 0-12-60-300 milliammeter, a 0-120-300-
600 d.c. voltmeter, a 0-10-100 d.c. voltmeter,
and a 0-4-8-16-160-800 a.c. voltmeter. Tests
are made by inserting the analyzer plug in
the socket from which the tube has been re-
moved and by pressing two buttons in the
analyzer. Scales are selected by push-buttons.

De Jur-Amsco Variable Condensers are
made in single, double and quadruple units
with the usual .0003, .00035 and .0005 mf.
maximum capacities in each section. Each
section of the double and quadruple units is
provided with a grounded compensator
capable of adjustinent up to 35 mmf. With

7
a1

compensators at minimum capacity the mini-
mum of each section of the large frame con-
densers is 17.5 mmf. and of the short frame
19.5 mmf. The individual sections of the
ganged types are matched by the micrometric
displacement of the stator plates to any speci-
fied tolerance. They are made with either
single or double space, and are as small and
light as is consistent with strength and rigid-
ity. They have a three-bearing shaft and
three-hole mounting.
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ANALYSIS OF MAJESTIC 180

15 pew hajestic model is a seven-tube
Teact emploving five '27 type tubes and
{wn ‘8hs, It has connections for operation
from either a long or short antenna wherein
a 23,000-ulm fixed resistor, shunted by a .001
mfd, fixed condenser, is connected across the
ground, The antenna is conductively coupled
to the input coil whicl is shunted by the first
spetion of the condenser gang. The induc-
vanre of this coil is variable to a small extent
o that the antenna system may be resonated
with the three other tuned circuits of the
receiver. The knob for this trimmer is lo-
catedl on the panel so as to control the selec-
rvity,

Inductive transformer coupling is used be-
tween each r.f. stage, Rice neutralization
heing employed.  ‘The heaters of the three
r1. tubes, detector and the first a.f. tube are
wupplied with 2.5 volts from the power unit.

The plate voltage is delivered to the three
r.f. and first a.f. tubes from the main power
line via a 1915-ohm resistor and the 2730-chm
speaker field. Another resistor of 30,000
ohms reduces this voltage still further for the
detector plate.

The minimum grid bias for the three r.f.
tubes is obtained from the voltage drop
through the 600-ohm fixed resistor which, in
series with the 75,000-ohm volume control,
connects the three r.f. cathodes to ground, or
B—. To increase the resistance in the 75,000-
ohin variable resistor is to increase the grid
voltage on these three tubes and hence in-
crease the volume. Grid bias for the first
a.f. tube is obtained from the drop through
2 1650-ohm resistor which connects the cath-
ode of this tube to ground.

Two .5 mfd. condensers connected to two
different sections of the r.f. cathode lead by-
pass this lead. Two more are used to bypass
the r.f. plate leads to ground, while another
5 mfd. and a 1 mfd. condenser are used on
the detector plate lead. The first a.f. cathode
is also equipped with a .5 mfd. bypass con-
denser, which completes what should be an
effective r.f. filter system.
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Fig. 2. Circuit Diagram of Majestic Power Unit

Grid detection is used, the grid condenser
and leak being of the normal values of
.00025 mfd. and 2 megohms respectively. A
002 mfd. feedback condenser takes care of
any stray r.f. that may have found its way
through the detector tube.

The secondary of the first a.f. transformer
is tapped for the phonograph unit input
which is permanently connected into the cir-
cuit and operated by a drum switch that
opens the detector plate circuit when the pho-
nograph is used. The first transformer sec-
ondary then becomes an autoformer, the
voltage output of the phonograph unit being
stepped up according to the turns ratio of
the autoformer. The 30,000-ohm variable
resistor that is connected across the ground
and the other phonograph unit terminal acts

2 MEC ;00025

27

7

&
@

as the volume control for this system, and is
connected on the same shaft as that for the
radio set.

The second a.f. stage is in push-pull, em-
ploying two type ’50 tubes. ‘Transformer
coupling is used on both input and output
circuits. A 3920-ohm resistor is connected in
series with the speaker field, the 1915-ohm
resistor mentioned above and the 425-volt
line in order to complete the voltage dividing
system across the output of the power unit.

Two transformers are used in the power
unit, their primaries being connected in paral-
lel, and a ballast resistor is in series with
both. This gives practically uniform primary
voltage for any variation in line voltage from
90 to 130 volts. One transformer has three
low-voltage secondaries supplyving heater and
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filament voltages to all '27 type tubes and
separately to each ’50 type tube. T'wo 1400-
ohm resistors, each shunted by a 1 mfd. con-
denser, connect the center taps of the two
7.5-volt secondaries to ground, thereby sup-
plying the grid of each ’50 tube with its re-
quired bias.

The second transformer supplies the high
voltage to the plates of the two ’81 rectifying
tubes and 15 volts to the series filaments of
the same tubes. The output of the rectifier
is filtered through two a.f. chokes and two
2 mfd. condensers. The r.f. plate voltage is
further filtered by the field coil of the speaker
and a 3 mfd. shunt condenser.

The Hickok set and tube tester has
five meters whereby it is possible to make
simultaneous readings when testing all types
of a.c. and d.c. sets and tubes, including the
screen-grid type. These instruments include
four voltmeters and a plate milliammeter
with a range of from 20 to 200 m.a. The

former include a plate voltmeter with range
300 and 600 volts, a grid voltmeter with
range 100-0-80 volts, a.c. filament and line
voltmeter, 3.3-15 and 150 volts, and a d.c.
filament voltmeter, range 7.5 volts. The volt-
meters have a resistance of 1333 ohms per
volt. All meters are heavily bus-barred to a
five-lead cable so that the possibility of burn-
out is minimized. A complete set of instruc-
tions and tube specifications accompany the
set which is housed in a bakelite case and
equipped with a plush-lined leather carrying-
case.

Powerizers are socket-power amplifier units
made by the Radio Receptor Co. They are
available in four standard sizes for undis-
torted outputs ranging for 1.5 to 15 watts.
This company also builds amplifier racks and

control panels for audio distribution systems,
as well as special amplifier units. Their en-
gineers recommend that 34-watt output be
allowed for each magnetic cone, 2-4 watts for
each dynamic cone, and 5-8 watts for a dy-
namic unit with air column.
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Majestic Model 180 Chassis

RMA STANDARD DEFINITIONS
FOR RECEIVING SETS

1. Receiving Set (Receiver).
A device for converting radio waves into
perceptible signals.

2. Tuning.

Primarily, the adjustment of a circuit or
circuits to resonance. Used also to mean
the adjustment of a circuit or system to se-
cure maximum transmission of a desired
signal.

3. Sensitivity.

The degree to which a radio receiving
set responds to signals of the frequency to
which it is tuned.

4. Detector.

That portion of the receiving apparatus
which, connected to a circuit carrying cur-
rents of radio frequency, and in conjunction
with a self-contained or separate indicator,
translates the radio-frequency power into a
form suitable for operation of the indicator.
This translation may be effected either by the
conversion of the radio-frequency power or by
means of the control of local power. The
indicator may be a telephone receiver, re-
laying device, tape recorder, and so on.

The most common type of detector is a
vacuum tube, operated on a non-linear por-
tion of its characteristic curve, thereby con-
verting a modulated radio frequency cur-
rent into a modulated direct current.

A tube which operates similarly to a de-
tector tube but the output of which does not
operate on an indicator, may properly be
called a frequency-converting tube.

5. Fading.
The variation of the signal intensity re-
ceived at a given location from a radio

gransmitting station as a result of changes
in the transmission path.

6. Selector (Station Selector).

The manual adjustment means by which
the user of a broadcast receiver is enabled
to bring one or more of its circuits into
resonance with any desired signal within
the range of the receiver. There are three
general methods of manual station selection.
In these the mechanical means used in any
of the three methods may consist of direct
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connected drives, with or without auxiliary
close-adjustment means, or may consist of
close-adjustment means only.

7. Multiple Selector.

That method of manual tuning adjust-
ment in which mechanical means are pro-
vided for setting independently each of two
or more tuned circuits or groupS of tuned
circuits to resonance at any frequency
within the range of the device.

8. Master Selector.

That method of manual tuning adjust-
ment in which one mechanical means is used
to bring all the tuned circuits simultaneously
into approximate resonance with any de-
sired frequency within the range of the de-
vice, and additional auxiliary means are
provided to bring one or more of the tuned
circuits into exact resonance.

9. Uni-Selector.

That method of manual tuning adjust-
ment in which one and only one mechanical
means is provided to the user for bringing
all tuned circuits into practical resonance at
any desired frequency within the range of
the receiver, there being no additional sepa-
rate means for resonance adjustment and no
other controls which appreciably affect the
calibration of the uni-selector.

10. Direct Selectors.

Direct selectors are those in which the
motion ratio between the knob, dial, or other
actuating means and the driven device is
unity.

11. On-Off Switch.

The manual means for connecting and
disconnecting a source or sources of power
which are supplied to the receiver.

12. Selectivity Control.

The manual adjusting means by which
the user of a broadcast receiver may pro-
duce changes in circuit to produce two or
more degrees of selectivity or by which he
may produce a gradual change in this re-
spect between limits.

13. Interference.

Confusion of reception due to strays, un-
desired signals or other causes; also that
which produces the confusion.

14. Swinging.

The variation in intensity of a received
radio signal resulting from changes in the
frequency of the transmitted waves.

49



15. Stability.

The charaeteristic of a radio receiving
set to perform uniformly without generating
objectionable audio-frequency or radio-fre-
quency oscillations for all possible adjast-
ments of the controls. A radio receiving
set is stable when such oscillations are ab-
sent.

16. Shielding.

The metallic enclosure of a receiving set
or its parts to prevent undesirable reaction,
through electrostatic or electromagnetic
fields, between circuit elements of fields in-
side of the enclosure, and elements or fields
external to the enclosure.

17. Partial Shielding.

The application of shielding to a portion
of the circuit elements of a radio receiving
set. In literature describing partial shield-
ing, the elements so shielded shall be speci-
fied.

18. Interstage Shielding.

The application of shielding to the cir-
cuit elements or stages of a radio receiving
set to prevent undesirable intercircuit or
interstage reaction.

19. External Shielding.

The application of shielding to a com-
plete radio receiving set to prevent inter-
action, through electrostatic or electromnag-
netic fields, between the elements of the re-
ceiving set and external circuits except
through intended coupling means.

20. Terminal Markings.

The markings for binding posts or ter-
minals on radio receivers shall be as fol-
lows:

a. The binding post for connecting the
antenna wire shall be marked with the word
Antenna or the abbreviation ANT, and the
binding post for connecting the ground wire
shall be marked with the word Ground or
the abbreviation GND.

b. Binding posts for connecting the con-
ductors extending to a loop shall be marked
Loop 1, Loop 2, etc., to correspond to simi-
lar markings on the loop.

¢, The binding posts for making connec-
tions to ‘“‘output” apparatus or circuits shall
be marked Output.

21. Protection of Output Terminals.

In a receiver, where provisions are made
for separate B and C voltages on the last
tube, the output terminals shall be protected
and the insulation of the B+PWR lead
shall be adequate for 500 velts d.c.

22. Wiring Diagrams.

Each receiving set shall be supplied with
a picture-type wiring diagram showing in
perspective the terminals, batteries, etc,
with the external electrical connections.

23. Power-Cable Connection to Receiver.

On sets requiring external batteries a
power-supply cable shall be permanently at-
tached to the radio receiver and this point
of attachment shall not be readily acces-
sible. Separate wires shall be provided for
each filament, plate, and grid battery con-
nection.

24. Service-Manual Sheet Size.

The standard size of service-manual
sheets shall be 8%% by 11 inches with three-
hole punching, the two outer holes each
being 414 inches from the center hole.

25. Selectivity.

The degree to which a radio receiving set
is capable of differentiating between signals
of different frequencies.
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26. Volume Control.

The manual adjusting means by which
the user of a broadcast receiver is enabled
to adjust the sound volume delivered by the
sound-reproducing device on any signal in-
put, within limits depending on the strength
of the signal and the sensitivity of the re-
ceiver and the sound-reproducing device.

27. Underwriters Laboratories Require-
ments.

On sets operating from electric light sock-
ets, all construction shall be in accordance
with the latest rules of the Underwriters’
Laboratories.

28. Insulation Resistance.

All components of the audio circuit shall
have an insulation resistance of not less
than 15 megohms measured between ad-
jacent insulated conductors or between an
insulated part and the metal framework.
Insulation resistance tests shall be made
after a 25-hour exposure at an average
humidity of 90 per cent and a temperature
of 100 degrees F.

29. Battery-Operated Set.

A radio receiver designed to operate from
primary and/or storage batteries shall be
known as a “battery-operated set.”

30. Socket-Powered Set.

A radio receiver of the “battery-oper-
ated” type, when connected to a power unit
operating from the electric light line, sup-
plying both filament and plate potentials to
the tubes of the receiver, shall be known as
a “socket-powered set.”

31. Electric Set.

A radio receiver operating from the elec-
tric light line, without using batteries, shall
be known as an “electric set.”

32. A. C. Tube Electric Set.

A radio receiver employing tubes which
obtain their filament or heater currents from
an alternating current electric light line
without the use of rectifying devices, and
with a built-in rectifier for the plate and
grid-biasing potentials, shall be known as
an “A. C. tube electric set.”

33 D. C. Tube Electric Set

A radio receiver employing tubes which
obtain their filament or heater currents
from a direct current electric light line with-
out the use of rectifying devices, and with
a built-in power plant for the plate and
grid-biasing potentials, shall be known as a
“D. C. tube electric set.”

RMA BETTER RADIO RECEPTION
MANUAL

One of the major problems facing the
radio trade is the elimination of the “inan-
made static” which causes so much unneces-
sary interference with radio reception.

These extraneous noises in the radio re-
ceiver are controllable and can be elimi-
nated. How to do it is explained fully in the
latest edition of the “R.M. A. Better Radio
Reception Manual,” which has just been
published by the Engineering Division of
the Radio Manufacturers’ Association.

The first edition of this important booklet
was published by the Radio Manufacturers’
Association in 1927 and created a nation-
wide sensation through its disclosure of
many methods of making radio reception
more enjoyable for the public through the
control of noises filtering into the receiver
from outside sources. The latest edition of
the Interference Manual is not a revised
edition; it is a complete new work which
tells in detail just how to locate and eradi-
cate “man-made static.”
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Radio retailers will find the Manual of
incalculable value in impressing their cus-
tomers with the fact that the radio industry
is leaving no stone unturned to make radio
reception as clear and enjoyable as is hu-
manly possible.

The new Manual gives detailed informa-
tion as to the various types of electrical
appliances which are liable to cause inter-
ference, how the cause of the noise can be
located, and, finally, how the noises can be
eliminated through the installation of vari-
ous types of filters.

The booklet contains over a dozen wiring
diagrams, covering every major type of
static producer and is the only information
of its kind ever available in one book.

The price ef the Manual is 25 cents and
copies can be obtained from the Radio Man-
ufacturers’ Association, 32 West Randolph
Street, Chicago, Ill.

NEWS OF THE RADIO TRADE

Los Angeles will hold its seventh annual
radio show in the Ambassador Auditorium,
September 1-7.

Arco Electrical Corp. of Chicago announce
production of a new screen-grid receiver as
well as 4 and B power units, controllers,
chargers and batteries.

The Radio Corporation of America has
licensed under its tube patents Eveready
Raytheon, Ce Co, Sylvania, La Salle, Cham-
pion, Hygrade, and Tung-Sol.

The Trav-Ler Manufacturing Corporation
of Chicago has been purchased by Harold
Wrape and associates of St. Louis. They
are concentrating on the manufacture of a
portable set for loop operation with screen-
grid tubes.

The name of the Pilot Electric Manufac-
turing Company has been changed to the
Pilot Radio and Tube Corporation. The
organization will continue to function as be-
fore, no changes in either management or
policy being contemplated.

The sixth annual radio show conducted by
the Pacific Radio Trade Association in the
Civic Auditorium at San Francisco will open
on August 17 and close on August 24. All
exhibit space has been sold and a large at-
tendance is anticipated.

The Vision Tone Sales Company of Dal-
las, Texas, is marketing a combined radio,
phonograph and motion picture machine in
which records and films are synchronized to
create talking pictures in the home. The
outfit lists for less than $400.

The Sterling Manufacturing Company,
Cleveland, Ohio, manufacturers of radio ac-
cessories, are now making the Stuart, Noon
and Oxford uni-central receivers. These
sets employ screen grid tubes as r.f. ampli-
fiers and 45 tubes as power amplifiers with
dynamic speakers built in.

Station W2XCL, located at 323 Berry
Street, Brooklyn, N. Y. which has been
operating since March 27 under a construc-
tion permit issued by the Federal Radio
Commission, has been licensed by the com-
mission as an experimental visual hroad-
casting station to transmit in the 2000-2100-
kilocycle channel (142.9-150 meters). A new
system of disc scanning and simple method
of maintaining synchronization has been
developed by the Pilot Radio and Tube
Corporation, which operates the station and
sells the parts for a complete television re-
ceiver in knock-down form,



With the Amateur Operators

ACCOMPLISHMENTS AT
W2ALU

W2ALU ix a 1000-watt station operated by
John B. Knight and Fred M. Link in their
apartment at 583 Riverside Drive, New York
City. This station has established two-way
communication with every continent, some
sixty countries, and has maintained unbroken
contact with the Byrd polar expedition
through WEFBT and WFAT ever since it left
the United States. Besides acting as a
medium for sending and receiving personal
messages between members of the crew and
their friends this station acts as an emer-
gency stand-by for the New York Times
station WHD. The station has also main-
tained communication with the MacMillan
Arctic expedition, the Uuniversity of Michigan
Greenland expedition, and the Ford rubber
plantation in Brazil.

Transmitter at W2ALU

The transmitter, as illustrated herewith,
is of the push-pull type of tuned grid-tuned
plate, equipped with two De ifcrest 500-watt
tubes with 3000 volts normally on the plates.
A modulator is to be added for phone work.
It normally operates on 41.3 meters. Recti-
fication is accomplished with a 10,000-volt
mercury arc.

The aerial is of the current-feed, funda-
mental type, with a phased radio-frequency
half-wave feeder. The aerial proper com-
prises two 32-foot single wires. The feeders
are two 64-foot wires, accurately spaced
ten inches apart. This spacing causes the
two lead-ins to neutralize each other very
efhciently.

The receiver is a four-tube job, compris-
ing one stage of tuned, screen-grid amplifi-
cation, followed by a regenerative detector
and a conventional two-stage audio amplifier.

The work of Knight and Link has not
been confined to the cheery communication
of the amateur, but has reached into many
unusual events of human interest. During
the tragic tornado in Porto Rico some months
ago, they rendered a splendid service to
victims and to relatives in the United States
by relaying messages to and from the short-
wave station in the Virgin Islands. When
the yacht Vaterland of Count Felix Von
Luckner steamed through the Panama Canal
to pick him up in Havana, Link and Knight
offered their station’s services in keeping the
Count in touch with his crew. They got one

OSCILLATOR ASSEMBLY FOR
10 METERS

By A. BINNEWEG, JR.

le—: 10-meter band is of considerable in-

terest to experimenters, for reflector sys-
tems can easily be used, thus giving maximumn
results for a given power output. This band
is comparatively wide and apparatus for
these frequencies can easily be assembled.
The cost of a 10-meter set is often less than
sets -of the same type for lower frequencies.
Special design and construction is necessary,
as will be described.

The circuit and assembly is shown in ac-
companying illustrations. This circuit operates
readily at the highest frequencies, and it is
simple to adjust. A 5000-ohin gridleak is used.

Ordinary circuits usually operate quite dif-
ferently at 5 and 10 meters. Often the Hart-
lev circuit will give more output if no fila-
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Circuit for 10-Meter Transmitter

coil is used as a choke. Both condensers are
mounted on 4x6-inch pieces of bakelite and
are double-spaced. The tuning coil leads are
soldered to the condensers. The inductances
are in the clear, and the antenna coil can be
coupled to them in any convenient manner.
In the usual shack a vertical Zeppelin an-
tenna can be used. 'The feeders extend ver-
tically about one-quarter wavelength and one

Assembly of 10-Meter Transmitter

ment clip is used, or a condenser or choke is
connected in this lead. The tuned plate and
grid circuit works well, but there are two
tuned circuits, and small constructional differ-
ences mnay throw off the range of one. A circuit
employing only one tuned circuit is usually
easier to adjust. Results often depend upon
the tube used ; one tube may give poor results,
while another of the same type may function
quite well. In general, tubes having well-
separated leads in the stem give best results.

The filament transformer used was not pro-
vided with a center-tap, so a center-tapped
gridleak shunted across the filament provided
this. The by-pass condensers are two of any
of the usual sizes. A small 30-turn basket

of their greatest thrills when they estab-
lished communication with the whaler
Neilson Alonzo, ice-bound in the Bay of
Whales, Antarctica. Daily communication
was maintained for a period of well over
two weeks, and, as far as is known, W2ALU
was the only station to maintain this sched-
ule. This feat was largely responsible for
calling attention to the practicability of radio
communication with the Byrd Expedition.
The splendid work of these two young men
has proved to the world once more the ster-
ling value of amateur radio as a great public
servant and not merely an experimental
plaything.
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of the wires extends beyond that one-half
wavelength, this being the radiating part.
The tuned reflecting wires are arranged ver-
tically around a horizontal parabola, the “ra-
diator” being at the focus.

The parabolic reflector will be used to
quite an extent, below 20 meters. Its opera-
tion is quite simple. At the instant the main
antenna is excited, electrons accelerate in the
wire. “Kinks” travel out in the electrostatic
lines, these causing electrons in near-by wires
to move also, but somewhat later. A rough
analogy is the operation of the pistons of an
ordinary automobile engine—first one piston
starts its motion, then the next moves, etc.
Finally all the wires in the reflector are “ra-
diating.” Obviously a maximum effect results
in the various wires if these are resonant at
the transmitted frequency, and this usually
means that each wire must be made approxi-
mately the same length as the radiating part
of the main aerial. Design curves have al-
ready appeared in Rapio.

The properties of the parabola are such
that toward the rear of the reflector there is
interference between radiation from the
various wires, while in the direction of trans-
mission there is reinforcement. Practically
there is always some loss to the rear of the
reflector, but in a theoretical arrangement no
power would be used to the rear. Two equal
voltages in opposition in an electrical circuit
expend no power. Equal forces in opposition
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do no work, The space to the rear of a
reflector s acted upon by “waves” out of
phuse, and thus there is more or less com-
plete cancellation, little power being lost.
Power only “procecds’ in the direction of
teansmipssion, which makes a reflector quite
efheient for cransmission in a given direc-
tiorn.,  Interference with stations not in the
direction of (ransmission is minimized.

The receiver for 10 meters should have
short leads and a small “midget” will serve
as the secondary condenser. The narrow
bands require only a small tuning condenser,
so that if the receiver is designed for 10
meters, it may also be used in the other
bands by plugging in the proper coil. It is
convenient to use two midgets in parallel, so
that one may listen outside the amateur
bands, or compensate for small differences in
coil construction, since it is more convenient
to use a whole number of turns. The tube-
base plug-in arrangement is so simple and
economical that it has become popular.

A coil wound on a piece of 1-inch bakelite
tubing and shunted by a midget of four plates
or so serves as a wavemeter. A small exten-
sion handle and case ought to be used, and
the cost is so small that a separate meter can
be used for 10 meters. To avoid errors it
is perhaps best to spot a few points with
lecher wires, then harmonics from 20 and 40
meters can be used to complete the calibra-
tion.

ANTENNA INSULATION
By Jack BronT
SOME puzzling things happen to ship
transmitters. Among them, and par-

ticularly annoying, is the mysterious drop
in antenna current, which any amount of
retuning, readjustment or increase in power
will not reclaim. The indicator on the
aerial ammeter develops a self-conscious-
ness complex and coyly cavorts in the pen-
ury of the lower scale readings. This is
especially true in old installations which,
although obsolete, are nevertheless like the
poor, always “present or accounted for.”
One certain fundamental cause for loss in
aerial amperes is so obvious that it is al-
most entirely overlooked.

Along this line we remember that since the
earliest days of radio—in the hoary and be-
whiskered nineties—the electric power trans-
mission line has been a handy and suitable
point of reference when delving into the
necessarily extreme pressures built up in ra-
dio dissipating devices. Probably nowhere
else is insulation subjected to a more acid
test than in piloting high electric pressures
across fog belts, desert dust areas, regions of
chemical fumes—through sleet, snow and
rainstorms. Here only the ultra-efficient in
dielectric materials will stand the gaff of the
enemies of isolated high voltages. And the
premier insulation in general use is highly
glazed porcelain of good quality.

But the most devastating conditions in
power line insulation are mild indeed com-
pared with those ravages incurred when salt
water (in solution or crystallized in the pres-
ence of moisture) affects ship installations;
especially in an all-enveloping atmosphere
of funnel gases from the furnaces. The
point is that, since power lines are equipped
with the most practical and dependable in-
sulation known, how much more care, thought
and common sense should be applied to ma-
rine insulation, where slight losses may be
almost disastrous. Any ship antenna, with
a transmitter firmly attached to its “nether
limbs,” is deserving of, at least, half decent
insulation. 'Heaven forbid that we recount
the vices of the terrible “Electrose’” so abun-
dantly “wished on a gullible radio public,”
as one New York executive deemed it.
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Even the best of insulating material for
antennas is affected by various elements. Di-
electric effectiveness at sea is impaired by
moisture, soot and especially the salt from
spindrift—or actual immersion in salt water,
as on deck. Every insulation leak modulates
the radio current. There is a subsequent ill-
afforded loss in power, in tone and in dis-
tance. For example, an otherwise piping-
toned arc transmitter may render an inimi-
table sound like that produced when a self-
assertive and determined canine attaches
himself firmly to the southern expanse of a
well-filled pair of trousers.

As an example of the effect of moisture
on high voltage insulation the writer has
untangled snarls in power lines carrying
above 7000 volts barehanded, and with only
dry cedar underfoot. The same line, on foggy
days, would have presented a most effective
and certain opportunity for suicide.

One particular radio transmitter develops
approximately 25,000 volts on an ordinary
ship antenna. Minus the presence of efh-
cient insulation and on an accompanying
drop in resistance at the free end of the
aerial from practically infinity to Heaven
knows what, the effective utility of the trans-
mitter falls to a minimum. A resonance va-
riation is, of course, obvious, along with the
depletion of pressure. The crux of the whole
matter is that ship insulation is too often
handled in a careless, indifferent manner.
A common result is that antenna current is
reduced and power wasted.

Happily, rain or moisture of any sort
cleanses good and suitable insulation, but
has a vicious tendency to further impair
poor insulation, especially when foreign and
conductive substances are present. On some
vessels, at night in bad weather, the deck
insulator may present a pyrotechnic display
comparable to a first-class lighthouse. A
sine curve of the emissions may present an
appearance resembling a cross section of the
captain’s dinner after the cabin boy has
taken a header down the engine room hatch.

There is no reason for any operator hav-
ing to lower an aerial to apply grease, tooth
and nail, every half-hour. Yet, as oppor-
tunity presents itself, insulators should be
overhauled, examined for streaks and cracks
holding moisture, and the grime removed
with a cleaning agent. Power companies
continually scrub and polish line insulators,
when necessary, just to keep its sluggish 25
and 50-cycle stuff in its proper place.

All the pretty photographs of the newest,
shiniest and fanciest transmitters, fresh from
the cycle factory, do not by any means elimi-
nate the “boiler factory” and the double-
jointed, side-ejecting, one-lung rock crushers
still afloat on the merchant ships; and which
obsolete instruments deluded steamship com-
panies still believe to be the last word in
radio. These antiques, to a great extent
build up antenna voltages which would
shame the G. E. into starting into the spud
and onion business. Careless and indifferent
insulation of these relics produce some hor-
rible noises in distant phones, especially in
inclement weather.

When the aerial ammeter demonstrates an
unexplained modesty, break out the field
glasses and gaze passionately at the over-
head insulators. If any suspicion is aroused,
do your stuff. Like the old prospector men-
tioned to his fellow traveler on the adjacent
cloud (just after the powder cache blew
up): “Well, old timer, this is new territory.
We may find something yit."”

A price list and catalog from American
Radio Hardware Co., 135 Grand St., New
York City, lists angles and brackets, cable
markers, terminal lugs, tube contacts, screws
and nuts, binding-posts, battery and fuse
clips, tip jacks, sockets, etc.
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BOOK REVIEWS

“Radio Telegraphy and Telephony,” by
R. L. Duncan and C. E. Drew, 950 pp.,
6x9 in., published by John Wiley & Sons,
Inc., New York City. Price $7.50.

This new text embodies the experience of
two veteran teachers as how to best im-
part a working knowledge of the causes.
effects and uses of radio phenomena. They
first lay a firm foundation of facts about the
fundamentals of electricity and magnetism,
placing special emphasis upon the construc-
tion and operation of motors, generators and
storage batteries as well as upon electric
meters. They then explain the theory of
alternating currents and of condensers. The
remaining four-fifths of the book is concerned
more specifically with radio.

The one-hundred page section devoted to
vacuum tubes is perhaps unrivalled in sim-
plicity, conciseness and completeness of treat-
ment. All of its varied uses as an amplifier,
detector, oscillator and rectifier are thor-
oughly explained in a manner which is
within the mental grasp of the average stu-
dent. The treatment includes a.c. and screen-
grid tubes.

Full details are given regarding broadcast
and commercial receivers for both high and
low frequencies. Two chapters are devoted
to rectifier and filter circuits and their asso-
ciated condensers.

The theory of radio transmission is intro-
duced by a discussion on antennas and reso-
nance and is continued with descriptions of
various types of modern broadcast, commer-
cial and amateur transmitters. The arc and
the spark each has a chapter, as have also
direction-finders and other radio equipment
such as crystals and microphones.

The entire treatment is comprehensive and
thorough, with a minimum of mathematics.
It is written especidlly for the instruction of
the commercial or amateur operator. Theory
is so expertly woven into practice that this
book’s wealth of information becomes really
readable and interesting.

NEW PUBLICATIONS FROM THE
MANUFACTURERS

“Tomorrow in the Tube Industry” is the
subject of an interesting booklet wherein the
Ce Co Manufacturing Co., Providence, R. 1.,
stresses the importance of vacuum tube sales
as a profit builder.

“Sound Advice” is the title of an attrac-
tive booklet from the Stevens Manufacturing
Corporation, Newark, N. J. It illustrates
and describes the Stevens line of magnetic,
dynetic and dynamic speakers, the Sibley
electric phonograph motor, turntable and
pick-up.

Bulletin No. 136 from the National Com-
pany, Inc., Malden, Mass., is a descriptive
price list of new items. These include the
M.B.-29 tuner, which is a compete chassis
with 4 screen-grid a.c. tubes in the r.f.
stages and ’27 detector, the type H drum
dial with scale projected on ground-glass
screen, Velvetone power amplifier, the 4-tube
“thrill-box” for short wave reception, and
various radio parts.

Radioart Laboratories, Inc., of Cleveland,
Ohio, have issued a circular on their eight
step-down transformers for obtaining 110
volts from a power supply of 130 to 250 volts,
25, 50 or 60 cycles, for operating a.c. radio
sets and electrical appliances not requiring
more than 70 watts, 160 watts or 300 watts.
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HE moment you put an ARCTURUS

A-C Long Life Tube in every socket of your radio recciver,
you give the Password to the air and to radio reception.

Magic - - the results you get - -
Programs in only 7 seconds
against 30 to 60 seconds

with other tubes
No hum - clearer reception
Realistic, true tone
Efficiency not impaired by
current changes.
And l-0-n-g life
ARCTURUS Tubes have
established a world’s record
Jor long life
You’ll marvel at the vast difference a complete sct of these
better ARCTURUS Tubes makes in reception.

Distant stations . . . more volume . . . clearer reception . ..
the radio world is yours!

Command it with ARCTURUS A-C Long Life Tubes--in
every socket. See your dealer.

WEST COAST REPRESENTATIVES

UNIVERSAL AGENCIES WESTERN SALES & SERVICE CO.
905 Mission Street -201 Calo Bldg. W. 1817 Augusta Avenue
San Francisco, Cal. Los Angeles, Cal. Spokane, Wash.
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Better screen grid receivers are being
offered the American public becausc they
specify the new ARCTURUS A-C Screen
Grid Tube —built with a full year’s ex-
perience and having the same advantage
as all other ARCTURUS Tubes.
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ARCTURUS RADIO TUBE CO. NEWRK,»N.J.
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Operates on
105 to 120
volts, 50 to 60
cycles.

The only “A” Power
Suitable for all Sets

— Irrespective of number of tubes —
including SuperHets, Short Wave and
Television receivers

HE new Knapp “A” Power —with its three Elkon

dry condensers, the improved choke coils and the
special Elkon dry rectifier—is designed for the most
exacting service—super-hets, short wave and tele-
vision receivers included.

No Change in Price
Even with these costly improvements, there is no ad-
vance in price—due to the tremendous volume going
thru my plant.
See your dealer loday

Most of the good ones carry the Knapp in stock,
Do not accept a substitute—because only
in the Knapp will you get full satisfaction. If

your dealer cannot supply you send the Toat® e
coupon. 550}"\ ecoﬂ“-'
KNAPP ELECTRIC, Inc. s powe”

= Division of P. R. Mallory & Co., Inc.—
350 Madison Ave., New York City

NORTHERN CALIFORNIA DISTRIBUTORS

KNAPP . v

OFFENBACH ELECTRIC CO.

WHOLESALERS

for

1452 Market Street San Francisco, Calif.

Immediate shipments from stock. We endorse the KNAPP “A” POWER as the
finest device of its kind on the market
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SERVICE PROBLEMS

(Continued from Page 19)

The eighth panel contains the usual
tube-testing equipment for emission and
oscillation For the latter
method a 0-100 current squared, thermo-
coupled milliammeter in the grid lead of

readings.

an oscillatory circuit shows the grid cur-
rent drawn during the oscillation of the
tube. This reading. while merely com-
parative, will much more readily show
up a defective tube than will the emis-
sion test. As these tests are comparative,
Just as effective results may be had on d.c.
tubes as if direct current were used. The
3-volt filament tubes are placed in the
215-volt socket.

This equipment has proved to be suf-
ficient for making any tests that have
been required in servicing factory-built
receivers. This service is maintained ex-
clusively for dealers and not for the ulti-
mate consumer. Scrupulous care is exer-
cised to avoid any type of job which
might be profitably done by a dealer.
IFor instance, if it is known that a dealer

is equipped to rejuvenate tubes, a set of
“duds” is sent back to him with a nota-
tion as to their trouble so that he can do
the job for his customer. In such ways
the dealer is encouraged to take advan-
tage of his jobber’s service without fear
of losing the opportunity to make a
legitimate profit on work which he can
do himself.

Qur policy regards the service man
as a super-salesman. It is the excellence
of his work that sells his firm to the
dealer. For, when all is said and done,
the primary purpose of a jobber’s service
department is to win the good will of
the trade.

NEW RADIO CATALOGS

American Reproducers Corp., 1200 Sum-
mit Ave., Jersey City, N. J., describe and
illustrate a.c. and d.c. tvpes of Amervox elec-
trodynamic speaker units.

Catalog No. 429 from Hardwick, Hindle,
Inc., Newark, N. J., is devoted to H. H.
vitreous enarnel-coated resistance units. It
contains valuable charts and tables for de-
termining the size of unit needed for a speci-
fied purpose.

“Variable Condensers for the Manufac-
turer” is the subject of a bulletin® from
De Jur-Amsco Corp., Fairbanks Bldg.,, New
York City. It contains curves and structural
details of single, double and quad ‘“bath-
tub” condensers.

Cable Radio Tube Corp., Brooklyn, N. Y.,
are distributing a handsome brochure on the
“Y’s and where 4’s of Speed radio tubes.”

The Radiobuilder for June 15, 1929, from
Silver-Marshall, Inc., of Chicago, has an
interesting and timely discussion of the use
of the a.c. screen-grid tube as an r.f. ampli-
fier and detector.



ARITHMETIC OF A POWER PACK

(Continued from Page 22)

from a simple formula. Assuming that
the resistance R of the coil is so much
smaller than the reactance A" that R may
be neglected, the current I through the
coil is equal to E—= (X 47r) —E—+(6.28
f L 4 r). Butlisalso equal to e—=r.
Therefore E=(6.28 f L4r) —e¢—+r and
e—E r= (628 { L+r). Consequently
a high value of L causes a low value of
e. Substituting a value of 50 volts for
E, 2000 ohms for r, 120 cycles for f,
and 25 henries for L would give a value
of 4.8 volts for e.

By combining the condenser and the
choke coil as in Fig. 12b still more ef-
fective filtering can be accomplished.
Theoretical calculations showing that e
is then approximately equal to E—-39.5
L C. Assuming an E of 50 volts at
120 cycles, a 25-henry choke and 2 mfd.
condenser, ¢ will be found to be about
1.8 volts as compared to 4.8 volts with
the choke alone. Similar calculations on
the other elements of the filter in Figs.
5 or 8 would enable the determination
of a value of e so low that there will be
a minimum of hum.

The design of the choke coils also of-
fers an interesting study. The preceding
study has shown the wisdom of using a
choke with a high inductance for a given
resistance, since the ripple voltage is in-
versely proportional to the inductance.
The inductance L of a coil depends
primarily upon the number of turns N,
the magnetic state of the iron pu, area of
the coil A4, and the length of the iron
path /. This may be expressed by the
formula L-—4 N2 p 4 x 10*%/I. The

inductance is also dependent upon the
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Fig. 13a. Choke Coil Characteristics

amount of direct current flowing
through the coil and the size of the air-
gap in the magnetic circuit.

Some of these points are illustrated in
the curves of Fig. 13, one of which
shows the effect of air-gap size and
amount of d.c. on the measured induc-
tance of a coil and the other of which
shows the flux of density for a specified

|
|
|
|

number of ampere turns.
that an a.c. swing about the point y
will not produce as great a change in
flux as though it were working at x.
Consequently the inductance, which is a

It is evident

air-gaps
curve takes a form such that for a larger
number of ampere turns the inductance

function of the change of flux, decreases

rapidly as y is approached. For larger

the ampere-turns flux-density

A RADIO RECEIVE

ISLIKE A CHAIN. ..

CHAIN of parts, if you please . . .

transformers, tubes, condensers, re-
sistances and the like as links of the chain.
Unless each link performs to perfection
the whole receiver is condemned and your
name with it.

A lot of grief can be traced to one little
part . . . the volume control. Noises are
set up . . . unevenness of control develops
. . . locals are hard to handle.

You can save yourself plenty of trouble
by seeing that the name “Centralab” is
stamped on the volume control. The
Centralab exclusive rocking disc construc-
tion prevents any change in the resistance
or the development of noise. Centralab
controls give a perfect control of all sta-
tions with an even, “velvety” smooth
action.

Cen

CENTRAL RADIO

LABORATORIES
20 Keefe Ave., Milwaukee,
Wisconsin

Tell them you saw it in RADIO

This shows the exclusive rocking disc
construction of Centralab volume
control. *“R” is the resistance. Con-
tact disc “D” has only a rocking
action on the resistance. Pressure arm
"'P” together with shaft and bushing
is fully insulated.

3T LI/

This is the action of the usual wire-
wound control after it has beea in
use for some time . . . like dragging
a stick over a cobblestone pavement.

The tailor uses the same principle as
Centralab. He does not want to ruin
the garment by placing the iron on it
so he places a cloth in between. Cen-
tralab controls cannot ruin the resist-
ance because the rocking disc is in
between the pressure arm and the
resistance.
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YOUR experience with rheostats is likely to
have convinced you they are made either to
wear or to repair. Frost Rheostats are made to
WEAR. And how they do live up to their
reputation! There doesn t seem Lo be any *“wear
out” to them. Rheostats we made years ago are
still giving the same trouble-free scrvice they
rendered the first day they were installed. Wind-
ings, contact arms, spring tension, knobs, frunies
—all are designed primarily for SERVICE.

Having made many millions of rheostats of

all sizes and types, we bave gained a wide ex-
verience that is reflected in today’s Frost
Rheostats—the finest your money can buy.

It may interest you to know that we could
save much by making Frost Rheostats not
quite so good—but we don’t and we won’t. The
best of everything, tested countless times dur-
ing manufacture, is combined with our know}-
edge of rheostat design and construction to give
you as close to absolute perfection in a rheostat
as modern science can produce.

For your protection, and to insure the best
possible reception for your set. insist that only
Frost Rheostats be used. Then you will know
that their service will equal that of the set itself.

Use the Cou-
pon to Send
for Our
Complete

Catalog

We have a catalog
that contains a
wealth of infor-
mationaboutour
complete line of
Radio Partsand
Accessories. By
all means you
should send for

a copy if you
have not al-
ready doneso.
The coupon
bringsit. Fill
out and mail
this to us to~
day.

HERBERT H. FROST, Inc.
ELKHART, IND.
160 N. LaSalle St., Chicage. 1.

The World’s Largest Manufacturers of
High Grade Rheostats

O L L LT T T
ITERBERT H. FROST, Inc.
160 N. LaSalle St., Chicago

Send me a copy of your catalog of Frost-Radio
Parts and Accessories, and the name of my
nearest dealer.
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may actually be greater than with a
smaller air-gap.

The power transformer should be de-
signed to supply the several secondary
voltages without excessive heating. The
amount of heat developed is dependent
upon the amount of current which is
drawn from the windings. The amount
of current which a wire will carry with-
out undue heating depends upon the
size of the wire and whether the wire
is freely exposed to the air or is closely
contained in a poorly ventilated housing.
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Fig. 13h. Choke Coil Characteristics

Good practice allows the use of 1000
circular mils for each ampere to be car-
ried, although many conservative de-
signs are figured on the basis of 1500 c.m.
per ampere. Specifications for some of
the standard wire sizes are:

Size Diameter Area Ohms
B&S Ename! Wire Circular per 1000
Gauge Inches Mils feet
16 0526 2583 4.0009
18 0419 1624 6.374
20 0333 1022 10.14
22 0267 642.4 16.12
30 .0108 100.5 103

32 .0087 63.21 163.8

34 0069 39.75 260.5

The filament current requirements for
any specified number of tubes are known.
The plate current requirements include
not only the d.c. load current but also
the a.c. ripple current which flows
through the first condenser.

The voltage E which will be fur-
nished by a transformer coil depends
upon the frequency f, the cross-section 4
of the iron core in centimeters, the num-
ber of turns N, and the flux density B
of the iron. These are related by the
equation

E—=444f4 N B 10%

For instance if the iron be worked at
a B of 8000 lines per sq. cm., which is
a safe design for 60 cycles, and the iron
has a cross-section 134 by 174 in. (8.17
sq. cm.), the number of turns neces-
sary for a 115-volt primary is had from
the equation.
115 — 4.44x60x8.17x8000x 105 x N
.174 N, whence N — 660 turns.
The secondary turns are in proportion
to the ratio of the voltages. A 600-volt
secondary would be figured from E,/E,
—-N,/N, or N,=—660 x 600 =115 —
3450 turns. Likewise a 5-volt secondary
calls for 660 x 5--115-=2.87 turns (use

3 turns).

The general routine for the design of
a power pack to be used with any re-
ceiver or power amplifier is similar to
that here outlined as a more or less spe-
cific problem. This covers all the re-
quirements ordinarily met excepting the
provision of condensers for by-passing
audio frequency currents. Such con-
densers not only minimize the ripple
voltages which otherwise might be im-
pressed upon the tubes but also provide
low impedance paths for audio frequency
currents.

In following the path of the a.f.
currents in Fig. 14, for example, which
shows a power tube with an output
transformer, it will be noted that the
circuit is completed from the plate,
through the primary of the output trans-
former, through the condenser C.,,
through R;, through the mid-point of
the filament transformer secondary, and
thence to the filament.

If the circuit of Fig. 6 is em-
ployed, where the voltage for the plate
of the a.f. tube is taken across an output
resistance, it will be necessary to have
a condenser across this resistance. Sim-
ilarly, in Fig. 8, where there is no output
resistance, a condenser is used and is
necessary. LT'he capacity of this con-
denser is found to be about 2 mfd.,
although in many cases 4 mfd. has been
used. The value of this condenser is
more or less determined by the value of
the resistance which is across it. The
reactance of a condenser is expressed by
the formula X—=15 = f C and if this
value of impedance is found low com-
pared to the resistance, it is sufficient.
Likewise, the detector circuit demands
a condenser for both the ripple and low
reactance considerations.
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Fig. 14. Circuit for Power Tube With Output Transformer



FUTURE OF RADIO

(Continued from Page 23)

the number of words transmitted per
minute.? Thus a high quality telephone
circuit which transmits a 4000-cycle
side band of frequencies, and over which
a rapid talker might say 150 words per
minute, is capable of transmitting tele-
graph code signals at the rate of about
7300 words per minute. It would, of
course, be impractical to operate a sin-
gle telegraph system at this tremendous
speed, but an equivalent result could be
obtained by using a number of slower
speed channels over this same circuit by
means of carrier currents.

‘The reason for the survival of the
telegraph after the advent of the tele-
phone is clear. The telegraph method of
communication is a more economical
means of transmitting information than
is the telephone, and is accordingly al-
ways used where its type of service is
satisfactory for the task at hand. The
economics of the situation are such that
the telephone is used only when the tel-
graph will not do the job. This state-
ment may sound radical at first, but it
_will be verified when one thinks over the
circumstances when the telegraph is used.
Practically every telegraph use could be
replaced by the telephone, but at greater
expense, while most telephone conversa-
tions could not be satisfactorily replaced
by a telegraph message.

Morse’s greatest contribution to the
world was really the Morse Code. There
had been workable telegraphs before his
invention, but they lacked a code, and
accordingly failed to have commercial
value.

The code that Morse gave to the
world was not merely a great idea, it was
also substantially the best code of its
tyvpe that could be devised. It is still
used for reception by ear. For printer
telegraph and tape recording systems im-
proved codes have been developed, in
which the principal change has been in
using a negative dot to represent a dash.
Such a system is over 50 per cent faster
than the Continental Morse code be-
cause it replaces dashes by dots, and
also obviates the necessity of spacings
between dots and dashes of the same
letter.

The inherent superiority of the tele-
graph is strikingly brought out by one
of the recently laid Atlantic cables,
which, while using a band of frequen-
cies from zero to only 60 cycles, trans-
mits information at the rate of approxi-
mately 185 words per minute. This
cable uses a printing system, in which
the received impulses actuate typewriters
that print the message directly without

*This figure is derived from the data given
in “Notes on the Effective Heating of Code
Transmitters,” by F. E. Terman, I. R. E. Vol.
16, page 802, June, 1928, assuming in addition
that a good signal requires frequencies up to
1.6 times the dot frequency. This gives re-

ceived signals suitable for the operation of
printing telegraph systems.

human intervention.
is worked by perforated tape that has
the proper dot and dash perforations
made in it by a mechanism operated like
a typewriter. Incidentally this particular
cable can be operated nearly two and a
half times as fast as at present whenever
the traffic will make this necessary.

Having considered the telephone and
telegraph it may be wondered what can
be expected from picture transmission.
Some enthusiasts predict that the day is
coming when news will be typed, and
then transmitted by sending a picture of
the typewritten page. This can be done,
of course, but exact analysis shows it to
be a most uneconomical process because
the Morse code is an infinitely simpler
method of conveying intelligence than
picture transmission. It is obvious, for
example, that sending the letter ¢ by
transmitting one dot of the Morse code
is nothing at all compared with sending
a picture of the same letter.

At the present time the RCA con-
ducts a regular commercial picture
transmission business. These pictures
are of such quality as to satisfactorily
reproduce a typewritten page. To do
this requires sixty lines to the inch, rep-
resenting 3600 dots per square inch.
Captain Ranger has stated that it is nec-
essary to preserve up to the third har-
monic to get the necessary quality of
pictures. T his means that a frequency
band of 10,800 cycles is used by the
RCA to transmit one square inch of
typewritten page per second. As one
square inch of single space typing rep-
resents approximately 12 average length
words, such a circuit transmitting 4000
cycle side band of frequencies will carry
pictures of typewritten material at the
rate of about 265 words per minute.
This is about twice as fast as one could
talk over the same circuit, but it is no-
where near the speed of 7300 words per
minute obtainable by the telegraph.

‘While picture transmission methods
are undoubtedly less refined now than
they will be in the future, it is apparent
that picture transmission will not sup-
plant the telegraph, but will act as a
supplement, providing a service that the
telegraph cannot render. The field of
facsimile transmission without question
is in the sending of signatures, photo-
graphs, drawings, tables of data, etc.,
rather than in direct competition with
the telegraph.

Television is merely picture transmis-
sion speeded up until something like fif-
teen pictures per second are transmitted.
The frequency band required to send
moving Dpictures by electricity depends
upon the size and quality of pictures
desired. If the quality is such as to re-
produce a readable “still” of a typewrit-
ten page, then the transmission of each
square inch of moving picture by the
RCA system of facsimile transmission
requires a frequency band of 162,000
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cyeles! It is of course possible to “‘get
by with a poorer quality picture that is
moving than is possible when the picture
is still, vet the side band required for
having
esthetic value is distressingly large. Pic-

even small moving pictures
tures with twenty-four lines to the inch,
and in which the sharpness obtained by
preserving up to the third harmonic is
sacrificed, can be transmitted by a side
band a little under 4000 cyeles wide, but
such television has little value other than
demonstrating the marvelous fact that
television, however poor, actually does
that

really receive moving pictures with ap-

exist, and an experimenter can

paratus of his own construction. lm-
provements in television methods which
will reduce the frequency band required
in television can be expected, but the
nature of a moving picture is one that
apparently inherently requires an un-
usually wide band of frequencies.

The future development of radio can
be intelligently forecast if one keeps in
mind the fundamental requirements of
telephone, telegraph, and picture trans-
mission. The number of radio frequen-
cies is strictly limited, and there is little
doubt that in the near future every cycle
s going to be worked to the limit.
Whether the cycles available are going
to be used for telegraph, telephone, fac-
simile or television transmission in the
end depends upon the economic service
which each cycle can render when work-
ing in these different ways.

Each 50,000 cycle band of frequen-
cies with single band transmission can
be used to give a fair television {mage
two inches square, or to broadcast ten
programs, or to carry something over ten
trans-oceanic telephone conversations, or
to transmit 300 square inches of good
quality picture per minute, or finally to
transmit about 90,000 words per minute
by telegraph. Looking at the problem
from this point of view makes it appear
economically unfeasible to allow many
television stations to take up valuable
radio frequencies when each television
station giving only a rather poor tvpe of
service requires the same band of fre-
quencies as 600 telegraph stations, each
sending at the rate of 150 words per
minute.

In attempting to look ahead, it is rea-
sonably safe to predict that while tele-
vision stations will certainly exist, the
number of such stations broadcasting pic-
tures of sufficient quality and size to have
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entertainment value will be very limited.
[t is more probable that home television
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