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tion shrinks. But you can use pumps tho!
recover instantly. Cenco HYPERYACS toke

held quickly and wipe out those costly min-
utes of uncertoin pressure. They standardize
the vacuum facter in production. Also, by their
working pressure of 0.05 micron, Hypervacs
put an extra margin of safety in yaur schedule.
They not only come back faster .. . but exhaust
better. Thot is no small facter in longer tube
life. Then too, their ample valume capacity
handles roughing as well as finishing. No
pumps other than Hypervacs are necessary
for complete exhaustion, This means economy
and simplification of equipment

That Cenco HYPERVAC pumps cuttube costs

A Mcleod gage and
sfopwafch will select
pumps for your auto-
matic machines more
occurofely thanm any
specificotion talk. For
speed, high vocuum detailsaddress, the Central Scientific Company,

d reliablli
and reliability, such o 460 East Ohio Street, Chicago.
test invariably selects

and raise quality of product is being repeat-
edly proved in laboratories and confirmed in
plants. You cannot afford to overlook the

compelitive seriousness of these focts. For

CeNTRAL, SCIENTLRIC CoOMRANY
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CENCO HIGH g} YACUUM PUMPS

C Hyvac Megavac Super Biziawr vac Rotovac Hypervac
. enCO New York - BasToN - CHICAG O -ToRONTO-LOSAKGELES
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F ORMICA is prepared to make the necessary

-dies for punching your insulating parts in
its own tool room, and to punch those parts
promptly in small or large quantities in its
own plant.

R Formica has the largest fabricating equipment
for these purposes in the country.

For many years it has served the leading
American electrical organization with sheets,
tubes and rods, and with fabricated parts,
ready for assembly.

Send your blue prints for estimates.

THE FORMICA INSULATION COMPANY
4654 Spring Grove Avenue
Cincinnati, Ohio

ORMICA
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THE PENTODE TUBE
EDITORIAL . .. ...\ it et e e e 4
EGINNING with the Arcturus com-
IMPRESSIONS AND EXPRESSIONS Ilgal;l)”siime%eszhiﬂ the pentode tube ig
; the Fall of 1928, this tube has experience
By Austin C. Lescarbodra. 16 an up-hill fight for recognition in America.
E . 9 However, like all devices of merit, the
WHAT OF THE FUTURE OF INDUSTRY?.......... 1 pentade now emerges from the laboratories
to take a place in the radio receiver industry.
THE NEwW VARIABLE-MU VACUUM TURES The purpose of the peutode, in compari-
By A. G. Campbell 21 son with triode power output tubes, is to
provide a tube having a high mutual con-
SOME VIEWPOQINTS OF TUBE MANUFACTURING EXCCU- ductance, and a bigh power sensitivity.
TIVES ON THE VACUUM TUBE INDUSTRY. ......... 25 I3cenusc of its high power sensitivity, the
pentode delivers an output of 2.5 watts with
By Austin C. Lescarboura 28 1.7 volts. input,‘ as compar.ed to the —4s
triode which delivers a maximum output of
} , only 1,6 with an input of 35.4 volts. This
CATHODE RAYS IN TELEVISION . .. . .. By H. R. Wright 29 factor permits the operation of the pentode
; at maximum output, directly from the de-
VACUUM TUBES IN INDUSTRY. . By Dr. Paul G, Weiller 31 tectortibe ey d
The amplification factor of the pentode
LOUDSPEAKER LISTENING TESTS .By Ralph P. Glover 35 is 95, as compared to 3.8 with —45 power
output triodes. Both of these factors in-
TRANSMITTING TUBES .. ............... 38 crease the amplification sufficiently to obtain
maximum power ontput with a single a-f.
10 ANTENNAS . . ... . ... .. By E. F. Martin 39 stage, as compared to the usual twa stages.
RAD Y The pentode, it is stated is four times as
. . sensitive as the —45 power tube—a prop-
ADJUSTING THE SUPERHETERODYNE FOR MAXIMUM ety ot g swiall Sconorls lmportasice when
SENSITIVITY . . ............... By Ralph J. Knouf 42 considering outpul, detector overload and
pre-amplification.
MODULATION AND ITs SUPPRESSION Evidently no other tube yields as many
By Verne V. Gunsolley 46 milliwatts output per volt input as does the
pentode. What we are to witness in this
year’'s crop nf radio receivers, no doubt will
De pa rtments disclose the pentode at work at last,
NEWS OF THE INDUSTRY .. ..................... 53
New DEVELOPMENTS OF THE MONTH. , ., . ......... 54 ? GW7O
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Notice the END of the Spool

Every spool of Anaconda Magnet
Wire bears a sticker which not only
indicates size, weight, insulation, etc.,
but also assures you of dependable
quality. Anaconda— the standard of
quality . . . on magnet wire and on
64 other wire and cable products.
/\

ANACONDA

from mine to consumer
7 N\
RLGUS PAY.OrS.

ANACONDA WIRE & CABLE COMPANY

GENERAL OIFFICES: 25 BROADWAY, NEW YORK
CHICAGO OFFICE: 20 NORTH WACKER DRIVE
Sales Offices in Prz'ncz;bal Cities

Magoet Wire Mills at Anderson, Indianz; Muskegon, Michigan; Sycamore, lllinois; and Ansoniz, Cornecticut
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TUBE UT of the cexperience  which either the organized radio industry, or its

SALES TO gained thus fiwr in the sale  individual economics experts should meet without

CONSUMERS of radio receivers to the public,
enough has been learned to
.point the way to stable systems
of merchandising.

It is perhaps incscapable that in periods of
business depression the scramble for business on
the part of competing manufacturers results in
practices developing which, although they may
have temporary advantages in individual instances,
ultimately result in general demoralization of
sales.

So far as tube sales are concerned it should be
apparent that either by assoctation control or by
cooperative deliberation between numulacturers,
the large gross sales could be made profitable to
the manufacturers and at the samec time more
satisfactory (less disturbing) to the ultimate
consumer,

Thiere are two factors of tube mcrchandisimg
which cry aloud for sane adjustment. Ong s the
matter ol ‘‘guarantee,” the other that ol (he uni-
versality of tube types applicable to mast models
of radio receivers. The set manuf.utmu who
makes his own tubes or who “adopts” a certain
make of tube for his receivers, may have an initial
advantage in selling both receiver and tubes at
the outset. Dut, from the viewpomt of the con-
tinuity of reception service so important to the
best interests of radio, it is detrimental if the set
owner is given the impression that only a certain
make of tube wil permit the set to do its best
work. And, when a receiver manufacturcr scts
out to broadcast the idea that only a certiin type
of tube must be used in his recerver, one result
that follows is the vicious circle of retalintion.

As has been pointed out before, in a given vear,
reasonably definite specifications govern the n k-
ing of standard radio tubes.

Radio receivers, to be generally satislactory,
should be built to operate successfully with aff
standard (ubes.

Responsible tube makers standardize thuir
product and analyze its operation with the aid
of precision equipment, designed by competent
and experienced tube engineers. Extensive inves-
tigations arc made of factors affecting vital phe-
nomena as primary and secondary grid cnussion,
noise (including hum), microphonics, heating
time, reverse emission, interelectrode capacities,
mechanical strength, etc. Then follows the all-
important test under adverse operating conditions
— the checkup during hundreds of hours of burn-
ing—mutual conductance, gas, oscillation, plate
current, emission, voltage amplification and
numerous other characteristics.

There is in this situation common ground upon

further delay. .

(n the subject of “guarantee,” more anon.

A
SUPER- T WAS no doubt a fortunate
METERODYNE thing for the superhetrodyne’s
DIMENSIONS cyclic visitation of 1931, that

the tendency in midget set de-

sign had turned toward larger
Jdimensions.  Recelvers still designated as of mud-
gret construction have this year taken on housing
proportions of little less bulk than the table mod-
cls of a year or two ago.

In view of all that is required to make up a
siatisfactory superheterodyne radio, and in the in-
terest of loudspeaker preservation of the low
tones it is well that the trend was not toward vest
pocket or thumb nail receivers.

A
HARNESSED MODERN vacuum tubes
ELECTRONS may be viewed from vari-

ous angles when one attempts

to form a picture of their util-

ity in radio and in other appli-
cations. The tube may be considered as a piece
ol apparatus—an instrument- capable of per-
lorming known {unctions, or it may be viewed as
i addition to or a complex element of an other-
wise simple electric circuit.

‘I'heve are five pracesses by means of which
clectrons may be caused to pass from a metal. In
certain circumstances several processes may be
mvolved at the same time, These are high tem-
perature, photoelectric eficct, bombardment by
high speed particles, contact with excited mole-
cules or atoms, and removal by strong electric
action.  ‘I’he “‘pulling out” of electrons by high
ticlds has caused no end of speculation on the
part of vescarch cngineers working on vacuum
tube problems. :

T'he elliciency of an electron emitter, such as
that forming an clement of a vacuum tube may
be rated in milliamperes of electrons furnished
per watt of heating energy. It will be some
time  vet, however, before understandable, and
dependable, Taws are estabbshed in current term-
mology, which will explain surely the physics and
chemistry ol clectron emission.

onalcA_—~T %Co/{

Editor.
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prove that fastenings made with Selftapping Screws
have GREATER TENSION and SHEAR STRENGTH

than fastenings made with machine screws

HE question, “Do Self-tapping Screws, noted for
econoniy in assembly york, have greater or less
holdivg power than the fastening devicestheyusnally re-
place?” hasbeen answered by scientific teats conducted
by the College of LEngineering, New York University.

In an Olsen testing machine, tevsion and shear loads
were applied to a number of metal assemblies made
with the two types of Self-tapping Screws- -Hardened
Metallic Drive Screws and Hardened Self-tapping Sheet
Metal Screws. Under identical conditions—machine
screws the most contmon alternative means of fasten-
ing, were also tested. These tests proved that fastenings

made with Self-tapping Screws have invariably higher
tension and shear strength. Other tests demonstrated
their superior holding qualities under vibration.

The booklet offered below completely describes and
illustrates all of the tests—tension, shear and vibra-
tion -conducted at the College of Engineering, N.Y.U.
It will be sent to you free—just mail the coupon.
With it you get another interesting booklet, showing
the large savings gained on the metal assemblies of
many well-known products through the use of these
unique Serews that eliminate tapping, fombling with
bolts and nuts, and other fastening difficulties.

PARKER-KALON cHardened Self-tapping Screws

Name and Co. cccccoo_.

LI IAYPISE SCREWY

s FIROACTR
PR

3
FAMTANINGS

Address -

PAT. IN U. S. AND FOREIGN COUNTRIES

PARKER-KALON CORPORATION, DEPT. L, 198.200 VARICK ST., NEW YORK, N. Y.
Senl we free booklets on the Security and Econoroy of assemblies made with Self-tapping Screws.
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You Don’t Need A Can

With The
ELKON Non-Aqueous
Hi-Volt Condenser!

The sturdy, wax-dipped cardboard
carton used on Elkon condensers is
ample protection to insure efficient
pperation,

If your set is already designed for
condensers on top of the chassis,
the Etkon condensers may be placed
under an inexpensive drawn metal
cover.

otherwise—

—the condensers may be mounted
directly to the under side of the
chassis.

RADIO ENGINEERING

Specify Elkon
Without
the Can and
Reduce Your
Condenser
Cost

There's Nothing to Spill » » »
Nothing to Leak » » »

LKON alone offers this opportunity to reduce your

condenser costs by eliminating the can. The sturdy,
wax-sealed cardboard container used on Elkon con-
densers is ample protection to insure efficient operation.
The other features of the Elkon condenser also show
why many leading set and instrument manufacturers
have adopted the Elkon condenser as standard equip-
ments:

i | Righost Filtaring Capacity of 6 Long Life: To reduce replace-

any elecprobvtic coudenser, ments and interrupted serv-

' ice periods to @ minimum.
2 High  Worklng Voltage: 450 7 Self Healing: Transient peaks
volts—etthatanda  avithone in excess of 575 voles do not

injueey (reoisient peaky in excess injure the Elkon condenser,
of §75 volis.
8 Compactness: Smallest cu-

bicalvelume per microfarad

3 Absolutely Dry: A comdenser sf ansranidenser nithe ket

from achich all wwater is

climincaed, 9 Stability in Operatlon: To
guard against mechanical

4 Law Loakage: Noymal rated and electrical variation that
teakage 0.0 il frer mfd, would affect action of the

(After operating shave period circueit.

the leakageis (LO25 mils permfd.) 10 Low Cost Per Microfarad
Per Voltage Rating: A

5 Impervious to Low Tompora- large safety factor in volt rat-
tures: Qperates  efficientdy ing far the same cost as

from minuy 40" I oto (25" [, tower voltage condensers.

Samples built to your specifications will be sent to all
recognized manufacturers (metal cans will, of course,
be supplied if desired).

Send for booklet giving complete technical
datee and general descriptions,

ELKON DIVISION
P. R. Mallory & Company, Incorporated

Indianapolis, Indiana
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Announcing

the New Super-
Control Screen-

Grid Amplifier

— e

e

.'vj. &

PA DI O%RUN ’I:'IE RCA Radiotron Company, Inc., is pleased to

announce a screen grid radio frequency amplifier,
designed especially for reducing cross-modulation and
modulation distortion. Furthermore, its design is such
as to permit easy control of a large range of signal
wvoltages without the use of local-distance switches
or antenna potentiometers. This feature makes the
tube adaptable to automatic volume control design. It

35

The new RCA 235 is not in-

tevchangeable with any other is designed for AC operation, and employs a cathode
‘ RCA Radiotran and must be :

used in circuits especially de- of the qULCk heater Lype.

signed for its chavagteristics. Tentative ratings and characteristics of the RCA

] 235 are:

Filament Voltage . . . . . . . . . . . 25Volts.

FilamentCurrent . . . . . . . . . . . L75 Amps.

Plate Voltage (Recommended) . . . . . . 180 Volts.

Screen Voltage (Recommended) . . . . . . 75 Volts.

Grid Voltage . . . . . . . . . . . . -15Volts,

Plate Current . . . . . . . . . . .9 Milliemperes.

Screen Current . . . . . Not over ¥4 of plate current.

Plate Resistance . . . . . . 200,000 Ohms (Approx.)

Mutual Conductance . . . . . . . 1100 Micromhos,

’ Effective Grid-Plate Capacitance . . .  0.010 uuf Max.

RCA RADIOTRON COMPANY, INC. — HARRISON, N.].
A Radio Corporation of America Subsidiary

RCA RADIOTRONS

« « The Heart of Your Radio » »
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DUBILIER
Inverted Type
HI-MIKE CONDENSER

@For sub - panel wiring jobs, the
Dubilier engineers have developed
the Dubilier Inverted Type Hi-Mike
Cendenser—a fitting companion far
the standard type, with the same
general characteristics:

I. Aluminum can 4l/; by 134 inches,
interchangeable with other stand-
ard electrolytic units.

2. Standard capacity of 8 mfd.,
with highest percentage of effect-
ivo capacity,

3. Working voltage conservatively
ratod at 400, peak of 430, and
capablo of wHEsfanding 500 for
short poriods.

4. Fully solf-healing, reforming
fastar than any other electrolytic
condanser.

5. Lowest leakage at high volt-
ages—approximately 0.2 milli-
amporo at 430 volts peak, after
100 hours.

6. Power factor less than 10%,.

7. Life expoctancy in excess of
requirements of wusual radio
assembly.

The original research and development 8. Compact, cloan non-spi“able

work of Dubilier engineers in the elec- officiont. i ‘ -heal
trolytic condenser field is now at your iR aapensive,  seli-heal-

disposal. Do not hesitate to place ing, reliablo.

DUBILIER

your condenser prablems before us.
Dotails and samples of Dubilier Hi-Mike
Condensers will be cheerfully submitted.

CONDENSER CORPORATION

4377 BRONX BOULIVARD - - - NEW YORK CITY
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Pverything in prehistoric Peru
belonged to the Incas the copper
and gold mines were worked
exclusively for their benefit. Ac-
cording to tradition the Incas
governed wisely, and never
niade war without just cause,
They were of a high order of
intellisenice and had that ca=
pacity for leadership which
resulted in a most efficiently
organized government.

[

=

-

b

&
-

Dtinctiantia coille? Yes . . . distinction in
appearance . . . distinction in performance
+ « . distinctions of utmost importance to
the finished set or radio unit.

Inca coils have a practical side, too. Your
engineers will recognize their superiority
from an clectrical standpoint; your plant
manager will find them better to handle
and assemble.

The patented field coil for dynamic speakers,
audio coils, choke coils, radio frequency coils
and power coils . . . all have outstanding fea=
tures which distinguish them from the ordinary.

We would welcome the opportunity to furnish
samples wound to your specifications.

MANUFACTURING DIVISION

of NATIONAL ELECTRIC
e pn oo QI Prosdver: PRODUCTS CORPORATION

best in copper Western Office: 1547 Venice

wire products. Blvd., Los Angeles, Calif. FORT WAyNE, INDIANA



PRACTICALLY ANY
SPECIFICATION
CAN BE FILLED

FROM

FANSTEEL STOCK

OW often, for ex-
perimental purposes,

tained a complete stock
of Tantalum, Tungsten
and Molybdenum wire
and sheet in a wide as-
sortment of diameters
and sizes — ready for
immediate shipment.

Should it happen that

your requirements are
most unusual, we can draw, roll, or
otherwise fabricate material exactly
It pays to turn to Fansteel first — 1o your specifications, and ship it,
always — because there is here main- usually, in a few hours.

have you ordered a small
guantity of rare metal
wire or sheet in an odd
size, only to be told that
it would take days or
wecks to make this metal
to your order—and at
“special” prices?

Cive this service a Irtal, ulso gel quotations covering your
regular production requirements

FANSTEEL PRODUCTS COMPANY, INC.,

NORTH CHICAGO, ILLINOIS

TANTALUM *TUNGSTEN * MOLYBDENUM*CAESIUM* RUBIDIUM ano ALLOYS

i
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AEROVOY

BUILT BETTER
CONDENSERS AND RESISTORS

The Most Complete Line of
Screw Mounting DRY Electrolytic Condensers
in the Radio and Electrical Industries

Available in a wide variety of sizes, capacities, voltage
characteristics and mounting features, These units are Dry,
Low in Cost per Microfarad per Volt Rating, Compact, Light in
Weight, Safe, Surge-Praof, Self-Healing, and provide Long Life,
Stable Operation and High Filtering Efficiency. They may be
mounted in any position—Upright, Inverted, Horizontal or at
any other angle.

FREE!

A copy of a 32-page book, containing a wealth
of information on all types of electrolytic
condensers will be sent free of charge on
request. Just mail the coupon below.

Acrovox Wireless Corporation,
76 Washtngton Street,
Brooklyn, N, Y

Pleas: send me, without charge or obllpation, a
copy of wour 32-page book, “The Hi-Farad DRY
. Electrolytic Coudenser.”

NOMB (ouvirisesrasornasiassrnsancansssnsnasen

Insulated Can
Mounting

Grounded Can
Mounting

Disassembled view of nut,
lock washar and screw
mounting designed to auto-
matically comnect cathode
(¢an) to metal chassis.

R e e e s S
AEROVOX WIRELESS CORP; [
D7 son s v M B
A !

PRODUCTS THAT ENDURE \—/! [ A

metal chassis.

T
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Pays for liself

Schoais, churches, clubs, hotels need the portable PAM Address
system. With it, a speaker addresses 500 people as easily as
half a dozen, Speech and music, both vocal and instrumental,
are amplified with excellent quality.

The units in this system are completely matched and designed
to operate together. Naturally the results obtained are superior
ta a combination of units procured from different sources which
were not designed to operate together.

The two units that are required (MIK 100 and PAM 100) to-
gether weigh less than 75 pounds, and the system can be set
up ready for use in less than five minutes. No batteries are
required . .. and the price complete with tubes, microphone, etc.,
and nothing left to buy, is $343.00.

Send for twin folders RE4; one descriptive of the PAM-100 and
the other of the MIXK-100.

SELL
Portable PAM Address system to
institutions that hold regular meet-
ings and need the equipment per-
manently, This price is reasonable
and the profits are large,

RENT

Portahle PAM Address systems for
special occasions. One man can
transport the entire system and set
it up in five minutes, After a few
rentals the cost is recovered and
fnture income is all profit.

Main Office: c ' ; ﬁ‘—.t ; Pactaries: Canson zad
Cau:on. D:Ius. qmo”@_g\ o - Watertown, Mass
N e -

(WAKUFACTURERS SIHCE. 1902

.
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a Whale of a Difference
a bew Cents make

to paraphrase this popular slogan, CENTRALAB
Volume Controls do cost mote.

But it is hardly possible to build for less a control
that embodies the exacting specifications, the pains-
taking care, the fine engineering skill that make
CENTRALAB CONTROLS a necessary part of
millions of modern radios.

When dealers predicate the purchase of a line
with a definite demand that it be CENTRALAB

equipped, it is safe to assume that “‘such popularity

must be deserved.” More than twenty million

CENTRAL RADIO LABORATORIES

) VOLUME CONTROLS
have been built . . . a real tribute to guality . . . a splendid
testimonial to the desire of the radio set manufacturer to
give their public the best.

CENTRAL RADIO LABOR

NGV wircommconn o womiwtin & & miwsirics s & poazencs

ATORIES
928 Keefc Ave., Milwaukee, Wis.
LEnclosed find 25¢ for which send me new
VOLUME CONTROL GUIDE,
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Stevestore, = FIFTH ANNUAL v

(HAEADQ UARTERS

MA Trade Sho

AND 71H ANNUAL RMA CONVENTION

CHICAGO
JUNE 87012#

Bu$INE$S$ FORYOU WITHOUT BALLYHOO
L£vERYBODY WiLL BE THERE.

BuSineS$ will be the key-note during “Radio Week” of
June 8th, This will be a “bu$ineS$" sbhaw and buSineS$
for YOU, bu8ine$$ for everybedy in radia.

The Natconal Furniture Industry and rhe Music Tndus-
try also will be holding conventions and e¢xhibies in Chi-
cago. drawing thousands of visitors, during '‘Radio
Week.”

All the new radio products on display in the trade show.
Every leading manufacturer of receiving sers, tubes.
speakers and accessories has reserved exhibic booths in the
trade show and demonstration rooms in hotels. There
will be mroce new ciccnits, new tubes, new speakers. new
cabinec designs. and new radio products, incdading home
alkies, television, remote control, and other radio devices
and products than ever before in one year.

_ Thirty thousand (30.000) square feer of radio exbibits
in the Grand Ball Room and Exhibition Hall of the
Stevens Hocel.

ADMISSION TO THE TRADE ONLY —NO
VACANT BOOTHS -~ ALL EXHIBITORS RE-
QUIRED TO SHOW THEIR MERCHANDISE.

o~ < \
SRS S .
NNY 3y~ =~~~
P33 ~3559 5
|

. 7
CONGRESS HOTEL

Business meetings and entertainment for visicors during en-
tire "Radio Week'—June 8-12-—RMA ‘“‘srag’* party Wednes-
day, June 10—Music Iadustry banquet, Tuesday, June 9.

Apply now direct to hotels for raom reservations.

RMA invitauon credentials mailed ro the rrade abouc May
Isi. For information or credentials write to Bond Geddes,
RMA Execative Vice-President, Stevens Hotel, Chicago, or,

S RADIO MANUFACTURERS ASSOCIATION | 20

Twenty-five thousand radio manufacturers, jobbers
and dealers expected (o attend.

Reduced railroad rates have been granted an all lines—
one and one-balf fare rate. Secure certificates from local
railroad agents. RMA special trains from all sections.

Official hotels—Stevens Hotel (headquarrers). Black-
stone, Congress and Auditorium Hortels, with demonstra~
tion rooms of manufacturers,

INDUSTRIES AND EXHIBITIONS

Radio industries, June 8-12—RMA, National Federa-
tion of Radio Associations, Radio Wholesalers Associa-
tion and National Association of Broadcastecs.

Music industry coaveation and e¢xhibits, Palmer House
~—June 8-10Q, during ‘‘Radio Week."

Institute of Radio Enginecrs annual conveation, Sher-
man Hotel—June 3-6.

Annual national "Furnitare Mart" with 25,000 fur-
niture buyers, jobbers, dealers and manufacrurers —
June 1-15.

APRIL,

I're
Ing
noi

ney




ERING APRIL, 1931 Page 15

ROST-RADIO

Amazingly noiseless—

Frost-Radio engineers have been amaz-  entire absence of noise. The operation of
ingly successful in removing the cause of  these controls is velvety smooth and silent
noise from wire-wound controls. In the to a degree heretofore believed impossible
new Frost-Radio No. 20 Series there is an  in wire-wound units.

¥ Specially designed variable contactor

This is accomplished by using a specially designed vari-
able contactor which makes two separate and distinct
line contacts with the resistance element, each contact
being 34y’ in Jength, a total line contact of 3"". Frost-
Radio construction makes it possible to employ more No. 20 Series
Sofless turns -and larger wire. Space between turns has been Tandem Unit
successfully reduced to one ten-thousandth of an inch.
Contact pressure has been greatly reduced, and danger
of cutting and scoring practically eliminated. Nor can
dirt, fragments of metal, etc., prevent the runner {rom
making positive, continuous contact with the resistance
clement. Most amazing of all, fatigue tests have shown
that our No. 20 Series Volume Controls can be de-
pended on for 1,000,000 complete rotating operations

without trouble of any kind developing . . . Jingineers
No.20Swies  are invited to send us specifications of their volume
withA.C.Swirs  control requirements_ No. 20 Serics Single

Control with 4. C. Switch

CHICAGO TELEPHONE SUPPLY CO.

HERBERT H. FROST, Inc.
SALMS DIVISION

General Offices ELKHA RT, INDIANA and Plans
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By AUSTIN C, LESCARBOURA

DX DAYS

AGAIN

HATEVER the cause,
radio reception has naterially improved during the past
sixty days. Suddenly, as though a veil were lifted from the
average radio set, it is now possible to pull in distant sta-
tions with little or no effort. Coast-to-coast reception has
become commonplace during the last month. DX days
are here again, even with one-dial receivers which allow
little if any skill in tuning in weak signals.

We are particularly fortunate in having this lucky break.
The radio trade is going to cash in on the DX possibilities.
After all, your public is always fascinated by the spanning
of distance, and that ham-and-egg program from three
thousand miles away is bound to prove more interesting than
the wonderful program from the local station.

Meanwhile, we are wondering whether the proposed
increase of power of many of our stations is wise at this
time. During the past half dozen years, reception has been
rather poor, as compared with the early days of radio.
Hence power rating has been constantly increased in order
to provide a reasonable service area. But now, with the
atmosphere suddenly clarified and with signals reaching out
several times as far as heretofore, we just waonder whether
further increase in power is justified or even wise on ather
than cleared channels.

A

| HE general availability of the

superheterodyne circuit to licensed set manufacturers is
reflected in the sudden appearance of practical shart-wave
converters for use with the usual tuned r-f. receiver. Iven
the RCA-Victor organization, with its well-known con-
servatism in engineering and merchandising matters, has
seen fit to introduce a superheterodymne short-wave converter.

The superheterodyne converter is, of course, a signal
frequency changer. It intercepts the short-wave signal
and, by means of heterodyning, converts it to an interme-
diate frequency falling within the usual broadcasting wave
band. The output from the converter is fed into the usual
tuned r-f. receiver. which serves as an intermediate tre-
quency amplifier, second detector, audio amplifier and loud-
speaker, complete, The results are truly remarkable: in
broad daylight, the short-wave signals from England, Ger-
many, Italy, Holland and other distant countries can be
tuned in with almost as much volume as local stations, and
with a reasonable minimum of background noise and
fading.

The big problem in using the short-wave superheterodyne
converter, however, is to find a blank spot on the usual
broadcast receiver. This is especially true at night when
the tuning dial from end to end is occupied, even when the
set is disconnected from antenna and ground.

Just how soon the short-wave converter feature will be
incorporated in the usual console is 2 matter for conjecture,
We opine that it won't be long now. There are too many
good things on the air among the short waves, while the
superheterodyne converter makes the addition so simple, to
put off this big sales point much longer.

SHORT-WAVE
CONVERTERS

TELEVISION

REACHES

FIFTH AVENUE ITH the inauguration of a
sight and sound broadcasting studio on Fifth Avenue, in
the very heart of New York City, television may be consid-
ered as definitely emerging from the laboratories. Station
W2XCR, rated at 5000 watts, is ta broadcast the visual
portion of the program, with Station WGBS, a well-known
sound broadcaster, for the aural portion.

It is our personal belief that television only awaits the
magic of showmanship to convert it from a Iaboratory
experiment to a merchandising possibility. Until Dow,
well-meaning engineers have operated the television trans-
mitters, and while they have in some instances aspired to
real program services, they have been seriously handicapped
by training and by laboratory considerations from attaining
true entertainment.

The sight and sound broadcasting studio in New Yark
City is the first real test of television entertainment. Located
in the heart of the largest entertainment center of the
world, with an inexhaustible supply of talent to draw upon
—much of it without cost because of the publicity accruing
from an early television appearance, the studio should have
no difliculty in evolving programs of real worth.

Frankly, the matter now comes down to the receiving
end. Will an audience be created for the studio’s efforts?
Will the artists and speakers be assured of a worthy gath-
ering of lookers-in, to make their efforts effective? In the
answer to those questions lies the future of the television
art from the practical, everyday standpoint.

LIGHT

VALVES

ORD reaches us from ling-
land and Germany regarding the recent progress made in
the light valve art. We cannat mention photoelectric cells
in the same breath, for our British and German confreres
have developed devices which do away with the intricate
vacuum tube amplifiers heretofore associated with prac-
tical light-sensitive devices.

Simplicity itself is the keynote of the recent advances.
Light valves are now available which can operate an inex-
pensive polarized relay. A B-battery completes the arrange-
ment. The contacts of the relay can control the desired
circuit, or if a considerable current is to be handled, a sec-
ondary relay may be added, with a most ingenious form
of vacuum contact arrangement to handle large amounts
of electricity.

When thv many possibilities of a simple and inexpensive
light valve are considered, it becomes apparent that we are
about to enter still another era of commanding electricity
to do our bidding. What the vacuum tube has made possible
by way of impressing our will upon electricity, the light
valve promises to duplicate in its respective field. Only
the intricacy and high cost of the photoelectric cell and
its associated equipment has heretofore stood in the way
of a wider application of light-controlled devices.

APRIL, 1931
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Rectifiers

Ample and uniform current supply for

every tube in the A. C. radio set— that

is the function of the rectifier tube. De

Forest engineers have insured that func-
| tion with these latest refinements:

1. Speciol alloy hooks maintaining uniform ten-
sion on filaments.

2. Ingenious clamping o insure accurate plate di-
x mensions for equalized full-wave rectificotion,

3. Corbonized plotes insuring maximum heal
dissipation ot higher outputs demonded by
lotest sets.

§# | 4. Tobbed filament to insure low-resistance
welds and prevent weokened filament due to
spot welding.

5. Exhoust port positioned well below press to
avoid leakage.

These and many other advanced fea-
& ' tures found in every type of fresh De
& | Forest Audion, insure the 1931 perform-
| ance of any radio set.

;.Ay This is the fourth of a series of debunk-
: ing messages dealing with 1931 rodio

tube feafures. The entire story can be B
. sent to youv immediafely, if you so desire. AUDIONS 'ﬁl’ﬁfég

RADIO TUBES =22

£ || DE FOREST RADIO CO,, PASSAIC, N. J.

A N O o e Uy e

CHED AR ;
O
Ol

rience \M

After all, there's no subst

=) _ s




Page 18 RADIO ENGINEERING

SELECTIVITY S ELLS SETS

%

5

Listening to Your
Favorite Radio Program
Unmolested by Inter-
ference from Competing
Programs

Textolite
Safeguards Selectivity

ROGRAMS that once quarreled their way

through now flow in with satisfying clarity —
where the insulation is right. That’s why some of
the most prominent radio manufacturers have
intrusted the right insulation of their receivers to
laminated Textolite.

Here is a superior material that emerged fully
tested from one of the greatest research labo-
ratories in the world. It has proved its ability to
preserve the original precision of tuning with un-
flagging fidelity. It possesses a practically constant
power-factor under varying conditions.

Don’t hesitate to request information on Textolite
—in sheets, rods, or tubes— from the eastern or
western fabricators, or from the Textolite specialist
in the General Electric office of your vicinity.

General Fabricating Co. Electrical Insulation Corp.
37 East 18th Street 308 W. VWashindton St.
New York City Chicago. Il

GENERAL ELECTRIC

885.51




What of the Future of |ndustry?

{12 survey just completed by the Sherman

meOlatlon, mdustrial management engmccrs,
contiains more of common sense and constructive
suggestion than any other inquiry carried on since
the recession began in October 1929.

The analysis of the returns in connection with
this study shows that of 2,304 responses, 1,028
of these executives consider that revision of sales
and merchandising plans and reduction of oper-
ating costs are vital factors in meeting existing
conditions and snapping business out of its present
ncbulous state.

There is one point on which there appears to
be practical unanimity rvelative to the business
recession that bas cloaked America for almost the
past two years; namely, that a greatly over-pro-
dhuced condition exists and that productive capacity
m terms of brick and mortar and equipment, due
to» the buyrng instinct being dampened by the mist
of nervousness as to the permanency of work, is
lar in excess of domestic requirements.

Tt is only natural,
therefore, that at this
rhme the weight of
attention  should  be
concentrated upon the
selling, merchandising

0000

What Business Executives Think of the Present
State of Industry Constitutes the Most Infor-

would show a reduction in operating costs and
permit lower retail prices.”

“Reduction of operating costs by better plan-
ning, lower maternal production cost, a more sta-
bilized labor condition and freedom flom welfare
laws and bureaucratic control .

“Scrap obsolete machinery thcreby 1educmg
operating costs and in turn stimulate buying.”

“Shorter working hours, with a high wage rate
and greater production per man hour, should help
to balance production and consumption and extend
both. Such a programme must be predicated on
low prices to stimulate more liberal buying.”

“Intelligent levelling of overhead and unpro-
ductive expense, togcther with progressive mer-
chundising methods, will solve the problem for
most business activitics.”

“Intensificd management will show the present
lcaks and failures of the business and allow the
improving of manufacturing processes thereby
reducing operating costs per unit.

“Consumer buying
at present is discour-
aged by many retail
cstablishments who
frequently have none
of the desired acticles,

and distributing phases mative Analysis Possible or only one, which
of business operation. they will not sell.

If people would T~ Yery often the con-
buy to satisfy their 0 000 Ot sumer s inforroed

normal requirements,

says almost everybody reporting on the factors
considered in the study, the fog would clear. The
perplexing question, however, is — How to induce
the public to open up and buy?

Advertising drew §11 affirmations as being a
means of spurring business activity. The com-
ments indicate that sane, honest advertising, when
properly directed and ftted to the needs of specific
products and markets can play an important part
in creating the desire to buy.

The replies to specific questions, while varying
somewhat in certain instances due to local con-
dittons, were in the main uniform on various
fundamental points.

The viewpoints expressed in the following quota-
tions from the report are those in which there is
wide agreement among business executives:

““The wastes of timc spent in traveling, in wait-
ing for buyers, in making personal calls on buyers
whose total volume of business does not warrant
such calls 1s cnormous.”

“We ought all to be spending more time to
devising ways and means for cutting sales costs
along with reduced operating costs.”

“ILowering of salaries to the high salaried class

thac they (the retail-
ers) do not expect to |Lplcn|5h thenr stocks this
scason, or before inventory, ete.’

“Buying must be stimulated — first of al]
through the development of new products; sec-
ondly through efliciency in manufacturing which,
however, should not be brought about through
lowering of wages but through the new progres-
sive devices.”

“Improved manufacturing procedure — effi-
ciency, and climination of wastes, would certainly
be helpful.”

“Operating costs should be reduced, not by
wage cuts but by installation of more improved
methods and elimination of waste.”

“With lower costs, America could sell much of.
its surplus to foreign countries.”

ITere, then, we have a survey the results of
which are worthy of serious consideration and
study by every executive and engineer cngaged in
the design, manufacture and sale of radio
equipment.

Once there 1s general agreement as to the
nature of the factors responsible for business
depression, there is less difficulty in planning
remedies.



Other Allen-Bradley
Radio Products

Bcadleyunlts ace solid molded
resistors, made in flvo sizay with
oc wilhout tinned leads.They
ofre color-coded to meet any
maavfoclurer's specdications,

equipped cars are used by lacd-
ing cor manvfaclurers and
make shielded igaition cables
unaecessary for good reception.

The Bradleyometer

Assembled by automatic machinery
to produce any performance curve!

Manvufacturing facilities in the Allen-Bradley plant keep
pace with the rapidly increasing demand for the new
Bradleyometer.

The Bradleyometer is a “stepped” potentiometer of
about fifty steps and comprises a series of resistonce
disks. The resistance value of each step Is separately con-
trolled ond the total number of disks ore assembled by
aujomatic machinery Yo conform with the Resistonce-
Rotation curve as specified by any manufacturer.

Bradleyometers are used extensively for vofume con-
trols, tone controls, mixer contrals, oftenuvators, and in
connectien with telephone equipment, public address
systems, radio receivers, phonographs, elc. Write for
technical data today.

Allen-Bradley Co.
126 W. Greenfleld Ave. Milwaukee, Wisconsin

\S

Type A, Single
Bradl:yometer

&=

T

AA, Double
dleyometer

Type AAA. Triple
Bradleyometer

ALLEN-BRADLEY RESISTORS

Produced by the makers of Allen-Bradley Control Apparatus
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The New Variable-Mu
Vacuum Tubes

By A. G. CAMPBELL*

O

In superheterodyne circuits employing r-f. and i-f.

amplifier stages, good volume control performance may

be obtained by controlling the biases of the r-f. tube,

the first detector, and first i-f. tube using 551 tubes
in these stages

A Variable-Mu Radia Amplifier Tube

INCE the first days of broadcast-

ing the trend of receiver design

has been toward high amplification

before the audio system, This
wht required at first by the need of
jzreater sensitivity to obtain good recep-
fion from distant stations. Later, when
the maximum practical sensitivity had
leen reached, still higher amplification
obtained by improved vacuum tubes and
liciter receiver design, permitted,
ceonomically, the improvement in selec-
tivity demanded by the increasing
number of broadcast stations; improve-
ments in tone quality by use of the
ligh-voltage linear detector, simplified
receiver operation by means of the
automatic volume control, and various
cconomies in receiver manufacturing
ind operation.

The screen-grid tetrode, with its
higgh amplification factor, made it poSs-
sible to obtain more economically the
high amplification and extreme celec-
tivity required in the modern receiver.
It improved the operation of the hizh-
voltage linear detector and automatic
volume control.  “Balanced” circuits
were eliminated, simplifying the adjust-
ment of receivers and improving re-
liability of operation after leaving the
lactory,  These advantages led to
almost universal use of this tabe for
ligh  frequency amplification. The
screen-grid tetrode of the —24 type

* Kescarch engincer, Ascturus Reodio Tube Co.

L O

was an econonmic solution to many
problcms of modern receiver design.
Unfortunately, the very high amplifi-
cation factor which resulted in im-
proved performance, operated to in-
crease modulation distortion, cross-talk

3 GRID wcrui
@ (O]
Fig. 2. Method of decreasing dls-

tortlan and cross-talk.

and other associated modulation dis-
turbances. With the modern trend
toward an increasing number of high-
power broadcast stations, these unde-
sired efiects are continually becoming

BB SN, ORSTT SS0DISH

? Showing
decreasling
transconductance
and (b) increasing
plate current ac-
companylng  at.
tempts to decrease
distortlen by de-
creasing the mu-
factor.

TSNS

$2¢

more serious and the fact that they are
increased in the -24 type tube is 2 seri-
ous limitation to its use. Local-distance
switches, antenna potentiometers,
double and triple pre-selection and
better power pack filtering were em-
ployer! to overcome these faults.

Type 551 Variable-Mu Tetrode

The type 551 screen-grid tefrode has
been designed to eliminate to a large
extent the defects of the conventional
-24 type tube, without losing any of its
desirable characteristics,

This is accomplished by an entirely
new principle in vacuum-tube construc-
tion. In ordinary tubes the structure
it uniform and a constant geometrical
mu factor )s obtained over the cathode
avea. In the new variable-mu tube the
structure is such as to provide a mu
factor which varies from point to point
of the cathode area. By means of this
principle the plate-current control grid
voltage characteristic can  bLe given
proper shape to reduce the higher order
curvature responsible for distortion and
cross-talk.  The advantages of the high
amphhcation factor of the - .24 tube
are retained at normal voltages, while
at high biases the low distortion char-
acteristics of a low mu tube are auto-
matically obtained. Such a tabe re-
duces by a large factor, modulation dis-
tortion, ¢ross-talk, modulation hum, and
associated  modulation  troubles en-
countered with the —24 typc tube, and
permits partially or wholly dispensing
with the precautions necessary to over-
coine these faults.

At normal bias (—3 v.) the transcon-
ductances of both the 551 and type —24
tubes are about 1000 micromhns. The
—24 tube reaches a transconductance
of 1 at about —3 v. bias while the 551
attains this value at about —45 v. bias.
It is secn that the transconductance of

PLATE CURRENT

PLATE CURRENT

L) GRID VOLTABE

2]

o - GRIC VOLTAGE []



Flg. 3.
Fig. 4.

the 551 tube varies mare nearly ex-
ponentially with bias than that of the
—=24 tube. This results in & much more
uniform control of gain when using the
new tubes.

Modulation Distortion

Modulation distortion is caused by
non-lincar transmission characterislics
of the r-f. amplifier tubes and occurs in
ordinary receivers when receiving from
nearhy stations, the result being an in-
crease in modulation of the signal, ac-
companicd by incrcased distortion of
the output. This distortion becomes
worse as the inpul to the lube increases,
and is particularly evident in the —24
tube owing o ils sharp plate current
cutoff.

Cross-Talk

The most common type of cross-falk
is caused by intermodulation in the r-f.
tubes between a desired signal and a
strong interfering signal of different
{requency and results in the two signals
being heard simullaneously when tun-
ing to the desired signal, both sigmals
apparently tuning at the same point.
The elimination of this type of inter-
fercnce has necessitated the use of
double and pre-selector circuils between
the antenna and the first tube of the
receiver.

Yolume Control

The §51 tube is designed for volume
control by variation of the control grid
bias. It is permissible to use the or-
dinary method of bias in which the
cathodes are given a positive potential
with respect to ground. Due to the
variation of plate current and the im-
perfect regulition of thce power supply
apparatus, the screcu-grid voltage with
respect to ground will vary somewhat
over the range of control. This varia-
tion is ol advantage in that the
potential difference between screen-grid
and cathode tends to remain more
nearly comnstant.

In superhetcrodyne circuits employ-
ing r-f. and i-I. amplifier stages, good

Structure of tetrode of varfable-mu type.
Illustrating types of varlable-mu tube atructures.

volume control performance may be
obtained by controlling the biases of
the r-f, tube, the first detector, and first
i-f. tube, using 551 tubes in these
stages,

The maximum bias required for com-
plete control variex from 30 to 50 voits
depending on the number af tubes con-
trolled and the amplifier gain.

The grid bins should not be permitted
to become nove positive than the -3
volts specified; otherwise trouble may
be expericnced in control systems using
high valued resistors due to relaxation
oscillations and anvuinlies of the grid
current charicteristic.

Fig. 5.

Sovaral typeas of varfable.mu
stractura,

Advantages Obtained by Use of
551 Tubes

The important advantages offered by
the sgr variable-mu tube may be sum-
wmarized as follows:

1. Increase of jmaximum allowable
input voltage for distortionless opera-
tion by a factor of about zo.

2. Extension of the range of auto-
matic volume contral by a factor of zo.

3. Reduction af cross-talk by a factor
of several hundred times.

4. Improvement in uniformity of con-
trol over the entire range af valume
control.

5. Reduction of "hum on carrier”
(morlulation of carrier in r-f. tubes)
due to incomplete power pack fillering.

6. Reduclion in receiver noise. This
15 brought about indirectly. In 1e-
ceivers emplaoying double pre-selectors
(twa tuned circuits betwecen antenna
and the first fubc) for the purpose of

RADIO ENGINEERING

reducing cross-talk the gain in voltage
between antenna and first grid is com-
paralively low with the result that the
"hiss” noise is high compared with the
signal. The 551 tubes permit the re-
placement of the double pre-selector by
a single tuned circuit with an increase
in gain between antenna and frst grid
which reduces the hiss noise.

The foregoing advantages are of par-
ticular imporltance to the receiver
manufacturer in thal they permit
several economies in receiver designm,
such as (he elimination of antenna
potentiometers, local-distance switches,
double pre-selectors, etc. No changes
are vequired in receiver design other
than the trifling one of supplying the
proper grid bias rcquired for volume
contral. In automatic volume control
systems extension of range fur-
nished by the 551 Lube is nal at present
attainable al the same cost by any other
method.

Description and Characteristics of
Types 550 and 551 Tubes

In a recent techmicil paper written
by Stuart Ballantine and II. A Snow,
of the Radio Frequency Laboralories,
lories, Boonton, N, J., these engineers
report as follaws:

Our solution of the problems of dis-
tortion and cross-falle in vacuum tubes
consists essentially in re-shaping the
plate current-grid bias characterislic
in such & way as ta minimize the higher
orcder curvature, particularly al points
where the transconductance is low. Of
the many experimental tubes which have
heen tested two have been selected for
commercial production and hiave been
designaled as Types 550 and 551. Both
tubes are designcd to operate at the
saime plate and screen voltages as the
ordinary -24 type. Their character-
istics, such as plate resistance and trans-
conductance, are the same at normal
operaling voltages as those of ordinary
tetrades of present commercial types.

The Type 550 tube is capable of handl-
ing an input voltage of approximately

Flg. 6.
characteristic of varlabie-mu

Flate current-grid voltage
tube
showing reshaped coharacter(stic for

reduction of dlstortion and cross-

talk
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Flg. 7. Transconductance-grid volt-

age characteristic of Types 550 and
—24 tubes,

15 with less than 20 per cent modula-
tion rise, or about 50 times that of the
shindard -24 lype; the Type 551 tube
s capable of handling 7 volts, or 25
1ines that of the -24 type. Both tubes
are fundamentally of the shielded tet-
tode type, although the principle by
which the reduction of distortion has
fiwen achieved can be applied equally
well to triodes and other types of struc-
ture.  This principle may be explained
s follows:

I'ig. 1 shows the grid-plate transfer
characteristic of an ordinary tetrode of
the -24 type. To raise the input voltage
nt which distortion appears the design
could be changed so as to decrease the
mu-factor of the tube, thus spreading
out the range of grid voltages and ob-
taining a characteristic of the Lype
shown at A. This, however, entails
i sacrifice in transconductance, and am-
plification, at the initial bias if the plate
cnrrent at this point is adjusted to the
same value. Tf the transconductance at
the initial bias is to be maintained at
tlic same value instead, then an increase
in plate current must be tolerated as
shown by the characteristic B.

A way oot of this difficulty is illus-
trated in Fig. 2. The amplifier stage
slown in l'ig. 2a comprises two tubes
in parallel. Of these tubes A is of
the high-mu type, and B is of the
low-mu type. A greater number of
tithes, of properly graduated mu's may
nlso be employed. The effective iy—e,
characteristics of tubes A and B are
suggested by the dotted lines in Fig. 2b
and their combined effect by the solid
line. The high-mu tube A yields high
nmplification, but can handle only small
input voltages ; the low-mu tube B yields
v amplification but can handle high
mput voltages, In combination the two
fubes complement each other to pro-
duce a characteristic of the desired
iype. At low biases, where amplifica-
lion is required and the applied voltages
ire low, both tubes are active but due
to its higher transconductance most of
the amplification is produced by A. As
the bias increases negatively tube A is
witomatically cut off and the operation
I3 gradually shifted to tube B, which is

capable of handling the increasing input
voltages. The arrangement may be re-
garded as one in which the mu-factor
decreases continuously as the grid bias
increases negatively to keep step with
the increasing input voltage. The re-
sulting 1y—eg characteristic (Fig. 2b)
resembles that of ordinary tubes at low
negative grid bias, but is extended, or
“tailed” at the higher grid biases.

For reasons of cconomy it is desir-
able to incorporaie this principle in a
single tube structure. One way of
accomplishing this is shown in Tig. 3.
as applied to a shielded tetrode with an
equipotential cathode. The control grid
is divided into two sections which are
mounted with a gap between them. At
low negative hases the entire cathode
is operative and the tube has about the
same characteristics it would have if
the gap were not present; as the grid
bias increases negatively the electron
current through the upper and lower
paris of the control grid are cut off
leaving a low-mu conirol through the
gap. At these bias voltages the tube
acts as if the upper and lower sections
of the control grid were formed of solid
metal and controlled the current through
the gap in the ordinary manner. Gaps
may also be placed at the ends of the
cathode (sce INg. 4g) instead of in the
middle.

Sonte of the other structural enibodi-
ments of this principle which have been
contemplated and tested are shown in
Fig. 4. a, b, ¢ and d show elec-
trodes of variable diameter; e and
f show cathodes in tilted and eccen-
tric position; h and i show con-
irol grids of variable pitch i structurcs
of the tetrode and triode type; j
shows the mid-cathode control grid
gap of Fig. 2 applied to the triode; k
shows a double gap and 1 a com-
bination of gaps and variable grid
pitch; structure m is a combination
of variable pitch and variable screen-
grid diameter and n illustrates an
abrupt change in elcctrode diameter as
contrasted with the continuously vari-
able diameters shown in some of the
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other structures. All of these struc-
tures provide a tube having a mu-
factor which decreases continuously
with increasing negative grid bias.

Somewhat more complicated types of
structure having better economy of plate
current at low grid bias are shown in
I'ig. 5. In these siruciures an additional
low-potential element is provided for
reducing the plate current at the portion
of the electron stream which is con-
trolled by the relatively open or coarse
section of the control grid. The shicld-
ring S in Fig. 3b is connected to the
cathode as shown at 3.

The transfer characteristic (i;—¢y)
of the Type 550 tetrode is shown in
Fig. 6 together with that of the ordi-
nary type -24 tube for comparison. The
transconductance (mutual conductance)
curves for the two types are shown in
Fig. 7, us a function of the control-
grid bias voltage. It will be observed
that the transconductance of the Type
550 tube is about the same as that of
the type -24 at low grid bias. This re-
sult has been attained with an increase
of plate current at this voliage ol only
10 per cent, The other characteristics

R E‘”_—"__:_m__\‘

0 a0 &0 t0d 600 00
HOURS

Fig. 9. Typlcal raesults of 1000-hour
life test of current from low-mu area
of Type 551 cathode.

of the tube (plate resistance, etc.) are
also approximately the same as those of
the Lype -24 at this point (Ec=~-3v.).

Fig. 8 represents the input voltage
which can be applied befove the modu-
lation rise reaches 2o per cent. It will
be seen that the new tube is capable of
handling input voltages approximately
50 times those which can be applied to
the -24 type for the same distortion.
An input voliage of approximately I§
volts is necessary to produce 20 per
cent mnise in modulation at sp—I1§
micromhos.

Fig. 7 shows that the grid bias re-
quired for control with the Type 550
tube is several times as large (ca. 8o
volts) as that required by the z4 (ca.
15 volts). In many receivers the pro-
vision of such a range of bias may be
inconvenicnt, especially in a-c. operated
receivers, in view of the desirability of
maintaining the scruen-grid and plate
voltages at their proper values with re-
spect to the cathode. In broadcast re-
ceiver operation, the number of locali-
ties in which voltages as high as this
are encountered is rather small. We
have therefore dcsigned a second tube,
designated as Type §51, having char-
acteristics intermediate to those of the
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550 and -24 types. This tube is especi-
ally suitable for use in radio broadcast
receivers, Its structure is somewhat
simpler than that of the s50 type.
Approximately 25-30 volts grid bias
are required for full contral (i. e, con-
trol for carrier voltage up to the distor-
tion point) as compared with 8o volts
for the type s550. This is easily
provided.

The distortion characteristics of the
Type 551 tube are shown in Figs, 4, s.
Fig. 8 shows the input voltage required
to produce 20 per cent modulation rise.
A maximum of 7 r-f. volts can be ap-
plied at sm=15. The control diagram
of T'ig. 5 is of interest as indicating
the improvement to be expected in a
3-stage amplifier with' common bias con-
trol of the first two stages.

A comparative summary of the im-
portant characteristics of the Types
550, 551 and -24 tubes is given in
Table I. In each case the values
are the averages abtained from a large
number of tubes of regular commercial
production,

This tabulation indicates the inter-
changeability of the 551 tube with the
present -24 types in the radio amplifier
stages of a broadcast receiver, The anly
change necessary is an increase of the
range of control-grid bias from about
15 to 30 volts. The ordinary method of
inserting the grid bias in series with
the cathode may be retained.

This tube is therefore not a "“new
tube’” In the sense that it requires sub-
stantial readjustment of present types
of receivers. It will make possible, in

TABLE |
Type Type Type
ARACTERIST

CRARACTERISTIC d oy 550 st
Plate voltage recommended. . .........c......... 180v 180 180
Screen voltage recommended. . .........,...... . 90 90 90
Normalgrid bias, . .. ....vveriiiinrennennnna., — — —3
Normal transconductance (micromhos). . .. 1000 1000 1000
Normal plate resistance (ohms).................. 400,000 300,000 400.000
Normal plate cwrrent (ma.).......oooounnn.. ... 4 5.6 5.3
Grid Lias for sm = 10 miccomhos................. —1I3 —70 —30
Maximum input voltage for 20% distortion.. ..., .3 15 7
Relative cross-talk factor (maximamy)............ 100% 0.5% 3%
Relative cross-talk at sm = 10 micromhos, ........ 100% None o. 12%

RADIO ENGINEERING

future receivers, of both the ordinary
and superheterodyne types, a number of
important ecomomies mnot realizable
heretofore on account of the meccssity
of protecting the present tubes from
high voltage amplitudes and interfering
signals. One of its important uses will
be in receivers employing automatic ar
rcmote volume control, where it ex-
tends the range of control by a facter
of 25. In such receivers the use of a
“Local-Distance” switch would be con-
trary to the object of the control
system.

Manufacturing Aspects

A sufficient number of these tubes
have been manufactured during the past
year in three tube factories by regular
production methods to verify that no
extra cost or new manufacturing prob-
lems are introduced, and to secure evi-
dence of reliability and longevity of the
special characteristic. We were par-
ticularly anxious to check the longevity
of the emission in the low-mu area,
where the electron current density is
somewhat higher than in the other
parts. No evidence of premature fail-
ure of the current in this area was ob-
served, however, in life tests extending
to 3000 hours. A typical roo0-hour run
is shown in Fig. 9. This represents
the current at a negative grid bias suf-
ficiently high to restrict the current to
the area under suspicion.

TENTATIVE RATING AND NORMAL CHARACTERISTICS OF NEW VARIABLE-MU TUBES

RCA Radiotron 235 Arcturus ss1 De Forest 451

Filament voltage. ... .. 2.5 V. 2.5 V. 2.5V,
TFilament current..... ... 1.75 amp. 1.75 amp. 1.75 amp.
Plate voltage, recom- :

mended.............. 180 V. 180 V. 180 v.
Screen voltage, rtecom-

mended................. 75 V. 90 V. 90 V.,
Grid voltage............ —I.5 V. —3 V. —3 V.
Plate current . .......... 9 milliamperes 5.5 ma. 5.5 Mma.

Screen current..........
Plate resistance. .. .....
Mutual conductance. ... .

Not over 14 of plate current
200,000 ohms (approx.)
1100 micromhos

Less than 2 ma.
300,000 ohms
1000 micromhos

1000 niicromhos

Approximate Interelectrode Capacitances

Grid toplate. .......... .oro mmf. maximum 006 mmf,
Input capacitance.. . .. .. smmf
Output capacitance... . . . rommf ...

Overall Dimensions

Length. ... ............ 41} in-sl4 in
Diameter (maximum)., . . 11¢in

Cap.vii 0.346 in.—0.369 in,
Basl: i ciivinnmnonsmons UY
Socket................. 100’4
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Some Viewpoints of
Tube Manufacturing

Executives on the
Vacuum Tube |nc|ustry

IMPROVEMENT IN TUBE
CONSTRUCTION

By George Lewis, Vice-President,
Arcturus Radio Tabe Company

E have recently per-

A £

ected a very rugged
type of construction which we term
"unitary structure.” This construction
rigidly holds all major elements of the
tihe in precise inter-relation to one an-
other and maintains accurate inter-ele-
ment capacily at all times. The possi-
bility of one pf the elements shifting
niul thus affecting the characteristics of
(the tube has been definitely obviated.

Tests in high gain amplifiers have
sliown that this construction materially
reduces nojses and hum. It has been
found that by tapping a tube of this
construction with the hnger does not
have any effect whatever in the loud-
speaker, wheveas with other types of
tubes the loud noise thus set vp passes
through the amplifier and to the
speaker. Set manufacturers have
found this new construction in Arc-
turus tobes to be very much more
¢llicient in improving receciver per-
formance.

With the advent of a-c. tubes, in
which Arcturus blazed the trail in mo
amall part, Arcturus pioneered the frst
quick-acting heater type tube. The
Arcturus 127 detector was the first
ijuick heating tube to be produced for
i thermal lag of only seven seconds as
compared to the usual thirty or sixty
neconds lag of other tubes then on the
murket.  Arcturus has since made
fnmous the slogan “Acts In Seven
Seconds.”

On April 21, 1928, we placed twenty-
five Arcturus No. 127 tubes on a life
ruck operating on 2.5 filament voits for

the purpose of burning continuously to

ascertain  the life of the filament
oxides used in this quick heater con-
struction. At this writing not a tube
has burned out, establishing what we
believe to be the longest record of life
for any radic tube—25,561 hours.

Upon actual check in our factory we
have found that each Arcturus tube
goes through 137 different tests and
checks before the tube is completed.
This, of course, includes tests and
checks of raw materials before the tube
is started in production as well as the
comprehensive  electrical check for
characteristics,

A
PROGRESS IN TUBE DEVELOPMENT

By Alen B. DuMont, Vice-President,
De Forest Radio Company

HE past year has seen fur-
ther development in  the
vacuum tube art. The a-c. receiving
tubes have been improved as regards
uniformity, characteristics and life.
Heater type tubes such as the 424 and
the 427 are now manufactured with a
new lype of notched insulator which
insures rapid heating and freedormn from
burnouts. Many new mechanical re-
finements have been made to provide
against change in characteristics in
shipping or under severe service as is
experienced in automobile and aero-
plane sets, The battery operated sets
using the 430, 431 and 432 type tubes
enable the sets to compare favorably in
performance with the a-c. receivers.
From present indications the variable
amplification constant tetvrode and the
pentode will be used to a large extent
in the new sets to be brought out.

In the transmitting power tube field
the new development has been in the
high power three and four element
tubes, as well as in the mercury vapor

A
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rectifiers. Prior to 1930 these tubes
were not available for sale except
under restrictive license agreements. It
is now possible to obtain all the neces-
sary tubes for as high a power as is
necessary in a 50 kw. broadcasting sta-
tion. Commercial rectifiers capable of
handling 20 amperes at 20,000 Volts
have been developed and are giving life
In excess of 2,000 hours.

The caesium photocell is gradually
displacing the older type potassium cell
for both motion picture and television
work. In our Type 601 neon glow lamp
improved processing has enabled us to
run these lamps at considerably higher
currents thereby providing increased
illumination for television pictures. The
present work being done on crater type
neon lamps shows considerable promise
towards increasing the size of the tele-
vision images and satisfactory pictures
several feet square are now being ob-
tained. The rotating grid tube is still
in the experimenta! stage although in
one instance it is being used success-
fully for high voltage inverter work.
The application of the mercury filled
Audion has made it necessary to de-
velop a line of these devices in all
sizes.

We believe that the application of
vacuum devices to the power and indus-
trial fields will be a very important
factor in the new art but the rapid de-
velopment of television this year should
very materially increase the demand for
receiving tubes and ncon light devices.

A

COOPERATION BETWEEN SET AND
TUBE MANUFACTURERS

By E. A. Tracey, National Union Radio
Corporation

UR activities in the past
twelve months have indi-
cated more than any other one thing,
the value of and necessity for the estab-
lishment of a close enginecring rela-
tionship between tube and set manu-
facturers.

We have demngnstrated that a tube
manufacturer’s contributions to the set
manufactures’s problems can be great,
and, in some cases, decisive.

The desire of the set manufacturer
to have a new fealure in the set he
offers for sale, creates a tremendoos
pressure on the set manufacturer’s staff,
whose efforts to produce new features
of rcal value may be greatly aided by
the intelligent cooperation of a skillful
tube engineering staff.

This again emphasizes the need for
an engineering department capable of
not only making a product of high
quality, but of also keeping abreast of
or leading research and development
work in the field of new tubes and in
radical improvements on tubes now in
nse.

A
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A Survey of the
Vacuum Tube Industry

By AusTin C. LLESCARBOURA

i,

In this survey Mr. Lescarboura presents the unvar-

nished facts about tube production and tube mer-

chandising. Accurate knowledge of the elements of the
situation is the first essential toward betterment.

IKE all other industries at the

present time, the radio  industry

has plenty of problems. One need

merely scratch the surface 1o
learn of the many difficulties of tube
manufacturers. As for solutions, haw-
ever, there is little or nothing forth-
coming from the tube manufacturers
themselves. Omne must do some deep
digging in bringing constructive sug-
gestions to light. The industry as a
whole appears to be in need of leader-
ship at this time.

The outstanding problem of the radio
industry 1s a purely economic one of
subnormal demand and abnormal sup-
ply. Thcre are more tube manufactur-
ers today than the market warrants.
Until the number of tube manufacturers
is reduced through the stern law of the
survival of the fttes(, reasonable profits
are not likely to be made by most of the
tube manufacturers. A bright hope at
present is that the total of tube manu-
facturers has dwindled during the past
two years, so far as numbers are con-
cerned; bul, to offset this promising
news, some tube manufacturers, not
forgelting the mergers of smaller manu-
facturers, have bcecome more ambitious
in their production efforts, thereby
restoring 2 present surplus supply.

As anyone who has studied cconomics
knows only too well, there is never
over-production in the really practical
sense. True, manufacturers may pro-
duce more goods than the market is
absorbing, but the fault may really lie
in undcr-consumption rathev than over-
production, In the case ol tube pro-
duction, this is decidedly the case.
Market expectalions have been reduced
of late by a demand that falls short of
reasonable estimates. Qbviously, the
public is buying less tubes than we have

R

every cxpectation of selling, with the
result that we have many tubes on
hand at the end of each season.

The Probable Market

Tor iustance, it was generally pre-
dicted that doring 1930 the market
would absorb somewhere between 60,-
000,000 and 85,000,000. One guess is
quite as good as another, notwithstand-
ing the imposing array of figures pre-
sented by our statistical friends. From
the most reliable sources ol informa-
tion, we gather that the total tube sales
during 1930 were in the netghborhood of
50,000,000 or less, although some claim
as high as 55,000,000. How many tubes
were produced during 1930, not forget-
ting the huge inventories carried ovur
from the wild production days of 1929,
we shall never know. Such matters
are a deep secret.

But 1930 is a thing of the past. What
shall we do during 19317 With the
ideca of attempting 1o answer this
timely query, your writer has just com-
pleted an extensive survey of tube
manufacturers, obtaining a fair cross-
section of opinions from the Jargc and
small organizations. The avcrage
estimate of total tube sales for 1931
is 30,000,000 tubes. One manufacturer
hazarded the bold estimate of go,000,-
000! Nore power to him, although we
fear he is doomed to disappointment
when he estimates 40,000,000 for initial
equipment and 0,000,000 for replace-
ments. He may not be so far off on the
former figure, if wa¢ enjoy a good radio
set season, bul he is certainly way off on
the latter figurc. Tube replacement
sales have failed to materialize. It
is quite obvious that the public uses
tubes far beyond any normal life
expeclancy.

RADIO ENGINEERING

Replacement Market

The average estimate for imitial tube
equipment for 1931 radio sets is from
25,000,000 10 30,000,000 tubes, while tube
rcplacements arc estimated at 14,000,-
000 10 16,000,000. It will be noted that
there is practically a two-to-one ratio
between initial equipment and tube
replacements, whereas our original
hopes were pinned on a rapidly grow-
ing fube replacement market, far out-
stripping the requirements of new sets.

Our survey has cxtended into the
causes for the small tube replacement
market, which has taken us inta many
radio shops and radio homes. It appears
that tubes are used on an average of
2200 hours, or more than twice the
guaranteed service life of 1000 hours,
Indeed, even 1000 hours is considered
more than ample by some tube manufac-
turers, who maintain that 800 hours
would be more reasonable for a high
performance standard. Actually the
public is using tubes until they com-
pletely break down, instead of replacing
them afler their peak efficiency has been
outlived.  Since tubes are employed
anywhere from two to three times their
normal service life, it is at once apparent
that our replacement markel has been
reduced by one-half and cven two-thirds
of the expected demand. If the public
were educated to replace tubes every
1000 hours, we would be selling 15,-
000,000 t0 20,000,000 more fubes per
year, which would bring sales closer to
the former expectations.

Therefore, the greatest problem fac-
ing the radio tube industry is to drive
home the idea of changing tubes every
one thousand hours. Although some
tube manufacturers have done an excel-
lent advertising job in this connection,
the public has failed to respond because
the messages have been too obviously
selfish. The educational work must be
done without suggestion of selfish
motives, 1 musl be carried on without
refercnce to any one particular brand
or makur of tubes. It must be accom-
panied by some convincing proof that
tubes ust be changed every one thou-
sand hours.

Useful Life of Tubes

The writer {inds a favorable reaction
among wmany tube manufacturers to
institute a campaign of education. Just
as the lubricating oil companies bave
driven home (he frightful lesson that
automobile crank case oil must be
changed every 500 miles, when many of
us know that a good grade of oil will
serve for twice that mileage without
danger, so must tube manufacturers as a
group, quite unselfishly, drive home the
idea of changing tubes every one thou-
sand hours. It has been suggested that
convincing lahoratory tests be con-
ducted, showing how the average broad-
cast set loses in sensitivity, volume and
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tone quality, while perbaps gaining in
background noises, hum and distortion,
in the tubes are used beyond the peak
clheiency period.

I'he convincing data once at hand,
the next problem is that of making it
uviiliable to the public. Some tube
nmnufacturers have suggested institu-
tonal advertising, without reference to
any tube manufacturers or brands.
Others have suggested certain forms of
roadeasting, including short talks on
the care of the radio set, as well as
cerlitin tests sent over the wsual broad-
vnst waves for actually testing the con-
ditions of tubes used in receiving such
witves.  However, try and get radio tube
mnitfacturers 1o co-operate! It is next
1o impossible while they are in their
pvesent mood.

Our personal suggestion is that the
ridlio consumer press, and to some
exient the radio trade and engineering
press, should endeavor to carvy on a
cumpaign of education. Tt is to the
Interests of the press at large to create
n greater demand for radio tubes, since
wmple advertising support will be forth-
coming if tube manufacturers semse a
prowing market. Hence the press
might conduct the laboratory tests and
then make the findings available to their
1¢aders, in a purely editorial way, with-
ont any accusations of commercialism.

The fact already broaght out that
Initial tube equipment outranks tube
replacement  sales by two to one
nccounts for the skirmish among tube
manufactorers for radio set manufac-
tyrers’ business. At the beginning of
cach year there is great sales activity
anmong the tube manufacturers out to
line up set accounts. Needless to say,
with such abnormal selling efforts on
the one hand and a limited buying
power on the other, the set manufac-
lurers get some mighty attractive bar-
wains.  Little wonder, therefore, that so
many radio sets today come completely
equiped with fubes. Jn some instances
perhaps the set manufacturers make
mure money on the tube equipment than
on the sets themselves.

Less Tubes or With Tubes

[However, it is a much mooted ques-
tinn today whether it is good merchan-
dising policy to equip sets with tubes
at the factory. Of course apinions
viry widelv on this matter, depending
entirely on whother figurative toes are
heing stepped on or not. The general
voncensus {rom the manufacturing end
seems to be that where the set manu-
fucturer is also in the tube manufac-
hiring business, he is likely to equip
his sets with his own make of tubes.
Where the' set manufacturer is not
manufacturing tubes, he shouold ship his
sels without tubes.

[From the jobbing end and the retail-

ing end, there is also a wide diver-
gence of opinion. Jobbers and dealers
no doubt like the idea of fully guaran-
teed tubes, so that tube headaches are
entively eliminated from their sclling
troubles.  When sets come cquipped
with tubes, the guarantee is on the
entire merchandise. On the other hand,
jobbers complain of instances where
they are obliged to take more tubcs than
the sets really call for, although we
strongly suspect that they can aad do
rid themnselves of the surplus tubes with
Little difficulty, and at a proft.

All in all, thc idea of equipping sets
with tubes at the factory is apparently
here to stay. Tube manufacturers are
very insistent on the merits of this plan,
especially since it gives them a nice
piece of assured business at the begin-
mng of the season. Set manufacturers
appear to favor the plan, because they
can better guarantec their sets when
tubes of known quality are used. Job-
bers and dealers are coming to like the
plan, because the sets are fully guaran-

RMA SHOW AT CHICAGO

THE Fifth Annual Trade Show

of the Radio Manufacturers
Association, will be held at
Chicago, June 8-12 inclusive.
The headquarters will be at the
Stevens Hotel,

This promises to be one of the
most construclive gatheriigs of
radio manufaclurers, executioex
and engineers ever held by the
RMA.

Being absent from this Con-
vention will mean being months
behind in benefiting from the
sales promotion stimulus which
will be set in molion.
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teed without the buck-passing contest
sometimes existing between set and
tube manufacturers when in the past
there has been poor performance.

Replacements

Returning for a moment to the ques-
tion of tube replacements, we have
queried tube manufacturers as to the
possible merits of shortening tube life.
It appears that electric lamp life has
been somewhat reduced during the past
few years, but this has been justified
on the grounds of increased efficiency.
Actually, the public buys more electric
Mlumination today than ever before,
even though lamp life has been reduced
to probably 8oo hours on an average.
In the case of radio tubes, however,
there is nothing to offer the public if
life 1s reduced, so that the economic
{ife must remain at Tooo hours, or
approximately a year of average use.
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Most tubes are bult with a good per-
formance life far beyond 1ooo hours,
for the reason that longevity is a nat-
uril sequence of really satisfactory ser-
vice. It has been suggested by one of
our humorists that tubes should be pro-
vided with an infernal machine set to
blow up at 1001 hours of use, with
appropriatc notice to tubc buyers! In
the abseuce of such 2 brilliant invention,
we must content ourselves with driving
home the idea of changing tubes at
least once each year, which means ap-
proximately 1000 hours of average use.

Tube Market Other Than Radio, of
Little Yolume

Having exhausted the possibilities of
radio initial cquipment and tube replace-
ments, what next by way of marketing
possibilitics?  We have been promised
startling indusirial apphcations, but
teuth to tell, we would starve to death
if waiting for the promised Santa
Claus, That there are possible and
probable industrial applications, therc
can be no doubt; but as for immediate
hopes, we can well forget the industrial
market for the present. Whatever
industrial macket exists is pretty much
occupied by the largest manufacturers
who are in position to get the business
through their control of the associated
equipnlent, patents, and the ability to
produce special tubes. Liven the talking
picture business is largely dominated by
a few large tube manufacturers, so that
the smaller manufacturer must be
an exceptional merchandiser to succeed.

There is one important consideration
as regards industrial applications, and
that is the promise of light-sensitive
cells in the near future which will
largely do away with the necd of radio
size tubes. In England and in Ger-
many, there are light-sensitive cclls in
use which operate relays directly with-
out the intervention of vacuum tube
amplifiers, Indeed, it is such cells or
“bridges” that carry the greatest pro-
mise of a widespread application of
light-controlled equipment, rather than
the delicate photoelectric cells  with
cxtensive amplifying equipment. It is
our guess that when indasiry calls for
light-controlled equipment, radio type
vacuum fubes will be sparingly em-
ployed. Hence the false hopes of the
promised industrial age of the small
vacuum tube.

Profits in Transmitting Tubes

While the prospects are not so glow-
ing so far as the smaller radio tubes
are concerned, it is intcresting to mote
a steadily growing demand for the lar-
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ger vacuum tubes such as those for
transmitting and rectifying purposes.
Only a handful of tube manufacturers,
of course, are licensed to produce the
larger tubes, so that a minimum of com-
petition exists in this Aeld. Profits are
therefore derived from such production
and an altogether healthy condition
exists in the so-called transmitting tube
field. Aside from transmitting require-
ments, the larger tubes are finding cer-
tain industrial applications of great
ymportance,

Automobile Set Requirements

Soine tube manufacturers direct our
attention to the automobile radio pos-
sibilities as a means of increasing their
tube sales. It appears that the automo-
bile radio is going ta be sent into the
ring again this season, this time with
better design and attractive price. Also,
a special 6-volt heater type tube is being
developed for the automobile radio set,
which should make for greater
efficiency. One tube manufacturer
anticipates a 10 per cent increase in lube
sales within the next two years, due to
the widespread acceptance of automobile
radio. Actually, he is doomed to dis-
appointment. In time automabile radio
will ind a place in the picture, but its
tube demand will be of the order of 1
or 2 per cenl al most as contrasted with
the mare logical field of home radio.

The marked discrepancy between an-
ticipated market and ambitious produc-
tion schedules has necessarily brought
about the sad condition of excessive
competition for orders. For two years
pasl, tube manufacturers have becn
operatling in a huyer’s market. While
list prices have changed but little, the
discounts have been constantly stretched
until an average of 70 per cent dis-
count to large buyers is accepted as
standard praclice, with some tube manu-
facturers offering as high as 8o per cent
discount.  Obviously, when such long
discounts can be offered to buyers, it
becomes apparent that list prices are
somewhat out of line. Many tube
manufacturers we have gueried on this
question have told us that list prices
must be revised downward, but no one
seems fo want ta set the pace. It is
possible that a downward revision in
tube prices will take place within the
next few months, whereupon discounts
will be shortened to former standards.
Under existing circumstances, the sell-
ing prices are chaotic, ranging from
50 per cent discount to the consumer in
the big city, to nathing off to the con-
sumer on Main Street. With tighter
discounts and lower list prices, all con-
sumers will be buying at nearer the
same price.

List Prices
There is room for a healthy discount

at present list prices, particularly in the
case of the larger tube manufacturers

provided with the latest automatic pro-
duction equipment. In fact, it is the
opinion of the larger manufacturers
that a healthy squeeze in list prices,
based on the labor-saving and cost-sav-
ing features of new aulomatic produc-
tion equipment, may serve to eliminate
the smaller or marginal tube manufac-
turers. Certainly the small chaps can

hold on just so long as list prices are-

high and discounts are whatever you
care o make them. In any production
scheme based largely on manual labor,
the smaller chap is quite comfortable in
the picture,  Dut let the introduction
of entirely new automatic equipment
reduce cost to a considerable degree,
making manual labor all but obsolete,
and the little fellow is scon happy in
some other line of business.

It is only the fact that lube designs

change so rapidly, making automatic-

machinery a serious gamble, that pre-
vents the prompt squeezing out of the
smaller manufacturer. At a time when
some of the larger manufacturers have
been considering automatic equipment,
there looms up the prospecls of new
types of tubes, upsetting the production
picture once more.

New Type Tubes

Which brings us to the question of
new tube developments. It is apparent
that several new types of tubes are com-
ing through the laberatories and are in
praduction. This season we see the
introduction of the variable-mu screen-
grid tube, which compensates automa-
tically for the weak signal or the pow-
erful signal in the usual screen-grid
r-f. amplifier. We see the introduction
of the pentode power tube, which is
finding a place in the compact radio set
that succeeds the original midget set
Strangely enough, the pentode is not
being employed as yet to eliminate 1ubes
because of its high gain, as was at first
feared from the tube marketing stand-
point. Sets employing this tube are
employing about as many tubes as
before, which is a comforting thought.
There are new tubes coming along in
the form of the 6-volt heater tube for
battery operation, particularly in the
avtomnobile radio set, as well as the 32-
volt tube for use on farm lighting
plants. '

Various suggestions have been
elicited from tube manufacturers with
regard to the betterment of the tube
industry as a whole. The most sensi-
ble suggestion, but one perhaps impos-
sible of realization at this time, is the
elimination of about half the manu-
facturcrs in the business.  Simple
enough. But just what half should be
eliminated is a matter for argument.
Time alone will work out the proper
elimination.  Another suggestion is
leadership in establishing list prices and
discounts, Still another suggestion is
an abrupt end of “life” for tubes, which,
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unfortunately, does not seem practicable
with present tube technique,

Our own suggestion is that tube
manufacturers should get together
about the round table and frankly dis-
cuss the troubles of the entire industry,
Out of such gatherings would come
many practical solutions of their
troubles, together with a great enough
demand for their wares to enable them
to enjoy fair profits from their labors.

A
HIGHEST BROADCAST ANTENNA

Large scale experiment belng
watched clogely by engineers

THE Atlantic Broadcasting Corpora-
tion is erecling a high vertical an-
tenna at thoir new station at Wayne,
N. J. Tests of this antenna will deter-
mine in a praclical way the value of
antennas greater than a half wave
length high, The antcnna will be about
675 feet high, by far the highest an-
tenna in broadcast service. More re-
markable than mere height is the fact
that the structure itself is the antenna.
A single tower, in the shape of two
pyramids, with common bases midway
lo the top, will rest upon a huge artic-
ulated insulator and will be supported
sideways by four guys also insulated
from the structure. There are no
auxiliary supports. So the antenna’s
performance will be free of all influ-
ence attributable to nearby towers.

Much credit is due to the Atlantic
Broadcasting Corporation for their
courage in undertaking this huge ex-
periment—for an experiment it is. No
antenna, not even a model of this type,
has been constructed.  ‘I'he engineers
are placing entire confidence in their
calculations and the owners are placing
their confidence in the engineers.

Seldom have experiments been on so
vast a scale and certainly there is no
record of a similar undertaking in the
radio broadcasting field. All engineers,
therefore, will watch the progress of
construction and wait hopefully for the
engineer's report of the value of the
new anlenna as compared with the
present types.

A

l. R. E. CONVENTION AT CHICAGO

Preceding the RMA meetings, June
3~6, the annual convention of the Insti-
tute of Radio Engineers will be held at
Chicago.

The entertainment and convention
arrangements for the RMA will be in
charge of Leslie F. Muter of Chicago
who was appointed chairman of the
Convention Committee. An RMA
special train from the Atlantic Sea-
board already is being arranged by the
New York Central lines, and other
special trains for the radio visitors
from all parts of the country are being
planned.
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Cathode Rays

in Television

By H. R. WRIGHT*

A S

Description of the

System of Cathode-Ray

Operation of Television Receivers and Transmitters

HOSE who have closely investi-

gated the apparatus offered so far

for use in assembling television

transmitters and receivers na doubt
have concluded that the system of
mechanical scanning, widely used, is
limited to the production of somewhat
crude images.

In the year 1911, Mr. Campbell
Swinton, an English scientist developed
an intricate apparatus for television
uses using cathode ray tubus at both
trausmitter and receiver It is possible
that a satisfactory solution of the gen-
erial problem lies in this direction.

[n this paper we shall deal with the
application of cathode ray tubes' to
television.

Advantages of the use of cathode ray
tubes may be listed as follows:

Absence of moving parts.

Simplification of synchronization.

Ample tight for good visibility.

Persistence of the fluorescence of the
sereen used permits reduction of the
number of pictures necessary per second
without flickering.

Allowing more detail to be trans-
mitted over the same frequency band.

The Cathode Ray Tube

For laboratory demonstrations a glass
bulb such as shown in Fig, 1, is used.
The glass at B is ground to form a
wcreen for the study of the rays, and
the electrodes are sealed approximately
in the position shown, The bulb is then
connected to a vacuum pump which is
fitted with some form of manometer.

A fairly high potential is applied be-

t A paper presenied before A.1.E.B, Branch,
Vancouver, B. C.

* University of British Columbia.
1As developed by the Westinghouse Laboralories.
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tween the electrodes and the evacuation
commenced.

As the air is removed, and the pres-
sure in the bulb approaches .05 to .005
mm. of mercury, the first change is
noted. A greenish or bluish haze ap-
pears in the interior of the bulb, accom-
panied by streaks of pale light shooting
off from the cathode or negative elec-
trode. At the same time a conduction
current through the bulb is indicated
by the milbammeter in the high po-
tential circuit. This current points to
the presence o1 am eleciron stream
which, in this case, is composed of
what are known as cathode rays. The
characteristics of these rays may be
easily studied in the laboratory in the
following manner:

1. A solid particle introduced at E
(Fig. 1) casts a shadow of sharp, dis-
tinct outline at 13, showing that the
rays travel in straight lines,

2. The rays may be focused, showing
that they leave the cathode perpen-
dicularly.

3- A form of paddle wheel introduced
into the bulb will rotate when acted on
by a beam of the rays, which, from this,
must have mass and inertia,

5. Since they evidently possess a rela-
tively large amount of energy, they
must have either great mass, or great
velocity.

6. This velocity may be shown to be
proportional to the voltage between the
anode and cathode,

7. The rays are found to be deflected
by either an electrostatic, or an electro-
magnetic ficld. By the direction of de-
flection they may be shown to consist
of negative charges in motion.

8. When cathode rays strike a ground
glass screen, or one coated with a sub-
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stance such as calcium tungstate, they
identify themselves by a sort or green-
ish fluorescence.

The usefulness of cathode rays {for
television purposes is bound up in the
last two properties. Many other in-
teresting phenomena may be seen dur-
ing the study of cathode rays, but since
they have no direct bearing on the in-
strument to be described, they will be
omitted here.

Type of Tube

The type of tube to be used in this
apparatus depends primarily upon the
amount of light required. (The low po-
tential type used in oscillographs gives
insuficient brilliancy.) An operating
potential of at least 3000 volts must be
used for proper illomination of a 5-inch
picture.

A general idea of the disposition of
the tube eclements may be gained from
the diagram Fig. 1-B. The beam
originates at an oxide coated filament,
and passes first through a small hole
in the control electrode. From there it
passes through the barrel-like structure
of the first anode, where the rays are
accelerated to a velocity due to 300-
400 volts, or approximately 3,000,000
meters-second. A second anode is lo-
cated beyond the first leaving a space
between them sufficient for the deflect-
ing elements. The second anode con-
sists of a metallic coating on the inside
walls of the tube. It performs two
duties: First, it accelerates the de-
flected beam to its final velocity due to
3,000-4,000 volts (30,000,000 meters-
second), and, second, it focuses this
beam, electrostatically into a sharp spot
on the fluorescent screen.

The target wall, as this screen is
called, is about 7 inches in diameter and
and is covered with a fluorescent ma-
terial known as “willemite.” Since it
is important that the charges placed on
the screen by the beam be rapidly dis-
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sipated, the willemite is, in preparation,
made slightly conductive.

The deflecting clements, of which
there are two sets, are placed between
the first and second anodes where they
may act upon the comparatively slow
maving electrons. The field strength
for a given deflection is thercfore much
smailer than would be necessary had the
final velocity Leen given to the clectrons
at the first anode.

The tube may now be described re-
ferring the different parts to the cor-
responding components of the conven-
tional television apparatus.

The intensity of the beam is con-
trolled by the voltage on the control
electrode which, therefore, takes the
place of the neon glow tube in the
standard televisor. The mean inten-
sity of the piclure is controlled by a
preliminary negative bias on this elec-
trode.

The first set of deflecting elements
controls the vertical or framing move-
ment, and consists merely of a pair of
deflecting plates arranged to give a
vertical electrostatic feld.

The second set consists of a pair of
coils arranged to deflect the beam hori-
zontally back and forth, when excited
by an alternating current.

These two elements then, do the work
of the conventional scanming disc, pro-
viding, of course, that the necessary
vollages are correctly applied.

It is evident, from the foregoing,
that, i{ we apply 1o the contral electrode
the amplified impulses from the trans-
mitter, and, at the same time, deflect
the beam in synchronism with the mo-
tion of the light beam at the transmit-
ter, the original picture or scene will
le reproduced on the fluorescent screen.

Clearly then, threc sets of signals are
required for the production of the com-
plete image. First, the picture fre-
quency, second, the horizontal scanning
frequency, and third, the impulses for
picture framing.

The first signal will be identical with
that sent by transmitters of the prusent
type. (For horizontal scannming, it is
necessary merely to transmil a sinusoi-
dal voltage of a frequency cqual to the
number of horizontal movements, per
second of the scanning beam at the
transmitter.) This voltage is impressed
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directly on the deflecting coils of the
cathode ray tube.

Lastly, for verlical scanning, or
framing, a voltage may be generated
at the recciving end, which is controlled
by signals from the transmitter, A
condenser of suitable capacity s
charged at constant rate by a device,
such as a two electrade tube, so that
the condenser voltage will rise lineally.
The deflecting plates of the cathode ray
tube are connected in parallel with this
condenser so that when the former is
charging the cathode beam is deflected
at constant speed, from bottom to top
of the fluorescent screen. (The speed
may be controlled by the flament tem-
perature of the two elemenl tube,)

An impulse is sent from the trans-
mitter after cach cycle of scanning,
which discharges the condenscr and
returns the beam to the bottom, ready
for the next picture.

Composite Signal

The three signals may be senl sepa-
rately, in which case three transmitting
channels or frequency bands are needed.
They may, however, be combined more
econamically into one composite signal,
transmitted as such, and separated
again at the receiver. This is accom-
plished in the following manner. The
photo-cell voltage is first amplified to
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a level sufliciently high for transmis-
sion. There is then superimposed upon
it a series of high audio-frequency im-
pulscs, lasting a few cycles only, and
occurring only during the interval be-
lween pictures. ‘L'he resulling wave
form of combined picture and framing
frequencies is passed through a band
eliminating filter, which removes the
picture component of the same fre-
quency as that of horizontal scanning.
A voltage of the same frequency as
that of horizontal scanning is then
superimposcd on (his signal, and the
whole used to modulate the radio fre-
quency carrier.

Al the receiver a reverse process is
undertaken. The input is amplifed and
passed through a band pass, band elimi-
nating filter, where the horizontal scan-
ning frequency is separated from the
remainder of the wave. This is ampli-
fied by a tuned amplifier, and applied
directly to the deflecling coils.

The picture frequency plus the fram-
ing impulses are applied 10 the control
elecirode of the tube. The same volt-
age is applied to the input of a band-
pass filter, which is tuned to the a-c.
voltage used for the framing impulses.
The output of the flter is amplified,
rectified, and used to unbias a discharg-
ing wrtode.  The Jatter 15 normally
biased to zero plate current, and takes
its plate potential from the condenser
which supplies the vcrtical scanning
voltage. ['ig. 21 shows how this may
be accomplished.

No attempt i1s made here to describe
the details of the receiver designm, but
the foregoing may give the reader some
idea of the possibilities of the system.

In closing, the important points
wherein this system dillers from the
one in use, may be briefy summarized
as follows:

The picture is
orange.

It is visible to a large number of
people, being bright and of considerable
size.

The f{raming 1s auwlomatic—no ad-
justments being required. Furthermore,
no special apparatus is needed for syn-
chronizing. Lastly, the power required
is small—being of the order of that
used hy ordinary radio tubes.

green instead of

A

NEW REMOTE CONTROL FOR
RECEIVERS

NEW remole contro! radio dial

has been developed by the Engi-
neering Products Division of the KICA-
Victor Company. These dials, which
are similar in operation to the tele-
phone dial sysiem, completely control
all the funclions of a master radio-
phonograph outht located in the attic
or basement and wired to loudspeakers
throughout the building. Simple num-
ber combinations are used to (une in
up to 18 stations.
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Vacuum Tubes
In |nc|ustry

By Dr. PauL G. WEILLER

MIPPRESSIVE publicity blasts in some

magazines and articles recurring

more or less regularly in the daily

press are apt to create with the
yeidder the impression that wide appli-
vation of vacuum tubes to manufac-
Wring and power problems is immi-
nent, and that momentous changes
in our daily lives might be wrought
by the wonderful vacuum tube. Such
n picture is, of course, entirely mis-
lending. Tubes are being used in indus-
(ry now in numeyous instances, but not
fur a great variety of purposes.

Compared with the vastness of our
{ndustries such application of tubes can
ne yet Le truly called sporadic, and
thinly scattered.

It can be predicted that tubes will
be used in quantities in elaborate elec-
trical installations, but before that comes
to pass an enormous amount of devcl-
opment work must be done on the tubes
themselves, and processes and instatla-
tions in which they will be used must
he revamped and redesigned to take ad-
viantage of the peculiar charactecistics
of vacuum tubes. There must also be
it considerable change in attitude of
mind of engineers who are not now
using tubes, before much progress is
made. At present the general attitudc
{s somewhat hostile.

In the majority of cases tubes may
do little that is not done now by other
means, but they will help to do things
hetter or at lower cost.

It is possible to foresee and predict
sonte of the major trends and possibili-
tics in industrial tubes. Tt is the pur-
pose in this article to discuss the pres-
ent use of tubes in indusiry and also,
future possibilities. 'I'o do so intelli-
gently it 1s necessary to deal first with

the problems generally met with in in-
dustry and with the adaptability of
tubes to special problems,

Mercury Arc Rectifiers

The fArst use of tubes in industry
was probably the use of mercury arc
rectifiers and, later, of rectifiers of the
tungar type. Both types were subject
to severe limitations. The arc rectificr
1s a rather cumbersome machine. The
tungar has reached the limit of its gen-
eral usefulvess with 15 ampercs, and
voltages in the neighborhood of 1710,

Both will be replaced by hot cathode
mercury vapor rectifiers, and probably
rectifiers of sizes ur to thuse large
enough to operate railroads.

There is little to stand in the way
of making such tubes for large current.
At present most hot cathode vapor rec-
tifiers are used in radio transmitters.
Some of them are rated as high as
20,000 volts inverse peak rating, but
recent work on the subject gives en-
couragement to the expectation of pro-
ducing tubes good for much higher
voltages.

Voltage Drop

The voltage drop in these tubes is
of the order of o volts. Consequently
their efficiency is good on all but the
lowest voltages. There is, liowever,
some hope of producing tubes with a
drop of only two volts. Success in this
Jirection will make vapor rectifiers
available to such low voltage uses as
electropliating, for which purpose tubes
or tube banks must deliver several
thousand amnperes.

Tubes being made at present vary in
filament eficiency from a maximum of
25 watts filament energy per ampere
plate current to seven watts per ampere.
We are, however, assured of tubes with
two waits per ampere or better with
the new enclosed cathode construction
and we may expect to go much further
in hlament economy in cases where it
15 desirable.

The enclosed cathode is an interest-
ing development. 1t is shown diagram-
matically in I'ig, 1.

A is a filament developing sufficient
heat to bring the entire structure to
emission tcmpevature. B is a refrac-

Important progress is being made in the design and

manufacture of mercury vapor rectifier tubes and

tubes useful for automatic control of operating electric

circuits. Many opportunities await cooperative studies

between tube engineers and engineers engaged in the
mechanical industries.
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tory insulator. C is a nickel can or
a can of other bright metal. "I'he inside
of the can and the shelves, D, are
coated. The discharge issues through
opening, D,

Bright nickel indicates only 1/9 as
much heat as the sume surface with
barinm and strontinm oxides.

This structure combines large emit-
fing surfaces with a minimum of heat
radiation.

The well-known six phase rectifier
circuit employing six tubes, one of
which is shown in Yig. 2, delivers d-c.
with only 6 per cent a c. ripple. If the
input is 60 cycles the ripple is 360
cycles.

To be of general usefulncss for cer-
tain indusiries the rectifier tubes will
have to be built for a life expectation
of 5,000 hours, some even for 10,000
hours, a few for as much as 10 years.
All this is quite within the realm of
feisibility but it is hardly necessary to
enlarge on the vastness of the prob-
lems.

A"

Fig. 1. Enclosed cathode tube
gtructure,

The subsequent step to the rectifier
is the hot cathode vapor tube with a
grid, called grid-glow tube by some,
thyratron or switch tube by others. A
negative charge on the grid of these
tubes is capable of preventing ioniza-
tion as long as the grid voltage is
higher than what in vacuum tube
parlance is called the cutoff voltage. It
the grid voltage is lowered below that
poini the tube ionizes and the drop in
the tube then is equal to the character-
istic drop in vapor tubes oxr of the
order of 10 volts. In some tubes the
presence of the grid causes a slight
increase of the drop.

If the grid is of ratber open con-
struction it has no effect on the dis-
charge after the tube is once ionized.
Therefove, such tubes canmot be used
to control d-. If a-c. is passed
through the tube and a sufficient nega-
tive voltage is placed on the grid this
will have no effect antil the half cycle
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during which the grid voltage applied
is completed. The subsequent half cycle
will then be suppressed,

If the grid potential is insufhcient to
prevent ionizalion completely, ioniza-
tion will occur at the point of each
cycle where the plate potential is equal
to the grid potential multiplied by the
amplification constant of the tube; see
Fig. 3.

In this way current will flow only
during part of vach permeable half
cycle. This is equivalent to decreasing
the mean current. This basic principle
is used for regulation purposes. If
the grid stricture is made very close
the drop in the tube is influenced by
the grid potential. This method has,
however, not as yet found much use
in practical applications. In the design
of switch and control tubes we have
to deal with all the problems touched
upon in discussion of rectifiers, and in
addition all problems contingent on the
grid control characteristics, There 15
here a great field for further study and
development.

Large Amplification

We can visualize the magnitude of
the task when we realize that swilch
and control tubes now can be made
with amplification constants up to
about 1,000, with a single grid and that
it is necessary to contemplate the design
aond manufacture of tubes large enough
to pass passibly 1,000 amperes.

Vapor tubes and gas tubes are apt
to exhibit fts of erratic behavior at
times.  These are evidently due only
ta our scant knowledge of gas dis-
charges in spite of the countless vol-
umes written on the subject. It must
be understood that gas or vapor tubes
are more sensitive than vacuum tubes
to the presence of even the minutest
traces of gas other than the vapor used
as a current carrying mediom. These
gases praduce all sorts of effects which
are hard to account for,

We have to deal with destruction of
the cathodes by sputtering, by ionic
bombardment, and possibly by other
little understood effects. We have to
deal with charges on the glass which
may seriously affect the operation of
the tube. In spite of these and many
other difficullies, switch and control
tubes are here to stay.

At the present stage of the art they
can be used to great advantage in many
ways, but only courageous application
in the field, even when some risks have
to be taken, can provide the incentive
and financial backing indispensable to
rapid progress.

Until much more is known of the
characteristics of such tubes they will
be used mostly as switch tubes or re-
lays, for which purpose they offer some
distinct advantages over eleciro-mechan-
ical relays. Switch tubes require only
a minimum amount of power. The

Flg. 2. Six-phase rectifler, employ-
Ing six tubes.

grid current measures only a few micro-
amperes.

If uscd at the end of long telegraph
lines, for instance, they make the line
resistance a negligible factor. They
can be used to advantage in combina-
tion with the vacuum or gas filled
photocell. The output of the latter can
easily be made a substantial fraction of
onc volt, or niore, while the current
cammot he more than a few micro-
amperes,

A photocell coupled to a switch tube
can thercfore be made to handle sub-
stantial amounts of power without the
intervention of any mechanical relay
or amplificr.

The operation of switch tubes causes
no spark nor any other phenomenon
tending to destroy them. They may be
usedd in parallel with high vollage
switches or switches handling large
currents. In this way the switch or
relay contacts are entirely freed from
any corrosion due to arcing. )

Switch tubes or rectifiers can be used
to suppress transients in inductive cir-
cuits operated by d-c., as brake-switch,
or relay solenoids, and other devices.

The tube is so connected that it is
impermeable in the direction of the ap-
plied d-c. voltage in the closed circuit,
When the circuit is opened the induc-
tive surge in the reverse direction is
discharged through the tube. A suit-
able voltage on the grid of the tube
can be used with the assistance of
resistances or reactances to control the
form and duration of the transient,

Operation of large oil switches by
rectified d-c. has long been desirable.
As simplicity and availability for at
least 220 volts is essential no suitable
rectifiers have so far been available.
The conversion of d-c. to a-c. is a large
ficld by itself. Switch tubes are emi-
nently suitable for this purpose, Most
of the attempts in this direction have
been based on the utilizalion of the
time factor of a condenser discharge
over a given resistance. The applica-
tions to high power technic mentioned

RADIO ENGINEERING

here are only some of the most obvious
and most imminent,

In the field af automatic control the
applications are more numerous. The
control devices at present In use can
be divided in three classes, In the first
one belong all those control systems
where 10 watts or more with a poten-
tial difference of 6 volts or more are
available. QOrdinary solenoids or relays
may then be operated directly. In many
of these cases the switch tube can be
substituted to advantage for the relay.
In this class belong 2 vast number of
current and voltage regulators, over-
voltage and no-voltage protection de-
vices and a host of others.

In the second class bpelong those
where a meter relay is inserted between
the source of control and the operating
device. Such meter relay consists of
a d’Arsonval movement the pointer of
which carries a contact which with one
or two stationary contacts makes or
breaks a circuit at a certain deflection.
These contacts cannot carry substantial
currents, Meter relays mostly actuate
auxiliary relays which in turn actuate
the control member.

Secondary Contacts

The meter relay depends for making
contact on the slight pressure exerted
by the coil of the meter movement.
This is, of course, dependent on how
much greater the energizing current is
than that corresponding to a position
of the pointer just touching the sta-
tionary contact. Therein lies an ele-
ment of uncertainty in spite of the sur-
prising perfection to which such instru-
ments have been brought. As the
force exerted by the spring of the
movement is small contacts are apt to
stick.

The substitution of switch tubes in
this case eliminates both the meter re-
lay and the auxihary relay and io-
creases certainty of operation and
precision as it cuts off at a definite
voltage.

The third class comprises devices
which use as a source of control the
deflection of a microammeter or milli-
volt meter. The pointers of these in-
struments are not sturdy enough to
aoperate even small contacts, neither is
the energy of the moving coil sufficient.

Operation of the contral member is
obtained by a device which taps the
pointer periodically at intervals of a
few seconds. If the pointer is in a
given position it makes contact with a
stalionary member and causes an
auxiliary relay to operate. Such de-
vices are complicated and expensive.
Their reliability depends greatly on
careful installation and operation, A
substitution of the switch tbe in such
a case would result in great simplifica-
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As the drop in the switch tube is
aliout ten volts, the minimum practical
plite voltage would be of about 12
vully r.m.s. a-c.

Il the control voltage is of the ovder
ol one millivolt the amplification of
tlie switch tube would have to be of
the order of 10,000 which at the pres-
vnl stage of the art is not very prac-
ienl.  Consequently, it is advisable to
hinert a vaccurmm tube amplifier between
the switch tube and the source of con-
lvol voltage. This amplifier can be
ynich simpler than that necessary to
wperate an  electro-mechanical  relay
which latter would be comparatively
expensive,

At this point we meet with a prob-
lem which has been neglected so far,
numely, the d-c. amplifier. Any engineer
einlering this field will find it as full
ol pit-falls as were the radio-{requency
uniplifiers, although the problems which
wre facing us are of a quite different
nitture,

We have, for instance, the biasing
problem.  In a-c. amplification we do
not worry about small fluctuations of
the biasing voltage due to line voltage
viriations or fluctuations in battery
vollage as the case may be, because the
d-v. is filtered out completely from the
output.

With the control case it is different.
If the amplifier is sensitive to omne
millivolt d-c. any bias fluctuations anda
nny changes in static characteristics of
the tubes would have to be climinated.
Off hand this means two things. We
st work without bias on the first
tube and the tubes used must be spe-
clully constructed for the purpose.

Ordinary receiving tubes with their
sy construction, and their variations
of 50 per cent or more between tubes,
nre not suitable for this purposc.

The control voltage is as a rule ob-
lnined from the unbalancing of a bridge
circuit. To increase the voltages ob-
lnined in this way a constant current
ilevice may be inserted in the bridge
vlrcuit either in the power supply or
un one of the arms of the bridge.

I'ig. 4 shows a bridge suitable for
the new device used to indicate the
umount of carbon monoxide in the ex-
hnust gases of an automobile engine.
A Dballast lamp in the power supply is
ihe constant current element. When
unburned gases strike the platinum wire
which forms one of the bridge arms
tombustion takes place on the surface
of the wire and thereby its temperature
In raised. The attendant increase of
ionistance unbalances the bridge.

Without the constant current device
In the circuit the sensitivity would be
lexs. A bridge for line voltage con-
trol consists of four lamps. A lamp
with positive temperature coefficient
illernates with one with negative tem-

perature coefficient. A switch (ube is
comnected across the bridge in either
case.

Hot Cathode Vapor Tubes

Another constant current device ¢on-
sists of a hot cathode vapor tube oper-
ated at temperature saturation. Sim-
ilar circuits are in use for indication
or control of temperature, vacuum,
speed of gas or vapor streams, flue gas
analysis and numerous other purposes.

The many well-known applications of
the photocell also belong in the realm
of industrial application of tubes. For
industrial use the cacsium cell has so
far been most satisfactory, It is, how-
ever, questionable whether it will not
yield at least some of its popularity
to the selenium cell, The latter had
been abandoned in favor of the vacuum
cell because of its time constant, but
for many purposes this characteristic
i3 not abjectionable.

The photocell is used in many in-
stances to operate mechanical devices
when a light ray normally falling on
the photocell is intercepted by some
object. Such installations are electri-
cally comparatively simple. Only one
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F1g. 3. Only the hatehed portion of

cyclos is passed when Eg (3 agplled.

The amount of energg passed tho
tote can thereby e controlled.

tube is necessary for the amplifier
which operates a pilot relay. This in
turn may be made to operate a heavier
relay. If a hot cathode gas tube is
used as amplifier and relay the pilot
relay may be omitted.

In some cases, however, the photo-
cell is acted upon only by the light
reflected for instance by the paper fed
into a printing and cutting machine. A
black spot printed on the paper at de-
sired intervals actuates the photocell.
In this case the difference in intensity
of illumination to which the device
must respond is much less. Conse-
quently the amplifier must be of a more
elaborate nature. Furthermore, as the
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output of the amplifier, even at best,
is only sufficient to operate the pilot
relay it is important to keep the ampli-
fier properly adjusted,

Tt is, unfortunately, a general char-
acteristic of the commercial type of
receiving tubes that their static char-
acteristics shift in time. This shift
is called the drift of the amplifer.

This peculiarity of the tubes is, of
course, very undesirable as the bias
voltages have to be adjusted to com-
pensate for such changes. It is plain
that tubes which remain substantially
constant will have to be produced before
such an arrangement will be generally
accepted.  This is even more true for
amplification where photocells are used
to distinguish color shades as in the
sorting of cigars,

So far we have dealt with the mast
important technical characteristics of
vacuum tube control devices. We have
found that a large amount of develop-
ment work must be done before their
general application follows.

There are, however, some peculiari-
ties of human nature which stand even
more in the way of any rapid progress
in making these devices useful. In the
first place vacuum tubes are still a mys-
tery with seven seals to the majority
of technical men not now concerned
with their use or manufacture, and still
more so with purchasicg agents, general
managers and other not technically in-
clined executives.

The writer had the opportunity to
discuss at length the use of vacuum
tubes with the engincers of one of the
leaders in a line which admittedly is
guite ripe for their application.

The attitude was about as follows :

“We have so far solved all our very
complicated and delicate control prob-
lems electro-mechanically.”

“We distrust tubes because they are
made of glass and because they have
filaments which may burn out and we
hope they will not be used in connec-
tion with plants such as ours for a
long time to come.”

“Unfortunately some of our competi-
tors are attemptiog to use tubes and we
may have to follow suit.”

And it was said just as bluntly as
reported.

In another similar case the engineer
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was more inclined to make use af tubes
but he complained that a filament trans-
farmer had to be used to keep the fila-
menlt consiantly lighted.

He objected very strenuously to this
filament transformer.

When the writer pointed out that it
was only a small one comparable in
size and cost to a bell ringer, he
answered: “Oh, no, it isn’t that, but
we do not care to have an additional
gadget.”

Anothér difficulty is the fact that
switclx or control tubes can very sel-
dom be used in any existing device
without considerable changes

Many engineers after reading the
fascinating articles in the daily and in
certain periodicals of technical press
have a feeling that tf tube manufac-
turers would not be stubbarn they could
make a tube that would permit us (o
yank a relay from a switch panel and
substitute a tube for it. Obviously, this
is not so,

Very aften also the price ot a tube
compares unfavorably with that of a
relay. It is generally left entirely out
of consideration that relays are today
made by the millions and their price
ts accordingly low, wihile switch and
control tubes necessarily must remain
a custom made article until standards
of general usefulness are established.

This can, of course, only be done
through complete coaperation and ex-
change of information betwecn the tube
manufacturer and the designer of the
control device.

Such cooperation and exchange of
information is conspicuously absent in
many cases.

WITH the possibility of simplified
broadcast receivers in which the
power tube of several times the usual
amplification will serve to reduce the
preceding amplification to a minimum,
the ncw Pentode tubes now being in-
troduced are worthy of note.

In general appearance these tubes are
not unlike the —45 type of tube.

In the pentode vacuum tube 2 third
grid is employed to turn back into the
plate element of the tube those electrons
which, to state it plainly, get “knocked
out” by the electrons emitted from the
filament. This third grid is very near
the plate and is at the same voltage as
the fitament. Therefore, when an elec-
tron leaves lhe plate and tries to go
back to the positive screen grid it must

In many instances very substantial
electrical or mechanical changes have
to be made before a control device can
be useful, not because of the peculiar~
ity of the tubes but because some effect
is being accomplished which was not
accomplished bLefore.

Example of Use

An cxample of this naturc is the
following :

A soft drink company uses white,
red and green bottles. When the bot-
tles are returned they are placed on
a conveyer and separated by hand ac-
cording 10 color. Arrangemenis were
made to have the picking done by
photocells,  Consequently, the bottles
that had been pliced on the conveyer
in a helier-skelter fashion had to be
placed on it in a single row, so thai
they would nlways pass the photocell
in a proper wiy. A device hud to be
designed to pick the botiles up and
transfer them to three separate convey-
ers before they bad been placed in
trays.

Auyone {amiliar with conveyer de-
sign will not he surprised that the
changes necessiry to make the photo-
cell useful yim into many thousands of
dollars.

Another instance ncarer hame to the
radio fraternity is cxcmplifed by the
use of a switeh tube as keying rclay
in a radio transmiller.  Such a tube
cannot be simply substituted for the
original keying relay. It must be in-
serted either between the rectifier and
the filter or in the primary of the power
transformer. ln hoth cases the rectifier
unit must be chingud for the purpose.

To allay the misgivings of those who

Pentode Tubes

pass across the grounded grid. The
resulting effect is that the part of the
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cannot think of an industrial device
which is made of glass it may be men-
rioned that the larger lypes of vapor
tubes will of course, be made of metal.
It will be well for those interested
in furthering the use of vacuum tubes
for industrial purposes 1o replace the
glowing accounts of a few rather spec-
tacolar unimportanl uses with frank
and open minded discussions of their
characteristics anl practical suggestions
for their uses, not forgetting descrip-
tions of the most important circuit,

A
RADIO RECEIVERS IN CANADA

CCORDING to official records

there werc 472,531 radios licensed
in Canada on December 31, 1930. This
total shows a gain of 48385 scts over
the corresponding 1929 figurcs and
gives a ratio of one radio to every 20.8
people in the Dominion. The number
of sets licensed in Canada at the cod
of 1930 is shown, by provinces, in the
following 1abulation:

Prince Edward Island, 1,115; Nova
Scotia, 14,920; New Brunswick, 10,514;
Quebec, 86,724 ; Onlario, 238,504 ; Man-
itaba, 29,972; Saskatchewan, 29,709;
Alberta, 21,433; British Columbia,
20,524 ; N. W. Territories, 110.

The six leading cities in Canada in
number of radio sets licensed at the close
of 1930 were: Toronto, Montrcal, Van-
couver, Winnipeg, Hamilton and Ot-
tawa, in the order named. The number
of gratis licenses issued (o the blind
during the periad from April 1, 1930 to
December 31, 1930 was 654 while in the
caorresponding period of 1929 the num-
ber issued was 589. (Consul Julian F.
Harrington, Ottawa, Canada, 2/18/31.)

lube curve that is useful is greatly
increased. .

CHARACTERISTICS

Arcturus DeForest
TFilament voltage ................ ....... 2:6 YOS s 5 s wsvmas 2.5
Filament currenl ............ . ....... 1.5 amperes. ., ..... 1.5
Platc voltage ............. .. .. ..., 250 volts. . ......... 250
Plate current ......... .. .o iiiiin.. 32.5 milliamperes. . . 32
Control grid bias.............. ) .—16.5 volts....... 16.5
Space charge grid potential... .. ....... ... 250 volts. .......... 250
Space charge grid current. ... ............ 7 milliamperes...... 6.5
Cathade grid potential................. .. O i o
Plate impedance .................. ..... 38,000 ohms. .. ..... 35,000
Transconductance .. ... ... ....... ..., 2500 micromhos.. .. . 2300
Amplification factor ............... ... ... OF wvmeemosmenusnias 8o
Poweroulput ............ ... ..o 208 serwmyrwsamisey
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A

“Loudspeaker

Tests

By Rarpx P. GLOVER

' Description of Actual Switching Arrangement and

' Circuits Employed in Examining the Merits of
| Various Commercial Loudspeakers

| /THOUGH great strides have
been  made  in developing
methods and apparatus for re-

‘ ceiver and loudspeaker meas-
wirents during the last few years, it 1s
ull fesirable to confirm and supplet
sonl the techmeal data of measure-
senda by aural observations or listening
ot T'his is particularly ‘ruc when
o valuation of the quality of repro-
v tlon of a particular receiving system
it e made. It is not only difficult
1 accurately  correlate graphic data

i the corresponding sense impres-
o, but the methods of measurement
thamselves of necessity often neglect
tadins of vital importance.

e of the most nseful aural tests is
it which provides instant comparison
ol a number of complete radio re-
vilvins,  The requirements of such a
whohing system vary with circum-
tances but usually the following condi-
piis must  be  satisfied, (1) The
swilehing system must permit of remote
vimlrol,  IFor convenience, it should be
jowsthle to operate the system from any
polit in the room which the observer
(2) The control should be
gl und positive in operation. (3)
\ll yeecivers except the one selected

Loulil he effectively and automatically

lenced.  The remote control should
Lo viudpped with a “silence key” which
cpvaten independently of the selector
i hpnism,

\nather as-al test which is valuable
I~ the comparison of several loud-
Sualers fed from the same receiver
ilianals.  Although the modern tendency
st be inclined toward mutual
cnpensation  of  -eceiver and loud-
spaher  characteristics  (advertising
tmnagers, happily or otherwise, refer

T

0

to this principle as “matched tonc” or
“balanced unit”) independent changes
are frequently made in one or the otlier
after the designs have been started
The loudspeaker switching apparatus
provides a final check ou the cffect of
changes in the loudspeaker construction
and allows comparison of competitive
or sample speakers against a temporary
standard. ‘I'he switching problems are
quite differcnt in this case and will he
considered later on. However, the fol-
lowing conditions might well be im-
posed. (1) The receiver itself must be
waintained under approximately normal
operating conditions in regard to tube
voltages, amount of plate-supply filter-
ing in circuit, and the like. (2) Jt must
be possible to compare dynamic speak-
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ers having widely different field excita-
tion requirements; it should also be
possible to compare magnetic against
dynamic speakers. (3) Convenient
terminal facilities for non-standard 2s
well as standard speakers, should Dbe
provided.

Concentration on Test Essential

Throughout the design of control and
auxiliary apparatus, the real object i
the tests must be kept in mind. The
obscrver’s facullies should be free to
concentrate al all times on the effects
which are being compared. The sensa-
tion of operating a mechanism is highly
undesirable and to this end, control
should be effortless, nmatural and un-
marred by switching noises or breaks.
This sart of test is naturally far more
critical and enlightening than any ov-
dinary sales demonstration with (s dis-
tracting background of noise, however
slight, and the diverting presence of a
zealous salesman.

T'ig. 1 is a photograph of a receiver
and loudspeaker switching outfit which
has been found to fulfill admirably the
previously enumerated requivements.
The small cylinders standing on the
table contain the relays for receiver
switching. Fig. 2 is a schematic dia-
gram of the receiver switching system.
l'our relays are provided, thus making
possihle  the comparison of four
different receivers.  All four relays are
connected to  common  antetma  and
ground buses, the ground lead also serv-
ing as a common battery eircuit.  The
relay contacts are adjusted so that the
antenna 1s normally disconnected and
the antenna and ground leads to the
receiver shorted together. This has
heen fotmd to silence adeguately even
the most sensitive receivers if operated
at the reduced sensitivity which is
usual for ordinary room levels on fairly
strorig broadcast signals. It is neces-

Flg. 1.

Recelver and |loudspeaker switching gutfits.
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sary, however, that the short-circuit-
ing be done as close as possible to the
antenna and ground terminals of the re-
ceiver. ‘The relays were consequently
assemble:l in proteclive formica cans
with flexible leads of sufficient length
to allow them to be placed a1 the input
terminals of receivers standing in {ront
of the table. Short clip leads furnish
conneclion between the relay and the
receiver, the rclay being normally sup-
porteil by the heavy ground clip which
is bolted to the relay cover. A wire
spur is provided on the ground clip for
combined support and connection where
“hole-through” binding posts are en-
countered. Fig. 3 shows details of the
relay assembly.

When a particular anfenna relay is
cnergized, the receiver antenna lead is
switched from ground to the antenna
bus, thus placing the receiver in oper-
ating condition. The receivers are, of
course, already tuned to the desired
station, adjusted for approximately
equal output as indicaled by a prelimin-
ary test, and otherwise ready to oper-
ate. The relays nre energized from a
G-volt storage battery and function per-
fectly in any position. Pilot lights in
the respeclive channel control pancls
indicate the receiver which has becn
selected

Remote Control of Switch

The actual switching is accomplished
through a remote control box (stand-
ing on the top of the receiver in Fig. 1)
with a long flexible cable terminating in
a standard five-prong plug. The re-
mote control box plugs into a receptacle
on the remote conlrol box outlet panel
which is conveniently located near the
floor on one of the side walls of the
room,

A W. E. z11-B switch assembly,
fitled into a small bakelite case which
may be conveniently held in the hand,
is the nucleus of the remote control
box. The switch unit is actuated
through a series of four push-buttons
(one for each relay circuit) which are
mechanically interlotked. When one
of the buttons is depressed, the corres-
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ponding circuit is closed and the button
remains cdown until the next button is
depressed. A key switch which is con-
nected in the common lead allows the
control circuit to Le opened if it is de-
sired to interrupt the test. The control
system works very smoothly and
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Flg. 3. Detalls of relay assembly.

changeover from one receiver to an-
other is accomplished without objec-
tional switching noise or delay,

ig. 4 is a wiring diagram of the
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“the speakers under test is connected to

remote control box and outlet panel.
The remote control box may be
switched 1o either the radio (antenna
relay) control circuit or to the speaker
control circuit by means of an anti-
capacity switch. When the speaker
conlrol circuit is in use, it is also neces-
sary that one of the antenna relays be
cnergized so that input to the receiver
which feeds the spcakers may be se-
cured. The radio selector switch in the
remote control box outlet panel is pro-
vided for this purpose and makes it
possible to close any of the anlenna re-
lay circuits regardless of other switch-
ing. It is also uscful when but one re-
eeiver is being tested and eliminates the
necessity of connecting the remote con-
tral box in this case.

The Comparisen Circuit

The four control panels and central
master panel to be seen in Fig. 1 belong
to the loudspeaker comparison circuit
which is shown schematically in Fig.:
5. The radio recciver which is to feed

the master panel by means of a patch
cord. A number of these patch cords
arc available with terminal plugs suit-
able for the various types of sockets
used for speaker connection on the re-
ceiver chassis. Corresponding sockets
are located on the master panel. The
master unit also houses a2 set of field
coils, together with the proper magnetic
structures so that the receiver operates
under normal voltage-drop and filtering
conditions. These artificial fields are, of
course, connected to the proper socket
terminals corresponding to the receiver
with which they are normally wvscd.  All
of the voice terminals of these sockets
are paralleled and lcad ta the voice coil
bus which feeds the four loudspeaker
channels.

Field Excitation Control

It is imperative that a separate and
controllable source of field cxcitation he
available for each loudspeaker channel.
True, this represents 2 departure from”
the normal operating conditions of the
recciver-loudspeaker system but experi-
ence has shown that this deviation is|
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wyminalhle aod highly desirable. A
‘ilulu degree of flexibility is thos se-
vibil nnd short circuits due to differ-
vinen fn common loudspeaker leads and
vomnection coding are avoided.

I the case of the particular outfit
doavilhed, it was necessary to provide
{oy  the extreme cases of magnetic
spwabeers requiring 150 ma. at § volts
mul dynamic units operating at 30 ma.
wiel (o0 volts,  Various intermediate
tubtent requirements also had to be
med, 1t the same time avoiding the
vhneen of  possible damage to any
speiker duc to over-voltage. For this
Ooasin, cach channel has its own high
vollage rectifier-filter system and an in-
Wivkdund 6-volt storage battery. These
villnge sources are connected in series
aie thint i 150 ma. meter in the common
leml measures the field current from
vither snpply. ’

Ileld control is centralized in the in-
divkdunl channel control panels wlich
way he seen in IFig. 1. A “close-up”
wl the channel No. 1 panel is also given
I Flg. 3. Three field current adjust-
tenla are provided. One of thesc is a
henvy-duty voltage divider which gov-
4im the voltage impressed on the recti-
her transformer primary. This method
wilurds smooth control of the output
volinge over a wide range and is highly
tecommended  where  efficiency is a
mluor consideration.

Appropriate rheostats, one for con-
1ol of the storage battery circuit and
lhe other for fne adjustment in the
high-voltage line, complete the field
vacitntion control system.

A master switch, located in the mas-
10l unit, energizes the a-c. bus to the
wectiliers and at the same time places
vullage on the fitament-heating trans-
former, thus lighting the filaments of
all four rectifier tubes. This condition
}u Indicated by a red pilet in the master
unll, Individual switches and pilots in
the channel control units enable the
uperntor to place the desired rectifiers
tn mervice,

I'he speaker relays are also located
In the channel control panels, together
with their associated pilot lights, and
provide means for connecting the de-
alredl speaker outlet panel to the voice
voll bus, These relays are also oper-
ntol through the remote control box
previously described.

I’ facilitate the removal of the units
fur repair or relay maintenance, they
wete generously supplied with terminal
altlpr, Al of the leads were cabled
and wecurely clamped in ptace. This
wreatly simplifies maintenance problems

wllhough these have been few—and
iinken it possible to remove and replace
wslte  without consulting a  wiring
dlagram.  Color-coded wire, terminat-
lg on removable lugs, is an invaluable
ahl for such work.

CHANNEL 1

ey
CHANNEL, 2 j rafTCR
EnITCH
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Arrangement of Baffles

Twenty-four inch baffles, symnetric-
ally spaced along the top shelf, were
provided for the speakers. These
baffles (sce Fig. 3) are binged to facili-
tate mounting and removing the
speakers, and conceal the speaker out-
let panels when swung back into posi-
tion. “Lullet” fasteners autoinatically
latch the baffles in place. The arrange-
ment is very convenient and highly eco-
pomical of space.

The speaker outlet panels are each
fitted with six sockets for the more
common speakers of this particular line.
The voice terminals are paralleled, as in
the case of the master panel, and are
thrown on to the voice coil bus by
means of the corresponding speaker
relay. The field terminals are con-
nected either to the battery or high-
voltage source as required for the par-
ticular speaker,  Center-tap leads,
where they oceur, are cabled back to
the master panel in order to complete
the output stage plate supply circuit,
In order to accommodate non-standard
speakers, binding posts for high and
low %eld voltage, voice coil and a spare
circuit are placed on the speaker outlet
panel. These spare circuits run to the
master panel and are frequently used
for center-tap rcturns,  Protective
fuses for each channel are also placed
on the speaker outlet panel. Its slop-
ing-front construction facilitates plug-
ging-in the various speakers.

Similar binding posts are located on
the master panel and give access to the
various circuits when non-standard re-
ceiver output connections are encount-
cred. To provide for future alterations
and additions, the terminal facilities on
both speaker outlet panels and the
master panel were labeled with the tele-
phone switchboard designation strips.

Resonance Effects of Cabinets

Many additional uses for this switch-
ing equipment have been discovered
since its completion. For instance,
cabinets can be compared and studied
for resonant effects by the use of

MEMOTE
QonTRUL
BOX X

identical speakers, plugged into the out-
let panels through extension cords.
The remote control system is, of course,
used for switching.

RA0I0 VRECEIVER

As many other investigators have re-
ported, 1t has been found necessary to
conduct important tests "blind” if any
unportance is to be atlached to the re-
sults.  Consequently, a sliding curtain
of monk’s cloth screens the apparatus
under test at such critical times, A
case in point serves to emphasize the
need for the screen in a rather amusing
way. A manufacturer of loudspeakers,
eager to secure orders for his product,
was present at a “blind” test of one of
his samples. Other speakers were on
test for comparison. Without knowing
which was which, he selected one of
the speakers as being particularly un-
suitable, and found to his evident dis-

comforture that it was his own

product!
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.R.E. CONVENTION g

THE presentation of papers

covering subjecis of vilal in-
levest to the radio industry, valu-
able tours of modern factories,
and novel entertasnment will murk
the Sizth Anwual Convenlion of
the Institute of Radio Engineers
to be held al the Hotel Sherman
in Chicago, June 4, 5, and 6, os
an oulstanding gathering.

Papers on the sibject of arous-
tics and olher tumely lopics are
being arranged by the commnilice.
Auwthorities on the vorious sub-
jecls hawve been enlisted to present
the problems before the engincers

IR

assembled. E
Plans are being formmdated to =
give the wvisitors am opportumily E
lo see some of the leading ex- =
amples of moders industry. g
Plan to attend the I.R.E. con- 2

vention. which assembles four
days prior 1o the omnwual conven-
tion of the Radio Monufacturers’
Assaciation in Chicago.
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ransmitting

ubes

T is evidem that technical progress in
the design and manufacture aof trans-
mitting vacuum tubes keeps pace with
receiving tube advance.

The tubes used in the main recufier
at the new station KDKA, Saxonburg.
Penn., are of the glass envelope mer-
cury cathode type, somewhat similar to
ones formerly used for operating direct-
current series arc light circuils, except
that they are larger and have tiiree mam
anodes,  Two small susiaining  arc
anodes and oue starting wercury anode
are also provided in each tube. One of
these tubes is shown in Tig. 1. In oper-
ation, the tubes are fully immersed in
oil, each mounted in a separate oil tank
in a cradle by means of which it can be
readily removed from the oil. All nec-
essary connections are made when the
cradle slides into place, thus permitting
tube changes to be conveniently made
with minimum effort. For interchange-
ability, tubes of the same rating
are used in both main rectifiers.

Mercury pool rectificy tubes such as
these described, while not commonly
employed herctofore for radio power
apparatus, appear Lo have a number of
desivable chiaracteristics, particularly n
mstallations al sueh size that the use of
filament tubes wonkl vequire a great
nomher ol them hoth in series and par-
allel to furnish the equivalent amount
of high vohage dircer anrrent energy.

DeForest New Transmitting Tubes

The Delforest Radio Company  an-
notnees two uew Aodions just added to
its line of timsmitbng tubes.

Type 375 Awlion micets the need for
a power rectifier between the §72 and
the 300 classes. 1t is rated at 13,000
volts inverse peak, and 2.5 amperes
peak cwrrent. Uhe design of this tube
is such as (o mike st readily applicable
to standard 572 power units  when
increased  onlput voltage is required.
The standivd  go-watt base 15 used.
The over-all Jength of the tube is
approximately ore inch greater than
type s72. ‘The filament rating is §
volts and 12,3 amperes. This rectificr
wits  developed for use in Del<orest
standard  frimsminiers but is mow  in-
chuded in the Jine of available trans-
mitting tubes,

High-frequency  experimenters and
will be huterested to learn
that there is now  available a high-
power  ate-cooled  tube  with al)  the
advinitages of the popular Type 561 or
00-wiatl screen-grid wbe yet {ree from

desiguers

RADIO ENGINEERING

the loss in efficiency due to the presence
of the screen at ultra-high {requencies.
The 371 Audion is, in short, a 561 with-
out the screen, or a big 552. As such,
it is the highest power ultra-lugh-fre-
quency Audion of the air-cooled class
available. This 1type tube has been
employed with unusual success at fre-
quencies greater than 100 e, Al-
though the engineers recommend the
561 for frequencies less than 7 m.c.,
they believe that the increased efficiency
to be gained by using the 371 at higher
frequencies far outweighs the incon-
venience of neutralizing when the tube
1s employed as an amplifier. The inter-
nal capacily is so unusuvaily low and the
stability of this tube so great that
neutralizing is not a problem.

Type 571 has a normal output of 300
watts, with a maximum output of 750
watis. The normal plate voltage is
2,000, wilh a maximum of 4,000. The
maxunum plale currenl is .350 ampere.
The filament voltage is 11, wilh a cur-
reut of 10 amperes. The amplification
factor is 16.

To meet possible future require-
ments at station KDKA which quite
Jikely may employ tubes much larger
than any now known, it was deemed
uecessary ta pravide a plate voltage sup-
ply of 9oo kw. at 3o kv. of high voit-
age direct-current energy for the stand-
ard broadcast transmitter. Similarly,
the filament heating requirements, were
set at 3000 amperes, 40 volls, and the
zind voitage supply at 3000 volts direct

currenl, In addition to the fore-
going, a modera‘c ammount of

Auvtomatic tilting mechanisms
for starting the suslaining arcs
are piovided. This permits the
rectifier to be placed in oper-
ation from a remote push-
button station with no more
attention from the operator than
the switching on of the fla-
ment heating circuit of ot
cathode tubes. The starting
mechanisim functions in one to
two seconds, after which it 1s
immcdiately  possible to apply
full operating plate potential if
desired. The sustaining arcs,
once estublished, maintain the
tubes in readiness for operation
when desired without further
use of the starting mechanism
unless the power supply civcuit
is interrupted.  Very little
«nergy, about 120 watts per
tube, is required to operate the
sustaining arcs.  This is low
compared to fAlawment type tubes
since the mercury cathode auto-
matically provides emission as
needed at the hot spot in the
mercury pool and thereiore the

power at 1o to r5 kv, and still
simailer amounts at 3 kv. and 400
volts are needed for the various
intermediate amplifiers and the
master oscillator.

Because of the probable limi-
tation of the high frequency
tubes it was not considered nec-
essary {0 provide as large a
main plate power supply system
for the short-wave transmitter
and therefore the second recti-
fier unit was designed ior only
450 kw. at 22 kv. However,
since either plate supply system
may be used with either trans-
mitter, the maximum plate
power can also be used for any
high {requency experimental
4 work that may require it. Ap-
proximately the same power sup-
plies are needed for the inter-
mediate amplifiers and master
oscillator of both the high fre-
quency and the standard broad-
cast transmitter and therefore
these were designed in duplicate
to provide the greatest inter-
changeability of  equipment.

power for the sustaining arc
dnes not need to wainlain the
waximum ermission at all lines.

Flg. 1. Migh voltage mercury .cathode tube,

Filament heating requirements
for the high {irequency trans-
mitter were set at 2000 amperes,
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Antennas

By E. F. MARTIN *

Theory of Antenna Ar-

rangements; Their Prop-

ertles of Transmission and
Reception

AST June there appeared in this

publication the first part of a new

method of explaining  antenna

{ransmission, particularly directive
tranatidusion.  This was based on the
wingihieal analysts of wave motion. The
aliggrle wnd fundamental types werce then
tenlud, leaving the explanation of more
vionpllented types, those used commer-
vinlly, (or a future article. Tt is the pur-
poan of this article to cover the com-
werclal npplications of directive trans-
mlasion,

Althongh some of the systems to be
deaeribed are not new, inventively
apruking, they are quite recent in their
vingsinercial application, It appears that
fuftire auccess with directive radio will
hin vanfined, almost entirely, to the so-
valled short waves. To these trans-
imlanlons are due the remarkable success
ul polit-to-point wireless transmission
i (ull day basis. More and more is
llng learned of the fading phe-
wonienon, and it may be satd with
rensonnble assurance, that it has almost
viiwseel to be such a serious problem in
point to-point  transmission of intelli-
Wenie,  Today there are numerous

Y ynrkliing engineer. Engincer of General
(innh Studies, Illsnois Bell Telephone Company.

WMo rs Ny Mo M M e M M N .

directive transmission systems in reg-
ular use whose wave disturbances actu-
ally circle the globe. We see today the
rapid expansion o0f voice communica-
tion; there is every reason to believe
that it will not be far distant when the
entire world will be covered by a net-
work of telephone facilities, being as-
sisted in the spannig of large bodies of
water by directive radio transmission
and reception.

The transmission of intelligence with-
out use of wires has made possible an
almost unlimited number of applications
never before believed attainable. We
have communication service to ships at
sez2, radio entertainment on moving
trains, and, in some countries; com-
munication service on moving trains,
all-weather guiding service to ships at
sea and aeroplancs in flight, We also
transmil pictures with and without
wires. Nor is this all. We have re-
cently accomplished the transmission of
colors with and without wires. To the
carly developments of wireless, the
spark coil is claimant; latterly the three
electrode tube. It is upon the study and
application of electron action that fu-
ture developments in this field will very
likely depend.

As is generally known, the sharpest
directional effects are produced when
dealing with very short wavelengths.
In fact, the shorter (he wave, the
greater the possibility of procturing a
sharp beam.  Although, as already
stated, the fundamental principles of
directing radio waves have been known
for some time, economic limitations
have effectively prevented their appli-
cation, especially with the long waves.

TR TR AT AT A

X,
%

Fipg. 12. Vertical
antennas system-
atlcally arranged. . , -

T

Tong waves were virtually the only
ones that were, up to a few years ago,
in commercial use, the short-wave spec-
trum was thought impractical and unfit
for consistent communication. Now,
since the advent of short waves, con-
ditions for economically making use of
directional transmission have been al-
tered greatly.

Though wuse of short waves has
partly, indeed almost entirely, overcome
the fading phenomena, it presents cer-
tain definite limitations even today. In
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Fig. 11B. Polar diagram for Grecian
curtaln antenna system.

point-to-point transmission over a dis-
tance of a few thousand miles recep-
tion is good for only part of a day.
Transmission of these waves is af-
fected diurnally and nocturnally to such
a degree that at times reception is en-
tively cut off. This limitation has been
satisfactorily overcome by two very
different methods. One through alter-
nate use of two or three previously
tested channels, so that when one fails,
the others may be used. The other has
been likewisc successful, but uses the
same channel continuouslty.  When

transmission in one direction hecomes
poor, the direction of transmission is
reversed, that is, turned about through
an arc of 180 degrees, Thus energy is
transmitted around the world in either
of two directions, A method to pre-
vent or counteract the fading of the
longer waves has not, as yet, heen dis-
closed by anyone.

The Vertical Antenna

Almost all of the directive antenna
systems now in general use may be
regarded as types of linear array. Such
a system consists of two or more ver-
tical radiators equispaced and having
current supply of equal amplitude and
in phase. Their properties were treated
in part in RADIO ENGINEERING, of
June, 1930.

Another type now in commercial use
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consists of two parallel linear arrays
of these clements, the first row usually
has its antenna group in pairs acting
as transmitter, the other as reflectar.
The reflector row is not energized.
When the transmilting row is operating
without a reflector row the principal
radiation is in the direction of the
array, with the reflector row the prin-
cipat radiation is at right angles to the
array. lu the conditions shown in Fig.
6, (Rapio ENGINEERING, Junc, I930)
it is not necessary that each radiator he
excited, for one may derive its energy
from (he other and yel produce the same
results. It would take the radiation
from the energized antenna just one-
quarter period to propagate itself to the
unenergized antenna, so thal the result
would be of one-guarter period differ-
ence between them. The unenergized
antenna would reradiate energy re-
ceived from the other. In the farmer
case the reflective row is sometimes
grounded, thereby preventing radiation
in the direction apposule to the desired
transmission.

So that a sharper heam may be trans-
mitied, a number of those antennas are
arranged syslematically in a horizontal
plane, as shown in Fig. 12. The polar
diagrams of l'ig. 12z show that increas-
ing the number of pairs of transmitting,
and corresponding reflecting, antennas
produces an increasingly sharper beam.
Increasing the guarter wavelength sep-
aration between antennas tends toward
formation of parasitic lobes, the results
of which are to decrease the effective-
ness of the array.

As seen from Fig. 13A, the principal
radiation is at right angles to the array.
This is because the individual antennas
are in phase. The direction of the
array produces 2 wave motion of 90
degree phase difference, thereforc we
have some radiation because a complete
cancellation of energy is not affected
(Fig. 13A). As the vertical radiators
are increased, an increasing complexity
of wave motions results which are too
complicated to show diagrammatically
so experimental results will serve to
indicate the effects.

Various spacings of the vertical an-
tennas and reflectors are used with con-
siderable success, but are too numerous
to mention here.

Adaptations of the Hertz Antenna

Modifications or variations of the
Hertz

antenna are very useful in
//_/ = \ll\ Plale
(i

Fig. 13A. One_ pair of vertical anten-
nas. Their radlation effects,

modern directive transmission and re-
ception. One of these types is used,
commercially, in this country with satis-
factory results. It consisls of a large
number of radiating clements in a ver-
tical plane array, spaced at suitable dis-
tances and interconnected in such a
mapner that the currents in all the radi-
ating elements arc in phase. This

condition accomplished produces what

o

are known as ‘“‘standing waves;"” waves
that are always proceeding, in their
parallel paths, in the same direction.
It is generally known that current nodes
and currrent maxima will recur along
a straight conductor if its length be
an exact multiple of one-half wave-
length of the exciting em.f., and that
the phasc difference between successive
current maxima is 180 degrees, Such
a conductor, when arranged in a verlical

Flg. 14, Modlfloation of Hertz an-
tenna in vertical position.

plane, is shown in Fig. 14; it satisfies
these requirements, The arrows indi-
cate the relative direcfion of current
flow and the dotted line indicates the
current amplitudes along the conductor.
It will be observed that the instantan-
eous currents in the vertical members
are all in the same direction and that
in the cross members their directions
are opposed. This arrangement is
designed so that as soon as the currents
complete like portions of 180 degrees
their conductors are crossed over to an
adjacent side in order that the reverse
180 degree cycle may be completed,
and the next vertical section be in the
same direction as the one below, and
so on to the top of the antenna. There
is, of course, mo resulting radiation in
the crossed members, for the curreuts
equal in magnitude and Jiffer in phase
by 180 degrecs, amounting to destruc-
tive interference,

The vertical members combine their
cfforts for radiation in a perpendiculac
direction to the plane of the conductor.
Actual tests have shown that there is

RADIO ENGINEERING
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Fig. 13B. One pair of vertlcal anten-
nas, Their radlation effects.

an improvement of signal intensity in
the direction equal to four times the
power which otherwise would be neces-
sary for the same results.

1f a second similar conductor sys-
tem be placed in a parallel plane
directly behind the first and excited
parasitically from the radiator, the
resultant action would be that of a
reflector curtain creating a unidirec-
tional system, The reflector curtain
further reduces the power required by
one-third. Comparing this system with
a simple vertical antenna producing the
same results, it is necessary to use only
one-eighth of the power.

The system in Fig. 14 can be ex-
tended vertically to include more radi-
ating elements. Tt can also be extended
horizontally by placing several of these
units alongside of each other, care
being exercised that the proper phase
relationships in all the ipdividual ele-
ments is maintained.

The Grecian Curtain Patern for
Directive Reception

An antenna will develop directional
properties if it is built up of elements
spaced a fraction of a wavelength and
is in a single conductor., This may be
accomplished by folding the wire back
and forth so as to cause desirable phase
relations in certain elements; cancel-
lation of energy in others. Such a
structure is shown in Fig. 11A. The
length of the vertical sections is one-
quarter wavelength; that of the hori-
zontal, the same. In the horizontal
element occurs the current nodes. In
the vertical elements the currents are
always in the same direction, It can
readily be seen that the currents in the
horizontal elements will cancel, thereby
delivering no received energy. Simi-
larly, the currents in the vertical sec-
tion will add, although in the alternate
sections they are opposite in phase re-
lationship. It will be particularly
noted that the currents change in direc-
tion" at the nodal points, allowing re-
ceived currents in the vertical elements
to be always in the same direction, re-
gardless of whether they be positive
or negative impulses.

This antenna has maximum sensi-
tivity at a right angle direction to its
plane, and none ty a wave in its plane.
To render this system unidirectional,
another similar curtain, unexcited, is
placed parallel to the first one a quar-
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e wavelength away.  The directivity
vl e wystem then is equivalent to an
Increnar of power of about 1§ times.
It waed ns a transmitter, this system

vnedta g shorply polarized wave, such

thal a deviation of five degrees on
aithes nide of the axis of the beam pro-
e 0 falling off of 50% in field
=tingth, (1fig. 11B),

A viduable feature of this system is
that it does not permit currenmts into
the vertical  elements to suffer loss
duungh reradiation from its horizontal
elementn,  Such loss could only be
oo pussage of currents along the hor-
tsunful  clements.  Another important

Cadvantnge of this system is the uni-
- laimlty of carrent flow, there Leing no
- lanllicant points of reflection throagh-

wil the wire. The sensitivily to radia-
thav o vertical direction is noll
within u short distance from the an-
twimn. - I'he horizontal sensitivity s
widimpeded to the maximum permitted
by (e receiver. This system can be
wail for unidirectional transmission in
ywillrections by using either curtain
4= seceiver or transmitter, whichever
the vine may be.

Arrangement of Chireix

Another arrangement of this identi-
val principle has been devised by H.
t bhelx and is shown in Fig. 15. The
whe In bent in zig-zag fashion as
shuwn,  The current distributions are
Jhiwn In dotted lines, Instead of one-
tentler  wavelength  bends, however,

/VWV\N\

Piyg. 19. The acrangement of Chireix.

requires one-half wave-
Isugth nections.  The wire offers no
appreciuble changes in  characteristic
tpwiicnee and therefore energy is read-
ly popngated from one end to the
uthuy with very little, if any, reflection.

A princtical form of this antenpa is
showi In Iig. 16, and is obtained by
twi anctions of Fig. 15. The curtain
tuny lw extended, by groups of sectional
pabte, In 0 horizontal direction, usually
It 44 of these half-wave elements. This
shalom will also show maximum sen-
ehlvlly bi-directionally; will he ren-
deved unldirectional by a like unexcited
wirdlain in a parallel plane one-half
wavelength away, This again produces
4 horleontally polarized wave. Tt is
ahowl 40 degrees in breadth at the wid-
vel qwint.  The total length of the cur-
talie la uxually five or six wavelengths.
Viconling to the inventor, this system
Is nnl eritical in adjustment. When
oprialing on 25 meters a variation of
s he plis or minus is 4 permissible
Wvintion  without  changing  design.
I e will, of course, permit the sim-
alineoie nse of several frequencies

thila  aystem

arrangement of

Fii' 16. Practical
en Vertical

na shown in Flg. 15.
vigw.

with the same antenna. This system
also permits unidirectional results in
two directions by use of either curtain
as either transmilter or receiver, de-
pending on how the curtains are heing
employed. Both the Grecian curtain
and this system effectively prevent
“ghost signals,” which are occasioncd
by currents travelling aroond the
earth. DBoth of these systems are in
actual operation and are giving satis-
factory results.

Conclusion
The forcgoing descriptions cover the
important  developments which have

been made in directional wireless from

LTI
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its discovery o the present day. They
represent continued research over a pe-
riod of about 30 years, during which
time communication by voice has ex-
panded from local to national, and
from national to international.

That little is yet known of the prin-
ciples of (lirective radio transmission
is manifest by inspection of available
data on the subject. Such knowledge
is connected with that of the transmis-
sion of light—a phenomenon of which
also little s known, It js likely that
transmission of wave disturbances in
the atmosphere will remain unsolved
until more is known concerning trans-
mission of light. Of that we may be
reasonably certain, since their methods
of propagation are similar. So far the
wave theory has been most unseful in
wireless transmission study It appears
that the wave theory will yemain an im-
portant part of electrical transmission
phenomena.
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SYNCHRONISM OF BROADCAST STATIONS

O A0 A L0 B L0 SRS SISO A RN AR O

HE Federal Radio Commission on

March 13, authorized the National
Broadcasting Company and its two asso-
ciate stations, WTIC, Hartford, and
WBAL, Baltimore, to continue their
synchronization work and to place in
regular operation the synchronizing
apparalus for which construction per-
mits were granted scveral months ago,
when NBC engincers announced that
synchronism was ready for practical
use.

TUndey the arrangement which is now
in effect WBAL will synchronize dur-
ing the time it is not operating on its
own wavelengths with WJZ in New
York, and similarly WTIC will syn~
chronize with, and accept programs
from WEATF, NBC’s other metropoli-
tan key station. In the periods when
they are not synchronized, WBAL and
WTIC will broadcast independently on
the wavelength of 1060 kilocycles which
they now share in the federal
allocations.

When the plan was first announced,
the participating engincers pointed out
that the immediate advantage of the
synchronization will be to enable WTIC
and WBAL to give full-time service in
their respective areas. Under the old
scheme one of the stations was mneces-
sarily silent on those days or during
those hours, when the other was using
their joint wavelength. Synchroniza-
tion with one of NBC's stations in New
York will permit them to serve their
listeners during every broadcasting
hour.

“The fundamental difficuity with all
previous attempts to solve the problem
of symchronization,” an NBC engineer
explains, is the fact that engincers have
concerned themselves only with elimi-

UHHITINTTE
nation of thc so-called ‘beat note,” which
reproduces itself in loudspeakers as a
discordant whistling noise when two
stations are not maintaining exactly the
same frequency.

“The ‘beat note’ we eliminated by
controlling our frequencies from a cen-
tral point. But this absolutely constant
frequency did not quite do away with
interference, because even in perfect
frequency synchronism, the transmitters
showed a tendency to vary in ‘electrical
distance’ from one another.

“In other words, the line which con-
trolled the frequencies, and kept them
identical, created an effect known to
engineers as a ‘varying phase’ dif-
ference.  We finally solved the last
obstacle to practical synchronization by
evolving a device to overcome this
difficulty.”

The device, it is stated, is a stabil-
izer which is similar in effect to a fly-
wheel. It automatically operates the
station, and is itself governed by the
frequency control which comes over the
line {rom the central point. The stabil-
izer disregards line variations in volt-
age, momentary changes in frequency
and other disturbing factors, and for all
practical purposes maintains the phase
relationship between the synchronizing
stations in an ideal way.

Synchronization, as it is developed
and applied, will be of importance to
the listening public. If spaced geo-
graphically stations will be able to
synchronize and still maintain their
own program services without inter-
ference. And this possibility will enable
many stations which are now limited in
power, because they share channels
with other stations, to increase their
power and extend their service ranges.
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Adjusting the
Superheterodyne for

Maximum Sensitivity

By RaLrii J. KNOUF

HI adjustments of the various

circuits of a superheterodyne re-

ceiver for maximum sensilivity

offer a somewhat different problem
than that of the usual tr.f. recciver.
This is due to the use of a low fre-
quency in the inltermediate frequency
amplifier, and also because the oscilla-
tor tuned circuit must operale at 2
frequency differing from that of the
radio-frequency amplifier and first de-
tector circuits.

The following description of a test
oscillator and method has been found
useful for factary testing and could also
be used to advantage in servicing super-
heterodyne receivers.

A calibrated test oscillator is used to
adjust the first detector and oscillator
circuits.  Assuming that' an inter-
mediale frcequency of 175 ke, is used,
this oscillator is cabbrated at 600, 750,
775, 923, 1400 and 1575 ke. The oscil-
lator may be modulated either by a grid
leak or modulator tube, but must be so
arranged that ao unmodulated outpul
may be obtained when desired. A tube
adapter for the first detector socket,
with a fiexible lead from the plate con-
nection of the adapter terminating in a
plug for the second detector socket,
allows the circuit shown in the diagram
to be obtained without changing the
wiring of the receiver. The 224 tube
working into a transformer designed

for a 227 tube is satisfactory in this
case as only a resonance indication is
desired.

The test oscillator is connecled di-
rectly to the grid of the r-f. tube in
order to eliminale any tuned circuits
ahead of that point. Then adjust the
test oscillator so that a 1400 kc. modu-

OO A

Description of the appa-

ratus required and the

procedure in determining
superhet performance

D

lated signal is obtained, set the tuning
dial of the receiver to read 1400 ke,
and adjust trimmer condenser No. 1
until maximum output is indicated on
an output meter, which may be a
vacuum tube voltmeter or tnermocouple
milliammeter connected to the speaker
voice coil. Then, without changing the
position of the gang candenser, adjust
the test oscillator for a 1575 kc. un-
modulated signal and adjust trimmer
No. 2 until zero beat is hcard in the
speaker.

Aflter this is done set the test oscil-
lator for a 6oo kc. modulated signal «nd

A.T. (7. DET.

L,

\ rﬂl

s

VAW AV

5 o

a3
N o ) %
i¥; AUDIO
| % AMPLIFIER ]: | H} AMPUFIER

OSCILLATOR

Test circuit for super-
heterodyne recelvers,
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adjust the gang condenser until maxis
mum output is again indicated. Leav-
ing the gang condenser in this position,
adjust the test oscillator for a 775 ke
unmodulated signal and again obtain
zero beat in the speaker by adjusting
trimmer No. 3.

If the first detector and bath oscilla-
tor trimmer condensers have Dbeen
properly adjusted in these two positions,
these circuils should be very nearly 173
ke. apart over their entire tumng range,
In order to check this, the above opera-
tions should be repeated at 730-925 ke,
and again at 1400-1575 ke,

When this_bas been done the adapter
and plug may be removed and the first
and second detector tubes placed in
their sockets. With the test oscillator
set at preferably 140v ke, the inter-
mediate frequency transformer adjust-
ing condensers may then be adjusted
until maximum output is obtained.

The last operation is to align the r-f.
seclion of the gang condenser (or both
sections if band pass input is used).
This is done by using the 1400 kc.
modulated signal from the test oscilla-
tor, first connecting it to the grid of
the r-f. tube and obiaining maxinuun
output by tuning the receiver, and then
coupling this same signal to the antenna
connection and again adjusting for
maximum oufput by means of trimmer
condenser No, 4.

In production testing, this procedure
may be dome by twa aperators, the first
aligning the first detector and oscillator
circuits and intermediate frequency
transformers, and the second operator
aligning the r-f. tuning circuit and
checking overall sensitivity.

A
1930 NOT SO BAD

Statistical inforinalion compiled by
the Department of Cominerce shows
that the average list price of radio re-
ceiving sets in the year 1930 was
$87.00, less tubes, in comparison yith
$133.00 in 1929.

The total sales ol radio receivers,
including accessories, in 1930 amounted
to $500,951,500.

A

BROADCAST ANTENNA TOWERS

In the May issue aof Rapio EncI-
NEERING will appear an illustrated tech-
nical story on modern broadcast antenna
towers. This article will be of real en-
gincering value to radio engincers who
desire 1o keep abreast of the times in
broadcast station work.

A

SUPER-CONTROL TUBES

In the May issue of Rapio knci-
NEERING will be published additional
information on the new super-control,
or variable-mu vacuum tubes.

APRII
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Here's a New

RTED (ONDENSER

that does the work

RAD}O engineers of 1931 receiving sets will receive -
with ungqualified approval this announcement of a-
Sprague Electrolytic Condeaser thar helps materially in

their problems to make the new radio receivers as simple

as possible, more efficient thaa ever before—and at the

same time conserve time, space and expease.

Oanly an ogganization like SPRAGUE, with superb mod-
ern maoufacturing facilities, highly developed research
laboratories, an engineering deparcmeant devoted to the
problems of the set manufacturer, aad a highly ¢rained
pecsonnel could produce the tremeadous improvement
represented by this npew SPRAGUE INVERTED ELEC-
TROLYTIC CONDENSER in tremendous quaatities
with unqualibed UNIFORMITY.

Send for illustrated booklet, dia-
grams, etc. Address Dept. 13B

SPRAGUE SPECIALTIES COMPANY
North Adams, Mass.

Olectrolytic CONDENSERS
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PROGRESS IN RADIO DEVEL-
OPMENT IN AUSTRALIA
DURING 1930

N interesting review of the
achievements and general prog-
ress in radio development in
Australia during the past year

is contained in a statement issued by
Amalgamated Wircless (Asia), Ltd.
It is mentioned that the ycar 1930 has
been a period of considerable activities
in the wider sense of radio development
and that some of the achievements of
the year are definitely of historical
importance. On April 30, 1930, accord-
ing to the statement, the wireless tele-
phone service between Australia and
England was opencil. Next in impor-
tance of the year’s achievements was
the establishment of telephonic service
between Australia and New Zealand
on November 26, By the establishment
of these services, which in turn are
linked with the radio telcphone services
from Great Britain to Europe and
North and South America, Australian
telephone subscribers are brought into
contact with about 50,000,000 telephone
subscribers in other countries. -

Picture Transmission

During the year developments have
taken place in the transmission of
pictares by wireless.  Photographs
transmitted from Sydney have been re-
ceived in Tingland with suflicient clear-
ness to be published in the British
press. The experts of Amalgamated
Wireless (Asia), Ltd.. are not yet satis-
fied, however, and further experiments
must be conducted before anything in
the nature of a commercial service can
be established,

Beam Wireless Traffic

The Beam wireless service, which
was inaugurated four years ago, has
become more firmly established as the
cheapest and fastest method of over-
seas telegraphy. The Beam now carries
about 70 per cent of the traffic and
during the past year its operation re-
sulted in the Commonwealth Govern-
ment receiving £126,000 as its share of
dividends and terminal taxes on mes-
sages sent and received over the Beam
wireless service.

A

GRAYBAR

NI% of the finest things that has

been done in our times has been
the naming of the Graybar Company.
In recent times the tendency in naming
companies has been to include in the
title indication of the product or
service. Many eminent and worthy
names were shelved when the General
Eleciric Company was named—formed
from companies which bore personal
names. We have the General Asphalt
Company, the Geneval Glue Company,

and the trend toward large consolida-
tions has produced such cryptic titles
as The AEFG, etc.

In the early days of the telegraph
there were the Wade and Speed Lines,
The Bain Lines, The Morse Lines, The
O'Reilly Lines, The Mackay-Bennett
System, and so on, all later to be given
more comprehensive names under
consalidation.

The Graybar Company, was given its
name by men still young in years—
Gifford, jewett, and others. The human
touch of the thing is positively eu-
couraging.

The name is formcd from those of
Elisha Gray and Enos M. Barton.
Elisha Gray was born in 1835 and died
in 1901, He was educated at Qberlin
College. In 1867 he received his first
patent, for a self-adjusting telegraph
repeater. Later he invented telegraph
switchboards, and annunciators, a har-
monic telegraph system and a telegraph
printer. Also, the Telautograph and
numerous telegraph and telephone de-
vices. He was close on the hecels of
Alexander Graham Bell in the inven-
tion of the telephone. For this he filed
specifications on February 54, 187G but
a few hours after the filing of an appli-
cation by Bell, to whom the patent was
awarded and whose rights were sus-
tained by the Supreme Court. Gray’s
associate, Barton, is said once to have
remarked: “Of all the men who didn't
invent the telephone Gray was the
nearest.”

Gray and BPBarton maintained an
electrical manufacturing establishment
in Chicago, at 479 State Street, from
1869 until 1872, in which latter year
the business became a part of the
Western Electric Company, then newly
organized.

Mr. Barton became the head of the
works of the Western Electric Company
where he remained for a period of
farty years.

It is a great personal credit to men
identified with the destinies of the
industry of telephone manufacture and
communication service that in seeking
a good name for the new division of
the work they have placed permanently
on letterheads and signboards the names
of Tilisha Gray and Enos M. Barton.
The very fact that in years to come it
may be necessary to explain to posterity
what “Graybar” means will present
opportunity to re-tell about the con-
tributions of these pioneers to the be-
ginnings of the art of communication.
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REMOTE CONTROL
Remate control of radio tele-
graph transmitters is the subject
of an informative technical article
to appear in the May issue of
RAD0 ENGINEERING.
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SHORT-WAVE HIGH-POWER
RADIO TUBE

ACUUM tubes have been subjects

of research for years. Approxi-
mately three years ago scientists in
General Electric Research Laboratories
succeeded in constructing a radio tube
having a wavelength of six meters and
a frequency of 50,000,000 cycles per
second, capable of radiating 10 to Ij
kilowatts of energy. This is ffty times
as much power as any short-wave tube
previously had been abie te produce.

Early experiments with this tube
were accompanied with some phe-
nomena startling to a layman. Within
the sphere of its influence a cold copper
bar would blister the hand that picked
it up; an incandescent lamp held in the
hand, without wire connections with any
electric circuit, would light to full
brilliancy; similarly a neon tube, upon
being touched by anyone, would emit its
bright red glow. Electrical instruments,
even in rooms other than the one where
the tube was, were disturbed or broken.
Persons approaching too close ta the
tube experienced suddenly a comfort-
able glow of warmth, but if they con-
tinued under the influence, increasing
pain in limbs and joints. Tlood tem-
peratures rose to 100 degrees l'ahren-
heit in fifteen minutes.

Radio cooking was demonstrated as
a possibility. A wire was suspended
over a table at a distance of a few
feet from the radiating aerial, which
was a copper bar about ten feet long.
A sausage in a glass container sus-
pended from the end of the wire was
soon cooked. Likewisc an egg was
“fried” in this container, and an apple
spitted on the end of the wire was
thoroughly baked in a shart time. With
suitable changes of utensils coakies
were baked and water boiled. There
were no flames nor other visible evi-
dences of heat accompanying the
cooking.

The vacuum tube from which this
weird power ecmanated was only two
feet long and five inches in diameter.
However, auxiliary to it was a large
and complex array of electrical equip-
ment costing so much that the tube will
have but little practical utility until
researchers and developers shall have
accomplished numerous simplifications,

Quite different applications of the
capabilities of this tube have also been
under investigation. For generations
heat has been used to alleviate pain and
cure some diseases. * * * * Ag yet the
high-power short-wave vacuum tubes
are being used for experimential pur-
poses only. To bring them into prac-
tical usefulness at reasonable cost and
discover their many possibilities for
service to mankind is now our task.—
Willis R. Whitney, in Enginccring
Foundation Research Narrative,
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YOU WOULDNT TOLERATE
AN ABSORBENT RAINCOAT

SYNTE

Laminated Bakelite

FIANE]

NEW YORK -

CHICAGO -

HOW OIO your customers

z[ee/ about absorbem‘ insu/dtion.?

OF course the insulation in your product was supposedly
good when it left your @ plant. So was your raincoat when
you bought it. But if it is unreliable, falls down under use, absorbs
moisture—you lose customers. » » » That’s the reason an increas-
ing number of manufacturers are turning to Synthane @ Laminated
Bakelite. They know that it's reliable, that it stands up, that
it makes %] reliable products and in turn—satisfied customers.
» » » In addition to low moisture absorption, Synthane has
many other superior features, both electrical @ and physical,
which we will gladly explain to you. It is made only of
the finest materials LBH giving you only the best results. » » »
Your customers will not tolerate absorbent insulation any more
than you would tolerate an absorbent raincoat. Be sure—
use Synthane. Generous samples for testing %] sent on

request. Synthane Corporation, Oaks, Pennsylvania.

PHILADELPHIA - DAYTON - LOS ANGELES : SAN FRANCISCO
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Modulation and
lts Suppression

By VERNE V. GUNSOLLEY®

HEN a sinusaidal em.f, E
sin wt, is umpressed on a
circuit containing L, C and
R in series, the instantaneous
value of the current, as indicated by an
inertialess galvanometer is, in general,

1
oy SR
Esin(wt—tan"[ __4”._‘5]>
= B +
‘/R’-I- (mL-—L)3
w C

I, e sin (w° t— ¥,) )
‘11 the impressed frequency is equatl

to the natural frequency of the circuit,
then o = w° and, in particular;

i —% (1 + e'@) sin wt 0))

If, instead of instantaneous values we
are satisfied with effective values, as
would be indicated by an inertialess
a-c. ammecter, the current amplitude
would rise along a curve;

i- ;ﬁE (1-] e&t) (at resonance) 3)

Expression (3) will immediately be
recognized as being of exactly the same
form as the current rise in a direct-
current circuit, This follows, naturally,
from the fact that in the analysis of the
electric circuit, em.f’s, and currents,
whether alternating or continuous, are
treated as stationmary. At resonance,
the reactance to the permanent term is
zero exactly as it Is in the direct current
circuit. It follows that if the tine
constants of the d-c. and the a-c. cir-
cuils are equal, then lhe reactance (o
the transient terms will also be equal
and that (3) holds for both the d-c. and
the resonant a-c. circusl.

The forcgoing has been very brief,
for we do not wish to spend time and
space unnecessarily in reviewing the
fundamental principles which may be
verified by referring to any of the well-
known treatises on transient phenomena.

Equation (1) is based on the condi-
tion that the e.m.f. be instantly applied

* Ressarch Enginecr, The Notiongt Soltery
8tation, E8PT, St. Paul-Afinncopolis.

WH/LE the solution of the tuned

cireuit either by the sideband
method or by the direct method gives
identical results, lhere are many who
are not reconcided to this conclusion.
The purpose of this article is to show
the equivalence belween the fwo ine-
thods end to show that the sideband
theory while perfectly valid is neverthe-
less based on an imaginary conception
having no part in the actual physical
phenomena of broudcasting.

and then held steady at an unvarying
amplitude. If this is done, then after
a few cycles the transient term contain-
ing & becomes negligible leaving noth-
ing but the steady state term. If, how-
ever, the em.f. is nat held in a steady
state but is kept varying, the transient
term does not have an opportunity to
die out before a mew transient term is
generated by the variation in the ampli-
tude of the applied em.f. so that the
transient term becomes permanent and
of a nature depending an the nature of
the variations in the amplitude E.

It is at once evident that such a vary-
ing em.f. in addition to being an alter-
nating current is also pulsating, for, an
ammeter connected to such a current
would show pulsations provided they
were not too rapid, or, the meter
inertialess.

What has been said of the alternating
case i{s correspondingly true of the di-
rect-current case. If the em.f. is held
constant after being instantaneously
applied, the transient term containing e
dies out after a short time. 1f however,
the em.f. is not held steady, each new
variation sets up a new transient, thc
nature of which will be the same as in
the a-c, case provided the nature of the
impressed variations is the same,

While it seldom happens in reality
that the variations, or modulation, have
any definite law of variation, for the
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purpases of analysis we will choose the
case where the variation is kE sin o't
This means that the modulated alter-
nating e.m.f., which is also a pulsating
alternating e.m.f. has the form;
L sin at4 kE sin o't sin ot {4)
which may also be written;
E sin wt (14+ksinw't) (35)

If we are satisfiled with voltmeter
readings instead of instantaneous values,
and the voltmeter is quick enough to
follow the modulation, we may strike
out the term sin wt and obtain

L4+ kE sin o't ()
which is at once seen to be the same
as-the form of a modulated direct e.m.f.

Since the reactance to the permanent
term is zera in both the d-c. and the a-c.
circuits, and since for equal time con-
stants the rcactance to the transient
terms of both currents is equal, it fal-
lows that a solution of the simple d-c.
circuit is also a solution of the complex
a-c. circuit when the time constants are
cqual.

The time constant of the d-c. circuit
is, /e’ = L'/R"; while the time con-
stent of the a-c. circuit is, in general,
1/e — 2L/R, There is no necessity for
making the resistance in both circuits
the same for equal suppression, but, in
order to have both permaneni terms of
the same magnitude, R” = R, and

L'=2L (6)

It {ollows therefrom that the current
in the pulsating d-c. circuit is given by
the simple relation
., B  KkEsin (o' t— ¢)

1 =% ar————————— (7)

R yR+ (o 2L

which is also the envelope of the modu-
lated a-c. currier wave, while the in-
stantaneous value of the modulated
carrier wave is given by the equally
simple relation

. Esinut | kEsin (o't —¢) sin ot
j—fanet xmend St ()

R VR4 (W' 2L)

Thus is solved the camplex modulated
carrier wave, by the act of equating to
its eguivalent modulated direct current.

Having solved the current by the lag
in the rise and fall of resonance, we
will now turn to the sideband theory
for that method of solution,

Equation (1) was derived by the so-
lution of the equation

a?i di | i

L d? ‘{— R a = T
But when we apply the modulating fac-
tor to E sin wt, thereby giving (4)
for the right-hand member of (9)
instead of merely L sin of, it now be-
cames impossible to find a solution to
the differential equation, (9). For
some time this equation was mnevey
solved, and so far as we know is still
unsolved though we know that the solu-
tion is (8); Dby the method already
given. Mowever, there is a way out af
the difficulty.

In the May, 1930, issue of this mag-
azine R. P. Glover gave the transfor-

di (E sin ot) (9)
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mation of (4) inte its components
which are;
E sin ot~ ¥kE siu(w-to’')t 4 KKE
sin (»-w')t (10)
which means that the modulated single
carrier frequency of (4) may be
imagined replaced by three carrier fre-
quencies in a steady state; that is, un-
modulated. This gives the unmadulated
carrier wave and an upper and lower
sideband; and, solving for the current
in this case, the differential equation is
L+ RYE 4+ L= S (Bainat + 4B
aw dt ' ¢ dt ‘
sin (w + o) t + kB sin (0 — o) 1) (1)
from which

i “—EERM + $ kE sinf(w -+ o') t — tan

1=
1
((w-hn bt c)]
R

VR’ + ((w + )L — o_)+_1w.’)_é)“
-+ 5 LE sin [(w—w') t + tant  (12)

, 1
(=2 —wra) |
R

2 — — -y
VR +((w ) L (0 — ) c)

It still may not be apparent that (1z)
is the equivalent of (8). Numerical
calculation will closely show the equal-
ity if the fact that expression (4) is
equal (o expression (10) does not.
However, it is not neccessary to resorl
to numierical solution. We may show
analytically that with negligible error
such is the case. We shall do this by
showing that when the suppression in
both the d-c. and the a-c. circuits is
equal that L' = 2L independently of
equating the time constants; also we
shall show that the suppression is equal
to the power factor of the modulation,
and that this is in turn equal to the
power factor of the sidebands; that is,
that the reactance to the modulation in
a d-c. circuit is equal to the reactance
to the sidebands in the resonant a-c.
circuil.

Let the degree of the modulation of
the impressed em.f. be k. Then, as
is well known, cither sideband e.m.f. ¢
is to the carrier em.f. I such that

2¢/E =k (13)

Suppose now that the impedance to
e is z and such that the modulation in
the resulting carrvier current i is no
longer k, but instead is equal to K.
Similarly the sidchand current I is to
the carrier current i such that

2l/i=¥K (14)
It is understood that the suppression is
brought about by the fact that when the
components are impressed on a tuned
circuit, the carrier wave meefs only
with resistance, while the sidebands
meet with the higher off-resonance im-
pedance, z, so that they are suppressed
relative to the carrier, thereby suppress-
ing the modulation which is represented
by the sidebands.

Dividing (14) by (13) gives
I E
K/k=— X — (15)
e i
But E/i=R; e=kE and I=¢/z
= Y4kE/VR:J-X= Substituting these

values in (15) gives

R
k'fle = _:ri{'z—::f? : (16)
that 1s, the power facior of the side-

bands. Dividing through by R and re-
arranging gives

k
k’r:. ——
e a7
\Il +tR
Since the sidebanrds are unequal, in
solving for Kk’ it is necessary to solve
first with the upper sideband reactance
and then with the lower sideband re-
actance, and takce the mean value of the
two results. For ordinary ratios of
modulation to carrier frequencies the
error in so doing is negligible.
We may express (17) directly in
terms of the modulation and carrier
frequencies fm and fc (18)

L § 1 2) 2
14— 11—
« R | (1 :1:‘-'3‘) }
fc

Flaving found K" for the sideband
theory and thus the a-c. case, we may
now find an expression for k' in the
d-c. case.

Upon referring ta (7) it is very evi-
dent that k” is the amplitude of the
modulation divided by the amplitude of
the carrier current; that is

k"= (kE/Z) / (E/R)  (19)
from which; (Z being the modulation
impedance in (7) );
k'/k =- _I{ _;
VR? 4 X2
that is, the potver factor of the modula-
tion. By {he same reasoning as before,
(20) being equal to (16), then k7 in the
d-c. case is also equal to (17) with the
modulation reactance substituted for
the sideband reactance. ‘That is, when
(16) is equal to (20) as we deliberately
ablige it to be; (since we could equate
the two expressions for k'se and Ko
irrespective of wherher they were iden-
tical in form,) it follows that
ch = Xu (21)

when Ko = Kae

| .

(20)

and since X, is @'l’; and X,. is
(w’L-1/w"”C) then by (zr)

w' L =(w"L—-w,lc (22)
where w” is either sideband angular
velocity.

In the capacity reactance component
of (22), C may be replaced with its
equivalent, LC/L, giving thereby in
(22) for the capacity reactance compon-
ent, L/w"’LC. Let ©"/w’' —b and
equation (22) then becomes

- —_ L
v=1(b—ziag) (23)

RADIO ENGINEERING

Now if (23) and (6) are identitics,
then the term in parenthesis in (23) is
always equal to 2, numerically. We can
determine this by solving numerically
for both the upper and lower side-
bauds and taking the mean value, a
pracess which, with negligible error in
every case results in the faclor 2,
thereby verifying (6).

For example: T.et the carrier fre-
quency be 550 kc. and the modulation
5 kc. The sideband frequency is either
555 kc. or 545 ke, From this, b is
cither 109 or 1t1, Substituling these
values vespectively in (23) gives z.2L
and 1.8L the mean value of which is
zL. At the other end of the dial!, or
1500 ke, the sidebands are cither 1505
or 1495 kec. and b is either 301 or 299.
Substituting the new value of LC cor~
responding to 1300 kc. and solving
gives 2L by either sideband, (on a 20
inch slide rule).

Anatytically, it may be shown that
(23) is cqual o (6) by putting (22)
in the terms of the modulation and car-

rier frequencies, fm and fc. This

gives (z3a)
P RIS i 1

e (fo)

4:40im’(?€% n 1)
If this holds for all values of modula-
fc

tion, it holds for — 1, also for fm

ifm

equal to infinity, in which cases (23)
reduces to

L'=L{I+1)—(©
and L' =2l

We bave therefare, (with negligible
error) established the equivalence be-
tween a resonant a-c. circuit and a d-c.
circuit when the time constants are
equal. We have yet to determine when
the sidebands are real and when they
are imaginary. QObviously this cannot
Le done mathematically since (4) is
equal to (10). Where there is equival-
ence there cannot be difference, and
where there is no difference, there can
be no argument. This leaves mathemati-
cal proof out of the question. Sir Oliver
Lodge says a deep philosphical question
seems to be involved. Let us see,

One side of the argument concludes
that it is the function of the apparatus
to send out 3 modulated single fre-
quency. The other side breaks the car-
rier wave up into its components, and
concludes that it is the function of the
apparatus to send out three unmodu-
lated frequencies. Mathematically each
side can provc its own case but cannot
prove the other side wrong, for, it can
be absolutely proven that the same re-
sistance that is necessary to produce
a given fidelity on the lag-in-the-rise-
and-fall-of-resonance theory, also pro-
duces the proper breadth of selectivity
to admit the sidebands. In fact that is
just what we have proven in showing
the equivalence between (8) and (12).
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JARIABLE-MU TUBE

New in Design...
Advanced in Principle

.. .Efficient in Performance

VLERY set masufacturee, evedy radio cogineer,

the carire ceade, will be vizlly ineceseed ia
thiz newest invendon —che Arcnarus Type $51
Vaciable-Mu Tube.

Seldom, in the ragidly changing rrdso indusecy,
has one tube cambodied so many advanuges and
presened o set manulacourers such splendid mee-
chandising aad economic possibilities for 1931
receivers—with practically ao changes io existing
ciccuits

By shapsng the plate curreat-grid voltage chac-
sCeecistic so as to mnimize che higber ordes cus-
vaware over zn exteoded 1ange of coorrol gud
volage, the Type 551.

1. Reduces cross-mlk by a factor of seversl
huadred times and eliminates modularion
distornon and receiver “hiss”;

N

. Bluntazies discortion of signals from high-
power swatops cavsed by the noa-linear
relation berween the r. £. ourput voliage
and the 5. [. inpuc voluge;

3. Minimizes bum ia a-c reccivers dae to
modulation of the carriec by low-frequeacy
hum volrages inadverceatly present in the
coourol grid cirowe;

4. Obviates the use¢ of zanrrana poceauo-
meeers, loczl-long discance switches,
double pre-seleceors, erc.

These featvres are of imporant signibcaace o
manufacturers in desigoing 1931 sers where pra-
duction costs and performance ar¢ paramount
copsideraions.

A specie) technica) bulleunon the Arcrurus Type
$51 Vaziable-Mu Tube will be sentupon request.

ARCTURUS RADIO TUBE COMPANY
Newark, New Jersey

F wanenil  under
paknl  uppliog-
11-%0 uf Hoonton
Wissareh Corpo-
fodlun,

THE TUBE

Avelurus' quick=gotion (s another
JSeature of the 551.
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TAACE MARK

HOLED - TITE RADIO TUBE
WRAPPER which is revolutioniz-
ing tube packing.

Check these features:

Wrapper is light and form fitting and designed
especially for each size of tube. Consequently,
it provides suspension and perfect protection.

Suspension packing protects against lateral
shocks and distortion of elementa.

Tube can be tested without removing from car-
ton, without tearing or defacing the wrapper.

Wrapper is easily and quickly handled, even by
unsldlled packers.

Wrapper costs less than any other packing.

WO N =

Holed-Tite Wrappers
are made for all types
of tubes to fit the
standard bulb sizes.

Write for samples and
prices to day. Protect
your tubes; save
money.

HOLED-TITE PACKING CORP.
220 E. 42nd St.,, New York City
Affilinted with International Paper Ca.

Holed-Tite pad for packing standard cases of

25-50-100 radioc tubes. Pad comeae in 3 sizes.
Do you want samples?
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There is no use trying to prove reality
by mathematics, so let us not cloud the
issue with any complex equations. The
dispute arises as to what are the physi-
cal facts of the case, not the equival-
ence,

Given a single pendulum modulated
in amplitude. It may be imagined re-
placed by three pendulums unmodulated
in amplitude and of component fre-
quencies. What is the fact in nature?
What is the physical event, and which
is the imaginary or mathematical equi-
valent? On the other hand suppose we
actually have three pendulums sending
instead of one. They may be imagined
replaced by a single pendulum. What
now is the physical event in nature and
which is the imaginary eventr Is any
deep philosophical question involved?

When once a thing has been proven
mathematically or physically to be
equivalent, it makes no difference how
complex the mathematical expression
for the components is, they may be sub-
stituted for the force of which they
are the equivalent. If actual substitu-
tion is performed, then the components
are real because we dehberately give
them existence. Until we do actually per-
form the substitution they remain
imaginary. Obviously it makes no dif-
ference in the solution of suppression
whether they are real or imaginary.
The final result is the same inathe-
matically.

Now it happens that both the modu-
lated carrier and the components can
exist at the same time. Suppose we
have a leather strap holding up a weight
of ten pounds. This ten pound pull may
be imagined as replaced by two diagonal
pulls at 45° from the vertical pull and
of 7.07 pounds each. Let the strap now
be split with a knife half way up its
length, from the bottomi, and replace
the ro pound pull by the components as
just described, thereby, instead of
merely imagining the replacement by
the components, actually performing the
act of replacement. The system is now
an inverted Y under temsion. In the
two arms of the inverted Y we have
the components of the 10 pound force
in the stem. By this means we have
obtained the actual physical existence
of both the components of the force and
the resultant of the components. In the
arms of the Y the resultant is a mathe-
matical fiction and the components are
real. In the stem of the Y the compo-
nents are mathematical fictions and the
resultant is real, The act of adding the
components vectorially whether done
physically or mathematically gives a
single valued function, and it is this
single valued function that is broadcast
from an antenna, since it is not only
the mathematical sum bhut also the
physical sum of the components of the
modulated carrier wave.

This transition, from the illustration
of the forces, to the antenna is rather

abrupt, but to the point neverthelcss.
Suppose we have three very selective
wave-meters each tuned to a component
of a modulated carrier wave that has
also been tuned-in on a regular coil-
condenser combination of the wusual
broadcast selectivity. The modulated
carrier in the broadeast recciving cir-
cuit is single valued and real while the
components are imaginary, or, as more
commonly expressed, mathematical fic-
tions. In the wave-meters hawever, the
compornents are real and the resultant a
mathematical fiction. While the mathe-
matical fiction is single valued, the
components are triple valued and each
has separate, real and actual existence.
This follows from the fact utilized in
the Y system of forces, thal any force
may if convenient, be analysed physi-
cally as well as mathematically into its
components. If done physically the
components so found are real, but i f
donc mathematically, the result must be
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: LSEWHERE 1n this issue of
= Rapio ENGINGERING 18 de-
scribed the pragress of research
whicl has now made possible the
new variable-inu, or super-control
screen  grid wacwim tubes  for
radio uses.

S

In the progress of development
the charactoristics have been sub-
jected to anodifications. In (he
schedule of ratings appearing
elscwhere v this issue of Rapio
ENGINEERING we have noted that
the figrtres so far given out, are
tewlative.

1A

(AN

OIFTOIEL I et

STUDLSAR0 e AT

(DR THH TR T

a mathematical fiction as far as physical
truth 1s concerned.

The laws of the analysis and resolu-
tion of forces into components and
resultants are the same when once
mathematical analysis proves the forces
to be components or resultants, and this
15 true no matter how complex the
expressions for the forces may be.
Therefore the fact that an alternating
e.m.f. when 1mpressed on a circuit sets
up very complex mathematical expres-
sions for the current; resulting in still
more complex expressions when it is
modulated, does' not in the least deter
from the simple laws of resclution of
forces once the currents are proved to
be campanents.

The conclusion to be drawn is that
while the sideband theory is perfectly
valid and as such is our most useful
tool when discussing modulation, sup-
pression, interf{erence areas of broad-
casling stations, etc., nevertheless it is
based on a mathematical Action.
Furthermore, the fact that the sideband
theory is a mathematical fiction does not
make it possible to ignore it, for, any

RADIO ENGINEERING

alteration of any component, causes a
corresponding alteration in the resultant
which is the single valued function of
the components. In short we cannot
accept a force without at the same time
accepting its components, mathematical
fictions though they may be, or, in spite
of the fact that we may not even know
what the companenis are.

Now it happens that the components
ta one kind of force are the compouents
to that force only. They cannot he the
components to some wholly different
type of phenomena. For new phe-
nomena e must find new components
which may be as wholly different as the
phenomena itself.

For instance, a frequency modulated
carrier is an entirely different type of
phenomenon and must not be confused
with amplitude modulation. 1f it has
any components, they must be entirely
different. As long as there are different
means of broadcasting it is folly to say
that it is impossible to broadecast with-
out sidebands, for, sidebands are the
companents only of one particular type
of transmission; that ot amplitude
modulation. When the components of
the frequency modulated transmission
are found, then it will be impassible to
disregard them when dealing with fre-
quency modulation just as it is now
impossible to disregard the sideband
theory when dealing with amplitude
modulation, and, any solution of the
components will also he a solution for
the resultant when resolution into the
single valued function is performed.

1t follows herefrom that it is also
impossible to explain frequency modu-
[ation phenomena by using the compo-
nents of amplitude modulation phe-
nomena, and, that the entrance of
frequency modulation as a mcans of
voice transmissior does not disprove
the sideband theory. IL proves only the
existence of more than one form of
modulation, and thus of voice transmis-
slon over a carrier wave. \When this
simple truth ts realized there will be no
confusion between the two types of
transmission. It simply must be real-
ized that amplitude modulation is not
the only principle that can be used in
the transmission of modulation, and
that the sidebands are the components
of amplitude madulation only and there-
fore cannot be used to analyze fre-
quency modulation. Any attempt to do
50 must lead to ludicrous and fallacious
results that are as far from the truth
as the two systems are apart from each
other in principle, if not more so. For
this reason the inventors of frequency
modulation devices will do well to revise
their explanations to conform to the
type of phenomena they are dealing
with, and save themselves the disrepute
that must result from trying (o explain
this phenomena with the components of
another and entirely unrelated principle
of transmission.
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l ANT' month, in this publication, we an-

4 nounced Type “K” Metallized Filament.
I lit stntement was made that it was this com-
pam s greatest contribution to the radio and
v tube industries since the introduction
ol Maetallized Resistors.

I wuppori of this assertion we now present
lnits tuken from a few of the tests conducted
sver w period of eighteen months of intensive
veaireh,

I e vesulin of these tests have been confirmed
by aevernl of our larger customers in their
nwn laboratories. They will interest every
=) mmnufacturer, every distributor of radio
sippllen, and every serviceman—for without
question they stamp Type “K” Metallized
P ilooent s the most advanced resistance unit
avalluble 10 the Radio industry today.
Y wves wnd dute bearing on these and other tests

binve boen forwarded to our customers. If you
have ot received yours, please write ue.

International Resistance Company
Philadelphia

In fanadu, International Resistance Co., Ltd.,
741 Wellington St.. Toronto.

PERMANENT

Type “K” Metallized Resisiors, placed under intermit-
tent rated wattage, show gmall change in resistance, the
units always returning to their original vslues.

HIGH SAFETY FACTOR

With 100 per cent overfoad applied to type “K Metal-
lized Roesistors, the change in resistance i3 not greater
than 10 per cent. These units also return to within
2 per cent of their initisl values.

MOISTURE PROOF

Type “K” Metallized Resislors will he found 1o be nearly
impervious to moisture. Hot moisture and cold moisture
tests, applicd to these unitg show a change in resistance
of less thaun 10 per cent. The units return lo their
ariginal valuce after these severe tests.

NOISELESS

Type “K" Meunllized Resistors, under lest, show ex-
tremely low noise level.

RUGGEDNESS

Type “K” Metallized Resistors are extremely strong.
When a Joad of sixty-five pounds was placed across a
resistor it showed no fajlure. Type “K” unirts will
reodily withstand abuses to which resistors are subject
in production or shipment,

VOLTAGE COEFFICIENT

Test voltages applied on Type “K" Metallized Resistors
from 0 to 350 volts show a maximum change of 2 per cent
from original resistance valge.

I(R)C
Metalli

RESISTORS

ALHOD MANUFACTURERS OF I R C PRECISION WOUND RESISTORS
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No. 50 IMPROVED TUNING DRUM

The new Number 38 tuning unit with straight line scale (shown above) {
and the Number 39 tuaing unit with a flat arc scale are two new H

positive driven control devices which heve advantages that will
appeal to every radio engineer. The pyralin scale is securely
fostened, and is not subject to warping or bending. Scales may
be had lo read in either direction or according to specifications
if special graduations are required. Both the Number 38 and the
Number 3¢ are equipped with projecting arm for aMaching the
Yoxtey Spring Clip Pilot Light.

N
The new Number 50 Drum, together with its escutcheon is shown at

the left This new thumb control tuning unit has moay advantages !
over previous fypes. The Number 50 may be provided with a

variety of scales, both translucent for pilot lighting, or of etched

metal for indirect lighting. The escutcheon for the Number 50 is

so designed that leMering dies originally made to use on the
escutcheans fitting the Number 29 drum may also be used on

this new model.

\
|

Weite for further details obout these two new tuning units.

CROWE NAME PLATE & MANUFACTURING CO. A

1737 GRACE STREET ] CHICAGO - ILLINOIS

Lo
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F. ). STOKES MACHINE CO.

winent of Lloyd C, Cooley as their
Lk pepresentative with headquar-
| ] ust  Wacker Drive, Chi-
Lan been anyounced by the F, J.
Mol Philadelphia, manu-
(o ot vhemdenl and  pharmaceutical
C aed specinl process equipment.
I Ly o praduate of the Massa-
Lustitute ol Technology, is a chemi-
o0 ol many years' experience,

0y

iy

WIRE WOUND RESISTORS

fud e Lamnspany, successors to the
Wi Corporition, manufacturers of
Lot bswn Super-Davohm wire-wound
PRSI, J.u-.nm! at 158-160 Sum-
Sivwatk, New Jersey, annoumnce
id the physical assets, patents,
whka ol the former Superior
iperntion  recently located at
\venue, Newark, New Jersey.
cutie equlpment  of  the  former
Hoslstor  Corporation  bas  been
'l wesembled at the Daven plant.
L0 it i machinery and equip-
‘o e Company has increased its
(warlty over zs per cent. This
cintides them to take care of the
fuie ud the trade supplied by the
Wt Resiwtor Corporation.
veg beaan Campany  will retain the
Super-olim in addition to their
uiames  Super-Davohm  and

I
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Ficoun Coampany has specialized in
el pwelston resistors for several
wil wre iy a position to supply
olm to 100 megohms
ciquipment  and  andus-

{ica )

Siblin =nud

w=i=  lhey  have also gone into
anbifurture of the heavy duty type
t o owlhie wannd resistor.  The onter

sthw Il e ol g specially prepared
\ diizinad of the vitreous type resistor.
s 4 L miny advantages over

Masiiim (oalsiior,
A
ERIE RESISTOR CORPORATION
ite lwlg Nesistor Corporation, Erie,
aa yoady lor distribution a color

I palbeatnge whieh wpecification engineers
booagston vanagers will find of great use.

A

SERVICING INSTRUMENTS

vl i Rogers Company, 755 Boyls-
Shiwkt. oaton, Mass,, are manunfac-
{4 Wulegrinle line of tube checkers,
wheewlt testers, output indi-
o= analysora anel oscillators. Circulars
W =int o reguaest,

A
FARTS I'OR THE NEW TUBES
Vs aial olamenta required in the manu-
cove ol the new multi-mu tubes  and

¢ pendode tnhies are manafactured by
a Pkl Tabie Warks, Bush Terminal
Abine Woaldya, NOY.

PROCURE A COLOR CODE

The International Resistance Company,
2006 Chestnut Steeet, Philadejphia, Pa., bhas
gotten out 2 handy, well made standard
R.M.A. resistor cnloc code chart. One of
these useful scales may be procured by
writing to the company.

A

MOLYBDENUM RADIO TUBE GRID
SCREEN

Tlie Newark Wire Clotb Co., 35r-265
Verona Ave,, Newark, N. J.,, manufacturers
of wire cloth for every industrial purpose
and well known in the radio ticld as mann-
facturcrs of the “Sealedged” radio grid
s¢reen, advise that they are now furnish-
ing a woven wire screen made of molybde-
num for usc on spceial tubes.

A
PENTODE TUBES
The Arcturus Ragdioc Tube Company,

Newark, N. J., has issued a ncw technical
data booklet on the new Type PZ pentode
tube. Copies of the bookle. will be mailed
upon requast.

A

K &6 FF MOVES

Mr. R, U. Porter, manager of broadcast-
ing station, veports that thc station has
been moved from Alva, Okla., 10 Shawnee,
Okla. The station employs 100 watts and
operates on full {inte ua 1420 ke.

A

TUBE SHIPPING NO LONGER A
HAZARD

Shipping radio tubes safely is not tbe
problern it used to be, Packing methods
have improved greatly since the days of the
peanur tube  With the latest developments
in packing, tubes can bc shipped with safery
whether sent out 'n standard cases of 25, 50,
and roo0 tubes or in small kits to accom-
pany the set. .

Most outstanding of the new packing de-
velopments are the Holed-Tite pads and tube
wrappers, manuiactured by Holed-Tite Pack-
in orp., New York,

loled-Tite pads and tubec wrappers are
based on the suspension principle of pack-
ing. Tubes are held suspended away from
jolis and buwmps, cffeciively prolected not
only from actual breakage, but from shocks
which might distort tlicir elements.

A

TYPE L (SELF BIASING| TUBE
CHECKER

The DayraD Type L (self biasing) tube
checker manufaclured by the Radio Products
Company, 5th and Norwoeod Ave. Dayion,

hio, is rhe result of long study, rescarch,
and experience. Most radio dealers and
servicemen want a tube checker that peeds
no batterics, no adjustments, and no difficult
mathematica) caleutations. The DayraD
Type LU (self biasing) ftube checker s
adapied for quick testing, simpl: manipu-
lation, and profitable use. The number of
radio tubes in use is rapidly growing so
that the anrnual replacement market is be-
coming of first importance among progres-
sive dcalers and servicemen,

INCA MOVES EASTERN OFFICE

The Woolworth Bui]ding,z_}l}l Lroadway, is
the new Eastern address of the Inca Many-
faciuring Division of the Nationzl Eleciric
Products Corporation- Suite 2617 on 1tbe
26ch floor.

The new office, which includes both sates
and service organizations, is under (he
direet charge of Paul Stoufter.

The main_plant and general offices are
locatca at TFort Wayne, lndiana, where a
coniplete line of magnet wire and coils for
radic and clectrical industries is manu-
factured.

A
CENTRALAB ON WEST COAST

Central Radio Laboratories, of Milwau-
kee, Wisconsin, announce Williama B. Win-
slow as thuir manager of West coast sales.
Mr. Winslow will locate at a direct factory
branch at 2149 E. Sacramento, L.os Angeles,
California.

Centralal products  have
sented on the West coast for the past esght
years by the sales ageney of Spector &
Company. The change to a direct factory
branch and factory Irained salesman has
been found desirable because of the increase
in radio set manufaciuring on 1the West
coast and the increased variety of products
manufactured by Centralab, Thuse prod-
ucts now include the carbon type of fixed
resistor in 2 full range of sizes and resist-
ance values in addition to the many lypes
of volume controls for which Centralab bas
always been well known.

been repre-

A
SCHWARTZ METAL PRODUCTS

Jerome A. Schwartz, metal products wanu-
facturcr, has moved 1o enlarged quarters at
st West zgth Street. New York. This
company specializes in chassis bases, am-
plifier boxes, wicrophone stands and con-
trol boards.

A

TRANSMITTING CONDENSERS

Mocrill and Morrill, 30 Church Street,
New York, will be glad 10 forward descrip-
tive literaturc of the high-grade line of
high-voltage {ransmilter condensers which
they handle. These are for operzling volt-
ages of 1,600 to 3,000 volis, d-c.

A

NEW MICA PARTS FOR RADIO
TUBES

The Mica Products Manufacturing Com-
pany of 54 Greene Street, New York City,
have devcloped new mica sapperts for radio
tubes. They call particular allention to the
mica supports for the new Pentode Tubes,
which have been developed by their engi-
ncering  depacvtment and which will be
adapted by many of the largest tube manu-
faciurers,

They are now in production on these
supperis in addition 10 others they have
developed for (he nwubers z3o, 231 and
232 wubes.

This company is known for their high
grade product, and bufore nanufacturing
these mica for radio tube parts, they put it
through a special degassifying process,
which eliminates the moisture and a large
part of the gas it may contain.
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CRC SOCKETS

All models of CRC sockets, manufactured
by the Central Radio Corporation, Beloit,
‘Wis., are now available with the contacts
atiached to the base with eyclets, as well as
with nivets,

The company offers all models of CRC
sockets in the onc-piece type, the combina-
tion insulator and guide plate being fast-
encd to the base with two small cyelets,
which arc well removed from the ccuter
of the conlact group. This construction
provides a very satisfaclory one-piece
socket, electrically superior in contrast ta
other one-piece types made with the rivets
or eyelets passing through thic center of
the contact group.

A

A DIFFERENT TYPE OF RHEOSTAT

A new rheoslat of very unique design is
anaounced by D. T. Siegel, general man-
sger of the Qumite Mfg, Co., 636 N.
Albany Ave., Chicago. The rheostat iucor-
porates the use of a elreular porcelain care
on which the resistance wire is wound, the
care forming a solid non-shrinking backin,
for the wire. This wound core is mounte
on a base alsp of porcelain, and the entire
unit with the exception of the surface where
the wiper arm makes contact, is covered
with vitreous enamel which ccments the
whole unit together, and scrves beth to
protect the wire and (o carry off the heat
generaled in the wire.

The circular porcelain core is wound by
an ingenious machine designed and built in
their own tool room, so arranged that any
resistance value from 2z ohms up to over
10,000 ohms can be wound.

These rheostats are 2% inches in
diameter, are arranged for onc¢ liole mount-
ing, and can he furnished with three teruu-
nals to form potentiometers. Connections
betwecn the resistance wire and the ter-
minals are made in the same manner as in
their fixed vitreous enameled resistance
units,

A

TIME SWITCHES

M. H. Rhodes, uc.,, Chamber af Coin-
merce Building, Ncw Haver, Conn., manu-
faclures an clectric light switch ¢ontain-
ing ® time element which automatically
curns off the current after any predeter-
mined time. The time eclement is oper-
ated by throwing the toggle t(he desired
oumber of times.

Mark-Tinme switches are made in three
models; seconds, minutes; and may be
used for controlling residential, faclory,
store window lights and signs, or for radio
and household appliances,

NEW DEVELOPMEN
OF THE MONT

TRANSMITTER CONDENSERS

The Tgrad Ceoendenser and Mfg Co,
Inc., Rochester, N, Y. has intreduced a
warkmanlike high voltage transmitter type
condenscr,  Circulary will be mailed uwpon
request.

A
AMPLIFIER POWER STAGE PANEL

To meet the eurrent need for a powerful
ampliice  for sxound  distribulion systems
wlich provides the advanlages of larger
vuits yet conserves space, Webster Elecknc
Company, Racine, Wis, has developed a
new power stage pane).  With a 56 watt
outpul thisx unit iy particularly suited 10 out-
door installations where considerable power
»s requived or for permanent installations
it hotels or other public places requiring
great outpul power.

The panel ix known as Webster Moadel
Guya-A\ aud iy puct of the Webster linc of

power aniplifier equipment for sound dis-
tribmtivng sycs,
A
OSCILLATOR FOR CONTINUOUS
OPERATION

The Model "E" oscillator manufactured
by the Lepel High Frequency Laboratories,
39 West Goth Street, New York, is of the
(quenched gap type, having tuned and loosely

coupled prinary and secondary high fre-
quency circuits. It consists of a 60 cycle
step-up transformer, (wo common lever
adjustable  tungsten gaps, two mica con
densers, a high  frequency transformer
and the necessary switching and housing
mechanism,

A
NEW CARDWELL TRANSMITTING
CONDENSERS

The Allen D. Cardwell Mfg. Corp., 81
Prospect St., Brooklyn, N. Y., has recenly
placed on the market a group of special
variable transmitting condensers, designed
for medium powered installations and for
amatenur wuse.

Of particular interest, arc the split stator
condensers, having a commionr rotor and
with the I1wo stalors insulated from each
other. The two sections may be connected
cither in series or in parallel, [For example,
the type 510 B condenser, having 23 plates
in each section with a capacity of .ooo1t
mfd. per section, may be connccted in series
so as to have a maximum capacily of

RADIO ENGINEERING |
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000055 mfd. or in parallel to have 2 maxi-
mum capacity of .0002z mfd. This con-
denser is recommended for c¢w. or tele-
phonc work in connection with type -03A,
-11A, and -04A tubes. When series con-

nected, it is also suitable for neutralizingl

-49-typc tubes. .

The type s12B Cardwell split stator trans-
mitting condenser has 11 plates in cach
seclion with a capacity of .oocos mfd. per
section and with .oooozs mfd. capacity when
connected in series and .caor mfd. capacity
when connected in multiple, This condenser
is ideal for neutralizing -o4A type tubes.

A

ROTARY SWITCHES FOR CEN-
TRALIZED RADIO

The Best Manuf:cturing Company, 1200
Grove Street, Irvinglon, N. J., is marketing
a new multiple con‘zct rotary switch. The
Type 2N34—B3, ’s a special 2-pole, non-
shorting unit with three break contacts for

a three channel and off position centralizcd
radio installation using line loading coils.

A

NEW D-C. POWER UNIT HAS
ADVANTAGES

A conipact, self-conlained power unit,
known as Type CAB-4, consaisting of a
-volt storage battery automatically kept at
?u" charge by a rectifying uonit, is an-
nounced by [Fansteel Producis Company,
T{nc., North Chicago, lllinois. The entire
umt is houscd 1n a ventilated sleel cabinet,
measuring only 9% inches wide by 8%
inches deep by 8% inches high. Six- and
cight-volt.models will soon be available also,

This unit is useful and economical for
inteccommunicating telephones, local tele-
graph circuits, signals, recording instru-
ments, annunciator or calling systems, small
electroplating or electro-chemical equipment
—in short, any purpose where low voltage
direct-current is required. The unit oper-
ates from an ordinary light socket, consum-
ing only 1o watts when operating at fuil
capacity.

Jnusual simplicity in design and rugged-
ness of construction are combined in this
unit. Openings in the cabinet permit in-
spection of the float balls indicating the

state of charge of the battery, also the

electrolyte levels in the battery and rectifier
cell.  One simple adjustment regulates the

charging rate, and under normal coperation,

addition of waler is necessary only 3 to 4
times a year.
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“*SEALEDGED”

REG. U. S. PAT. OFF.

RADIO GRID SCREEN
+ » « READY ALSO TO SERVE
THK NEW PENTODE AND
VARIABLE-MU TUBES

Y
SEALEDGED” 18
wilmliably adapted to the latest
oo loienl wdvanee in pentode and
vadluhlisnu tubes.  Its brilliant

ce i tub
portuimanee in the new €8 | liero . photoscanh

N ' 1 of ‘“Sealedged.”
prallela itw wuccessful operation 2f lelegsed

weave snd edge.

i e vegular,  “Sealedged” is a
¢ ¢ pure nickel cloth with
a alistinetive scaled, unraveling
vilae.  Special precision machin-
vey wegnres superior gualities for
a Wibe component—uniform qual-
Wy Wbivarying weave, smmooth
hadaky

Coampaie “Sealedged” with  any
wihier wire cloth and see the dif-
fevmee in material and construe-
v Remember, “Sealedged”
vvste anly o trifle more than
v raw cut  wire  cloth.
Wit are your requirements?

MOLYBDENUM. A sereen of

wlyhdenum iz now available for
0] il tubes,

Newark Wire Cloth Company

358-372 Verona Ave,
NEWARK NEW JERSEY

Withuot obllignting vs in any way pleaso send sample and
tun ey purttealurs concerning “SEALEDGED™ Grid Screen.

Vlissa v representative.
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You Can Count On

Summerill Accuracy

AUMMARILL YUBING oM PaN(
QTR TANNN

SUMMERILL
b SEAMLESS
NickeL TUBING

PROMPT DELIVERIES
—anywhere—any time __—
—any quantity I

The scientific care used Io raaking
/ Summeril) Seawless Nickel Tubing —_—
is carried through uati) it reaches

/ you. Tt {s packed in a stnrdy LoOx
/ carefully made fo ipsure the con-
teots agatnst nll g#hocks in trans-
port. It ussures puclect condition
of tbe tubing when it reacbes you.

Every care is exercised so that Summenll
Tubing is chemically pure—that accu-
racy is maintained in factory procedure.

Packed in the Summerill box, tubes
reach customers as fine as they are here.

Let us send you a sample for inspec-
tion by your engineering and produc-
tion departments.

The Summerill‘Tubing Co.

Founded 1899
Bridgeport, Penna.

(Philadelphia District)
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GILBY
RADIO
FILAMENT....

GILBY Wire

Company has been THE
reliable source for radio
tube filament, and today
stands foremost in the
opinions of radio tube

engineers.

Our engineering deparit-
ment has done and is
doing considerable re-
search to produce the best
filament obtainable. By ]
development of materials
together with real metal-
lurgical control and preci-

Manufaelurers af

sion measurement, we are Nickel Chrame e

able to produce a filament WIBEDGE WS

. . # Copper Nickel Re-
which is uniform and of stance Wi

stable characteristics. Nlckel YWire nnd Sheet

Gilby Yrocessed Cnr-

We are able to Bupply bonized Nickel for
Plates

material 1o strict specifica- R —
tion thereby cutting down vagy desh
shrinkage, so essential at

all times.

Cilby—a real dependable
source of supply for
flament.

GILBY WIRE COMPANY

Wilbur B. Driver, Pres.
NEWARK NEW JERSEY

RADIO ENGINEERING

THE Group Subscription
Plan for RADIO ENGINEER-
ING enables a group of engi-
neers or department heads
to subscribe at one-half the
usual yearly rate.

The regular individual rate
is $2.00 a year. In groups of
4 or more, the subscription
rate Is $1.00 a year. (In for-
eign countries $2.00.)

The engineering depart-
ments of hundreds of manu-
facturers in the radio and
allied industries have used
this Group Plan for years, in
renewing their subscriptions
to Radio Engineering.

Each subscriber should print
his name and address clearly
and state his occupation—
whether an executive, engi-
neer, department head, plant
superintendent, foreman or
technician, etc.

Remember this Group
Plan when Your
Subscription Expires

(Radio Engineering)

Bryan Davis Publishing Co., Inc.,
52 Vanderbilt Ave.,
N. Y. N.Y.

Los Angeles Chicago Cleveland
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" Plant Facilities Doubled | o] tby Allied
| £ le cast by Allie
ion - 'I'v Meet the Demand for
_ER-
1g1-
ads
the T
ACRACON
rate '
s of e
tion EKLECTROLYTIC
for-
|
CONDENSER
art-
1Nu-
and |
1sed - SNd p
s, in |
ions ﬂM.l‘i.’" tell the story of Acracon lead- .
¢ 7 ypahip in the condenser field more o 1' e SW”’C ——
#lugnently  than  any advertisement l
ek, | and this electric drill whirrs its way swiftly
yrint i . through the toughest materials, every part
) Ripen Itw Introduction, an ever increas- of 1 undiar corstant sivadn.
arly logg demand for the Acracon electroly-
n— Wi it has taxed our production de- Mindful of this exceptional stress, plus the
ngi- mrbiment to such an extent that we need for low cost, the manufacturers have
lant xluw heen forced to double our plant standardized on parts die cast by Allied.
L or fucilitles.  Now, we are equipped to The Allied Process has similar applications
sipply the entire industry. in most other fields.
|
Follow the leaders of the industry. | Parts and products, die cost by Allied, out-
o) Apeeily Acerncon Electrolytic Conden- | strip those produced by other methods, not
r erte, Alno By-pass, Wax Impregnated, | only in accuracy and final strenght, but also,
" thl hapregnated, Power and Trapsmit- due to the high speed production possible
' Mg typen.  Write today, enclosing by the Allied Process, in the matter of re-
st flentions! duced costs.
YA escun enturen Are I'roteeted by Patents Peading The Allled Die Cusﬁng Corpordﬁon’ 43rd
Ave. from 38th Streets, Long Island City, N. Y.
(] ~ .
€ wndenner Corp. of America
Inc., ¥AY Cornelinon Ave., Jersey City, N. J.
Fuotory Repreaentatives In:
Nl LOLTIH HAN FIRLANCISCO
FU AR CINUINNATY 1,08 ANGELES TOROXNTO
And Uther Principal Cliles
eveland
L ———
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Pants for Tubes

NSULATOR tubing about the size of an ordinary pin
I ag shown above, slips over each leg of the hair-pin fila-

ment in certain quick-heater radio tubes. A precise
formula to meet thermal, electrical and chemical require-
ments, together with rigid mechanical tolerances, has as-
sured the success of this and other applications of

Not just the name of a precision product for severe service
applications, but a complete research and engineering serv-
ice dedicated to the solving of difficult problems.

W 't us regarding yonr seuere service problems and we
THe sral gladly supply engineering advice, samples
and quotations,

HENRY L, CROWLEY & COMPANY, Inc,

Specialists In Severe Service Materiala
1 Central Avenue 133 West Orange, N. J.

ACME
TRANSFORMERS

Actmo Step Down
Tranaformer.
50 1o 350-wait
sizes  avallpble.

Power and Audio Transformers for Radio Manufactur-
ers’ use, Prompt quotations given on your specifications.
Send far these new baolletins:i—

Voltage Step Down Transformers for export shipments,
Bulletin No. 121

Replacement Transformers for service organizations,
Bulletin No. 122

The Acme Electric & Manufacturing Co.
1440 Hamiltaa Ave. Cleveland, Ohio

Acoustics!

Proje
deals

manufacturing, engineer-

ing, operating and servicing

of all

equipment, home and the-

atrical
ies, tel

in

Keep Pace with Developments

122\
ction Engineering
editorially with the
forms of theatrical

movies, talking mov-
evision apparatus, etc.

CORD

Talking Movies and
Television

PROJECTION
ENGINEERING
I Not Sold on
Newsstands

SUBSCRIBE NOW!

Ploase Check Your
Classi fication
Manufaoturer [
(Including  exeoutlves, plant superin-
'l:'n)dmu. foremen, purohasing spent,
Engineor O Technlclua [J Pro-
dacer [J Dlstrlbutor [J Theatre _]
Projectlonlst )

52

BRYAN DAVIS PCBLISHING CO. Inc,

Enclosed find g?)g for whbich enter my sub-

surlptlon for PROJEOTION ENGINEERING
fo one year.
two years,

Vaunderbllt Avenne, New York Clty
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. Beat-Frequency Oscillator

Type 413-B Beat-Frequency Osclllator
Price $175.00

Any frequency in the band between 50 and
10,000 cycles per second is available by set-
ting the single control of this beat-frequency
oscillator. Operated by batteries, it is readily
portable and makes a practically indispens-
nble instrument for the laboratory engaged in
measurements and other experimental work at
audio frequencies.

A request on your business letterhead will
bring you a catalog description of this and
other General Radio laboratory instruments.
Please ask for Catalog F-A.

GENERAL RADIO COMPANY

Offices Laboratories Factory
CAMEBRIDGE A, MASSACHUSETTS

DIRECT FULL
DRIVE VISION

AND AND
FRICTION SECTOR
DRIVE VISION

Meeting the manufacturer's pre-
DIAL dosminant requirements of excel-
lence, economy and standardization,
these new Full Vision Dials combine the ecconomical
requirements of midget recviver design with the
luxury and refinement of console types. In ke and
metric scales.
Write for literature describing our com-

plete line of dials, dial lights, excutcheons
and funing accessorles.

[)eJur-Amsco CorP.

Varitors ~— Variable Condensers — Power Rheostats — Dlals

95 Morton Strect New York City

JENKINS & ADAIR

Condenser Transmitter
Type D-6

Otlhar patents pendlng

ohms.

cision spplications.

nectors, cable, ete.

prices oet B. Chirypo.

Write for bulletin 6-D

JENKINS & ADAIR, INC.
ENGINEERS

CHICAGO, U. S. A.

Cable Addrean: JENKADAIR
Pliones, Keystone 2130 2388 Bslmont Avonuna
BAtlah Dffoes: 76 O)d Mall Strsst, Liverpvol, Bmpisnd
40 Buckingham Qale, London S\W1, Englapd
French Office: 18 Rue de Chatesudun. Asniered, Brance
Mexloan Offige: Av. § do Maye 10, Mexleo D.F,, Maxivo

Patentsd U, S, A, No. 170306

A high quality sound
translating  device  for
broadcasting, recording
sound measurememt and
announcing. Output im-
pedance 200 obms or 50

Actuator response
curves furnisbed for pre-

We have a lurge stock
of accessories such as
stands, snepension clamps,
microphone booms, con-

Muszration  shows D-6  Con-
diuser Transmutter $225.00 and
Typs C Cll‘emg $8.50. Motk

UAyRaD TYPE L TUBE CHECKER
' (Bt

A revelation in
accurate ‘Tube
Checking.
Shows the *End
of Life,” the
really important
signal for re-
placement. All
tegts accom-
plished by means
of three colored
push buttons —
Black for most
tests, red for screen grid and '80 Rectifiers, green for
noisy tubes.

A complete A.C. operated, accurate and super-
efficient instrument which corrects all hum and dis-
tortion in all types of receivers., Six sockets provide
the needed filamont, plate and grid voltages. By a
special clrenit arrangernent the applied grid bias for
each tube is automatically obtained. Complete “End
of Life" readings shown on panel chart.

Dealers Net Price $27.60
(Add $1.00 for 25 cycles.)

Send for tolder “The Final Word.” Buy from your jobber.

Thie Rapio Probuers CompaNy

5th & Norwood Dept. E Dayton, Ohio, U.S.A,

—————




Page 60 RADIO ENGINEERING

Condensers..

FILTER » BY-PASS » IGNITION » TELEPHONE » TELEGRAPH

Kellogg Switchboard and Supply Company
1066 West ADAMS Street - - - CHICAGO

Welcome to
New York and

The RADIO HANDBOOK || Il @vERNGE GINTON

Including Television and Sound Motion Pictures Oppasite Penn. R. R. Station
New Yark's new hotel trul cxpresdlvo of
the greatest ofty. 1200 p{vnsml( rooms

cach wilh Servldor, Lath, circulating
jue woler ongd rudio provisians,
ROOMS E Y
/Q< 1 : 4 3

By James A. Moyer and John F. Wostrel
31T STREET

Just published !

The most important radio baok af the ycar

Rorh of 1ie Massachusetts Departinent of
T.dneation y Authors of Redlo Rceelving
Tubes, Pructical feudio Construction and
Repairing, ete.
886 pages, 6% X §, G50 dlustrations, Noxibla,
$1.00
ERE at Jagt Is a hundbook that mects
the nved for n complete digest of au-
thorltative radlo data, both theoretleal
and practical, In one logicnlly arranged and
thoroughly indexed volume. From the fun-
dwmnentals  of electrielty, magnetlsm and THE
clectron theory rvight down to full detalls Z
on latest commercial and industrlal appli- DIO f
cations, this book covers the whele field ol
viadlio, wlth deseriptions, definitions, design
datn, practical methods, tables and Rlustre-
tiong in profuslon.

HAN DBOOK

Over 875 pages of latest data on such MO—Y—FR

toples as:
—Modern transmitters, Pleze erystal, AND
1009 modulation, short wave receivers and OSTREL The Home Hotel of New York

transmitters, Kennelly-Heaviside layer, ma- B
rine radio equipment, aute alarm, al) latest
tubes, photo-electric cells, television, sound
motlon pieturer, ete., ete,

See this book 10 days FREE
Send this coupon

Homelike in service, appointments and
location . . . away from noise and con-
gestion, yet buf a few minutes from
Times Square . . . garage facilit’es for

McGRAW-HILL FRE tourists.

c - " EXAN N

: AMENADLON cOUr N Rown and Bath from $3 shngle. $4 double—s00 rams
MCGRAW-IITLI, BOOK CO.. Inc, 370 Seventh Ayve, N Y.C. Home folks will like this hotel

Seud mie Moyer and Wostrel’s Radlo Haodbaok posipuld for |
ten doys' free examination, és" P ———————————— HOTEL

I ngree to remit 00 In fen
uays ov retwrn the book,

B 52 I oo v - I BRETTON HA L L

gio?i[:;[::l T BROADWAY at 86th STREET
----------------------------------------------- NEW YORK

v

%nywﬁeve s+ 0+

POINT your fineer at the globe—anywhere. If Radio is known there—so,

most probably, are CARDWELL candensers. Countless “ Cardwell con-
densered” installations, the pride of cheir designers, cover every wave band
and reach every corner of (Ee earth. That outfit you contemplate buildiag,
if worth building ac all, deserves

7 CARDWELL CONDENSERS

Send for Literature
THE ALLEN D. CARDWELL MFG. CORP’N
91 Prospect Street, Brooklyn, N. V.
T H.E STA NDARD O F COMPARISON'
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JOHNSON'S

INDUSTRIAL TAPE

C_DOES not need a loud-
speaker to-broadcast its
perfection.

Radio engineers all know of
and recognize its superiority,
its holding properties, lasting
adhesion and non-corrosive
action. It will outlast any
other tape put to
. similar usage.
_—a——

Write for free sample and convince
yourself of its excellence

S
JOHNSON & JOHNSON
New Brunswick, N. J.

No hum, noise
or moving parts...

FOREST
RECTIFIER

Leading Sound Recording Studios, Theatres,
and Laboratories where unfaltering current
supply Is required use FOREST—bacause
it Is superior.

Adaptable to 2l sound equipment—Iinter-
changeable with your present storage bat-
tery—several types.

Just turn the switch to con-

vert a 110 or 220 vu. a-¢.
into fully filtered d-c.

" FOREST ELECTRIC
CORP.

New and Wilsey Steets

Newark, N. J. J

MULTIPLE TAP SWITCHES

No. 7070 A Neo. 7000 A ‘

Standard and special designs |
PHONO-MOTOR SWITCHES l

No. 7030 A

Onr plant snd caginerving facilltics lend themselves to
the production of specinl requirements on short notlee.

Inguiries solicited.

Soreng Manegold Co.
771 Mather St.

Chicago, Il |
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TYPE H M
$25.00 TYPE I M
$25.00

Transverse Current == Stan¢

MICROPHONES

Write for 20-page catslogue und price list describlug
m»cmﬁhonn. microphono amphfwn 50-watt powar
amplifiers, glant dynamic alr col units, exp
homa synchronous and non-aynchrouous turn-
tablca, and completo Fanul mounted equipment {or
achools, hotels, hosplitals, parks, skating rinks, stcam-
ships, alrplanes, audilor{ums theatres, ctc,
Centralize Responsibillty for the Saccens of Your
Installotions by Purchasing All the Parls From
Qne Source.

Amplion Corporation of America
133 W. 21st St., New York City

BTATAMENT OF THE OWNDORSHIP, MANAGHEMBNT, CIRCULA-
TION, DTC.,, BEQUIRED BY THR ACT OF CONGRESS *
OF AUQUST 24, 1912, OF RADIO BNGINBUIING.

Published moathly at Alvaoy, N. Y., for Aprll J, LNl

State of New York } .
County of New York '

Bafore me, a Notary Publlc u: and for the State and county afore-
sald, Rarson.nlly appearod B, 8, Davig, who, having boen duly sworn
ACCUT Lo luw Epum.-s nnd snys that he Is the Business Manager
of RADIO ENGINEERING, and that the followlng Is, fo the best of
blg knowledﬁe and belfef, a {rue statement of the ownerslhilp, manage-
ment, ete the aforesald publication for the diste shown In the above
caption, requlreu by the Act of August 24th, 1W1L embodled In
section 411, Postal Lews and Regulatlonw, to wit; 1. That the
pamos end addresses of the publlshor. editor, managing editor, and

business managers are: Publlsher lirynn Imyvis Pablishing  Co.,
Ipe., G2 Veaderblt Avenue, New York; Fditor, Ionnld \lc\llcol
Roselle Park, N. J.; mnnnglngDedltor. F. Wilen, Unlon (II)‘. N

Business \innngor. avis, Scarsdale, N, Y, 4. ll(

Bryanr Dayis Pub, Co., Inc. 15, N, Davis,
N. Y.; Roy T. Atwood \lb:ug N Y. G I Bacon,

X . Munn, Uston City, Pa.: J. A. Walker, Richmond
um & Y.: A B. dQoodeuough, New Iochelle N, Y., 14, That the
known bondholdcr%, mor(fﬂ ces, and othar socority holders owning
or holding 1% or more o o total amount of Loy, morigages, or
other gecurities are: None. 4. That the two purigeaphs next nbove.
glving the names of the owners, stockholdors, and seourlly holdars, if
any, ¢ontain not only the list of stockholders nud pecurity holders as
they appear upon the beoks of the compuny bul sla, lu vases whore
a stockholder or gecurlty holder appears upon (he iooks of the com-
pany ag trustee or in any other fiduclary relution, the snme of the
person or co c{)omtiou for whom such trustoes s noting,
that the said twe paragraphs contain statementn vubracing afiiant’'s
full knowledge and belief as to the circumstances nnd conditlons under
wbhich stockholders and sccurlty bolders who o nol appear upon the
books of the company as trustees, hold stoek and secorities In
capacity other than that of a bona fide owner; aud this aMant has
no reagon to believe thal any other person, ANROCIREION, OF COFpPOTR-
ton hrs ooy interest direct or indlrect fn the sald stock, bonds, or
other securitliea than an 80 stated by him.

(Blgued) B. S. DAVIS, DBuslnoan AManagor,

S8worn to und subscrlibed before me thla 27th doy of March, 1031,
(Beal) J. A, WALKKR, Notary Jublic.
Kings Cou

nt
Kings Co., glerk's No. 36y,
Kings Co. Reglsters No. 1nn2.
New York Cb,, Clerk's Na. 167,
Naw York Co., Reglisters No. 1W177.
Commission expires March 30, 1881,

'wnrxdnln,
Douglaston,

tho owners are:

in glven : algo,

FOR BETTER BUSINESS
VISIT NEW YORK

X

« o e Secures a fine room and batheeo
others at $3°°and $35°
AT ONE OF NEW YORK'S BEST HOTELS

7:BRISTOL

48% ST. EAST OF B'WAY 42 NEW YORK CITY
OWNERSHIP MANAGEMENT -+ T.ELLIOTT TOLSON, Pres.

50

daily *
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Portable Condenser Microphones

2P 2 stage plate cutput....List $110.00
2C 2 stage 20Q ohm output List 125.00
Uses 2 type 230 low drain tubes.

AP 3 stage plate cutpwr....Llst §125 00
3C 3 stage 500 ohm cutput.Lise 150.00
Uses 2 240 and 1 112-A tube.

These prices for type “A” unit.
For type “B” unit add $40.00
each list. Standard finish is black
and gold. Prices include tubes
and 20 ft. cord. Interesting
dealer proposition.

Astatic Microphone Laboratory
21 Olive Street
YOUNGSTOWN, OHIO

Page 63

.
{ICP’\P@

Subymit
i Tube, Condenser or other

radio derign te uws. Accu-
Ford Radio & Mica Company

rate workmanship, prompt
deliveries.
830 Fourth Ave. Brooklyn, N. Y.

D’Arcy Laboratories

place at your disposal their laboratory facili-
ties for your assistance in volume control
problems.

Bulletin M.!1. is now ready for those who
inquire for it.

D'Arcy Laboratories
160 A. East lllinois Street Chicago, lllinois

NN

HOTEL

A WANING

ATLANTIC AVE. AND EIGHTH ST.
VIRGINIA BEACH VA.

Fireproof brick construction,

The coolest spot on the beach.

Invigorating breezes from ocean on East and

Lake Holly on West.

Bright, airy outside rooms, parlor suites axd

apartments, private baths, snpertor cuisine—

» Sorf bathing, riding, fishing, golf, dancing,
private temnis court and children’s play-

ground.

J. WESLEY GARDNER, Manager

.......

On Your SOUND
EQUIPMENT PROBLEMS

ELECTRAD, pecrsistently ploncering since the
birth of radio, hus now developed a highly
perfected complete SOUND AMPLIFYING SYSTEM.,
There ore standard, moderntely-priced models which
mect every modern requirerment {or large, smull or
portable installations—togother with all accessories
and export enginoering and accoustical counsel.

Write Dept. RE-4 for Descriptive Literature
175 Variok 8t.. New York, N.Y.

= ELECTRAD

We Cater to Laboratories—Broadcasting
Stations—Talking Mowvies, Etc. Parts for
any and every item you may need always
on hand. Call on us for your requirements

Si7haHome oﬂ?ADlO_J

45 VESEY STREET, NEW YORK CITY

P ROPHON
“\ #HAND! - MIKE "
MOST EFFICIENT GENERAL

UTILITY MICROPHONE KNOWN

List 'Io Complete
The traly perfected tin la burton
hind micraphone.Two modeh, **Reg-
olar’ and “Spocial Home Recording.™
Scientifieally damped diaphragm, gold
phited button, toggle swicch, 13-foot
cord, Tinhhed bronxe or gunmersl.
Dealars, write for oyr “dicect deal.”
Get our camplete catalog.

UNIVERSAL
MICROPHONE CO.,, Ltd.
1163 Hyde Parh Blvd.

‘4

No. 1273
Trantformer

.’inm" transformer
oalynad fur nn,

7777 00 s |

winglo button i
ergphone. 00 ol
Primary, 100,000
L) o}m: on aecominry
alde. Listprice 86,

INGLEWOOD, CALIF.
Microphones §5 10 §330. Alwo cables, plugs, tran«(o{m-
ers, mauntings, suands, etc. Expert mic ropbone cepairs.
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“GENERAL Eﬁ%g»?;}&" CNOKE CDIL‘—SO Hen I25 Eiiil
“BEVERLY” A. C. TUBE CHECKER—At Powular Prico (ns l(N 3 aoh
o E “
Tests all types of twvbes—lacluding Pentnde STROMBENG: CM"‘%EQND F(!‘U”{v‘ﬁghw \’olluge $1.35 Eac
Shawa Indloatlon of salectronio cmission and usual molual owoducianco prid F'OWER TRANSFOI\MERS — FQR 8. C. A. — VICTOR —STHOMBSRG—
change. Tests both piates of 80 roctifters. SPARTON — FREED — EARL — ETC, er(: For Speolal Price,
Spocfal—IR.76 Each GENERAL REPLACEMENT POWER TRANSFORMER

22 Volt Gsnter Tapped SIx—227 or 224 Pcim.—I|10-125

“SA aamo” PUEH PULL TRANS FORMERS— 1ynpl BX — HX %2.8% Pcr Palr Wy " Two—245 Soo. —350-330
GAMQ” AUDIO TRANSFORME 1,25 s
VGENENAL RADIOY AUBIO TRANSFORMER—Troe 265D or 205H 123 Each 5 One—280 §2.85 Each
N valizie wiits W. K. SKIDMORE & CO. 17 WARREN STREET _NEW YORK CITY

TIPLESS EXHAUST TUBE
BENDER-EISLER METHOD
AYQID IATENT 8UITB
XND FOR BULLETIN 7
EISLER ELECTRIC

70t ¥outh I3th Btrect,
NEWARIK, N. J.

Quallty werw 2or every type of hook-us
"Nnhu” a :II brek braided hock-up uln mafs

er & patented process
Alpha "H]T.nllbl" ira (colorsd Rubiber)

BARK- TINNED ENAMELED-RUBBER COVERED
—CABLES YO SPECIFICATION—
ALPHA WIBE OOBPORATION
50 Doward 8t., New York Oity

RADIO TUBE PARTS Baach-International
Tools, Dies and Special Machinery Compound ngh Vacuum Pumps
A A A A A We manufacture all sizes of High Vacuum Pumps from 1-200
Let us assist you in designs cu, {t, per min  All pumpsy tested at 44 micron before leaving
to meet exacting specificatlans. factory. Write for details
PRECISION PRODUCTS, Inc. INTERNATIONAL MACHINE WORKS, Iac.
6 Dawson St., Newark, N. J. 527-529 Thirty-Second St., Union City, New Jarsey
15 Stotkeslinmediste DEllary X For Alt Mitered jmnh
Gesm,  Apeed mduucn. lpml
fexible souplings A complete lina I3
tarrled In our (’:hrmkgo nwck Cen slso qaote on ; ! @l
Byolul geAns 4. 8end us your blun prints \ I
nnd inquiries g \ @ (00
Writa for Cataleg No. 60 T : \r o [ CLAMP NAIL CO.
CHICAGO GEAR WORKS FREE Somples Z - 342 Paliurr St

769-773 W. Jackson Blvd., CHICAGO, ILL. andl Catolog ' SO

MICROPHONES
All klods $10.00 to $350.00 e A ]'
Far—Home Renarders, Type S, Q. P List §10.00

For Pubtlls Address Wa cte., Type S. § List  §25.00 A.C, d D.C. o
Standard Broadcast Modsl, Tyae Sy G. M LD:V ;45.00 Bivenyed & =n Edrenand
Stancard Broadcast Model, Tyve 8. G. 8, : gsz\su by Midget Recolvers by
Condenser Type for film and revord reoarding, Type 8. G. C.. Llst $250 vo R.C.A. = IR.0.A.
Also desk, fluor gtands, cavers and ste Expert Mincophone Renalrs. Write for complete detalla.
SILVERLEAF MICROPHONE COMPANY

2658 Pasadcna Ave., & Los Anygles, Galif. PIERCE A[RO; lNC

Chicago Distributers—Dungan & Stermficld—Radio Sales, Ine, = : i
1507 Muochigam Ave,, 80. Reprosentatives wanted 115-117 Fourth Ave., New York City

MANUFACTURER WANTS QUANTITY PRICE
ACCURATE QUARTZ CRYSTALS C
In reply give all information in first letter. We waat quartr

crystals 175 kec., ground to an accuracy of plus or minus 5%.

i v { 182 Cnrnelison A.vo — Newovk Ave.
dol?/ue?';’e sgl:z’%eulena(tlcgogrd:roggs ?.vr(l:gn lr?:\?e?\?ed)o'sbngc ‘:ﬁa %euli(?”(‘: Jersey City, N. J. M(IIS (lt Elizaheth, N. J/
resent po:glble daily production and indicatc how rapidly it may PETER J. SCHWE]TZER lnc.,
e increased.
Reply P.O. Box 5424, West Philadelphla, Pa. L 0 rlfth Ave. _ New __YQ"k k ‘
BARE AND TINNED '] 3
COPPER WIRE Stampings |
For All Parposes Pressed Metal for Radio Industry ,
Fine Sizes Our Speciaity Steel, Aluminum, Copper, Brass and all Alloys
SPARGO WIRE COMPANY Send Inquiriea and Drawings
ROME, NEW YORK R ido Dr.
Eombished 1853 METAL SPECIALTY CO. 3R or | .

Rocke International Electric Corp.
15 Laight Street, New York

A A A Export sales managers for nationally LA A A

known radio manufacturers.
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NICKEL
WIRE CLOTH

for the Are you troublcd with room noi

RA.DIO TUBE INDUSTRY : ZTRY sbtnl.‘\:ii(lf>‘1noisﬁ. motor noises or *fee

I1f any of these noises nre present in the

Any mesh woven accurarely (o your specifications. i 7 operetion of your microphonc you should
know pbout a special fcature of Ellis
“"CLEVELAND?” 8  Model120N.
. . . . . P S Write decai} how del 20N
Wire Cloth renowned for its Uniformity, its Superiority, ber:.:;cgo:o Cut 33{\7_}10;1\,1:‘4;;‘4: ean
its Durability. ’ Export ''Simonms.’’ 25 Wn.rn's‘n S¢., New
Advise us of your Requirements . Ve SNene o

The Cleveland Wire Cloth & Manufacturing Co. ELLIS ELECTRICAL LABORATORY
3571 E. 78th Streer, CLEVELAND, Ohio 337 WEST MADISON ST P CHICAGO, ILLINOLS -

- LR A1)

LAMINATIONS ELECTROHM (»555) RESISTORS |
. Durable—Dependable—Accurate—Economical ||
for Audio & Power Transformers —Correctly Rated
BPECIALIZED METHODS—YEARS OF EXPEKEIENOR Four Years’ Service in the Equipment of the ’
Wide Variety of Stock Standard Sizes New York Stock Exchange
Dimension and Price Sheeta on request Without a Breakdown
No Other Resistor Can Boast This Record.
We Also Make Eleotrohm Resistors sro not Fusel —Fired—Bsked-—clc, to any degree heyond
the unneculing poimt of (ho resislance wire; contacly bdetween wirg and
PRIMANENT MAGNBTS—DIES—100L5~ || i e iR s e I
METAL STAMPINGS R e L R e ) 0 i
Facilitiea jor prompl service Meanufaoturers—Sand us _\’r:zr:‘rwgu‘ﬁlgrn;z‘c::{i:::'luns aad we w[ll submit
. ELECTRICAL RESISTORS, INC.
Thomas & Skl nner £ ;':vocgrfnif%igff 179 Riverdale Ave., 24 Onondaga St., Yonkers, N. Y.
Sfeel Produds CO. //;omNEynous. N, Teleyhomy Nepperhon G050

WE offer to manufac= Better Amplifylng Equipment

tuarers interested im especially for exacting amplification

E X p O R T requirements,

a € Lot Special Matching Transformers
e services of a dependable organization, i . . . buil
well established in the entire foreign field im{}% féat xsngfspc:dr viez 48 ].10:111{;

AD. AURTFEMA, INC, FERRANTIL, Inc.

Manufacturers’ Export Managers
' ; i York
116 Broad Street, New York, N. Y. 130 West A%ad Street - Nerw o J

RADIO APPARATUS TESTING “WW”% fa\\\\\
|

Lifo tosts and charscteristics of MODERN- RAD

vaghum i.ubes. Caslibration Of all AMPERITE automatically equallzea line-voltage
kinds of instruments. Determina- fluctuations, Helps radlo sales and satisfaction.
1ic‘mnfinduclranceandcapacii’ance Im_proveu tone, Tfengthens tube-lifs and tnsun_:s

" g X uniformly perfect operation. Eaelly Inatalled in
al vatious froquencies. Resistance 5 minutes without chassis changes.
maasuramaonts, motor tests, mag- Makes your careful laboratary specifi-
nalic toske ete catlona mean something.

o

/AMPERITE (Grporation
36) NHOADWAY, NEW YORK Wreitos Dopt.

Electrical Testing Laboratories

M formation a0
80th St. and East End Avo. /(”0 SelfadEiusR;izgrE Q‘MG:HE:ITE

New York ylest

IR VOLTAGE CONTROL
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SERVICE
ON

WAXES—AI kinds.

and Electrical Cables, Etc,

Ing Devicea and Specials.

Rubber-Covered Wire.

DEPENDABLE

QUALITY — UNIFORMITY

WAXES — & — MELTABLE
INSULATING and WEATHER-
PROOFING COMPOUNDS '

IMPREGNATIONS—Condensers, Coils,
Covered and Weather-Proofed Wire, Telephone

SEALING COMPQUNDS—Coils,
Batteries (Wet & Dry), Pot Heads, Cables, Wir-

FINISHING—AIl grades of Weather Proof and

SPECIAL COMPOUNDS

Rubber-

Condensers,

35th St. & Maplewood Ave,
Chicago, IIL

“For over 35 yrs.”

ROEBLING

WIRE—Ammnne (plain or caameled). Con-
necting and Ground (Rubber covered, braided
or plain).

STRAND -—Antennae (plain or en-

ameled) —Donble Galvanized.

BUS BAR—Litzendraht-Loop

MAGNET (Cotton ot Silk)

WIRE

PRODUCTS

JOHN A. ROEBLING’S SONS CO.
Trenton, N. J. Branches in Principal Cities

—
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STANDARDIZED UNITS

A  shielded Interruediate-frequency trensformer  with
“Varltor” condenser tuning in primary and secandary clr-
cuits, One hundrod and fifty to two hundred ke, with
standard production windings or step-up ratloe. Mechon-
{cally sulted to upright or inverted mounting.

Write for cireular glving complete xpecifications
and Varitor’'s many uses in modern radio circuits.

DeJur-Amsco (orPp

Varitore—Variable Condensere—Power Rheostatx—Dials
95 Morton Strect New York City

GEN-RAL COILS

Reg., U. 8, Pat.

MIDGET SERIES

84 Actual Size

R e |
=y M
e

8 H. Oscllintor~NR, ¥, B. No. 10

The above coils are wound with
plain or “Litz” wire and with
variationsg to meet special
requirements.

GENERAL MANUFACTURING CO.
8065 So. Chicago Ave., Chicago

Our strength lies in our 47 years of
research and experlence, in our eco-
nomical methods of manufacture and
in our service o our customers.

Z AP ON
PYROXYLIN
LACQUER

We assume full responsibility for the
integrity of our product, with all the
power and strength of our resources.

THE ZAPON COMPANY

A Division of Atlas Powder Company
STAMFORD, CONN.

This New
HAMMARLUND

MIDGET is
Vibration-Proof @

Withont nute or sarews (everything riveited) this
new Hemmwariund Mldget Condenser iz idenl for air-
Dplane or automoblle receivers, or for uny other use
whare vidbration 18 dificult ¢o overcome.

Hlfh cupucity anod wlde-range =20 to 320 mmf.
Soldered brass plates, rugped frame, accurately
fitted benrfogs, doobdle tour-point brouze wiping con-
tact. Purmtea insalutfon, Adjustment screw works
in s groove—eannct burr the shaft. Streight lne
or “Midlfee” tunlag curve. Buseboard or ome-hole
monnting. Ideal for tonipg Short-Wave Recelvers.

Also a New Condenser for
Tuning Intermediate Transformers

Isolantite base mounts inside shleld. SBelf-allgniog
phoaphor-bronze adjvuatuble spring plates, double
rivetted. Mica insulation. Proved deslgu—wll] not
change in reslstuoce or capuclty from huwmldity,
tempersture or vibration. Three ranges {n elngfc
or double models—10 to 70 mmf,—T70 to 140 mmf.
—140 to 220 mmf

Mull conpon far Technical Data

Joe Bettan Radlor
ammariund

PRECISION

PRODUCTS
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“Kester’s in a class
by itself, Stevens!”

You and I know that the A. S. T. M. require-
ments for purity of metals is plenty high. But

Kester Solder has extra quality — it exceeds
even their class A specifications.”

That’s saying a lot. But even then the whole
Kester story isn’t told. For in addirion to using
only virgin tin and lead, Kester Rosin-Core
Solder carries a special rosin flux inside itself
—a flux that’s safe and sure for radio work,
and the most delicate electric manufacturing.

With Kester Rosin-Core Solder, radio man-
ufacturers build better sets. Electrical manufac-
turers turn out uniform work 2nd eliminate
rejections. Both save soldering time, materials
and labor—and cut down maiatenance and
operation COsts.

There isn’t a soldering problem our Indus-
trial Development Department can’t lick.
Write us today.

Kester Solder Company, /i é’pa.m.cm%
4224 Wrightwood Ave- ’ S0 s
nue, Chicago, Illinois. AR W

Incorporated 1899,

RADIO ENGINEERING

FOR YOUR

PROTECTION

ERIE RESISTORS are now trade marked, for
your protection, by embedding the name ERIE in
the lead.

You will ind ERIE RESISTORS foremost in
quality and performance. They pass every test of
the radio engineer and are dependable under all
conditions of service.

Demand them in all of your production work
requiring moulded resistors.

Samples and prices on request,

/ Erie Resistor Corporation. Erie. Pa.
/ In the Center of the Radlki Ina/usfn/

WrLLiaxs Press, [Nc.,, NEW YORE—ALBANY
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Be Sure
of the

TRANSFORMER
= You Choose for This Season’s Models

\
\

Transformers Your competition and ours—sets and trans-
for formers—gets keener every year. Your prob-
Replacements lem is of one sort, our's another.
in Old Sets

Thone twhe e Tnisss You not only must offer a finer receiving set

ested in Set Rejuvena- but likewise must meet the competition of
tion will be interested N
in our new Replace- price.

ment Transformer Book-
let. A copy sent upon . .
request. We too must meet these same conditions—but in =

slightly different way,

Quality, we have never feared. Through the con-
stant devotion of the men in Dongan Laboratorics we
have always kept a step ahesd.

Dongan prices—considering the uniformly bigh gual-
ity of the product—are remarkably low because

First: having been fortunate in our selection
of customers we have enjoyed a very
satisfactory production.

Sceond: many short cuts in manufacturing
have been perfected within the last
twelve montha.

You simply cannot afford less than the best Trans-
formers this year. Test Dongans in your new models
—they will speak for themselves.

Power Supply Units or Any Special Transformer Unit for
, No. 5140 : Television Manufactorers

Dongan Electric Mfg. Co.
2991-3001 Franklin St., Detroit




For insulating electronic

S
/ £

Photo-eleciric tube
and omplifler unil,
mode by Wasting-
house Electric and
Manvufacturing Co.,
E. Pitsburgh, Pa.

devices

Bakelite Materials are exceptionally satisfactory

Permanently adequate protection agoinst current
losses and short circuits is o primary requirement
for insulation used on photo-electric devices. Such
insulation must also be highly resistgnt to moisture,
ond free from swelling, shrinking, or distortion.

An excellent example of the way in which Bokelite
Materials meet the needs of electronic service, is
provided by the Westinghouse photo-electric tube
and amplifier unit. Tube bases, sockets, and terminal
thumb nuts are formed of Bokelite Molded. The box

cover, upon which the tubes are mounted, is of
Bakelite Laminated, os is the interior sub-panel.

Because they possess an unusual combination of
desirable properties, Bakelite Matericls, Molded,
Laminoted, and Varnish are playing an important
role Tn the progre:s of the electronics industry. These
moterials are constantly solving insulating problems
in o wide variety of applications. Write us for full in-
formation—ask for Booklets 38M, "Bakelite Molded,”
38L, “Bokelite Laminated,” or 38Y, “Bakelite Varnish.”

Yokelite Engincering Service—We manufaclure a wide variety of Bokelite resinoid molding matarlals, varnishes, locquers, snomels, cements,
and other products. Twenty-one years experience in the development of these materials for radlo ond ofher uses provides a valuable
background for the cooperation offered by our enginears and lagoralories.

BAKELITE CORPORATION, 247 Park Avenue, New York. CHICAGO OFFICE, 635 West Twenty-second Street
BAKELITE CORPORATION OF CANADA, LIMITED, 163 Duffarin Sireat, Torohto, Ontaric

BAK

AL TRAID

Tho ronlikoind (aadb mdrds thown obare disiligiith. mulark's
pawhoctirod by Gotomo Cospow-ica. Unier tha 2adind "4~ i tho

LITE

WL P, oY

domsiec! 0ga for L-Ainlty, o« ofimitod quantly () tpeibobzat iha nfhies
nuattxar of gecseot and Rayre oscs of b wclim Carporolon’s produdis

THE MATERIAL OF A THOUSAND USES
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