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From the delicate resistunce requirements of the 222 shielded grid tube
for super radio-frequency amplification, 1o the brute resistance requize.
ments of the 250 power tube for super power amplification. vou have
the marvelous span of present-day radio reception. And in the
CLAROSTAT line you have a resistance ready to meet these two
extremes as well as evervthing in between.  There is the Grid
Leak Clarostat, with a resistance range of 110 to 10

megohms for the detector circuit.  The Volume Contral
There is a

CLARO.
STAT for

every  pupose —

Clarostat serves for the radio-frequency cirenit.  There

is the Power Clarostat for the plate and grid require-
ments of the largest power tube—a sturdy resist-

ance instantly adjustable to meet specific con-
ditions of any circuit—not a haphazard. fixed 150 N ATLED e
resistance guess in the face of many vari- resistance range, the
ables.  And in between, there are the power rating or the
Standard Clarostat for the control of mounting.  Ever since the
plate voltages of various circuts, days of the first B-climinatoss,
the Duplex Clarostat for semi- the Clarostat Enginecring Staff

has co-operated with rad’o eagi-

fixed plate voltage and grid

bias adjustments as well as neers in the solution of radio resst-

ance problems.

And for TELEVISION —

the latest child of the radio art, CLARO-
STAT again steps in. this time with the Power
Clarostat as the ideal means of speed control for
the motor-driven scanning disk.  Nothing shorl

for split and balanced re-
sistance requirements,

and the Table Type

Clarostat for re-

sistance in ae-

cessory farm.

of this micrometrie speed control will provide elear
images. Other types of Clarosiat serve for the delicate
short-wave receiver, the distortionless amplifier and other
ision equipment, al the transmitting

components of the telev
as well as ihe reeeiving end.

= = =

WRI I F for our techuical data balletin, issued every go often, which deals wi.h
V]

resistance problems and their solution.  Your name will gladly be
placed on our mailing list.  Algo, do not hesitate to place vour speciz! problems before

us.  Helping golve vour resistance problems is our main aim in life.

AMERICAN MECHANICAL LABORATORIES, INC.
Specialists in Variable Resistors

285-7 North Sixth st 1§ y & §& Brooklyn, N. Y.

CLAROSTAT

Rea. U. 8, P.t. Oft
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ORMICA has perhaps the largest
facilities in the country for
punching parts for its customers.

Quick delivery is always possible from the
Formica factory on such parts in quantity.

Formica punching stock is available from
whichuserswhohave theirownfabricating
equipment can sheer and punch parts cold
.. up to 3/32 of an inch thick. This stock
is available in black, brown and natural.

THE FORMICA INSULATION CO.
4638 Spring Grove Avenue
CINCINNATI, OHIO

www americanradiohietorv com
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Editorial

ELEVINSION ix steadily gaining ground in the publice
mind.  Reams of publicity and hwman-interest ma-
terial are released each month 1o be digested eagerly
by the man on the street who has become ensanoured
with =cientifie progress.
Television is a4 pretty name, easily rolled off the tongue.
Asx a subject it is readily gossiped about by those who do
not have to worry their grey matter over its development.

Television represents something more than a mere machine
to the man on the street. Being akin to his most cherished
drean of transporting himself through space to any distaut
peint in less tinte than it takes to tell it the subject naturally
stimulates his imagination and partially satisfies his realiza-
tion of a mental Utopin.  Obviousty thett, he aceepts it with
open heart and open mind.

Through a condition which will always prevail, the man on
the street has again <et a new responsibility on the engineer-
ing minds,  Should we blame the publicity man, the promoter
and the over-enthusiastic for letting the cat out of the bag at
a ver) indisereet moment? Certainly not. Television ig an ac-
complished fact, Many of us have witnessed very convincing
demonstrations “in the laboratory,” so to speak.

“1n the laboratory” we have seen the remarkable, Out of
the laboratory the vision fades to a mere =hadow and we
observe the act of advertising eggs to the publie with no fresh
cggs to sell,  The best that can be supplied are the eggs of
yesterday and they simply will not hatch.

Television must come out of the laboratory. This cannot be
w0 enxily acconplished by throwing the responsibility on the
shoulders of the eminent research enginecrs, Time has dis-
played the interesting fact that the majority of the original
inventions spring from the minds of individual investigators
and not from grouped mentalities in rescarch laboratories.
The latter very seldom demonstrate originality, The re-
scearcll laboratory is a highly and specifically trained force
and is operated for the purpose of improving on the existing.
The individual laboratory works under no such handicaps.

At any rate, Television is an open field. a new Klondike
where anyvone may prospecet and hope for returns, The prize
ix well worth the effort and the prize may fall in the lap of
the boy in the attic workshop or the engineer working in his
own laboratory.

We are confident that something will evolve from the raw
materinl at hand and that Television will be a practical ae-
complishment in much less time than predicted.

Rapto EXGINEERING is anxious to stimulate research work
atong these lines,  1lowever, the editorial staff is not of the
opinion that the dressing up of old editorial material will serve
in a constructive way. Ranio EXGINEERING attempts to reflect
the engineering and industrial thought which cannot be ac-
climated to visionary smoke clouds and therefore must offer
material of substance.

P'rogress is being made in the development of Television
systems.  As yet there is little to offer. but we are confident
that Ramo EXGINEERING will be in a position to present con-
structive material in the very near future,

M. L. MUHLEMAN. Editor,
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JADIO manufacturers more
2@ than any other class depend
"'-';r on research, testing and
(:\pernmcntatmn in their
If you have a problem in-

business.
volving metal, let Scovill help you.
A group of consulting engineers 1s
always at vour disposal and is capable
of assisting you in production diffi-

culties. Back of these men stands the
Scovill organization with its manu-

facturing floor space of over three
and one-half million square feet, its
complete brass making and rolling
mill facilities—in all a plant occu-
pyving over 150 buildings. Scovill is
cquipped to manufacture in almost
unlimited quantities parts or com-
pleted articles in metal, such as

condensers, condenser parts, metal
stampings, screw machine parts,

switches, etc.

Scovill means SERVICE to all who require parts or fin-
ished products of metal. Great factories equipped with the
last word in laboratories, and modern machinery manned

by skilled workmen, are at your disposal.

'Phone the

nearest Scovill office.

COVILL

MANUFACTURING COMPANY - - Waterbury, Connecticut

NEW YORK — CHICAGO — BOSTON — SAN FRANCISCO
DETROIT — PHILADELPHIA — LOS ANGELES — ATLANTA
PROVIDENCE — CLEVELAND — CINCINNATI
IN EUROPE — THE HAGUE, HOLLAND

Member, Copper and Brass Research Association
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Where the race
of competition 1s keen,
Durez helps to get there first

IN THE close competition of the radio
field Durez offers truly remarkable
production economies which no manu-
facturer can afford to overlook.

The Mack Molding Company, Little
Falls, New Jersey, can bear witness
to that truth. They make charger cov-
ers and other radio parts with Durez.

Durez parts come from the mold in
finished form. One single operation—
that’s all. No tooling. No bufhng or
polishing, No costly finishing work.
Durez molds quickly and faithfully
into the most intricate design. It comes
out hard as flint and with the lustre
of burnished cbony. And—a tool has
not touched it!

The quick fusing and hardening
properties of Durez assure rapid and
economic production. It has high me-
chanical and diclectrie strength. It is
ideally suited to the manufacture of
durable, colorful radio panels, bases,
dials, covers, binding posts and other
parts. Indeed, many manufacturers,
in many lines, tell us that Durez is the
most satisfactory molding compound
they have ever used.

Let us aid you in determining the
most desirable application of Durez in
vour manufacturing processes. QOur
laboratory and the services of our engi-
neers are at your disposal at all times.

General Plasties, Incorporated,
64 Walck Road, North Tonawanda,
N.Y. Also New York City, Chicago,

San Francisco.

Send for free copy
of this
interesting booklet,
“Do it with Dures”

It tells the complete story
of this wonderful plastie.
Shows how it may he eco-
nomically adapted to meet
the most exacting needs; and
the beautiful color effects
(plain, mottled or striated)
which may be attained. Pro-
fusely illustrated in full
colors,

wwWw americanradiohistorvy com
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REPRODUCER
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The radio public buys what comes out af the speaker!

They know nothing ahout the genius that de-
signed the circuit-

Or the expert hand that built the chassis.

They have only one way to judge
they hear!

that's by what

And the radio speaker is the neck of the bottle.

It is a law of physics that water neverrises higher
than its source. And radio quality is never better
than the speaker thatdeliversit tothelistener’s car.

I F you have a better radio sct than you
had last scason
designing ability to put in Peerless Built-In
Reproducertodeliverthatbetter quality,safe
and unimpaired to the purchaser’s radio ear.

you owe it to your own

UNITED RADIO

shage

using ¢
the cabinet, it
Construc

CORPORATION,

Page 5
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A FRANK TALK WITH
RADIO ENGINEERS...

BY A, T. HAUGH

Vice-Fresident, United Radio Corporation

Rochester, New York

The Pecrless Built-In is the little brother
of the Gothic Peerless Reproducer that last
scason proved to be the fastese selling in-
dependent speaker in the United States.

This Pecerless Built-In is built the same
sturdy way as the Peerless Gothic. Irdclivers
thesameunrivalled tone,stands the samevol-
ume, has the same frequency range, and the
same high cfficiency factor atall frequencies.
In brief, the Peerless Built-In Unit is the
Gothic Peerless in a rectangular cabinet.

Of course, Peerless is not the world’s
cheapest speaker. You can not get Peerless
Quality unless you build it into the Repro-
ducer. And quality costs more than shoddy

in clothes or speakers. So post your pur-
chasing agent that it may cost a few pennies
more to get a Built-In Peerless Reprodueer
than some nameless substitute!

Buc

If you have a better radio, your set de-
serves a Peerless Reproducer. Plan on it
and then insist on getting it!

A Pecrless man will gladly call with ¢n-
ginecring details. Or we will mail informa-
tion—asa preliminary step. You're welcome
to either.

ROCHESTER, NEW YORK

UR-132
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Worth while profits for you in this |
yvear 'round seller— -

W hen vou sell a Samson “Pam® Amplifier you can usually sell tubes, phono-

} graph pick-up and turn-table, microphone, radio set, loud speakers or head
N sets and wiring for installation,

"

H. Type “IPAM” 17 i

B Type “LPAM” 16 is e and lllpp‘lle:

s\ for  all  ordinary tield current to dy

H Ly pes nf loud namic typa speak-

@ speakers. B

&Y

A self contained, rugged, all electric two stage audio amplifier, with the
famous Symphonic and Symphonic Push Pull Transformers, uses the new AC
tubes and operates from 110 volt 50-60 cycle AC current.  Compensation is
made for line voltage variation. Designed to meet Underwriters” and AIEE
Standards, and made for either dynamic or ordinary type loud speakers as
specified.  List Price $125 without tubes.

Wide variety of uses make the Samson “Pam’ Amplifier a universal all year
o ready seller for:

;\\%\u;

N Electrification of Phonographs. Beauty Parlors, Shops, ctc.

N \ = g 3

\\\\\\ Quality Power Amplifier for Home Enter-  Sound Detecting Systems.

\‘\\\; fainment. Dance Music in Tea Roowms, Dancing Schools,
' g NPTV o} i i, i B .
N\ Amnouncement Awmplifier, lul]/:c'andj rivale  pyouce Halls, Resiawrants, Cabarets, ete
i\ Institutions, Incidental Music in Theatres, . il [

N Lodges, etc. Roadside Stands, Filling Stations, etc
§\\\\\ Distribution of Radio Programs to Apart-  Athletic Coutests, Races, Fairs, ctc
\si\\° ments, Hotel and IHospitul Rooms, etc.

N\ |

N

\\\\\§ Samson ABC Eliminator, Type ABC-71

PN 2 3 . -

\3\\\ supplies raw \C filament current from 103, 110,

N 113, 120 volt 50-60-cycle power source to tive 226,

.

two 227 and two 171 tvpe tubes. Also supplies 13
voltages as follows: 30 to 75 volts variable and

90, 135, 180 fixed. C voltages supplied are —+414,
—9, and —40. This is practically a constant voli-

M age eliminator, and it has a total capacity of 70 mils.
N Tubes required—one UN280 and one UNS74.

"+ Samson Electric Co.

7,
Y
7

A,

X¥\§ Manufacturers since 1882

k\§ Factories

Q\ General Offices Canton and

)\\§\! Canton, Mass. Watertown, Mass. i
{ - S CRERPOR
H \(&, AR R R IR AR I I RN TR AR »
.. &&\ ‘\\\\k\ \\\\\"’\\\\\ M N LS b
e e e e e
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EVERY FACILITY
FOR EXPERT RESEARCH

HE Research and Development Laboratory of Automatic Electric

I Inc., manufacturers of Strowger Automatic condensers, is one of

the most completely equipped of its kind in the world. The use

of its many sensitive and complex instruments enables the development

engineers to know exactly rather than to guess what occurs in any
electrical circuit at any time.

The design and manufacture of satisfactory condensers for radio purposes
is dependent upon such exact scientific knowledge. The reliability and
efficiency which have become synonymous with the name Strowger in
automatic telephony, are incorporated toa like extent in the line of filter,
by pass and high voltage condensers now available to the radio trade.
The company’s research facilities are always at the disposal of any inter-
ested parties requiring condensers of special design for special purposes.

[See that your radio set is equipped]

with Strowger Automatic condensers

o T

CHICAGO, U. S. A.
REPRESENTING

— STROWGER@EAUTOMATI"
CONDENSERS

4

I i A A A LA

T AvomsicEieee e FAATTT
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There is an
ELKON Dry
Rectifier for
Yo problem

No matter what the problem
of rectification, Elkon has or
can build a rectifier for vour
individual problem.

There are sixteen standard
rectifiers covering a wide
range of voltages and current
carrying ecapacities.

An engincer will appreciate
the inherent quality of Elkon
rectifiers as soon as he looks
at one—and they are as effi-
cient as they look. The self- v
healing feature, exclusive | " TBL
with Elkon, is but one guar- -‘;‘3

antee of their long life. Send “so
your specifications for a sam- A

ple which will answer vour
problem.

il

e
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SHAKEPROOF Locking Terminals Stay Locked!

Radio Manufacturing who use Shakeproof Lock
ing Terminals know that their sets are going to
stay "O.K.”" in service, regardless of the strain and
vibration in shipping or handling.

It is the exclusive multiple locking. twisted tooth
construction that is responsible for this rapidlv
growing preference for Shakeproof—together wirth
the fact that these locking terminals simplif

assembly and make neater work.

A LOCK WASHER AND LUG
TERMINAL IN ONE!

—ecliminating one assembly

Test Shakeproof in your own assembly work and
prove for yourself the saving possible in both

MULTIPLE LOCKING time and material by using this modern locking
SPREADPROOF terminal.  Just mention the styles desired and
TANGLEPROOF your samples will reach you by return mail.

SHAKEPROOF’S “Two in One” Locking Terminals.....(Type 20)

.

2006 2008 2010 20061 20062 | 20064 | 20066 | 20067 | 20082 | 20102

SHAKEPROOF LOCK WASHERS

In Sizes for Radio Work

»  Shakeproof Lock Washers in Types 11 and 12 arc a standard assembly
item with many of the leading Radio Manufacturers of the country, and
provide the same multiple locking features found in the Type 20 Locking
Terminals. Furnished in steel or phosphorbronze in sizes for No. 4, No. 6,

Type 11...External No. 8 or No. 10 screws. (Also in steel in sizes up to 1% inches).

Be Sure to mail this Coupon

| FREE SHOP TEST SAMPLES |
For your TEST SavpLes EF

{Please specify stock numbers)

Shakeproof Lock Washer Company

i 2509 North Keeler Ave., Chicago, Illinois

SHAKEPROOF

LOCK WASHER COMPANY

{Disision lilinois Tool Works)

2509 NorTH KEELER AVENUE » CHICAGO

Please send me samples of your Locking Terminals and Lock
Washers as follows:—

LockINGTERMINAL
Lock WASHERS (sizes)
Firym NAME By —

City & SrATE — — ~Trr

wwWwW americanradiohistorvy com
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THORDARSON

R-300

AUDIO TRANSFORMER

A superior audio transformer that will
satisfy the most critical musical ear. The
high impedance windings of the R -300
are wound on a core of D-X Metal, a re-
cent development of the Thordarson lab-
oratory. This new core material has an
exceedingly high A.C. permeability, and
an inductance that is 509, greater than
that of the highest grade silicon steel
In performance, this transformer re-
sponds exceptionally well to the lower
frequencies and provides the same de-
gree amplification to the diapason of the
grand organ as to the note of the flute.
Ratio 3:1. Dimensions, 215" x 214" x 3”
high. Weight, 2 tbs. Price, $8.00.

Radio Eiagines

‘Better Radio

Watch dogs of tone quality safeguarding the musical
reproduction of broadcast programs, Thordarson
Audio Transformers do their part in making real
musical instruments of hundreds of thousands of re-
ceiving sets annually.

Among leading set manufacturers, Thordarson trans-
formers have long been recognized for their fidelity of
reproduction. Today their use is so universal that it is
difficult to find a dealer who does not sell at least one
make of receiver so equipped.

Try this simple experiment. Ask your dealer for a
demonstration of his receivers. Pick out the instru-
ment with the most natural reproduction, and then
look inside the cabinet. You will find, in the majority
of cases, Thordarson amplifying and power supply
transformers.

You will realize that it is wise to specify Thordarson
amplification when buying your receiver, for the
manufacturer who is far-seeing enough to equip his
sets with Thordarson transformers, may be depended
upon to have the balance of his instrument in keeping

with this high standard.

THORDARSON

RADIO TRANSFORMERS
me

Supre™s

musical performance

THORDARSON ELEC’I’ RIC MANUFACTURING CO.

nsformer Specialists Since

‘%LDS OLDESI AND LARGEST EXCLUSIVE TRANSFORMER MAKERS

luron and Kingsbury Streets

— Chicago.lil.USA

www americanradiohistorv com
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TEMPLE

TEMPLE SPEAKERS

Acknowledged by the Trade for Their
Tonal Beauty

AGAIN Temple engineering has set another standard.
Again has Temple leadership in reproducer design been
acknowledged by the trade from one end of the country to
the other—by the men who merchandise your products. The
Temple exhibit at the recent R. M. A. Show was easily one
of the “high-spots” of the convention. 3,000 of the country’s
leading buyers—men who recognize and demand the finest
in reproducer quality and workmanship—registered at the
Temple exhibit—and bought. “Temple” was the talk of al-
most every gathering.

Temple speakers are available in two types—the famous
Temple Air Column and the new and sensational Temple Air
Chrome. Both are outstanding for their faithful reproduc-
tion, response to all frequencies and ability for handling

U. § Pats. Pend tremendous volume without distortion. They may be had in
Model 150 a variety of models that will meet every dimension and
Air Column Speaker cabinet requirement for size.

(Manufacturers Type)

Air Column Models

Model 130—The circular type has a center line air column length of
60”. This is a correct mathematical exponential design making tor
maximum response and true brillianey in the entire audible range.
11" diameter, 71" deep and weighs but 622 Ibs. withoat unit.

Model 180—The larger cireular model.  Similar in design 1o Model 150,

] : ——r ol
but larger. It has a center line air column length of 737, is 18”7 in
diameter, 11167 deep and weighs 36 1hs.

Air Chrome Models

Model Z—A small rectangular model.  Wonderful in tone—small in
size.  Size 9337 x 217, depth 537, Weight 11 bs,

Model R—A small rectangular model.  Size 97 x 217, Weight 114 Ibs.

Model S—A small rectangular model.  Size 934”7 x 18337, Weight 1 Ibs.

Model F—The oblong model.  May be installed either in an, upright
| position or horizontally.  Size 187 x 237, depth 8127, weight 8227 Ihs.

Model K—The small square model—Dbut a little Giant in performance.
The straight lines make for simple and casy installation.  Size 117 x

; e 117, depth 77, weight 814 1hs.

17 S0 Put. Nu. L

Maodel K
Air Chrome Speaker

(Manufacturers Type) TEMPLE, InC.

1933 S. Western Ave., Chicago, U. S. A.

AAAAAAAAA Leaveas in Soeaxcr Desicn NNNNNNNNNRR

Write for complete information.
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Now ;/um/ab/e +o Set an
Cabinet _} lanufacturers

WE all know that tone is all important this }t
year. You are vitally interested in the tone
performance of your set. The speaker you use in ‘
your consoles can make a tremendous difference in
your set’s tone efficiency.

Matched to Your Output

It would be ridiculous for us to claim that the standard Air-
Chrome will operate with the same efficiency on every set.

The standard Air -Chrome speaker favors no band of fre-
quencies. Low, intermediate and high are all reproduced with
the same relative intensity—so that the Standard Air-Chrome
will reproduce naturally cverything the audio amplifier gives it.

Some sets, however favor the lower frequencies, some the
higher. We are able to match the output of your set exactly, by {
building up the high or low frequencies, asthe occasion demands.

The Custom-Built Air-Chrome

The Air-Chrome Speakers for set manufacturers are made in
3 standard sizes as shown above, 24”7 x 24”7, 18" x 23”7, 14" x 14”. i
these will fit most of the cabinets.

On account of the construction we can build any special i
size where the quantities warrant.

Test the Air-Chrome in Your Own Laboratory

The only way to te!l whether you want to use the Air-Chrome
on your set is totry it. Try to make it chatter—demonstrate it
against any speaker—if you find that some frequencies are
over-emphasized, remember that we can give you exactly
what you war.t. The tone of the Air-Chrome is uneffected by
atmospheric changes.

Send the coupon or write us today for complete information.

AIR-CHROME STUDIOS, INC. !

161 Coit Street, Irvington, N. J.
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Faithfully reproducing every note in the

register — from the lowest to the high-

est — with all the acci-

dentals. Any instrument
any volume.

. COILS for the NEW
| Dymamfi@ Sp@@lk@m

Again Dudlo keeps pace with Radio development
in meeting the demand for special coils required by
this latest trend in speakers.

4 All wound to give that wonderful clarity of tone
characteristic of Dynamic type units.

Transformer Coils—Field Coils—Choke Coils

Superior insulation of Dudlo wire. highly skilled operators
on the winding machines, trained engineers who are coil
specialists, tremendous stocks and facilities—all contribute
to make this the industry’s headquarters for these new coils.

Lo

DUDLO MANUFACTURING COMPANY, FORT WAYNE, INDIANA

56 EARLST. 160 N.LA SALLEST. Division of 274 BRANNAN ST. 4143 BINGHAM AVE.
NEWARK, N. J. CHICAGO, ILL. THE GENERAL CABLE CORPORATION SAN FRANCISCO, CAL. S§T. LOUIS, MO.
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www.americanradiohistory.com

Rudio Ewgincering, Jutp, 1928

Page 15

Application of the Four-Electrode
Receiving Tube

A Discussion of the Uses of the UN-222 as a Screen-Grid Tube

By Alan C. Rockwood and B. J. Thompson

PART 1

HE  latest receiving  tube  of
unigue elaracter o appear on

the market in this country is

the  Radiotron  UN-222 (Cun-
ningham CXN-322), 1t is the purpose
of this article to dixcuss the theory,
risties, and uses of thisx tube.

i a two-grid tube de-
primarily  ax a  sereen-grid
use in

signed
amplitier. but it is suitable for
moxt of the other applications of two-
grid four-clectrode tubes

Fig. 1 shows the UNX-222 in it= vari-
ons stages of construction.  In out-
ward appearance it differs little from
ordinary three-clectrode tubes, having
a standard UN-hase and the same balb
as the UN-201-\, except for the addi-
tion of a metal cap at the top of the
bulb,  Fig. 2 is a sectional diagram
showing the arrangement of the ele-
LElee-

Laboratory, General

* Regcureh
tric Co,

From a paper delicercd hefore the Radio
Club of America, Februacy &, 1028,

ments, CFhere isoa =teatght filinnent,
surroitided by cogese mesh grid othe
controb gridy which is supported from
the glasx bead only and ix connected
to the enp at the top of the bulh.
Around this grid is another orid ot
fine me=h supported hoth from the head
and stem. At the upper end of this
erid ix o metal disk conneeted to it
and extending out over the top of the
plate. The plate, which is considerably
larger than the second grid, surronnds
it and ix supported from the stem
onty.  Around the plate is a cage-tike
extension of the disk reaching helow
the hottom of the plate. The second
grid connects to the regular grid pin
of the UX base, the plate heing con-
nected in the nsual way. The filament
ix of thorvinted tungsten with a rating
of 0.132 amperes at 325 volts——the same
as the UN-120.

The principal uses of the UX-222 are
ax a sereen-grid tube and ax a space-
charge-grid tube. These two uses will
e diseussed separately.

s a Sereen-Grid Tube

serecn-grid pubes were tirst investi-
cated by Schottky iu Germany  and
luter developed into a more generally
ns=eful form by br. A0 W, Hnll of the
General  Blectrie Company  Research
lLaboratory. The UN-222 is a develop-
ment of Dr, Hulls tubes into a com-
mereintty practicable form,

In any radio-frequency  amplifier
u=ing tuned plate and grid civenits the
problem of oseillation due to feed-hack
ot energy from the plate civeuit to the
wrid cireuit is one of fondamental im-
portinee.  When all external sources
of  feed-baek  have  been  eliminated
there  =till  rewmains  the  plate-grid
capueity of the amplifier tube,  In the
past  there have lheen two  general
nethads of preventing oseitlation due
to this capacity- method,
and the “neutralization”™ method,  In
the former, sullicient lossex are intro-
dueed  into the eirenit to Keep the
amplification down to a safe value,
while in the latter. the feed-back due

the “losser™

Fig. 1. A number of views of the U.X, 222 four element tube
special shield is shown in the last view.
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to the internal capacity of the tube is
balanced by a feedback of equal mag-
nitude. but opposite in phase. intro-
duced outside the tube. Stability with
the UX-222 as a screen-grid tube is
obtained by eliminating the feed-back
capacity.

This elimination of plate-grid
capacity may be understood better by
reference to the following example.
Between any two purallel plates (see
“AT Figo 3y there exists a capacity
which may be measured by the alter-

CONTROL GRID LEAD
CONTROL GRID

SUPPORT ... « )
CONTROL =i
GRID -
™
* BEAD
FILAMENT . suBERr
LAMENT
SSS,EDEN o LEAD
OUTER PLATE
CAGE

FIG.2

Hlustrating the arrangement of the
four elements in the UX-222 tube.

nating eurrent which flows (in Fig. 3)
through the ammeter A" for some
alternating veltage =V at any definite
frequencey.  1f another plate is placed
between the two and conneeted as in
"B Fig, 3. the effect is now of two
condensers in =eries. but the capacity
between ¢ and » is shorted out of the
cirenit and the current indicated by
the ammeter drops to zero, and we
may say that the effective capacity

Radio Engineering, July, 1928

T T —
" | B R
L
1 - D T - ‘[ 4+
z - F 4t
Nustrating how 2 T T T -
voltage amplifi- 5:(‘ B! r
cation varies ~
with internat = ] 1.
plate resistance, = T +—t—+ T
the mutual con- & |
ductance re- s 1 i
maining con- T
stant for the —t
UX-222, assum- w 4 {
ing a load re- ! - I I+ : + -
sistance of 100,- <« |
000 ohms. "5,- ¥ 1 '“T b+ 4 - 1 e 4t
1t + t T - 1 t
> 1 - {4 1) - !
i T 1] { T I | [
200,000 400000 600000 800,000 1.000.000

INTERNAL PLATE RESISTANCE - OHMS

between me and u has heen redueed to
zero by the addition of the plate o
connected as shown. It may be said
thut n is shiclded, or screened. from
m by o.

In the UX-222 this method of reduc-
ing the eapacity between plate and
grid is employed.  Sinee it is obviously
imposxible to place a solid sheet of
metal between the grid and plate with-
out preventing the flow of plate cwrrent,
i grid-like sercen, consisting of many
turns of fine wire. isx used. This is
practically as effeetive in reducing
capacity ax a solid sheet. The plate-
arid capacity is not affected by the in-
troduction of a bias voltage since the
sereen is still grounded as regards an
impressed a.c. =ignal. In addition to
the screen directly between plate and
wrid. the outer surface amd the ends of
the plate are screencd from the con-
trol grid and its lead. To make this
possible,  the  control  grid  lead is
brought out of the top of the bulb.
No effective ix thisx screening that the

Fig. 4. Some of the tubes which were constructed in the evoiution of the
X-222 shown at the right.

www americanradiohistorvy com
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direct plate-grid capacity in the UN-
222 is only 0.02 nunfd. compared to S
nmfd. in the UNX-201-A,

Fig. 4 ix of interest in showing some
stages  of  the  development of  the
. The tube of Hull's at the left
hias a disk over the top of the plate
which extends to the walts of the bulb,
permitting a continnous shield, exeept
for the thickness of the glass, both in-
side and outside the bulb. The next
three developmental tubes show vary-

. ml In
—- ::.'L
[
v N A
l,l
.A-
S

-B-
FiG.3

Diagrams which illustrate the
elimination of plate-grid capacity.

ing amounts of screening outside the
plate, the xecond tube having no out-
side screening, the third only a small
strip shiclding the leads in the bead.
and the fourth having a complete disk
very similar to the Jlull tube. except
that it was intended to be u=ed in a
pear-shaped bulb. The last tube to the
right is the tinal form. the UX-222,
showing the top disk made smaller in
diameter and extended down as a cage
around the plate.

The introduction of the screen
causes interesting and important dif-
ferences between the characteristices of
the UX-222 and those of a three-elec-
trode tube. For the most generally
useful condition when the plate is at
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current. and consequently the plate
resistunce (Aee/Odr) is very high.
With voltages on the plate less than
that of the sereen varions secondary
cmission  effeets may  exist,  Such
characteristies do not affect the prac-
tical operation of thix tube.

The desirability of high plate rvesis-
tance in a screen-grid tube is to be

n
(=]

o

53
g
o

o
[2)

PLATE AND SCREEN GRID CURRENTS-MILLIAMPS
&

-1 -6 5 4 -3 -2 -1 0
CONTROL GRID VOLTAGE
FIG.6

The mutual characteristics of the
UX-222 tube taken at 45 volts on
the screen grid.

5

PLATE AND SCREEN GRID CURRENTS-MILLIAMPS

1 | [
a  higlher potential than the screen 0 50 100 150
these  differences may easily be ex- PLATE VOLTAGE
plained.  The voltage of the plate has FIG.7

very little effect on the space within
the sereen because of the shielding
effect of the screen. Thus, with a posi-
tive voltage on the screen, the sereen
attracts the electrons from the tilament

The plate characteristics of the
four-electrode tube at 45 volts on
the screen grid.
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The plate voltage characteristics
of the UX-222 with a screen grid
voltage of 22.5.

where Av ix the voltage mmplification.
u the amplification factor of the tube,
re the internal plate resistance of the
tube, and Re the resistance of the loal
cireunit,  This expression may be rve-
written:

gm e Re
A==
re + Rte

exactly as does the plate in a three- SR HERET t!x‘e (‘.xlmls'\'i”" iR i
electrade tube. These electrons travel voltage ""ll’lm‘(‘mlt‘"l of a4 vacuum  where gn ix the mutual conduetance of
to the xereen with relatively high vel- tube and load cirenit : the tube. In a three-electrode tube it
ocitios and nost of them pass through u Re is impossible to increase re without
the spaces between the wires of the A= - lowering g=, so that it is undesirable
sereen. M the plate isx at a higher re + R to have a valne of rv above a certain
voltage than the screen these electrons
pass on to the plate and constitute
the plate currcnt. It may be said that 400 - |2.000.000
the sereen attricts the electrons and s i
the plate merely acts as an accumu- . ]
) 1.500.000
lator of them after they have passed 21'{1)300 'L‘_JLZ,
through the sereen. Changes in plate S ‘ e
voltage have little effect on the plate '55200 1'000'0006'3
=5 -
a Eb=135V, w
1 = v $00.000
s 001 "Ecp - 45V. «
© 0
0 ! | 1 |
14 o 6 5 -4 -3 -2 -1 0
2 CONTROL-GRID VOLTAGE
j The nine char- o T
s acteristic curves 600 -13.000,000 )
4 on the right il- ' + [¥]
‘;) Iustirattl.e t Pt: —'3 ) o o“Z
variation wi b 12.000.
% s:“r:a' \10!!392: ’5_‘2(400 ECt=-1.5V. e E%
of the plate re- [ N . |
<3 sistance, the 20O Eb= 135V. a—
g3 mutual conduc- 28200 I 1.000,000 o
(3] tance and 4 i N a [ 4
o the amplifica- S o L i ! 0
@ tion factor of 0 10 20 30 40 50 60 70 80
G, LheftiX a2 SCREEN-GRID VOLTAGE
z -
w |
2400} 1- + -4 2 T 800.000
g b3 0- Ecr;-tl.SV. ! oML ; |
. - T w
o 2u 300 F2T YL AT . 600000 &
Z DU I fi wZ
) £z kg
w 2200 — 4 400,000 S0
1~ { [ 28 TR an
aJ ] 2 ' w
a o 10 20 30 40 50 60 7O 80 90 g 100} /1 4 200,000 «
SCREEN GRID VOLTAGE O T !
Fic.9 0 — 20 40 €0 80 100 120 140 160  ©

The plate current-screen grid vol-
tage characteristi:s of the UX-222
tube.
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e FIG.13

The objection to an

impedance-coupled amplifier of this type is that the

circuit may oscillate at some treauency below radio frequencies and amplify
other frequencies than those inténded, through common coupling.

peint depending on the value of Iire,

that the onty uninue characteristic of

Ruadio Engincering, July, 1928

voltage,  The screen charncteristic is
very similar to the plate characteristie
in a three-electrode tube,

Table No. 1 the  <tandard
operiating voltages and the constants of
the UX-222 as a sereen-grid tube.

The most general use of the U
is ax a vadio-fregnency amplitior, sinee
here its two outstanding characteris-
ties—low feed-hack eapacity and high

rives
Hives

amplitication factor—may be utilized
to best  advantage. At radio  fre-

quencies, or in any case where ampli-
fication ix desired over only a small
fregquency band, it is possible to build

upe retatively  high  impedances by
resonant ecirenits,  Fig 11 shows the

relation between lod impedance and
voltage amplification for snel resonant
cirenits ot recommnended  aperating

voltages for the T'N-2220 the UXN-240,
aud the UN-201-A.  The effeet of the
high amplitication tactor of the UX-

222 ix manifest.  This comparison is
not entirely just, however, It is cns-

tomary to use a step-up transformer

with the UN-201-\ <o tlait the gain
iy be greater than that <hown, Dupe

to the high infernal resistance of the

In the scveen-grid tube, however, an the tube is the plate characleristie, P'X-222 there is no appreciable gain
N » . ] l
nereise in plate resistance does hot The mutual characteristic ix normal. from nsing a step-up transtormer.,
result in a deer +in mmmtual con-
ductance, <o that the resnlt is an in 150 - - T T
« > in voltage amplification,  Fig. L4 | . { I
S shows how  voltage  amplitication - i —
varies with internal plate resistanee, 4 ——— L+ - -
the wuatnal conduetanes remaining con- Showing the re- Q@ ] - 1 1
5 - . fation between [ _l_
stant for the UN-222 assanning a load load impedance < 00— ————1 7
resistunee of 100,000 ohms, 1t will he  amplification for 9 1" u 1
- resonant cir- L -
secen that  at 830000 ohms e the ¢lits at recom- = f J !
voltage amplification, ix 313, while at mended operat- Q. IR
A ing voltages for = e e ——
TLO00 ol er i1 is only the UX-.222. < |
. UX-240 ang th 50—
Fig. 4 shows the mutuat chavacter- Ux:201Aan°Noti w L p |
isties of the I'X-"'."" I_:lkt-ll at '4.'. volts m:tn‘igh 1:1‘:9&2;‘ s(’) -4 t—t — b YX-240. -
o the .w'u-('-n. Fig., T gives the plate of the UX 929 b | | =—s ] N ~
characteristies  at  the  sime  sereen o ) iy S SUX-200A- | . .
voltage and Pig. S gives the siame char- > ° T I 1 !
acteristies at 2235 volts on the sereet. 100,000 200.000 300.000 400,000
Fig. 9 gives the c-cnrrent  sereens RESONANT LOAD IMPEDANCE - OHMS
voltage ¢ha <. PFig. 10 <hows FIG. 11
how plate resis 1wee, mutintt condne-
tance, ol amplitication factor vary exeept  that  the several curves  are It st not be assumed that  the
with the several voltages, spaced very closely together, shiowing  only limitation on amplitication is that
It will be seen frowm these curves the small effect of changes in plate imposed by the impedance which it is
possible to bnild up. however,  Lven
the very =mall feed-back capacity of
the I'X canses it cortain amount of
1800 regencration and  when  the load
1400 I o 1 hmpedance reaches a sufliciently high
1300 C e - value, the cireuit will nseillate, 1, as
1200 . =3 < o i.s ll.\'ll:l“_\: l-ll.(,'.,f,'n.\'(' in'(-irvuits dexigned
) % g | for the UX-222 the input and output
S oo = © circuits are both similar tuned  im-
ES 1000 © ° The retation peditnees audd it may be assiped that
w900 gﬁf:leelnoadmai::: the only feed-back is that through the
© 800 pe:anfce, Rp. plate-grid capaeity, it can be shown
an requenc N N axi N i 0
2 700 is here plotten that the maxinum load impedanee,
Z 600 aﬁ calculatled by which may be used withont oscilla-
p”q the formula at A TP - 9 B N Tad]
v 500 the right. The tion, ix given by the expression
2 simplified cir- 141 r
?: 400 cuit diagram of N : v
- the amplifier is R, =
T 300 included. . 5 s
oV 2rfe G —1.41
o 200 " ! S
[+3 - where €, ix the feed-back eapaeity in
favads and fix the frequency in eyeles
08 28 888 § 8 88 8 g ] g ) ] joer second, Fig 12 shows the relation
T e asw ro wg g €8 2§ g8 hetween naxinmm lowd impedance and
S frequency tor the UX-222 as deter-
FREQUENCY- KILOCYCLES wiined by this expression.  The cirenit
. FI1G.12 i also  shown in  <implified form.
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From thix enrve it will be scen that
at 120 K. C. a load impedance of 1.5
megolims may be nxed withont oxeilla-
tion. while at 1000 K. ¢, an impedanee
of 240,000 olinx may be uxed  with
<tability. At 200000 K. ¢ a load of
45,000 olnnx iz possible hefore oxeilla-
tion Thexe values are abont
the maximnm which it ix pos<ible to
build npr in the enstemary manner.
Thire it may be said that at any fre-
queney below 200000 K. ¢, and  with
any wrdinaey civenits, the UN-222 ywill
operate as g stable amplitier witheut
neutralization  provided  all external
sotrees of feed-lmek are eliminated,

oeenrs,

TABLLE Noo 1

15 mA
Oline
Micrombhos

Plate Current
Plate Resistunee

Mutwnl Condvetagee (g

Amplification Factor (u)

Effective G- Capa-
citanee

(Cyy) 0,025 mmfd. max.

There are threc general somrees of
feed-Imek  other than the  plate-grid
capacity whiclh must bhe kKept at o mini-

. These  are: (1) Capacitive
coupling hetween the plate and  grid
leads<, 2y induetive  or capacitive

coupling between the plate and  grid

tuned civenits, and (3 coupling due
to the impedanee of the 1B osupply.,

The first two causes nay be eliminated
Ly proper shielding,  Decanse of the
high mmulification of the T the
tmportanee of thorongh  shiclding he-
tween all parts of the grid eireuit and

the  plate cirenit cannot be  over-
stressed. 1t ix recommended that the
tuned grid civeuit be completely  en-

closed in one metal compartment. while
the tunbe and the plite cirenit are en-

closed in another. with a shielded gril
lead  exterdding throngh to the grid

The Status

Piezo Crystal Ose

N @ paper which appeared in the
May, 1925, Procecdings of the Ta-
cstitnte of Radio Engineers, page
v T Dellinger, ehief of the
radio =ection of the Burcan of Stand-
ards. <hwows that fregneney standard-
izattion of hitherto laboratory character
only has become of ftirst-rank inmpor-

tance in redneing radio interference,
The recent  International Radio Con-
ference  recognized  frequeney as the

cornerstone in the radio structiire by
devoting itx major attention to a fre-
queney allocation to provide for the or-
derly devetopment of all radio services,

Because of  inereasing use  of  all
available radio chanunels. partienlarly
thoxe tor broadeasting and the very
high frequencies. the regnivements of
frequency  measurcments are a hun-
dred  times more rigoreus than they

Page 19
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The d:fficulties experienced with the

can be eliminated by the use cf R.F, transfcrmers.
are designed to have a comparatively hiah

terminat,  Tusnlatell  wire  with  a
metallic braid or tinfoil covering may
he used for this purpose. Fhe renain-
ing difliculty. conpling throush the B

supply. is a problem only in oa case
where two or more stages of r. f,

amplification are nxed. Thix coupling
may he eliminated by <imple tilters in
the plate-<upply leads where they pass
throngh the shields,

It is of great impwrtance also that
the impedancee of the sereen-grid eir-
enit e Kept very low at the frequeney
to e amplificd, as any s<ueh hnpedance
tends to destroy the sereening effeet,
redneing the amplification and inereas-
ing the effeetive plate to grid capacity

A s<imple amplifier cirenit for bre
cast trequencies is shown in Fig

impedance-coupled ampolifier (Fiq.13)
The primary windings
impedance value.

This method of enupling may be ealled
impedance coupling, The poxszible ob-
Jjections (o this type ot conpling are
that the eirernit may oseillate at some
frequency helow radin frequencies dne
(o the coupling hetwoeen plate and grid
through the 13 snpply. as in the ease of
“motor-boating™ in a resistance-conpled
amplifier (and for the same reason)
and that the cirenit may amplify some
frequenciex other than those intended
if choke and condenser filiers are msed
in the plate leads, =ince these filters
relatively low
may e

will sonte
frequeney. ditlicnlties
Inrgely obviated by the nuse of trans-
fermer coupling, as shown in Fig, 14

resonate at

These

(To he coutinned

of Frequency Standardization

Single Frequency Band

were tive years ago. The perfection of
<tandards and measurements o the
Hecessary faecuraey regnires the most
intensive work by the Government and
by various Lirge organizations to pro-
ditee standards and instruments that
can be used to Keep radio <tations eneh
operating on its own chanuel, Thix
development has heen facilitated by a
special cooperative plan organized by
the Durcan of Standards a year ago
and invelving  the Commerce, Navy,
and  War Departments, the General
Electrie Co.. the Westinghouse Co,
Awmeriean Fetephone & Telegraph Col
Radio Corporation of  America. and
the General Radio Co.

oscillittors are available
to hold radio <tation frequencies ex-
tremely constant. For instruments of
this type equipped with  temperature

Piczo oW
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‘lators May Lead to Simultaueous Operation on a

control.  national  and  international
comparisans have shown that they are
reliable to o few parts in 100000,

Thiz brings in =ight the posxibility
of the uve of special Piezo oseillators
in broadeasting stations, which will
hold the freqiency so close that xev-
eral snel stations can ope
taneonsly withont  hetermdyne  inters
Ference on the same fregqueney. This
ix the only practical scheme so tar de-
veloped  for solving the problem of
too many broadeasting stations.

The nxe of frequency standards of
thix high aceuraey is also vital to alt
users of very high trequencies. Many
more high-frequeney channels will be-
come avaitable when all stations use
the best available frequeney standards
and keep the stations on their fre-
quencies with great acenraey.
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General Considerations in the Design of
Broadcast Amplifiers

Pertaining to Interference Level, Gain. Volume Control and the Theory
and Design of Attenuation Networks

Interference Level

N illustration of the effect of
interference is served by a
microphone-amplifier-line  com-
bination. The output encrgy

of a microphone is small, for the sound
energy actuating it is small. If this
cnergy were fed with a line, and thence
to an amplifier. trouble due to external
disturbanees would be likely to appear.
especially if the microphone lead is

over about 300 feet in length. Dis-
turbaneces appearing  in  these lead
wirex, induced from other sources,

may be of the same order of magni-
tude as the legitimate ones produced
by the microphone itself, so that it
would be impossible to obtain a pre-
dominance of the desired energy from
the microphone. IHowever. where the
energy  of the microphone can  he
amplitied. and then sent into the line
by an appropriate  matehing  trans-
former. the level of the microphoie
energy in the line will be far above
the level of the energy of the disturh-
ances appearing in the line. Under
such conditions the <ignals from the
microphone  will come through with
but a relatively =mall trace of the
disturbances. In faet. by amplifying
the  desired  energy to  a  suflicient
degree hefore transmitting the energy
over a tine in which disturbing energy
appears, the reliative level hetween the
dexired  encrgy  and  the  undesired
energy may be made so «reat that the
disturbing  energy  will not be per-
ceptible.

To prevent such interference, it is
necessary to supply o small amplifier
with a condenser micrephione.  The

By E. L- Bowles*

awmplifier is placed in the neighbor-
Lhood of the microphone. The voice
cuergy is <o small that were it trans-
witted over a long line to an amplitier
the disturbing voltages appearing in
the line would be of the same order of
nutgnitude as the desired energy from
the microphone itself.
Gain

In order that the *“gain” of an
amplitier system may be properly in-
ferpreted, it must be remembered that
usunlly it is inferred that this gain
takes place where an amplitier is work-
ing out of one impedanee and into an-
other impedance, both of which are
identical in value: that is, if gain in
either “miles of standard cable” or in
“transmission units” (abbreviated TU)
is estimated from the effective voltage
amplifiention of an amplifier, it is as-
sttmed that this amplitier is working
ont of one impedance and into another
which is identical. The voltages or
currents used in eomputing the gain
are measured in these impedances, If
4 cascade amplifier ix the subject of
the estimate, and it the ratio of any
two grid voltages is taken. from thix
ratio it ix possible to accurately esti-
mate the over-all gain if the inpnt
impedances are different. and if they
are Known, it ix also possible to com-

pute the gain, but the relationship
nsed fu this computation isx more com-

plicated.

The use of the term “gain™ in thisx
connection, with devieces where the
impedance may be one thicg where one
voltage is measured, and another thing
where another voltage i measured.
may lead to rather ridienlous results,

* Namsan Eloctrie Company cxpecially in connection with  tube
A
A ourg > OHMs
: 53,700 . E 219,000
1
,§ 48200 ® 12%,200
Q 42,000 T 69,150
33 £
& " $sa200 o) o3 39830
n 4 Fig. 1 on the left gives the g ¢
.+ 3 34,000 va?ues of a graduated re- ] 21,820
s sistor for a volun:: con:.v;‘ogl - 58 N
: h nttenuati 3
R R e B
. . 1
g 27,200 rlnas a range of oSr(‘)TUse. ;tgps E 6,805
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{00 o o5 2673
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circuits. The following relative magni-
tudes of gain and voltage amplification
are sometimes handy in estimating the
cain of a given ampliticr., Inereasing
the  voltage amplitication by one
quarter, that is, increasing it to 125%
of its original value, increases the gain
by about 2 transmission nnits, or by
slightly over “two miles” of standard
cable,  Conversely., decreasing  the
voltage amplification tv 79% of its

Fig. 3 Preferred method of connec-

tion of a volume control in a trans-

former-coupled ampllfier. The re-

sistance A-B functlong as a vol-
tage divider.

original value causes a decrease in the

zain, that is, causes a “loss™ of two
more transmission units, or 2.1 miles
of  standard cable.  In turn, if the

amplification ix reduced to 79% of
thix last value, a loss of 2 more trans-
mission units results. Again, if the
voltage amplification isx increased to
158% of its original value, the gain
will be 4 transmission units, or about
4.2 miles of standard cable. By way
of explination, it may be said that the
transmission unit of standard cable is
cquivalent to 0947 transmission unit.

Doubling the voltage amplitication
increases the gain by a little over 6
transmission units, or about 6.4 miles
of standard cable. Ilalving the volt-
age amplification witl cause a loss of
about ¢ transmission units and about
6.4 miles of standard cable, Increas-
ing the amplification to 4 times its orig-
inal value will eanse a <ain of about
127 miles of standard cable. or 12
trunsmission units. Conversely, reduc-
ing the amplification to one fourth
causes a loss of 122 transmission
units, or 12,7 miles of <tandard cable,

Volume Control

In order to construct a volume eon-
trol such that for each given number
of divisions on the control dial the
anin would be reduced by 2 transmis-
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TUBE-TO-LINE
TRANSFORIMER
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AMPLIFIER
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Fig. 5. The position of a ‘‘pad’’ between
amplifier and a

sion units, or a little over 2 miles of
standard cable, enach step representing
a reduetion of 2 transmission units
would have to represent a reduction of
79% in voltage amplification over that
of the preceding value. In other words,
if 10 units on 2t dial were to represent
a change of 2 miles in the gain, and
supposing that the total resistance of
the potentiometer is 100,000 o=, then
to reduce the gain by 2 transmission
units, the contact arm would have to
be at T9.000 ohms by the time it is
moved 10 degrees; by the time it has
moved 20 degrees, it would have to be
at the point T9% of 79000 ohms, or
about 62500 ohms,  In order to rednee
the gain 2 more transmission units, in
moving 10 degrees farther, the resist-
ance wotld have to be reduced to a
value of T0% of 623500 ohms and so
on down the seale, each time taking
T0% of the proceding value. In this
way the resistor should have a max-
innnn resistance of 100,000 ohms, and
should be graded in a definite way.

Some volume controls are arranged in
this way and are available in the mar-
ket. Their use makes the control of
an amplifier much more uniform and
convenient. since the use of this tyhe
of variation in gain makes the most
convenient perceptible unit of change
in the sensation of hearing.

It is sometimes desirable to control
the gain of an amplifier in terms of
transmission units,  For example, it
may he desirable to change the gain in
steps of 1 TU.  Again, it may he de-
sirable to change it in steps of as
mueh as 10 or 20 TU=. Figs. 1 and 2
give two graduated resistors arranged
tor this purpose. Fig. 1 gives the
various rexistor values necessary to
make up a volume control having an
attennating range of 10 TUs in steps
of 1 TU. Thus, if thisx composite re-
sistor is connected aeross the output
terminals  of the interstage trans-
former as in Fig. 3. or across the out-
1ut of an impedance as in Fig, 4. the
amplitier volume may bLe varied in
steps of 1 10 over a maximum of 10
TUs. The use of the resistor of Fig, 2
under similar eonditions will yield 10
steps of 5 TUx ench, Tt ix possible and
prictical to use one of these ealibrated
resistors across the grid and filament
of one tube of an amplifier and the
other across the suceceding tube of the
amplitier,  With such 2 combination.
the total gain or loss in TUx is equal
to the sum of the TUs, gained or lost.

LINE-TO-LINE
T}ANSFORI’IER.

'hel' tube-.to-line transformer of an
ine.

as read from the two. For example,
in Fig. 1, ax the connccting arm is
moved from point A to point 3 asx
shown, the volume has been decreased
3 TUs. Were the pointer to be moved
to 4, the gain would be 4 TUs. Sup-
posing that the pointer is left at 4, and

B+

B
c-

Fig. 4. The resistor in position for
varying the volume of an impe-
dance-coupled amplifier.

suppose that the resistor of Fig, 2 is
connected to the grid of a preceding
tube in the amplifier, if thix pointer is
moved from A to the point marked 1,
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the amplification has been reduced 10
TUs by this one volume control, 1f,
however, the pointer of Fig. 1 is at 4,
then the total reduction in TUs over
what it would be were both pointers a.
A would be 14 TU=, Thus, by means
of the two graduated resistors, it is
possible to obtain changes in gain of
as mueh as 50 TUs in steps nf 1 TU,

Figs. 3 and 4 show possible connee-
tions of the gradunted resistors of
Figs 1 and 2. In places where a trans-
former is used, it is convenient to con-
neet the pointer to the ¢ battery side
ax shown, This precludes the intro-
dueing  of .a  “hand-capacity” effect.
Fig. 4 shows a case where thix cannot
be done.  In such a =ituation it is wise
to have an insulated shaft on the
pointer so that “hand.capacity” does
not enter.

Anenuation Networks or Pads

In communication work it is often
dexirable to insert into n piece of ap-
paratus a network which will redncee
the amount of energy transtferred from
cne part of the e¢irenit to another,
Such a device, in tetephone work, often
is ealled a “pad.” PFig. 5 illustrates the
interposition of a pad between the out-
put tube-to-line transformer of an am-
plifier and a line. Such a pad may be
inserted here to cut down the encrgy
transferred to the line to a convenient
value to suppress cross-talk or simply
to reduce the level of the energy coming
down from this particular microphone
=0 that it will compare {avorably with
the level coming throngh the amplifier
at the other end of the liue from an-
other microphone, .\ pad may be de-
scribed  as  requiring  of  itself two
characteristics,  First, it most have
the proper impedanee 1o fit into the
cirenit where it ix to he used. Sec-
ondly, it must have the power to re-

1 B
T & i
4
Z—’ 4
A f
:}_ 5

LOSS IN T.U.= 10 LOG 3\9}&
Z

=20 LoG Y-
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2

AND B, = 2

P
-1

2=Vzr 1+ { BT

Vo_ I¢ _ _ 2
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OHMS3 i

= 1200X2,06 o
EXTEE] ic 623 OHMS
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2ige = 422 OHMS.

Fig. 6-A is fa T network and Fig. 6-B is an ““H’’ network.

The constants

of the pads are calcutated from the formulae included.
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duee the energy to the required level

In looking to the lett into the see-
owdary terminals, that is, terminals 1
and 6 of the amnplitier of iz, 5, the
appirent impedanee, assuming an ideal
tube-to-line. witl he 600 olans,  That is,
cleetricatly it will he as it 1here is a
GO-olim pure resixtanee connected he-
tween the terminals 1 oand 6. Under
sueh conditions, the impedance Z, look-
ing towards the right into the pad, he-
tween the terminals 1 and 6, <honld
likewixe he GO0 ohms, In the same
way, looking into the primary of the
seeowd transformer to the right of ter-
minals 5 and 4. an impedinee of GO
ohmx= will he =een in this direction,

Therefore, the impedanee looking to-
ward the left of terminals 3 and 4
sliould he GO olis, Fhins, tnder loceal
cowditions, the impedanees are equal in
cach diteetion,  In other words, look-
ing to the right from terminals 3 and
4. one should measure an impedanee of
G0 ohns. Likewise, looking to the
right of terminals 1 and G one <honld
measure an impedanee of 600 oluns;
or, again looking toward the left from
terminals 1 and 6, one <honld measuare
an impedance of G600 obms, Looking
toward the left from terminats 3 and
4. one <hould measure an impedance
of 600 olins<, It follows that the pad
must he made np of a partientar cont-
hination of resistors in order that it
shall have the e ry charactoris-
ties to it into this electrical network.

Pad Design

Axsnming that a given transformer
ix connected to its load, then lot us zee
what the procedire ix to desizn a pad
to o with this transtormer in order to
obtain a given attenuatior or reduction
in the energy tevel of the ¢lectrieal ddis-
tnrhance which ix heing transmitted,
In Fig. 50 in loeoking to the right into
the primary ot the teansformer con-
pling the line to the 1. a certain im-
pedance 7 is observed, That ix, it the
pad ix dizconnected from the terminals
Aoand 4, and if an eleetrieal measire-
ment ix made of the impedance tooking
into the primary of this transformer
coupled  to the line, o GOD-ohm  im-
pedance will be measnred, Iu partic-
ulare, it the transtormer is very nearly
perfect for the fregquency considered,
the impedanee will stppear to be a pure
resiztance of 60 ohms,  In order that
a pad owith any desired  attenunation
whatever <hall he appropriate to he
nsed in connection with this trans-
former, it will be necessary that the

A B
 Snd C
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Fig. 7 (left) shows a practical use of the “T" network. where one side of

the transformer is grounded.

When the mid-points of the windings are

grounded, as in Fig. 8, an “H’ network is preferable.

combination of the resistors nsed o
its construetion shall hear the interre-
lation X=10Z=2X,, X,=3%. With no
turther requirement, it can be soen that
varions combinations of L, and L. and
7 are rvepresented in their appropriate
positions in Fig, 6-A o -3 The elee-
teal characteristies of (iese wo fig-
ures ax wxed from the input and output
termimls are identieal, i, G-\ cor-
respotds in appearanee with the pand

Z£=200 | Z=600
Tufwer| p | & | 2| £ &
1| .05]1.12 | 226 | 1760 €1.95] 5280
2 | 40126 | 460 858 | 138 [ 2575
5 | 45 (141 680] 571 | 204 [ 1714
4| 20158 | 099 | 422 | 2699 1266
5 25 | 478 ﬁiﬂi 328 | 336.5 986
(o] 50 | 846 | 200.5| 406| 624 | 422
20 [ 10 [10.0 | 327 | 40.4 982 | 1214
30 1.5 |00 [ 360 [13.5] 1140 | 405
40 | 20 |200.0| 396 | 2.0 | 1180 | 6.0
50 | 25 (316 | 400 | 1274 1200 L.BZ_Z_
75 | 375 | se20| 400 | amz| 1200 243
100 | 5.0 {10900 400 | 0.004] 1200[ 0.012
Fig. 9. Table for use in the cal-

culation of the constants of a pad.

Fig, 6-1% is identieal eleetri-
cally, but the parts of the resistance
in the clements Eoand D have been
added to those of A and B Ay cur-
rentx paxxing throuvgh the arm 13 to the
load must return throuzh the arm 1.
Electrieally it ix a question whether
all the resistance is in tie arm 13 or
whether a part of it ix in B and a half

in Fig, 1.

in Iy, The same argnment applies to
clements A amd F. Fig, 6-A ay be
called a T network, and  Fig, 6-13

may be called an “I" network.
In some caxex it ix practical to use

3 -1 Z
+ 7 e % 3 L i 2 L
312 312 156 156
OHMS otiris oHris ORIMS
Z—~ 4zz0HMs v e 422 OHIMS ——E
6coOHIs 6000HMS 600 HMS_  F 6000
LY E
k3 4
© 5 4 [ 156 5 156 %

10 T.{L. LOSS.
A

10 T.U. LOSS.
B B._

In Figs. 10.A and -B the values of the various resistances are given for
the example quoted in the accompanying text
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a T network as in Fiz 7. where the
transtormers are grounded on one side
of the winding: and in other eaxes it ix
best to nse the areaugement in Fig, S,
where the center poing in the trans-
former windings ix grounded. It will
Lo noticed that in each case the net-
work =nit= the synunetry of the tignre,
In any eaxe the values of 7, and Z. of
Expression 1 in Fig, 6 are distributed
ax <hown in g G-A or -1 depending
on - which  embodiment  of  these net-
works ix to be used,

I order to lay ont the proper atten-
Hation network or pind, it is necessiey
to Know how mueh attenuation or re-
duction in signal level ix desived. The
attenuation in transm nuits s
given by Fxpression 2. Knowing the
mimber of TUx attenmation desired, it
is w simple watter to determine what
the value of the Togarithm of ' must
beo Knowing the value of the logo-
rithin of ', it is poszible to obtain the
correspotding anti-logarithi from  a
table of commen logarithms,  The tirst
column of the table in Fig, 9 gives the
TU<: the cecomwd columm < the con-
=equent valnes of the logerithms of 12,
widd the third colnmn gives the corre-
sponding values of 1. Expression 3
wives the relation between 1% amd the
impedances 7, Z. and 720 Thus Knoew-
ing the dmpedance of 7, sometines
citlled the “eharacteristie impedanee,”
and the desired attenuation in TUs, it
ix pos<ible, by the use of the table, to
detertmine the valne of 7, amd 7. to
make up the desived pad,

=101

The vialues of Z, and 7. as funetjons
of I' and Z are given as Fxpressions 4
and 3 of Fig, 6. Folliawving these ex-
pressions  are  computed  illustrative
data of a pad to work between im-
pedances of GO0 ohms and which i to
have an uttennation at 10 fransimis-
<ion unit or TU< The value for %,
conles ont to be 623 ohms, or practi-
cally 624 ohms, and the valne tHne Ze,
422 ohms. These values of resistance
are <hown in their appropriate posi-
tions in Figs. 10-\ and 10-13. These
two pads have identical charaecteris-
ties, amd may be used in the arrange-
ment shown in F Toand S,

It must be borne in mind in using
these pads that it is assumed that they
are to work into impedinees of the
site valne as given by 7. If the im-
pedance iuto which they are working
are not of thix value, the arzument
doex not hold,

The table of Fig, & ix worked out on
i baxis of Expressions 1 to 5 of Fiz. 6,
amd gives the proper values of 7, and
Z: for various piads to work hetween
impedances of 200 ohms or 60 bhons,
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and to give an attennation in TUs of
front 1 1o 100, tn the constraetion of
the actual network 7 ix divided inte
two parts or four parts, depewding on
whether it is to consummeate 4 network
sneh ax Fig, ¥ oor X

From Expressions 4 and 5 it may be
seen that the valnes of Z. and Z. are
directly proportional to e impedance
7 between which the pads are to work.
The quantity 1* determines the attenn-
ation,  The attennation is independent
of 7, That ix, in a givep network, if
it effects a given attennation, the val-
nes of Z awd Zo will eacl be twice ax
large it the impedanece 7, between
which pads are to work, isx twice as
large,  The relationship between 7,
where the characteristie impedanee 7
is 200, and where it
be 3 in the table.

To obtain various attenuations i ix
only necessary to add the individoal
attemuitions in TUs of the individuat
pads, that i several pads may  be
placed in se In s<uel a ecase the
TUx of the individual pads are added.
In the ageregate they will express the

ix 6, ix seen ta

=

total attenuation of the network, In-
dividuat pads may be made ap so that
in combination they may give any de-

<ired  attennation.  For  exmmple, ir
padds having 102, 30 and b UUs respec-

tively are built up. they may  he
arranged in various (zeries) combina-
tions where any degree of attennation
up to 10 TUs in grades or steps of 1
TU may be obtained. By adding a pad
having 10 I'Us the range is extended to
200 in the same steps. then, by adding
another pad having 20 TUs, the range
ix inereased to 40, and by adding an-
other pad having 40 TUx, the range is
inereased to S0, all in steps of 17U,
The assnmption that these TUs can
be added is valid just as tong as the
assiimptions npon which  the  pad
theory isx worked out are tenable. 1t
ix assumed that  the transformer  is
ideal, that is, that it hax a negligible
resistanee in its windings, and an in-
finite inpit impedance with the ontpat
windings  open-cirenited,  and  viee
versa, It is atso assumed that the line
or other eirenit element  inta which
the transtormer is working has pure
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resistance  of  the  impedance  value
given ax the impedance  which  the

transformer ix designed to mateh, h
ix alko assumed that (e transtormer
hax no leakage reactance, that is, that

all magnetie flux which  links  one
winding tinks the other. In order that
all these different things may hold,

it ix necessary that the consideration
Le based on a certain range over which
the transformer practicatty meets atl
these conditions, aml where those not
depending on the  transformer  hold,
Of conrse, as the frequeney is redueed
mwore ad more, or as it ix inereasedld
more and more, below and above this
range respectively, these assiamptions
must fall down, Therefere, it nst
not be thought that o “pad is a pad™
over all ranges of frequencies,  Tow-
over, over the range thar the eirenit
element s designed  to work,  these
ideas hotd very cloxely, and the stmple
addition of  the attennation  of  in-
divichial pads to obtain the total ar-
temation gives the desired working
resitlt, and that is the justitication for
itx wide use in communications cireles,

Report of the Annual RM.A. Trade Show

4 General Outline of the Technical Features and Design of the Sets and
Aecessories Exhibited at the Chicago Show

I'ON Dhetng asked his fipres-

sions of the Trade Show, 1

ecertain well known free laneer

spid. It ix decidedly dry and
uninteresting and b therefore prediet
a record lmsiness year.”

As unfair as bis remark may be in
some respects there is still an element
of truth in what he said. Of course, he
was referring nainly to the absence of
sradical engineering achiovements™ so
prevalent in past years amd he is of the
mind that a rapid succession of new
developments of an engineering nature

only serve to place the buying public
in n state of contusion and indecision,

It is certainly troe that the equip-
ment exhibited at this years show fol-
lows a definite tremnd and adheres close
enongh to the standardized design and
practice to maintain in appearance and
in fact, engineering stability, alremdy
achieved in the antomobile industry.

The equipment  exhibited has pro-
vided some inkling ax (o foture trends

but let ns take each item in s
course,

{ Bigger and Better Show

The second Annuat ROMLALD Trade
Show, and Convention, ggain had s
reign in the Iotel Stevens, the largest
hotel in the world, which faces the
broad expanse of Lake Michizan,  So
great has been the general expansion

of the ILadio Industry that
alloted  to exhibitors  last

quickly over-subseribed.  In
acconnnodate atl

the space
yYeuar o was
order to
of the exhibitors it

WS e ry to lease out the immense

s<piee oceupied by the Main Batlroom
in the hotel as welt as the exhibition
hall in the basement nsed last year,
The majority of the exhibitors had
rooms in the napper tloors of the hotel
for the pirpose ot demonstreating their
produets aside from their exhibition
booths in the Show area, A few com-
panies, nnable to secure rooms in the
Nteveny [otel, were foreed  to rent
space in the DBlackstone Tlotel, aeross
the way.
thbviousty the

attendance  wax far

ereiter than last year and even ex-
cocded  predictions,  Jobhers,  distri-
butors, dealers, s icemen, eistom-set
builders. ol represent-

ing every State in the Union, attended
the Show in targe bodies,

Generally aking, the Xhow and
Convention w decidedty more busi-
nes<-like than Iast yenr: the individual
representatives of the manufaeturers
appeared to characterize the improved
condition of the industry awd reflect
the stability which has at last reached
nx,  Undonbtedly more actial husiness
was transacted and the individnat con-
e and zood-will ereated will not
pass from the memory <o veadily.
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The individual eommittees of the
ROMAL Dield special sessions during the
week of the Xhow amd have mappwed

ot a elear course for the indoastry
throngh their construetive efforis,
The RALA. DBanguet  which  took

place at the Palmer Ttouse on Thurs-
day ovening, June T4h, was well ar-
temdedt, At thix time the newly elected
officers of the ROMAL for the coming
year were oflicially aunonnced.

The New Recciving Sets

Receiving =et design has improved
considerably. bt it ks in this respect
where the trace of standardized de-
sjgn s moxt clearly defined,  There
are, as sl sets 1o meet every purse,
ranging from small tive tube receivers
in  attractive cabinets, cmploying 2
=emi-power amplitier, to six amd seven
tuhwe with power amplitiers, in
Large eabinets, or consoles, as one may
dexire,

sefs

The bulk of the popular priced sets
have five or <ix tubes, not ineluding the
rectifior, and are entively  self con-
tained.  They are, in many respeets,
prototypes of last year's models but
considerably  improved from the en-
gincering <tandpoint.  The “average”
coeeiver of this elass is contaited in
i stamped metal eabinet, employs three
or four 2206-type tnhes, one 229-type
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tube, a 17l-type tube. as a power
amplifier, and a 280-type full-wave
rectitier.  Likewise, the average”™ re-

ceiver has a =ingle tuning control, cali-
brated in most eases, a vohume control
and an on-and-off switch,  They are
marvels of simplicity and are far more
rugged mechanically and more <table
ctectricatiy.

The higher priced receivers have, on
an average, seven tubes, not including
the rectitier and contain  superior
audio-frequency  ehannels, Trans-
former-coupled audio-frequency ampli-
fiers still hold the ftield by a wide
margin, There isx a grear deal of vari-
ence in the power stages, however, Ax
we have =aid, the average low priced
receiver employs o 17t-type tube in the
ontput.  The higher priced receivers
on the other hand incline principally
toward push-pull  amplification,  en-
ploying two 171-type tubes in conjunc-
tion with a 280-type fall-wave recti-
fier and a push-pull output trans-
former rather than an impedance. A
number of receiver models employ a
single 210-type power tibe in the out-
pit. in eonjunction with one 281-type
half-wave rectifier or two 210s in push-
pull or a single 230 tube. in conjune-
tion with two 281 halt-wave rectifiers.

The higher priced receivers are like-
wise of the single tuning control type,
with a2 vohuuae control and main-line
switelh, Metal cabinets are not so much
in evidence in these models, the incli-
nation being more towards desirable
wooden cabinets, with inlays or attrac-
tive carving, and consoles containing
the loud speaker and in some instances
an eleetric phonograph.

In the medium and high priced field
there are a number of variations from
the standard ran of receive Notably
among these ix an auntomatie et which
is tuned by a row of levers, One model
has six levers, another ten. making
available the respective number  of
favorite stations any one of whieh can
be instantly tuned in by pn=hing down
a lever. .\ single drum dial is also
included so that stations other than
the favorites can be tuned in. The sys-
tem ix ingenious and appears to be fool
proof, It is mechanical in operation,

Another model  receiver. departing
from the general run, employs a con-
bination of sereen-grid and A.C. tubes,
Two of the sereen-grid tubes are used
as RUF. amplifiers and one. connected
<0 as to function as a space-charge-
wrid tube, as the first A F. amplifier.
Used in this manner, it has a very high
voltage amplitication factor and it
works direetly into a 230 power tube.
A 226G-type tube couples the antenna to
the first screcun-grid R, I, stage and
a 227-tyvpe tube ix nsed as detector,
One of the most interesting features of
this receiver is that the screcn-grid
tubes are connected in a series filament
circuit and supplied ftilament current
directly from two 251-type half-wave
rectitiers, which also supply the “I3"
and “C” voltages. Obvionsly, the AC.
tubes  derive their filament current

from a small filament heating trans-
former.

Another unique receiver exhibited
hax risen to new heights by falling
back on old fundamental principles of
design, utilized in new ways,  The
input or antenna circuit isx the onty
one manually twed, A form of fre-
queney filter ix employed which passes
only a narrow band of frequencies on
to a multi-stage “unfuned type” am-
plitier employing 227-type tubes, We
mention “untuned”™ merely to provide
a broad elassifieation, asx the manu-
facturer claims the element of auto-
matic nming in these R, civceuirs, the
automatic tuning being a function of
the inherent capacity of each RVF. tube,

[l

NEW OFFICERS AND DIRECT-
ORS OF RM.A. FOR 1928-29

President—H. H. Frost

1st Vice-President—1'. . Colla.

more .

2nd Vice-President—Morris  Met-

calf
3rd Vice-President—Lester Naoble
Treasurer—John C. Tully

Secretary—M. F. Flanagan

DIRECTORS
Capt. W'm. Sparks
M. Frank Burns
George Kiley
B. G. Erskine
M. P. Bloom
Llovd A. Hammarlund

A speeinl detector eirenit is also em-
ployed and it is stated that the de-
tector tube can handle a 40 volt swing
without introducing distortion. Oddly,
the deteetor works directly into the
output power tube, which is of special
design,  This elimination of the inter-
mediate A.F. stage is possible beeause
of the tremendous amplification ob-
tained in the RF. amplitier coupled
with the herculean eapabilities of the
detector,

Difference in mechanical design was
evidenced in a number of cases, I'rob-
ably the most outstanding example of
moderniszin in this respect is a receiver
whose c¢ase or eabinet is a  single
aluminum casting.,  Aside from afford-
ing the desirable shielding gained
from the use of stamped metal cabinets
it has an unusnal degree of strength
and a charming modernistic symmetry.

Radio-Frequency Amplifiers
With the few exceptions in the de-
sign of receivers already cited, this
year's models in the main employ the
well known and time-tried systems of
radio-frequency amplification such as
the Neutrodyne, the R.F.L. eircnit, ete,
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All of the popilar priced receivers and
the majority of the medinm and high
priced receivers use the 226-type tube
in the R.F. stages and ouly a fow of
the sets employ the more expensive
227-type tobe,

The R.F. transformers are. on the
whole, of small dianmeter, to conserve
spaee, but of good electrical design. In
the smaller rets they are unshielded
and placed at advantageons angles to
cach other to prevent intercoupling.
The R.F. transformers in the higher-
priced sets are, in most indi-
vidually shielded amd in some models
the gang condensers are also inclosed
in metal,

CRASeS,

Power Supply

There appears to be no set rule for
the placement of the power supply
units, some of them heing located on
the left or right hand side of the
chassis and many at the rear. depend-
ing primarily on the dictates of the
mechanical design and secondarily on
production requirements,

The power supply units are very
compact as compared to many of last
year's units and are totally shielded
from the rest of the receiver. The fitter
systems are very good and the problem

of voltage regulation has not heen
forgotten,
A few of the receivers have anto-

matic regulators bt the majority have
power transformers with tapped pri-
mary windings, to be adjusted after
the =et has been installed,

These power units supply the “A”,
"B and cC7 voltages, the first through
the medinm of a1 fllmment  heating
transformer and the laxt two through
the medium of half-or full-wave reeti-
fiers in conjunction with =mall ftilter
networks and voltage dividers.

Direct-Current Receivers

Under  direct-current  receivers  we
inchude battery operateld sets awd sets
designed to operate from a  direct-
current light socket.

The majority of manutfacturers ex-
hibited battery sets and a few com-
panies had D.C. light socket <ets, In
weneral,  these  receivers follow  the
design of the ALC. sets and differ only
in respeet to their source of power amd
the output amplifier. The battery sets
employ the 112-A or 171-A-type power
tubes and the D.C. socket operated sets
employ  171-type  tubes in parallel
connection,

Audio-Frequency Amplifiers and
Power Units

Gireat strides have been made in the
development of power amplifiers and
supply units, with a large number of
manufacturers marketing them. It is
gnite impossible to cover the various
combinations exhibited but we can give
them a general classification.  There
are new, compact power supply units,
without amplifiers, for supplying radio
receivers or special plionograph ampli-
tiers with “A”. “B” and “C” power,.
direct from the light socket,
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ome manufacturer exhibited a very
interesting combination 210 push-pull
amplifier and externgl supply unit.
which ean be used in conneetion with
nearly any type of set, old or new.
The sime compauy had on exhibit a
three-stage amplitiecr and supply unit
with a push-pull ontput stage dexigned
for two 250-type tnhes, as well ax a
portable public address ampliticr and
sepurite power supply.

Npeeinl phonograph amplifiers were
exhibited for the first time. =ome of
which had steaight outputs and others
push-pull operited.

The new amplitiers, like the new re-
ceivers have gone entirely A.C. The
intermediate ALY stages of allt the am-
plitiers are designed for either the 226-
or 227-type tnbes and operate with
practically no trace of an A4S hun

It ix now possible to obtain an am-
plitier or a combination amplifier and
power unit in any conceivable type
desired. so great ix the selection,

Naturally, many of these units are
not designed for home use it rather
for commercial application. Tlowever,
the enterprising set-uitder will tind a
new field of bhusiness in this direction,

gither  through  the  instalation  of
power amplitiers in chinrches, aundi-

toriums, efe. or on a rental basis
Fortunately, it is now possible to pur-
chise  suitable  power  speakers  and
microphones to be used with the power
cquipment,

Loud Speakers

The Trade Show has indjeated anew
trend in speakers,  There are stitb a
erent  nmmuber  of  eleetro-maguetic
spenkers of both the eoue and horn
type. and decided improvements over
those of last year. but the outstanding
feature isx the new eleetro-dynamic
speaker,  There were more of them
than we coubd count aml more have
appeared sinee the show. They tol-
tow the average dynamic speaker de-
<ign from all ontward indications and
probably  bear a  similar clectrieal
retationship.

We studiousty lstenced to a host of
dynamic speakers and eventially eame
tor the conelusion that the majority of
them were good, althongh we would
woleonie the opportunity of comparing
the impedance matching  transformer
of cenell make, along with its own
moving coil,

The addition of 2 good sized batlie

makes n great difference in the fre-
quency  charaeteristies of a Adynamie

speaker and the manner in which the
proper batlte effect is obtained in each
make varies considerably.

Axide from the dyummic cone speak-
ors there were a number of dynamic
units. designed for use with the various
type horns marketed. exponentinl and
otherwixe. These units are made in
2 number of sizes: small ones capable
of handling 5 watts and suitable for
home use, up to o0 watt units  for
public address work, in auditorinms
or ont-of-doors,

Larly dynamic cone speakers were

ade in two forms, one which obtained
its ficld enrrent from a storage bat-
tery and one which had a specially
wound field eoil which obtained its
current from the power unit in the
receiver, The popular dynamic speaker
models exhibited have self contained
step-down transtormers and dry reeti-
that the field current ean be
derived directly from the AC light
socket,  Thix elange in general design
has automatically eliminated a lot of
serious complications.

fiers xo

Naturally. there are special models
for 25 and 30 ceyele lines ax well as
DL lines, and manntacturers’ models
to meet specitic requireiments,

I'rom all indieations the eleetro-mag-
netie speaker ix <till holding its own.
Ax o matter of faet. a few new types

HERBERT H. FROST
President ROMOAL for 1928-29,

were introduced at the show. notably
the drnm type air column speaker and
the stretehed diaphragm speaker, both
of which are excellent,

Phonographs and Pickups

With the
phonograph

the  cleetrice
merging of
the public

advent  of
there was a
units with the result that
hax been offered numerons combina-
tion phonograph and radie outfits
This arraugement avoids the duplica-
tion of power equipment and is, there-
fore, o logical merger.  The antomatic
phonograph feature added to the com-
bination makes the proposition even

more  attractive, so it was not =ur-
prising to find numerons radio manu-

faeturers exhibiting machines of this
nature. Generally,  their standard
radio chassis is mounted in the special
cabinets, along withh the phonograph
cquipment, and  the standard  power
unit and amplifice used for hoth the
phonograph and radio. The automatie
phonograph systems are masterpiccees
of mechanical engineering and operate
without o mueh ax a hiteh,

Following up the demaud for electrie
plionograph equipment, manutacturers
exhibited improved eleetric phonograph
pick-ups  and  electric phonograph
ntotors with turntables,
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The pickups indicate improved design,

having  balanced arms to eliminate
wear on the reeords and “blasting,”

and cleetrie serateh filters usually in-
cluded in the volume control ease, The
pickups arve provided with long cords
and a plug <o that they may be
pligged into the audio amplitier of any
radio receiver if desired,

The electrie phonograph motors ex-
Lhibited were of two types, i, e, uni-
versal, for use on either AC, or D.C.
and the induction type, for use on AC,
only. The motors have antomatie gov-
ernors and speed vegulators and in
most eaxes are equipped with a turn-
table, Ome type of universal motor ex-
hibited has an antomatiec lubricating
sy=tem and requires no attention what-
socver,  Aside fron thix featnre, it
has a nnigue spring suspension which
climinates vibration.,

Cabinet Design

Gredter attention is being given to
the design of cabinets and consoles for
radio receivers and combination radio
phonographs,

It only recently dawned on us why
<ieh abominable cabinet designs edged
their way into radio, ‘I'he industry hax
struggled  atong for three or
yeuars hindered by cabinets and con-
soles that were cenough to turn the
stomach, This atrocious art has prae-
tically vanished under the influenee
exerted by the Lurge and reputable cabi-
net manufacturers, who have found the
sadio field 1o be an excellent market,
We believe these manufacturers amd a
=nutll group of professional designers,
who have also looked to the radio in-
dustry, have done their bit in pro-
moting the =ale of radio receivers. At
any rate, present radio cabinet desiegn
i= up to normal standards of taste,
<omething we couldn’t have truthfully
=nid before.

The cabinets nnd consoles exhibited
at the Xhow were indeed pleaxing to
the eye. More manufiacturers were
represented thix year and the lines arve
more flexible to individual taste.  In-
cluded in the exhibits were numerons
models of modernistie design, indicat-
ing French inthtence. This progressive
work. symbolizing the mechanical to a
great exteut, is rather severe but s
greatly favored by the publie never-
theless.

No—this year we will have radio sets
with a new  symmetry, combining
heauty of sound and appearatee and a
convenience never bhefore achieved.

niore

General Exhibits

A further indication of progressin the
fielit of development ix xeen in the
parts and aceessories introduced to the
radio market. Tlere again we note a
definite trend towards mechanical and

clectrieal  simplicity, Suelt generat
parts as transformers, variable and

fixed condensers, rexistors, ete. down
to cnbles and plugs and even hookup
wire, show improvement. Ilealthy
competition has lifted parts into a
(Continued on page 36G)
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Measurement of the Ripple in the Output
of Power Devices

Deseription of the Equipment and Its Operation for the Testing of

N perusal of wany pages of mat-
ter. some time the writer
found no aceount of o s<ysiem of
measnurement of the ripple in the

ontpit of AT and BT power devices
that  w immediately  addaptable  to
the pressing necds of the lnboratory.
Listening to a receiver supplied by the
device is a eriterion of the operation of
the device with that  receiver only,
while with some other receiver having
i greater audio gain the performanee
ol the device may appear inadeguate,
It ix also desirable when experiment.
ing with tilters and the like to be able
to divoree the supply from any con-
sidevations of operation with the re-
eciver as 1 whole to permit a more ae-
curate amd detailed <tudy of the supply
deviee,

Hgo,

Ome system for this neasarement,
which has heen nsed extensively, com-
parves the eliminatur under study with
i =tandard by the use of an audio
amplifier and headphones, A rapid
changeover switch permits the deter-
wination of whether the eliminator
under test i< better or inferior to the
standard, but the test possesses all the
innccuracies comnon 1o ntiliz-
ing the car ax the nltimate measuring
deviee,  Tn addition. the data ix not
sttelt ahat it ean be recorded with ae-
curiaey amd certainty of repetition at a
future date Cor comparison with futnre
tlevelnpments,

Oxeittographic methods are guite re-
tiable but are time eonsaming and
beyotd the capabilities of the averange
laboratory, It isx felt that a test et
to be deseribed in what follows has
cortain advantages as inferred above
mnd will be  disensseib together with
=onre of the results that have been ob-
fained by its nxe, These results can
be repeated from time to time with
srecinent, the test i< rapid amt

tests

close ngr
the resnlts are <uch that they can e

recorded for  comparison  with  data
taken on other deviees at o fatnre
date.

The eirenit  diagram  of  the com-

1. The equipment
within the dotted line is coustrneted
in  one  cubinet. the  other  equip-
ment being  detachable  amd  =o
available for other pmrposes, The
whole  set-np  will e recognized  as
a conventional two-stage tran
coupted awmptitier, with a v:
sixtor shunting the input and a thermo-
conple meter connected in the ontpart
cirenit through a suitable ontput frans-

plete test is in 1

* Prex,, Rescareh Laboratories of l‘hi.r'u_«m_
Ine., Consulting Engineer, Genvrnl Prans
furmer Corp,

“A” and "B” Power Devices
By Kendall Clough*

frmer and protective switehes and re-
sistor. The operation of the test will
be described briefly at lirst <o that the
design and eatibration of the device
with e more evident.

Description of Operation

The =BT sapply s tieaed on and
the current delivered by it adjusted by
means of the resistor. RI. and the
meter, A which isx ordinarily o 0-1o0
milliammeter. The resistor R2 ix then
et at some low valne and the “safe”
switch, 81, ix cloged, If no dellection ix
in evidenee in the thermo-meter M, the
next higher valoe of the r Rz,
ix chiosen and the operation is repeated,
After obtaining o small detlection with
the switch 81, the switeh, 82, may be
closedl and  the resulting  dellection
tabulated.  The eliminator is then ad-
nsted to a higher outpnt and measure-
ment repeated, o this way the data,
which can be plotted, is secured and is
ultimately reduced 1o the “pereentage
ripple current” or in other words the
percentage of the outpat enrrent from
which i alternating  in
character. With the equipiment as enn-
strueted it is possible to measure with
cood aeenracy ripples (rom 0290 g
100 ma. output 1o 27.0% ar 100 .
onitie.

wistor,

The Transformors Used

The transformers for the sof. M and

exeles, the fundamental of the varions

frequenciex comprixing  the  ripple.
Iven in the best of sueh deviees the

amplification of (he 120 eyele tone is
inferinr to the amplification ol the
harmonies (240 480, ete., assuming
G0 cyele snpplyy. Fhis has heen dis-
regarded in the eatibration and opera-
tion of the tes| these
harmonies, if present, will he more in
evidence 1o the ear in actinl reception
due to the rising  charncteristie of
hoth the aidio amplifier aud the enr.
These harmonies are over amplified in
the test set and hence  prodoce  a
greater detlection per unit strength in
the outpnt meter than the  fundn-
mental,  In this manner deviees hay-
ing strong harmonies are diseredited
by the test et fu mueh the =ame man-
ner that they would he in actual rest,

The
e

set, becanse

iranstormers are of three to
atio and operate o conjunetion
with 201-A tubes (00 volts B and — 4.3
volts (). The last tulwe of the amplitior
ix comnected o the  thermocouple
throngh a teansformer ‘17 of high re-
ance, having a step-down ratio of
31 in order to adapt the high im-
pedance of the tube to (he resistanee
of the thermocouple, ax well ax to
insulate the hatter from the plate eur-
rent of the tube.  With the particutar
thermocouple and meter nsed a enrrent
of 110 nua, ix vrequired for a folt-sente
deltection.  The J0-olun resistance R
reduees the full-seale deflection to 1,3

T2, should be of high wrade <o ax to <eale and is useful in protecting the
have  =uflicient  amplilication ot 120 thermneouple  against  damnge  when
_ 0-50 MICRO-
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The circuit diagram of the testing equipment showing the variable resistor
bank shunted across the input of the transformer.couplec ampilifier,

wwWw americanradiohistorv com


www.americanradiohistory.com

Radio Rugincering, duly, 1923

testing climinators having lavge ripple
currents,

It may
switehes, 8]

mentioned here that the
aid N2 are conveniently

push bnttons.  In this way the ther-
moconple cirenit is opened when an
actial reading of the meter is not in
[Hrocess ] imperative that the
thermocoupte cirenit be opened when
altering the enreent through the in-
put eirenit, as surges are apt to bhe set
up in the indnetances of the system
that  will  prove destruetive to the
cople.

1t witl he apparent that by operating
the test set with the same tubes and
battery voltages cach time. the ripple
of may L recorded in terms
of the resistor. R20 and the ddetleetion
of the thermo-meter, at various ontput
currents.  On the other hand, many
will prefer 1o redunee the results of
their test to terms of greater physical
has heen done in the
<hown helow,

deviees

signiticance as
resnlts of fests
Calibration of the Amplifier
Calibration is accomplished by in-
trodueing varions  voltages  at 120
eyetes from an audio oseitlator seross
noting the cor-

the rvesistor. R20 and

responding dettections in the ontpui
meter, This data is plotted in a curve
amd need not be remeasured in the

future. provided 1the same equipment
and  voltages  are wsed  thronzhont,
Naow, i a enrreut of T amperes (D.Co
Hows  throwegh the resistor, R20 aud
there i= =uperimposed on this cunrrent
au alternating cirrent of x per-cent of
1. then there will appear the
resixtor, R an alternating voltage of

Qernss

= xALL IR tefTectiven
Transposing, we have for the “per-cent
ripple.” x.
D
x 100%
IR
Ax the calibration of the amplitier will
be conveniently in milli-valts and the
current trow the eliminator in milli-
ampores, these amits may be used with
ne elistbze in the constants of the equa-

tion, The voltage ¢ is found. of conrse
an the ealibration eneve, This whale

proceditre may  somd rather formid-
able, but it has been Tound that after
one lias become tamiline with the ¢gnip-
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The circuit diagram of the power supply device used as an example in this
article.

mwent i complete carve may e plotted

o an o eliminator in about  fifteen
minttes,  In oorder to ilestrate the
plicat of 1he method a representa-

tive study will he presented.

HENRYS

10 20 30 40 50 60 70 80 90
MILLIAMPERES - D.C

FI1G.3

These characteristic curves were
plotted from tests made on the
chokes in the circuit of Fig. 2.

tor the moanent, o =supply
device whose cirenit ix Fig, 20 The
transformer  operates e G0-cyele
<npply and the rectitier is the 280 1y pe.
Twor chiokes are to e used whose char-
aeteristies are <hown in Fig, 3,
As owe are interested in the operation
of the device np to G0 g, only. we
will use the 0oG-ineh air gap as indi-
catedd in the ligare, 1t will he ap-
parent from the tignee that for cur-

Consider,

HE

The author's testing equipment on the right connected to a power device
filter.
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rents in excess of GO ma. the DH0-inch
wap world be preferable even though
the induetance at the lower currents
is less with this larger sap.

Testing the Filtration

[Laving this portion of the tilter es-
tablished we now wish to dispose nr
the condensers of the system in such a
way that they witl be most effective,
We may start by making Cl1=-0, C2=
Fomtd, and C3=1 mfd. A curve is run
in the manner indicated eartier and is
plotted as Curve “A™ in Fig 4.0 1t will
e noted that the ripple varies (rom
abont 6% to 15%., Suech a filter is
adeqmate for a receiver having an
andio amplitier withh poor zain at the
low frequencies, for the ripple ax indi-
cated will mot be reproduced with suf-
ticient intensity to be objectionable,

It order to itnprove the titteation to
make the deviee capable of operation
with a better audio supply we witl add
capacity to the systent. The question
now arises ax to where to add another
microfarad to get the maximm utility.
We will first add it at Cl.making each
ot the tilter mfd. eapacity
amd producing the ripple citeve of =R,
Fig. . The performanee is etter with
ard 1o ripple and the ontput of the

sections 1

e ¢ Tas heen improved trome o dbi-
reet ewrrent staidpoint but the strain
i the tnbe bas been inereased, (See
SFilter  Circuits for  Filiment
Ramo  ExciNeeriNa, Dee,

2T Now. removing the condenser
feromn €1 awd addding it to the next
section we make C1=0, (2=2 miil.
and -1 mfd. rendering the vipple

curve <hown at “C70 Figo L0 The ount-
put is materially  hetter at o currents
above 30 ma, than when the extra 1

mtd, was n=ed at the position C10 Ax
the receiver dreaiun is nsually in excess
of 30 ma. we nuy consider this per-
formance better, an the whole,

There still remains the possibility
that the added 1 anfd. could he nsed

to better advantage when  plieed  at
(w0 This may be examined by making
100 e2=1 wmtd. and C3=2 wmfd.

producing  the vipple curve shown in
<D, Fiw, 4. It will e scen that the
added 1 omfd, i not ax effective in
tilteation when used at €3 when
nsed at €2, which is in accordanee with
the theory of filters of the type with
which we are dealing.  In eases where
the characteristies of the speaker and

HE
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These ‘‘ripple” curves were made

by varying the amount of capacity
in the filter system of Fig. 2.

andio amplifier are such that the hum,
as shown in Curve “D”, is tolcrable, it
is good practice to utilize the added
1 mfd. as indicated in order that the
instantaneous demands of the audio
amplifier may be better supplied. In
thix case the condenser at C3 ix being
used as a “tank” capacity rather than
for its direct benetits in filtration.

Influence of the Choke’s Positions

Curve “E”, Fig. 4, illustrates an in-
teresting application. In preparing this
curve the same chokes and condenser
vahues were used as in the preparation
of the Curve “C”, but, in addition, the
chokes were placed with their cores in
contact and adjacent in =uch manner
that the flux in one opposed the flux
in the other. It will be seen that the
tiltration has heen materially improved
by thix juxtapoesition,

In order to indicate the tendencies
of modern practiee the curves of Fig, 5
have heen prepared, Curve “F* indi-
cates the performance of “R” supply
employing the 280-type tube ax em-
hodied in a complete receiver design of
popular manufacture. It will he =cen

Re — “Paper vs. Mica Con-
densers in R.F. Cireuits”

Editor, Ranio FEXGINEERING

In your ixsue of June, 1928, an article
appeared on page 53 entitled. “Paper
vs. Mien Condensers in R.F, Circuits”
written by Mr. J. G. Uzmann of the
Dubilier Condenser Corp.

We note that the anthor by incor-
rect assumptions and errors in his
computation came to results and con-
clusions  which are contradictory to
the facts.

Accepting tirst the values for power
factors given by Mr. Uzmann, namely.
Olgz (0001)  for miea and 259,
C.0023) for paper. we tind in the case
of a reactance Re=370 ohms (ax
assumed in the example of the article)
the equivalent resistances

R, =370x0001 = 037 ohms
mica condensers and

R, = 370x.0023 = 025 ohms for
paper condensers, instead of the
corresponding  values R, = 925
ohms and R, =3.7 ohmx given.

for

that the hum is allowed to rise to
rather extreme vialues where the de-
vice is to supply an audio amplitier
and speaker of known characteristics.
Contrasted to this is the device, em-
ploying a gax type tube, whose per-
formance ix shown in Curve "G”, It
will be seen that the filtration is of the
bext, which it must be to assure a
satisfactory product that is to be sold
separately from any receiver and to
be operated under any and all condi-
tions, We record parenthetically that
the low value of ripple shown in
Curve “G"” should not be interpreted in
favor of the superiority of the gas tube
over the 280-type ax the filter in this
device contains more than four times
the total capacity of any of the 280
systems discus<ed in this article.

It will be obvious that the measure-
ment discussed can be applied to the
measurement of ripple in any of the
“A” supply systems as now manufac-
tured, by the shunting of known resist-
ors of heavy-current capacity across
the input of the amplifier, Fig, 1. and
proceeding ns in the measurement of
the ripple from “B” supplies. In order
to record some standard for measure-
ment of devices of this type the curve
of Fig. ¢ is supplied, indicating the
performance of a Tungar-type 2 ampere
charger operating in conjunction with

T T
¥}
g 4T T—T Tt I—;—l_
g 3 —t —t——t
E 2 ]
E 0 Il L} I |-
o 2 4 .6 8 1012 14 16 18
D.C. OUTPUT - AMPERES
FIG.6
The “ripple’”’ curve of an “A"

power device.

Assuming a tuning inductance of 8
ohms (as does My, Uzmann in the tirst
cample) we tind the total cirenit re-
stance for mica condensers

R, =
and for paper condensers
R, = K025 ohms

tinstead of the R,,=8925 and

R, = 115 of the article)

The difference in resonance current
would he
S - 8O

NOBT ohms

: =11%
S04
instead of 31% given by the author,
For a tuning inductance of 5 ohms
the corresponding values are
R, =d.037 ohms (instead of
5025 ohms) and
R, =35.0925 ohms (instead of 87
ohms=) and the difference in reson-
ance current s
a3 -— .04
5.93

instead of the 47% given,

159,
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an A" tilter of standard manufacture,
Thix combination. producing the ripple
as shown, has been found very satisfae-
tory in operating a wide variety of
receivers under different line con-
ditions,

It is also apparent that the measure-
ment outlined ix of value in the meas-

2.2
20
1.8
1.6
14
1.2

0 20 30 40 50 60 70 80 90
OUTPUT MILLIAMPERES (D.C)

F16.5

Curve F is the ‘“ripple” curve of
a 280-type rectifier and G. that of
a gaseous rectifier,

urement of varions conditions obtaining
in receivers supplied in any portion
from an alternating-current  source.
Thus the resistor R2 may he placed in
the output of the completed receiver
in =series with the proper resistance to
simulate the speaker impedance in
order to note improvements in manner
of balancing the hum from AC. fila-
ment type tubes and to preserve a
permanent record of the experiment
in addition to listening testx with the:
speaker actually in circeuit, «o that
future experiments may be compared
to the record rather than setting up-
old conditions for comparizon’s sake.

From the above it appears that even
for values of power factors as given
by Mr. Uzmann., there isx too great a
difference  between  his  results  and
thoxe obtained by correct computation
to give importance to his eonclusions,

But the power factor for mica as-
sumed by Mr. Uzmann ix much too
low and represents a value which may
be  exceptionally  found  for test-
samples, but not for eommercial con-
densers, Recent  tests made in the
Electrical Laboratory of the Massa-
chiusetts Institute of Technology show
that the power factor of commercial
mica condensers of the Dbest makes
runs up as high as 003 to 004,

It is, therefore. safe to state that
no practical advantage is derived from-
using mica condensers in R.F. circuits
instead of high grade paper con-
densers, thix being well known by set
manufacturers,

L. P GRANER M. A.I.E.E.

Consulting FEngincer for
Sprague  Speecialties Co.
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The Engineering Rise in Radio

PPART II

T ix to be remembered that lertz
did not discover or invent radio
telegraphy. The thing he did was
to establish by demonstration

that  electric  waves  produced by
electromagnetic nreans  are  propa-
aated  throngh space, and that the
presence of such waves at points re-
mote from the source may be shown
as electric energy in intercepting wire
systems  property designed. This is
exactly what the mathematician, Max-
well, had  told the experimentalists
they =hould find to be if they
seiarched diligently and carefully.
Hertz lived but seven years after
making his great discovery——dying less
than a year before the first experi-
ments were made in the nse of electro-
magnetic waves for signaling without
connecting wires, By thix is meant
the first experiments in  which the
phenomena involved were understood,

The Ether

Employment of the word Space as

N

the name of the medium through
which  clectromagnetic waves  are

propagated ix in the interest of =im-
plicity. and while in scientifie circles
there ix doubt about the exaet natore
of the medinm, we have arrvived at a
step in the intellectual rise in radio
where it is necessary to record the
progress of thonght and =peculation
relative to the existence of the ether,

The termm Spaee is convenient as a
name for the clement through whiech
the earth amd astral bodies move. or
in which they are immersed. It is
convenient as a name for the medinm,

other than the earth’s atmosphere,
which  =e¢rves as a vehicle for the
trausfer of energy.

Huygens, a Dutelr philosopher. in
the year 1670, was perhaps the origi-
nator of the undunlatory theory, which
assumex that light is propagated by
means of vibratory motion of an im-
ponderable medium ealled ether, Isaae
Newton, in 1686, published his great
work on natural philosophy. deserib-
ing hix theories of foree, action and
reaction: his conception of mass<. and
an explanation of gravity. Newton's
standing ax a philosopher was such
that in hisx time it was like question-
ing the gospel for others to present
hypotheses at variance with those of
the great Master.  Newton's notlon,
that light consists of material par-
ticles projected from luminous bodies,
referred to as the corpuscular theory
of light. continued a=x the accepted
theory for a period of one hundred
vears, until. in the year 1773, Dr.
Thomas Young re-established the un-

By Donald McNicol
Fellow ALE.E., Fellow LR.E.

Past-President, Institute of Radio Engineers

dulatory theory of lNnygens, The last
hope for the corpuscular theory scems
to have been removed when Foueault,
in 1831, demonstrated that the velocity
of light was less in water than in air,
as it should be if the undulatory, or
wave theory were true, Thus as a
space-filling  medium  the cther was
recognized as lhaving the property of
transmitting light waves. known to
have a velocity of 186,284 miles per
second.

1t wax carly given the distinguishing
name of Lwminiferous Ether marking
it as different from other ethers,
such as electric ether for electric
phenomena; magnetic ether for mag-
netic phenomens, and various other
ethers imagined to account for other
phenomena,

THE BRANLY TUBE
FIG.3

Glass tube containing metal filings,
used by Branly to detect the
presence of electric waves.

1t remained for Faraday to head off
further  indiscriminate  invention of
ethers.  1le suggested that the so-

«alted luminiferons ether might be the
one involved in atlt of the phenomena
And. Maxwell's work, which

observed.
started with Faraday's conceptions of
muagnetic phenomena, concluded  that
the waves, which constitute light and
the waves produced by changing mag-
netism, are identieal in their natures:
travel with the same velocity, and
trarel in the same medinm,

With Hertz's researches published
and in eirculation many scientists en-
gaged in mathematical study and ex-
perimental inguiry with the thought of
extending knowledge: of squaring the
now proven Maxwellinn theories with
established electrical practices, and of
finding uses for electromagnetic waves
which might be propagated at will and
detected at points remote from  the
point of origin of the waves.

In the years immediately following
Ilertz's annonncement additional light
was thrown on the general subject by

Ilorace Lawmb. J. J. Thomson. Ilerr
Zehnder, Vernon Boys, Prof. Fitz-

gerald, Rubens and Ritter, Prof, Gotceh,
Paalzow and Arons, 1. E, Jones, Ko-
lacek. P'rof, Minchin, Prof. Boltzman,
Prot. Ilicks and others,
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The First Detector of Electric
Waves

The first designed detector of elec-
tromagnetic waves in space was the
llertz mierometer <park-gap. or reso-
nator, consisting of an insulated handle
on which was mounted an open inetal
loop, the abutting ends carrying small
metal spheres, whose distance apart
could be adjusted by means of a mie-
rometer screw. IFor laboratory pur-
poses this detector answered the needs
of experiment and quantitative meas-
urement,

During the four years. 1888 wuntil
1891, nothing of note was contributed
in the way of improved means of de-
tecting Hertzian waves, but in the lat-
ter year KEdouard Hranly, of Paris,
discovered that a polished coat of por-
phyrized copper spread over an insu-
lating surface, such as glass, was very
greatly reduced in eleetrical resistance
when subjected to clectromagnetic ra-
diation. 1le found also that a =mall
wslass tube filled with metallic filings
exhibited this same characteristic, and
that in the case of hoth of these de-
tectors, restoration to the high-resist-
ance state was accomplished by jarring
them mechanically.,

It will be recognized that the Branly
detector worked on the mierophonie
principle,  (See the references to the
Fdizon microphone for telephony and
to 1Iughes' observation of 1879 in re-
gard to microphonie contacts.)

During the days when detectors of the
coherer type were emiployed in radio
telegraphy a2 number of hypotheses
were advanced to explain their opera-
tion. DBranly suggested that the
dielectrie, or insulating films separat-
ing the metallie elements of the deree-
tor. might be modified in character by
the action of arriving electrie waves.
Dr. Lodge suggzested that the electro-

statie attraction Dbetween the very
close  =urfaces “squeezes out” the

dicleetrie, thereby establishing metallie
contact (welding) by pressure: pos-
<ibly aided by a heat effect.

CIHIATTER 2
Marcont

Janus, the Latin deity who, in the
days of mythology, was reputed to pre-
<ide over the beginning of all things.
may have returned to earthly duty for
a spell when the art of wireless tele-
graphy had its beginning.,  About four
vears elapsed between the time of
Iertz's diseovery in Denmark and the
advent of the Iranly coherer in

France. Dr., Lodge, in England. who
as early as 1888 demonstrated the
transmission of ecleetric waves alonz

wires, in hix Iater cxperiments with
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waves i space was interested in the
use of gabvanometers for  indieating
the reception of transmitted impitkses,

The idea  of  employing  clectrie
waves in space in conjfunction with
wave detectors for the purpoxes of
space  telegraphy  appears 1o have
oveurred to Captain Jackson, of the
British  Nuavy, upon  learving D

Lodge’s leetnre of June 1. 1904 on the
stthjeet  of Mertz's work., D, Alex-
sander Muirhemd, on the =ame oceaxion.
foresaw the telegraphic importance of
clectromagnetic waves in space. Cap-
tain Jackson inangmrated experiments
which resnlted in signaling  between
ships in 1806, Dr. Muirhead devised
i receiving arrangement consisting of
@ colerer and a =iphon recorder with
which xignals conld be registered on a
strip of paper tape.

Throngh <mmne slip of civemnstances,
detailed  information  in regard  to
Branly’s coherer was slow in reaehing
tle  German  seientists. Fven  later
thane 1891 they were «still nxing the
original Hertz doop detector— -exeellent
for measurenwent  parpeses; bt little
suwwestive of distance or of signating
vahte.

It was Marconi. in Haly, wha took
the tirst bold and practical step in the
direetion of ntilizing llertz's discovery
for the purpose of spuee telegraphy,

Mr. Marvconi left xchool when he was
Later he
RO

ahout cighteen years ot age.
stindicd  under a tutor. and in
attended seientific lectures under Pro-
Righi.  Roxa  and
These leetitres were on general eleetri-
Marconi  gained  know-
ledge  of  Tertz's demonstrttions in
el the same way as snpatenr ex-
perimenters the world over gained that
same Knowledge in later years. e
relates that in 1SO4 or 1805 he read an
illi<trated arvticle in German in Wied-
wennx dealing with Tlertz's
ationneements, e read alse parts
af the hook by T €. Marvtin entitled
“Inventions, Researchex and Writings
of  Nikola ‘Texla.”  pubdished  in the
United States in 1804

fossors Dessant.

eal snbjeets,

Annalen

Atthongh he attacked the snbject in
an amatenrizh way, Marvceoni had the
inventor’s Knack, or gift, of heing able
to make important improvements, im-
provements which enabled him to in-
crease considerably the dixtanee over
which xignating could be cavried on,

Within ~ix mouths after Marveoni
began hix Hertzian wave experiments
he reatized that waves sent out frowm
an induction coil- Leyden  jar (rans-
mitter  were reaching  dixtances not
sispected by other juvestigators,  1le
improved the Brauly coherer by wmov-
ing the terminal electrades closer to-
gether, leaving only o small pocket
between  them  into which a small
amomnt of metallie filings were placed.
Thix inereased the sensitiveness of the
deteetar and <implitied the de-cohering
Pracess,

The First Elevated Antenna
System

Matreoni’s most important discovery
was that the distance of transmission
was preatly  inereased by employing
an elevated condnetor at the trausmit-
ter amd ot the receiver.  In 1896 he
cmployed an antenna forty feet  in
length, He had the toresight in 1807
to realize that grounding one termi-
nat  of  the transmitting  oscillator.
while ihe other side of the oxcillator
was attached to the antenua wire.
would add =till greater distance to the
range of operation. Fhe receiver in
cach instance had a civenit from an-

tenua cotductor, throngh the eoherer
SILVER

PLUGS

METAL FILINGS

I 1

GLASS
TUBE

TO
RECEIVING
INSTRUMENTS FIG.4
filustration of the assembly of the
Marconi coherer.

and to carth: the colierer bheing con-
nected in parallel with a sensitive re-
lay atnd local battery. lncoming waves
cansed the clectrical resistanee of the
ceherer 1o be considerably  redueed,
=ufliciently to permit the enrrent from
the loeal hattery to energize the magnet
and attract the armature of the relay.
N tapper conneeted in the loeal eivenit
of the relay antomatieatly jarred the
coherer  cansing  the  filings to de-
coliere, ready to respond to the follow-

ing xiznal.

Marveoni then had the elements of
i practical wireless telegraph system,
For several months he carried on ex
periments<. making improvements in the
apparains and sradually extending the
range of signaling. At the hoginning
of the year 1806 he lad a demonstra-
tion ontfit which he helieved was worth
exhibiting in gquavters where the prie-
tical pox<ibilities of the system might

an o appeal. It owax time  for
Cwireles<” to ventnre forth frow the
Eaiboratoriex in searelt of useful em-

ployment.  Mr.  Marveoni's  xeientitie
ability  and aeumet, co-
ordinating propervly, prompted him o

take his wares to wmarket.

baxiness

Arriving in England in Febrnavy.,
ISOG, Mr. Mareoni ot in toneh with
W I PPrecee, the engineering head of
the British Poxt Oflice Telegraph Sys-
tem, whoe  arranged  for mnd
demonstrations,  In a way it wax an
odd situation.  An {talinn youth- -then
It twenty-one years of age—and whao

testx
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haed been thinking abont and experi-
menting  with  electromagnetic waves
Tart o lithe over a year, journexed to
the capital of Great DBritain, the head-
quarters of the wortd's submarine cable
Inziness, 1o exhibit a svstewn of wire-
tess communication by means of which
he had telegraphed a distanee of g fow

miles,
In England at that time Willian
Thomszon  (Kelviny  was  seventy-two

yeirs of siee Oliver Lodge, torty-five;
Willisim FL Precec, sixty-two: AL
Fleming, forty-seven : Wilitam Crookes,
ixty-four. mud Lot Ravieigh, fifiy-
four.  Fach of these men was a pro-
fontnd scientist amwd, no doubt, had Kept
pace  with both hefore and
after lertz.

Progress

It ix troe that
first appearance several of

following Marconi's

these wen-

tlemen bronght 1o the tiew arvt the
direet atd immedinte henefits of pro-
fonnd  knowledge  and  experimental

<Kill. which in lavge measure aceounted
for the astonishing inereases in dis-
tance range aceotmplished within a few
years,

The boldnesx, «r simplicity, of Mr.
Maveoni's short-cat from the labor
tory ta the field of practicability pre-
cipitited no etd of comment and specn-
lation in scientitic and conmuanicition
cireles. The which
Mareeni was able to operate within a
year or two after his fivst experiments
prampted the thonght that perhaps he
had discovered a =ysten
tric differing  from
Hertz, the Iatter having been employed
in the Inboratories far demonstrations

di<tances  over

new of elee-

Waves, those  of

over s range only up to two hindred
feot.

Richard Kevr. in the first book on
Wireless Pelegraphy.  London,  TROS,

SV ol page 85

the Hertzian
senrches are concerned the two great
anthorities ave Mvr. Marconi and b,
Oliver Lodwe. Dut if vesnlts later on
<honld prove that  Mr. Marveoni  ix
ntilizing a new set of wiaves, say a set
more penetrating than those of Hertz,
we xhould have a forrs
with that of the X-ray di~covery where
Lenavd hit npon the eathode = and
Raoutgen on those called after his name,
And this secems not at all unlikely.
Without  any  extraordinary  battery
Marcoui working
that penctrate any-

“No far as Wive re-

caxe on al

seems to be
will

power
with
thing.”

wives

It would <eenr atter all that had heen
comtribnted by Faraday,  Maxwell,
Thems<on. Hertz, Heaviside and Lodge
that the orthodoxy of electro negnetie
shontd have been extablished,
That in ISOT and ISOS there was stib
opet-mindedness in the matter mnst
remain ax oa o tribute to the snrprise
engendered by Marveoni's  hrillant
demounxtration,

T be

waves

caplinuedy
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The Problem of Radio Set Power Supply

The Design and Theory of a Voltage Regulator for Recetrers Employing
A.C. Tubes or Series Filament Connection

PART VI

T OIS CTHE purpose of this articie

to discuss the  requirements of

voltage regulators for AC tube

receivers and for A, receivers
employing  series-wired tilaments, aod
to deseribe a specific 1x¥pe of regulator
developed to meet the this
servicee,

needs of

In the design of vollage regulators,
consideration mnst be given to two
fiactors: first, throngh what range of
voltage mus=t the device operate:
ol within what limits< mnst the on-
put voltage he held,

N

The tirst point is determined hy the
actnal extreme valnes of voltage ob-
taining at the outlets of nowinal 110-
volt =ervice, amd can be ascertained
only by field surveys, In making sweh
snrveys it must be borne in mind that
the voltage at the ontlet ix affected by
the house wiring, and the effect of
leaiding by household applinnees on the
same line with the outlet, as well as
by the variations permitted by the
power  company  at  the  distribution
transformer mnst be taken into e
connt. AMtention is alzo called to the
fact that it is (he extreme and not the
average condition which must lae met.

Vaoltage Variation and Tube Life

resubis off several
independent  surveys thronghout  the
eountry east of the Mississippi shows
that the extreme values are 90 to 130
volt=<, with an inzigoificant  mnaber

The unpubiizhed

® Vice-president  and
Conner-t rouse Corpordation

Chicf  Enginecr.

A=10V. TAP WITH REGULATOR.
B=110V. TAP WITHOUT "
C=120V. * L) "
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Voltage-sensitivity curves taken ¢n
a Radiola 17 under set conditions.

By George B. Crouse*

af cases where the potential goes down
during o small part of the day 1o 85
volts, There are. however, a suflicient
wtnher of eases at the upper and
lower limits to make it certain that
the range of  line  volinge  throngh
which a voltage reculator muost work
is 20 to 135,
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FIG.2

Time curves of a ballast
vottage regulator.

lamp

In =ecking an answer to the
ond question-— within - what lmits of
voltage mnst the outpat ot the regn-
Lator be held™ - we may reasonably ask
at the outset, why ix it necessary to
have a regulator at all?

S

Probably the most obvious reason
for regulation is fonud in the fact that
andions are designed for o certain tila-
ment excitation and when the valne
of the excitation departs very greatly
from the specitied value, cither up or
down, the life of the tube is shortened.
The effect of an inerease of filament
temperature ix uneh more disastrous
than 1l of @t decrease, but the effect
of the latter wmust not be neglected. Tt
i uot oy this effeet
abont, mtil it is conxidered that at
some low value of filient current, no
cmission at all therefore,
for thix current, the tube hax zero e,
At any higher current than the
rated value, part of the active
nutterial of the tilament will Tail to
crme into effect. and the life will be
tess thi normal,

abvions comes

ocenrs, il

loss

some

The best figures obtainable for tube
lite nnder different  excitations indi-

cate that 3¢, above to 1060 helow
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rated value is the it iu which satis-
tactory fife will be obtained.

Another reason tor regulation  is
found in the apparatus for supplying
the plate exeitation. This apparatos
always utilizes condensers, usnally of
the paper dielectrie ixype. These units
are. from the stamdpoint of  pessible
faiture in serviee, the weakest part of
the entive apparatins and also The nost

expensive.  Both the available satety
factor and the cost deped apon the
voltage which they must withstaund.

Suppose that one of 1the condensers iu
the tiller mesh ix subjected 1o 0 DC,
voltawe of 230 volts at the lowest opor-
ating line voltage, =ay 90 volts. When
this apparatus is connected tooa line
having a terminal voltaze of 130, and
taking into aecount  the maguifying
chiaracteristic of the rectifier, this con-
denser will be ealled upon to withstand
a D voltage of 41200 Voltage regula-
tion within 157, throughmn the speei-
fieudl range of line voltage will redunce

this= upper valte 1o almnt 3000 volts,
which ix permissible
Rtill another factor, which has not

ived proper atteutinn, i the effect
of wide voltage fluctuations on the
ratio of =€ bhins to plate voltage, par-
tienlavly in the last, or so-called power
tulwe.

re

Laxtly. the sensitivity of the set
varies with change of line voltage. In
Fig. 1. Cuarve A, is shown the change
of over-all sensitivity of a1 Radiola 17,
at o owave length of 300 meters aud a

T T T 7 [
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FIG.3
Co.rves of _ballast lamp operated

in the open.
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modulating frequency of 400 cycles.
using 309, modulation. In curve B in
the same figure is shown the change
in sensitivity throughout the same
range of line voltage, using a voltage
regulator which held the voltage ap-
plied to the set within plus 71%

A balancing of all of the above fac-
tors against the cost and simplitity of
the regulator design indicates that, for
the range of line voltage of 90 to 130
volts, the regulated voltage should be
held between plus and minus 715¢7,
but any further nicety seems commer-
cially unnecessary.

Systems of Regulation

Two methods have heen proposed in
the past for cffecting regulation, The
first is not automatic, and comprises a
tapped transformer primary with a
switch, which  may be manipulated
either by the service man or the user.
Experience with this arrangement has
proven very unsatisfactory, It does
not. of course, regulate the hourly flue-
tuations, and the tendency on the part
of the user to increase the voltage ap-
plied to the set to gain increased sen-
sitivity results in an exaggeration of
the very c¢ffect which the switch is de-
signed to prevent.

The second device was automatic in
operation, and comprised the so-called
ballast tube. This device is a resist-
ance having a high temperature co-
eflicient, generally of iron, located in
an atmosphere of hydrogen,

The disadvantages of this arrange--
ment are many, the most prominent be-
ing the following: First, the device ix
very slow in action, due to the neces-
sity for heat transfer successively from
the iron filament to the hydrogen, to
the glass, to the surrounding air. In
Fig. 2 is shown a curve taken with a
well-designed and construeted unit, in
which time is plotted against voltages
and current in the cireuit. It is possi-
ble that this disadvantagze may be at
least partinlly overcome by the use of
alloys having a temperature coeflicient
comparahle with that of iron, but
which wilt e non-corrosive and non-
oxidizing in air at the operating tem-
peratures. None of the alloys =o far
appearing  have shown  suitable me-
chanical properties, however,
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This in itself, in most cases, may not
he a serious commercial difliculty, but
an incidental effect of its ineflicieney
is very troublesome. A\ high voltag
st be absorbed across the tube,
and when the power is thrown on to
the apparatus, only a small part of the
final drop across the ballast is ab-
sorbed. with the result that an exces-

o ‘BALLAST LAMP
RUN IN BOX 83X 85"x 64"
RATED 17AM. 40-60V. |
50. —+ + — -
PRy |
a 1 |
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FiG.4

Curves of ballast lamp operated
in an inclosure.

sive voltage is applied until final tem-
perittures  are reached.  Thisx often
means blown condensers. and destrue-
tion of tubes,

Thirdly. the ballast tube ix exceed-
ingly sensitive to load changes, and to
changes in ambient temperatures, Both
of these effects are shown in Figs. 3

Kecotud, the ballast tube is inefticient.  and 4. taken on the same device as
E20.
E2
E
€t 10
Vector diagrams
which serve to
E3- F1G.6 E3o mustrats the
E 5 eory of opera-
tion gf thepvol-
t:ge reg#.latosr
shown in Fig. 5.
It T30~ Tio
I3
FIG.7 "
I2 I
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usedl to obtain Fig, 2. All of these dif-
ficulties are overcome with the device
about to be described.

Simplified Voltage Regulator

In Fig. 5 is shown a schematic dia-
gram of the regulator in form of an
external or accessory unit.

In this figure, the numeral 1 indi-
eittes a source of alternating current
supplying encergy to the socket power
device 2, which in turn supplies energy
of the proper kind to the radio set 3.
The voltage regulator comprises the
resistance 4 having a positive tempera-
ture coeflicient, and a transformer with
an iron core 5, a primary 6 and a sec-
ondary 7. The core of the transformer
is 0 designed that the temperature of
the resistance. and therefore its effec-
tiveness as a regulator, is controlled
substantially entirely by changes of
magnetizing current under changes of
load. instead of by changes of load
current,

The theory of operation of the de-

vice as a voltage regulator will be
made elear from a consideration of

Figs. 6 ana 7.

Fig. 6 represents the. conditions at
the lowest operating voltage of the
source 1 and the vector I repre-
sents  the voltage of this source.
The vector F. represents the volt-
aze  across  the primary 6. The
current  flowing  in  this  primary
will have two components, one caused
by the load and the losses in the core 5.
which will be in phase with E; and in-
dietated at I.. The other current com-
ponent required to magnetize the core
is designated at I. lagging E; by 90 de-
grees,  The total  current flowing
through the resistive ctement 4 will be
1. the vector sum of T, and 1:: this
current flowing throuzh the resistance
4 will cause the voltage drop E. Now
consider that the voltage of the source
rises to the value E. of Fig. 7. Under
these conditions a relatively small rise
will oceur in E: bringing this value up
to . This increased voltage across
the primary 6 will cause a proportion-
ate increaxe of the load current to I
and a magnified increase, due to the
saturation effect of the quadrature
current, bringing it up to the value I..
1., and I» add up vectorially to L.
which causes the drop across resist-
ance elenment 4 to rise to ISy from two
causes, First, a larger valne of cur-
rent flowing there through causes a
larger potential drop directly, and
second, this larger current, beecause of
the positive temperature eoefficient of
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the material, raises the actual resist-
ance of the clentent 4.

Some distortion of the wave form
ocenrs, due to the satuaration current
tlowing through the resistance, and this
and disturbances of wave form arising
from other causes, together with high
frequeney disturbances on the line, are
eliminated by the faet that the geo-
metricad arrangement of the coils and
core introduee an effective T section
filter. ‘The manner in which this filter
is formed will be elear from a consid-
eration of the equivatent diagram of
Fig, N,

__Bi x Lo -t
Bio -8B t
RANGE OF DENSITIES
EMPLOYED

DENSITY

1 A 4 3
AMPERE TURNS PER INCH
FIG.S

Representative A.C. magnetization
curve.

I this figure 1 is o sonrce. amd 4 is
the  temperature  variabi  resistauce,
atd 200 s the resistant load, ‘1'be coils
21 and 22 represeut respectively the
primary and =eccondary leakage react-

quencies up to the highest radio-fre-
quency disturbances on the line,

Mathematical Analysis
Mathematically,  the  arrangement
may be analyzed as follows: At some
arbitrarily selected initinl  condition,
let
Fi= the voltage of the source
L.=the voltage across the variable
resistance
Fa—=the voltage nerass the primary
E=primary load and core loss eur-
rent
l.—=magnetizing eurrent
1,=total current
and [
Ii=equivalent  load v
ferred to primary,
With . s - and 1. known, the in-
itinl value of the v e resistance
will he given by the equation

veetor sum oof I

istance

re-

vV Er I — (12 ¢ 1) (B — e

(I3 1)

Re | DY PR W

Then to tind the souree voltage cor-
responding  to any new vidue of the
primary voltige, we have

Eu= g Ilin-}- Rao 'l;] + [u,. Im]—“ @

The new values of the quantities be-
ing indicated by multiplying the sub-
seripts by 1,

In equation 2, we have new values
for I and R, which are not linear
functions of the primary veltage .

’ 21 22
MWW~ —" 5000 ~" 5000
. . 4
Generalized dia-
gram illustrat. >
ing the forma- . ::
;ion of an ef. S 3
ective T section > <
filter from the L 23 :E 24 20 ‘:
power trans. 3 3
former 5-6-7 n 3 2
Fig. 5. FIG.8 ]
u
| 3 . and these new values are found as
ance, both of these heing given very sub- follows :
stantial values by the relative location : . »
of the primary and secondary windings, S T T Lt 1 )
These windings, as shown in Fig, 5, = . s !
4y

are located on the opposite legs of the
transformer core, The shunt winding
23 represents the magnetizing induacet-
ance of the transformer and plays very
little part in the filtering action, this
function being performed by the re-
sistive element 24, which is equivalent
to the power losses in those parts of
the core located geometrically between
the primary and secondary windings,

By construeting this effective T sec-
tion filter or eorrcetive network out of
the leakage amd corve loss elements of
the transformer we have an equivalent
of pir core inductance in our series
elements, having neither resistance nor
distributed eapaeity., In other words,
they are ideal inductances, Due to this
fact the filter is effective at all fre-

This equation for the new value of
the magnetizing current  contains a
term (a) which must be determined
cmpirieally from an A magnetiza-
tion curve. made on the partieular
quality of steel it is proposed to use,
and nnder approximately the cirenit
conditions which will be employed in
the tinal design of the apparatus, The
method of determining (a) is shown in
Fig. 0.

The new value of the variable re-
sistanee is determined from

Iu—Ts
R . b R.A Re (1)
I,

In whiclr the factor (b)) is also de-

termined empirically from a eurrent-
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resistance curve of the material whieh
it is proposed to use for the variable
resistor, The method of determining
thisx factor is shown on Fig, 10,

Practical Considerations

In practice it i found that ordinary
silicon pransformer steel may be nsed
for the transformer core, worked at
densitiex within the nsual range, i. e..
from 73400 lines per square inch up-
(. 1'ure nickel wire is used for the
resistance, this materinl having a fairly
high temperature coetlicient, and being
non-oxidizing in air at all tempera-
tures up to and even above red heat.

In the practical design of the appar-
atus, many advantages may be seeured.
It may be made very fast in action:
the rezulation is partly effected by an
inerease in the resistanee of the series
temperature variant element and parily
by an inerease in the deop across this
clement due to the inercased magne-
tizing current, This Intter effect is. of
course, iustantancous, and is moemen-
tarity  magnitied nntil  the  system
reaches o new condition of stability.
For this same reason, the sndden ex-
aggerated voltages, which oceur on oa
studden rise ot source voltage with a
Iallast tube, are practicatly eliminated.
with a resultant reduction of wear and
fear on ftilter condensers, tubes and
other parts of the receiver sensitive to
overload.

While the deviee has heen deseribed
as an external, or unit, it
may be built into the radio set, as an
integral part thereot, the only element
added to the receiver being the tem-
perature variant resistor. 'he trans-
former is built with the regnisite see-
ondary  windings and substituted for
the usnal power transformer,

QECESSOryY

This regulator may be built economi-
eally in sizes up to 150 watts outpnt,

For higher powers, or where closer
regulation is required. we have de-

signed o magnetic type. in which per-
foet and instantaneous regulation may
he secured, and eapable of being built

practically in muech larger si 1t is
proposed to ke this magnetie regu-

Intor the subject of a future article.
(Thix article terminates the present

xeriex. We hope lo hear from MUr,
Crouse again, in the near future—
Editor.)
‘g b= L0 11
= r lig -1y
'z
5w RANGE OF CURRENT
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E P i
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FIG.10
Representative current-resistance
curve of material used for re-
sistance 4
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The Mathematics of Radio

Covering the Mathematical Design and Practical Construction of Iron-

PART VIII

NOTHER arrangement showing
the core and winding of a
choke suitable for usxe in B-
eliminator  filter circuits is
shown in Fig, 42, A, B, C and D are
the strips used for the core. The =pace
between X and C and A and D is the air-
gap. The winding is shown in dotted
lines and located upon the eore specified
ax 3. The arrangement in Fig, 43 is
maintained constant after the proper
length has been determined.  This is
a side view of the winding and core
shown in Fig. 42 and indieates how the
clamps are placed upon the core.
Since this series is written to show
how radio units are designed. we will
discuss the general design of a choke
suitable for use in the filter system of
a B-eliminator. The first essential i
to decide upon the inductance value of
the choke, because a certain amount
of inductance ix necessary in order to
obtain the required retarding effect
upon the A.C. component of the recti-
fier system output. The next import-
ant item is the direct. current-carrying
capacity of the choke. The effect of
the direct current flow was discussed
in Part VII and repetition is there-
fore unnecessary. After the inductance
and current eapacity have been de-
cided upon, a reasonable value of air-
gap and flux density are choscn, This
is followed by the number of turns
and the size of the core, Since it is
impossible to give complete tables
whereby the calculation of all chokes
would be simplified. we will give two
examples of filter choke design; values
which will be suitable for actual radio
practice.

Design of Filter Chokes

Let us suppose for example, that we
desire a choke to be used in the filter
system of a 1}-eliminator, and which is
to have an inductance of 20 henrys

AIR GAP
i
B
3 bt
’
| / CLAMPS
WINDING CORE
FI1G.43

General design of an lIron core
choke.

Core Chokes and Transformers

By John F. Rider, Associate Editor

and be capable of carrying 150 mil-
liamperes of direet current, with a
relatively low value of D.C. resistance.
let u= say 400 ohms. By using a low
resistance  winding, the 10.C. voltage
drop is kept at a minimum value, We
are going to build a choke similar in
physical characteristics to the one
shown in TFig. 42, It should he re-
membered. however, that the design of
a filter choke differs from the simple
design of an air-core inductance, be-
cause of the variable ratio between
the copper of the turns and the iron
of the core.  Furthermore, the cequiva-
lent air gap is an uncertain vahue.
Nince we know the desired inductance
and the required current carrying ca-
pacity, let us first dexign a choke on
paper so we ean study itx physical di-
mensions and general layout.

[ LTI AT D
[ A
5 1
B .
2 .
l;_‘“zru‘..“..“.;i
WINDIN
e FIG.42

llustrating formatlon of core lami.
nations and location of airgaps.

The equivalent airgap is determined
by means of the formula given in Part
VII and again repeated in this text,
viz, :

IxN
G=32—
B
where G is the equivalent airgap, N
is the number of turns, I is the cur-
rent in amperes and B is the flux
density in lines per square inch.

Arbitrarily we can select a flux
density of 35,000 lines per square inch
and 5300 turns for the winding. Sub-
stituting into the formmla and solving,
we arrive at an equivalent airgap of
.03 inches. The induction of the
choke is governed by a formula which
was also mentioned in Part VII but
will again be repeated so as to facili-
tate comprehension of the design and
is as follows:

NA
L=32x —
G x 100,000,000
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FIG.44

Circuit for taking voltage and

current measurements on iron core
choke to obtain the D.C. resistance.

where I, is the inductance in henrys,
N is the number of turns in the wind-
ing. A is the net area of the cross sec-
tionn of the core in square inches and
G is the equivalent airgap in inches.

In order to be able to apply this
formuta. we must choose a value for
A, the net area of the cross section of
the core in square inches. Suppose we
again select an arbitrary figure and
say that the core is going to be square
with a net area of 1.623 inches. cquiv-
alent to approximately 1.3 inches for
the side of the core. Substituting thesc
values into the formula and solving
(G in this formula is the value .073
obtained in the preceding formula).
we obtain the inductance value (ap-
proximate) of 20.7 henrys.

It is customary with the average
silicon steel core material to figure
on approximately .005 inch airgap per
inch of core length, Since the equiva-
lent airgap is 073 inch, the approxi-
mate length of the complete core is
slightly less than 15 inches. Refer-
ring to Fig. 42, this would mean a
length of approximately 6 inches and
a height of approximately 3.5 inches,
After these dimensions have been laid
out by the constructor, he can decide
if the physical layout is satisfactory
from a standpoint of compact design.
Since the inductance of the choke is
proportional to the cross section area
of the core and to the square of the
nnmber of turns and inversely to the
length of the airgap, unsatisfactory de-
sign in the first instance may be
modified by varying the above three
constants,

A modification in design can also be
effected by increasing the airgap or re-
ducing the flux density value. With
respect to the length of the gap used
in the calculation, the minimum value
for the equivalent airgap is around
.025 inches although the usual mini-
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FIG.45

Circuit for determining the im-
pedance of an iron core choke.

mum is approximately .03 inches. If
we reduce the length of the airgap.
which is a dangerous procedure be-
cause of the possibility of saturation.
we can reduce the cross section area
and still obtain the desired amount of
inductance, reducing in this manner
the size of the choke. Iowever, let us
assume for the sake of =implicity that
the dimensions quoted are satisfae-
tory and let us proceed with the design.

Having decided upon a maximum
D.C. resistance of 400 ohims, we must
select wire which will provide the re-
sistanee limit specified. The accoln-
panying wire table ix suitable for the
selection of wire which will carry the
specificd amount of current and also
for the determination of the D.C. re-
sistance of the choke. We can con-
sider as the basis a thousand circular
mils per ampere and we find that No.
28 wire will carry 160 milliamperes
and that its resistance is 64 ohms per
thousand feet. According to the table
74 turns of B & S. No. 28 enameled
wire can be wound in a linear inch.
If we plan a length of winding equiva-
lent to 2 inches, we will require an
approximate depth of 38 layers, which
is equivalent to approximately a little
more than one-half inch.

If the core is 1.3 inches thick and
we allow 1/16 of an inch for insulation
between the core and the winding, the
mean radius of the winding will be
equal to one-half the core thickness
plus the 1/16 of an inch for the in-
sulation, plus half the depth of the
winding. Insulation between layers
for choke coil windings is unnecessary.
Under the circumstances, the mean
radius is equal to .962 inches. Con-
sequently, the length of a mean turn
is equal to .962 x 6.2832 since the cir-
cumference of a circle is equal to the
radius x 2 pi. Solving we find that
the length of the mean turn is 6.02
inches. The total length of the wind-
ing is. therefore, equal to 6.02 x 5500
or 33,110 inches, equal to approxi-
mately 2750 feet. According to the
table, the resistance of No. 28 wire is
640 ohms per thousand feet and the
total resistance of the winding is
therefore equal to 649 x 2.75 a result
approximately half of our calculation.
The voltage drop will therefore be
very low. One and a half pounds of
wire are necessary for this winding.

Determining the D.C. Resistance
and Inductance

The D.C. resistance of the choke
can be determined experimentally by

means of the arrangement shown in
Fig. 44, a battery of 6 volts shunted
by a voltmeter to indicate the voltage
is arranged in series with an 0 to .5
ammeter and choke, The resistance of
the choke (D. C.) is equal to the volt-
age divided by the cnrrent or

E

R=—

1
After the assembly of the choke has
been completed, the gap is filled with
paper and the unit clamped as shown
in Fig. 43 or by any other arrange-
ment. =o that the gap distance re-
mains constant. DBy utilizing the ar-
rangement shown in Fig. 45, the im-
pedance of the choke can be deter-
mined. It is connected in series with

CORE-,
|

W‘INDII;‘JGS
FIG.46

construction of a closed
core transformer.

General

a milliammeter (A.C.. 0 to 50) and
shunted across the 110 volt A.C. line.
An A.C. voltineter is connected across
the line to indicate voltage. The im-
pedance again is equal to the voltage
divided by the current. If one cares
to solve for the impedance, it is

Z= VI¥ plus (628 x F x L)*

The inductance on the other hand is
equal to

Sp=s

The design details for a filter choke
of 30 henrys capable of carrying .85
mils, similar to that shown in Fig. 42,
ix as follows: equivalent airgap .05.
Flux density considered 35,000, num-
ber of turns required is 65.000, mean
total length of core. 10 inches, net area
of core, 1.1 square inches, side of core,
1.1 inches, size of wire and total length
required determined as before, size
depending upon resistance (D.C.)
desired.

TR

(6.28x F)*

Transformers

While on the subject of iron core
chokes, we might as well consider
transformers. since they are classified
in the category under which is listed
the iron-core choke. The design of
transformers differs from the design
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Copper Wire Table

Current
Capacity Turns per
(Amperes) Res. per  Linear,
1000 C. M 1000 Ft. inch
Per Amp. (Ohms) (EEnam.)
51 20.4 42
.40 25.7 47
.32 32.4 53
.25 40.8 59
.20 51.5 66
16 64.9 7
13 81.8 82
10 103 Y2
08 130 103
063 164 116
05 207 130
04 261 145
2 329 164
025 415 182
02 523 206

beeause the transformer

of the choke.
core does not carry direct current and
consequently it is unnecessary to pro-

vide an airgap. The transformer core
ix continuous as shown in Fig. 46 and
it is customary to place the primary
winding on one of the legs and the
secondary winding on another, In
some cases where several secondary
windings are employed, such as a
plate-voltage winding and one or two
tilament-voltuge windings, the plate-
voltage winding is on one of the legs
and the filament-voltage windings are
located on top of the primary winding
or on the remaining legs of the trans-
former core.

Transformers are classified in two
ways, step-down and step-up. The first
classification covers transformers
whercin the output voltage is less than
the voltage applied to the primary, and
the second classification covers trans-
formers where the output or secondary
voltage is higher than the voltage ap-
plied to the primary. In the event
that several output windings are em-
ployed, some of which supply a volt-
age higher than the input voltage and
some of which supply an output volt-
age lower than the input, the trans-
former is usually classified by quoting
the function of the various output
windings.

As in the case of the choke, various
ratios between copper and iron can be
used. That is, various ratios between

. WINDING
PRI --»_“';-,77,’,:7,/7,'//7,1/
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Indicating design considerations of
a closed core transformer.
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turns aud the =ize of
core can he omployed, .\ frequently
suggested  constant for this ratio is
A5 and the first step in the design of
a transtormer isx the determination of
the number of turns per volt in the
output winding o windings, ax the
citse may be. Phe formula employed
to obtain the turns per volt for the
outpit winding or windings is

the number of

(15
e

Turns per volt
V Watts outpag

General Transformer Design

Let us consider the  transtormer
<hown in Fiz. 47. where 1" designates
the primary winding amd 8 designates
the secomdary winding, which ean be
for aramment’s sake the plate-voltage
winding of a teanstformer,  The three
leads indicate that the winding  is
tapped ot the middle, amd let us as-
stwme that it is designed for use in a
full-wave  rectifyving  sy<tem.  where
ench hinlf of the winding is supposed to
supply S vahes. In the ealealation
for the turns-per-volt value, we add
the ontput voltage of each halt of the
winding  amd consider the total  re-
uired as GOH volts,

When considering the watts ontput
of winding, it is necessary that we
have o enreent as well ax a voltage
rating.  This current rating ix neces-
sary in the desizn of a transformer
for a certain rod ing tube. Let us
<ay that thix transformer is to he nsel
with o tule which hax g direet enr-
rent rating of 125 milliamperes. To he
sife, we will eate the winding at 3o0n
volts and 150 millinmperes. The ont-
pur wattawe rating is therefore equal
10 300 x 150 or 45 watts, Suphstitnting
this wattige value into the tarns-per
volt formula mentioned previously, we
obtain o turns-per-volt vilue ot ap-
proximately 5.2, Sinee the voltage out-
Pt ix to be GO volts (300 volts in each
half)y the total number of tuarns re-

R.M.A, SHOW REPORT

(Continied from page 25

new realm of exeellence,  Eagineers
have been on the job and have isolated
the illusive mechanical and electrieal
microbes which undermine bhetore the
eve. which ix unable to see, but meet
their end under the serutiny of the
nnerring  testing  amld measuring  de-
vices, Thns, we have tilter condensers
as tough as nails, fixed condensers with
hetter power factors, resistors that will
indetinitely  uder  con-
and =o ou down the Huoe.
cquipment  has  also been
Nome of the larger
onttits are  engineering  anmasterpicees
amd will perform most any test as-
socinted with tubes and radio receivers,
The smaller onttits, monnted in com-
paet careying cases, are ideal for the

tast ahmost
stant logd

Testing
greatly improved.

rivlio  serviceman ad custon-set
builiter.  They will cheek any part of
a radio receiver. test power  units,

tithes, ete,

Very little change is seen in the

quired ix equal to G600 x 5.2 or 3120
turns, According to the wire table No.
28 wire will earry the amount of cur-
rent considered in the desigu,

The next step is the determination
of the amount of (urns necessary for
the primary winding,  We have de-
fermined (e turns-per-volt  constant,
Considering o line voltage of 110 volts,
the number of turns necessary in the
primary winding are 110 x 5.2 or 572
turns,  Betore we can determine the
size of wire necessary for the primavy,
we mnst know the enrrent flow,  As-
suming an  operating  efliciency  of
SO%, the input into the transformer is
cqual o the watts output of the sce-
ondary  divided by the  aperating
efliciencey or Noor 2 owatis, The
current flow is equal to watts divided
by voltage. which in this case is 51
amperes,  Considering wire rated ot
1500 cirenliae mils per ampere, 13 & N,
Noo 21 ix the wire reguired for the
primary winding,  The cnrrent earry
ing capaeity of varions wires at vari-
ons circalar mil ratings not mentioned
in the preveding table ean he obtained
from any copper wire tahle or chart,
We now kuow the number of torns
and xize o wire requirved for the pri-
ntry amd secondary windings,  The
current earrying capaeity of  varions
wires at various eirealar mil ratings
not quentioned in the preceding table
can be obtained from any copper wire
table or chart. We now know the
ninber ot turns and size of wire re-
quired for the primary and sccomdary
winding=.  The next =tep is the de-
termination of the core area.  Nince it
i impossible at thisx time to show a
chart giving core area specitications,
we  will mention  various  values of
primary tnens and the eore area. when
the transformer is to be operated at
11D volts and GO exeles amd 110 volts
and 25 eyxeles.

With respeet to the “side of sqnare’
mentioned in the above table, the desig-

sacettuin tithe  field. The same type
tnbes hold sway and will probably eon-
tinne to do so for some time to come.
A few special duty tubes have heen
introduced, however, A nunmber of jn-
dependent  tube  manufacturers  dis-
played A.C. sereen-grid tubes, similar
in filnment characteristiex amd heater
dexign to the -type tube, There are
also o number ot 201-130 type tithes
which have 125 nea. filaments, making
them  particularty  adaptable to  the
battery-operated  =et and tila-
ment operated receivers, 1t is reported
that they stand up very well under
operating conditions.

One wmanutactwrer has introduced a
photo-clectric cell and a neou  tube.
They are designed particnlarly For ase
in conjunction with television equip-
ment. what there is of it. hut will tind
any number of other uses

Apropos television, a few huilt-up re-
ceivers were exhibited at the Show,
these adhering closely to general de-
sign.,  with  the u=uatl
motor, the scanning dise. ete,

series

synehronous
It ix very
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110 Voli, 60 Cycles Supply

Net Area of
Core Ny, in,

Primary
Turns

ya

Nide of Sq.

S, 1.38 5|
U5e8050 .26 1.1
GOoL L 1.1 1.13

110 Volt, 25 Cycles Supply

MM 1.9
..., 1.82
G, ..., 1.76

Fig, 47 indicates this di-
mension. It isx really nothing more
than  the widith of  the lamination,
With the size of the core determined.
the next <tep is the layout of a theo-
retical transformer, taking into eon-
sideration the number of  (urns  re-
quired in the primary and secondary
windings and the physieal layvont of
these coils. After the eross secetion of
the core has been determined. it is
customary to decide upon the depth of
the windings o ax to deterntine the
“window™ required for the core,  Re-
ferring to Fie. 47, the inside sqnare
ix the window, A and B designating
two Luninations of the hailt-up core,
The depth of the winding 1 is deter-
wined by first deciding apon the length
of the winding and determining from
the table in this paper or from any
other copper wire table. the mnnber of
turns per linear el and then decid-
ing upon the number of layers heees-
sy to afford the required total of
turns.  The method of determining the
depth of the wimding was discussed in
detail in the ehapter deseribing the
dexign of tilter chokes,  The finished
teransformer <honld have a physieal
appearance shoilar to that shown in
Fig., 46, Excessive length or width of
the core denotes had design.

nation ¢ in

(To bhe eontinued )

fine mwaterial for experimental work.
We alzo =aw tlocks of voltage regn-
lators, both ot the auntomatic and
mannally  operated  types  which are
suitable for nse with any form of re-

ceiver or aute-power amplitier.  The
automatic  jobs  really  provide very
wood regulation over wide limits of

variation,
Radio Kits

Kits were not in great evidence, but
thix ix not indicative of o change in
the Imxiness.  Most of the popular Kits
are not introduced  until early  fall.
Nevertheless, as tfew as they were in
nunther we anust add that the mannu-
facturers are getting down to heass
tacks insofar as attractive design and
price are concerned.

line voltage

The short-wiave Kit-sets are cqually
as attractive and are well engineered.
Many of the wmulti-tule jobs employ
serecen-grid tnbes ju the R stage and
it is elaimed that FEuropean stations
are picked up with ne great difficulty.
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Televox—The Electrical Attendant

Explaining the Functioning of the Latest Development in Remote

N oresponse to o need for i simple

and relatively  inexpensive  form

of remote control, a meehanism

called the Televox™ or “Mechani-
cal Man™ has been developed,  Fhis
was done to s<npplenent hut not sup-
plaut  supervisory  control Lets,
which have come into snel goneral nse
in the last few yvears,

The use of abnall distributing <ub-
stations ix becoming more and more
the gecepted method o supplging the
clectrical needs of large cities. To

carry thix plan 1o its logieal conelu-
xion these <tations mnst be nuattended.
Whaolly relinble means are available

far the periodic reclosing of the local
distribution  teeders, It is not so
<imple to control the incoming high
tension feeders, which muy form part
of o ring or other complicated  net
work, 1t is most desirable that the
=¥=tem operator e wiven soe means
by which he can issue instructions to
the apparatus in the unattended sta-
tions and receive replies that bis in-
structions have heen obeyedl,

e fmportant or lavge substations
whare the expense is warranted, there
ix no better method than by the uxe
of  one of the available 1ypes of
supervisory control. These systems re-
quire individual  control  cirenits of
from two to fonr wires, ‘These wires
miry he <pecially installed for the puar-
pose or may be leased from the tele-
phone company. 1o either case there
is conxiderable expense involved.,  For
the more impertant stations this ex-
pense ix fully warranted, bhut for the

lesser  stations the tendeney  wmong
many power companies is to take at
chanee and depend on quick transpor-

fation to <ot ian to the station after
an ontage, I a man were actually in
the xtation, the  solution  would  he
quite <imple. The dispateher wonld
pick up hix telephone, eall the suh-
station  and  order  certain . breaker
movement.  But. ax we Lhave already
stated, these stations are too <mall to
justify Ihman attendance, henee, the
telephionte is useless,

* Szwoitchboard Ewoincer, IUestinghonse Elee-
tric Ifu. Co.

Control Apparatus

By R. J. Wensles

The public telephone =ystems have
heen bearghte to g high state ol per-

fection. Recent improvements i op-
erating techniqite have greatly specded
the counection time of the Bell system.

T =pite of the tine worn jokes regird-

Introducing Televox

I oarve pleased {o indro-

duce yon 1o Teleror.

He is still a youngster

huat has a ind of his
boshort Hime ago e grada-
ated from the silenl olass,  He
non has o raojce. prowpled by
his wien mechawical wind,

Teleroe has ideals ond rision.
DBeing nwonnn he «till fmagines
lie wrands lo e un cugineer on
a sleaw cugine or the direelor
of w sub-slation.  Haweerer, as
e grows older and drops a feie
of lis ehildish illuxions regerd-
ing play. and comes Lo the reali-
sation that one pinst aeork, apd
waork hard, to malee a living, he
ix going 1o axsume oim-
portant poxilion in industry.

Fortunalely, Teleroe has o
strong constilation and an wpere-
ing wmind wilh aelich Lo cone eith
the  slrewwonus  comnelilion  of
the times, He can aeork 24 howrs
a  day  awilhonl  crnericucing
fatigne —a  druly  crlraordinary
accomplishment.  Even now. he
can do shwple johs crecedingly
well,

Teleror's father is prowd of hin
and is anrions Lo hare pon Lbnowe
Iow well be ean do things, Nowe
thatl he eap lalle be ix a rvery
interesting ohild and though ee
dao pol wsnally  sobanil 1o Ihe
whims of prowd fulhers ice wmale
this one crcention, in he helief
that you aeill he inlerested in
Televor's hiolagy.

We hope you arill folloar his
growth,

ann,

T'ne Epironr.
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ing the <lowness of the exchange op-
rators it is pow a maticr of conmon
comtent that connections ave secured
with an acenraey and <peed that leave
bt little 1o he desiredd,

With this gvreat aud veliable means
of public communication available in
every covner of our ecities aml towns it
seeied g pity that it conhl not be nsed
for the purpese of controlling  these
mall, mattended siation<. I there
were only g machine witle sutlicient in-
tellicence to answer the telephone aud
carry out a few <imple instrnetions
and cive some replies. the problem
waontld be solved,

Intelligenee by Proxy

In response to this necd cang the
Tolevox,  This ix literally aomnehine
endowed with enonghi aprarent intel-
licence to earry on a conversation over
a o <tamdard  telephone throngh ex-
chatnges and their conneeting eables
i exactly the <iame manuer a< wonhl
a human operator, were <u-ly avaitahle.
This deviee st noi teansgress the
rules Iaid down by the telephone com-
panies regarding attaclonents to their
lines or instrioments,  FEvery :
pirt torth by these companies toomain-
tain their service at a hizh degree of
etficieney. Thix could nat Le done were
unauthorized  persons  permitted to
mitke changes in the elecirien! cirenits
wr the telephone  jusirnimoents  them-
sclves, The telephone companies” very
rigid bnt jnstitiable vesivictions, there-
fore, made it necessavy that the Tele-
vox actnally “listen™ 1o the receiver
and “speak”™ into the transmitter,

The standavd telephone systems pro-
vide channels  which will carvry all
frequencies hetween 390wl 2500
eyveles with o reaxonably <mall attenn-
ation. The operating tones or “vaice™
of the Televox must stay within these
limits, For the first <aomple. tones cor-
respotding to GEDC9D0 il e eyeles
wore chosen. It will e noterll ihat
the upper frequency talls hetween the
havmonies of  the two lower
frequencies. This is necessary to pre-
vent i e fulse operation due to
the harmonic operation of the angli-

seconud
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fier for the higher frequency, should
this be a multiple of one of the lower
frequencies,

The first model was an experimental
device and necessarily crude: although
in no way does it exhaust the possi-
bilities in thix new form of control,

The Televox Equipment

The dispatcher's equipment consists
of three tuning-fork oscillators, a two-
stage audio amplifier. a loud speaker
unit and three push buttons.  The
standard desk telephone is placed on
the desk in front of the loud speaker
unit,

At the substation there ix a larger
cabinet which containsg a1 two-stage
amplifier. three ladder-type fitters and
three individual frequency mmplitiers,
Relays in the plate cirenits of the out-
put tubes in these final amplifiers oper-
ate the seclective portion of the equip-
ment. A set of telephone relays and
selector switches comprises the selec-
tive equipment. On the side of the box
is a shelf on which the standard desk
telephone is placed. The receiver is
left off the hook and is placed on a
microphone, which forms the electri-
cal “ear” of the unit. A weighted arm
projects from the side of the box to
depress the hook switch on the phone.
This is arranged to be lifted by a
magnet inside the cabinet. The tele-
phone may be lifted from the shelf
and used in the ordinary manner with-
out the necessity for detaching or dis-
connecting any device. When finished
with its use as an ordinary telephone,
the instrument ix replaced on the shelf
and is immediately in readiness for
automatic operation.

All language is but a succession of
sound strung together in various com-
binations. As there are but few opera-

tions to perform, the language need not
be complicated. The three frequencies
before mentioned are used as three
monotone syllables amd all the various
comninds  are  translated into a
language eomposed of these,  This
might he called “Televoxanto™  with
apologies to Ixperanto.

How Televox Functions

Let us vision a scene in the dispateh-
ers oflice of a central station equipped
with the Televox,

The telephone rings.  “Dispatcher
speaking.”

“Thix ix the service departinent.
We have three calls from 26th and
Y Sts”

“All right,  We'll investizate and

call yon back.”

The Dispatcher hangs up and turns
to his system map.  “Lets sece. That
will be feeder 16-8-3 out of Sub 16.”

The dispatcher consults his tele-
phone index and picks up his telephone
receiver, A line please™ this to the
private brauch operator,

“Number please,”

“Valley G000,

“Thank you - - - - - - ---6000"

And then the dispatcher hears in
the telephone receiver “Buzz - - - - - -
buzz - - buzz - - buzz - - buzz -- buzz - -
buz which translated from Tele-
voxanto into English says This is the
Televox at Substation 16 speaking.
What can we do for you?”

The dispatcher places his phone in
frout of the speaker unit on the front
of his Televox cabinet and pushes the
button marked 1400 five times. The
loud speaker says “Tweet -- tweet --
tweet tweet -- tweet” which says to
the substation  “Connect me  with
breaker number five and tell me if it is
open or closed.”

TTIZBI

Mr. Wensley and Master Televox doin

g a few turng for respectful admirers.

Mr. Wensiey is calling Teilevox on the phone preparatory to asking him to

operate the vacuum cleaner and the electric fan.

to answer his private phone.

Master Televox is about

Note the batch of relays and band filters

composing Televox’s constitution.

wwWw americanradiohistorv com

Radio Engineering, July, 1928

And then the buzzer at the substa-
tion buzzes out the information that
breaker number five is open. The dis-
patcher pushes the bntton marked 900
and the loudspeaker says “Toot”
which is short for “Close it.” The
buzzer then says that the breaker
closed but opened again almost im-
mediately, “Close it again” This time

the buzzer says that the breaker
stays in,
The 600 cyele button causes the

speaker to say “Whoop” which is the
wiy Televox has of =aying “That is
all. Goodbye.” The substation hangs
up: the dispatcher hangs up but im-
mediately ealls the service department
and azks them to call the persons mak-
ing the complaint to see if serviee has
heen =<atisfactorily restored. also to
semd ont 2 man to patrol the line and
locate the trouble if possible,

An ordinary ringing signal relay of
the type used for operating special
loud gongs or signal devices is in-
stalled by the telephone company and
furnishes the initiating means for the
rest of the substation equipment. The
relay makes contact when the bell
rings, thus energizing the magnet
which lifts the weight from the hook
switch and completes the circuit to the
amplifying tube filaments. After an
interval of about thirty seconds, dur-
ing which the substation buzzer sends
out the station code at intervals, the
actuating circuits will he opened by
a timing device unless the dispatcher
xends one or more 1400 c¢ycle tones.
This is to take caiv of wrong number
calls which are inevitable as long as
human beings use the telephone.

For portable use the device can be
operated by three carefully tuned pitch
pipes of the proper tones. This enables
the line repair man to operate the sub-
station breakers from any telephone in
private houses or pay stations near the
case of trouble, Testing of defective
circuits ix thus greatly expedited.

Now Televox Speaks

All the earlier Televox models have
used an answering signal consisting
of a bunzzer mounted in front of the
telephone transmitter, this buzzer
sounding various codes to denote the
response of the devices, Owing to the
possibility of errors in calling, there
are times when outside persons might
call the telephone equipped with the
Televox.  Should sunch be the case,
there would he nothing but a mean-
ingless buzz to tell them of their mis-
take, In order to make the equipment
more suitable for use over the public
telephone system. the Televox has now
been given a voice with which it re-
sponds in the English language or any
other language that may be desired.

The previous models were not able to
originate a call should something un-
usual happen in the substation. With
the new model, however, should a cir-
cuit breaker trip automatically or a
niachine overhe:at or any of the various
protective devices function, the ma-
chine is automatically started and the
voice of the mechanism speaks to the
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telephone operator giving her the
number of the dispatcher’s telephone—
thus putting through a call in the
usual manner.

Televox’s Larynx

To give the mechanism means for
emitting articulate speceh of  good
(nality, use iz made of developments
in the *talking movie” industry. A
piece of moving-picture film ahout 15
or 20 feet long ix spliced to make an
endless loop. In the present model two
senteneesx are xpoken. Thesxe are photo-
graphed near the two edges of the
standard film. the rest of it being left
blank, the sound appearing in the form
of closely spaced linex of various
shides and widths and frequeney., 1In-
dividual lamps with special straight
filament are arranged with lenses to
concentrate the light on a very narrow
portion of the film at any one time,

A =mall motor drives the film when-
ever the voice is required. .\ selecting
mechanism in  the Televox lights
either one of the two lamps, depending
upon the sentence dexired. The image
of the filament is projected through a
narrow slot, onto the speech record
through which it passes to a photo-
electric cell.  Ax the lines on the filn
pass in front of the light, the corre-
sponding change of currents which
take place in the photo electric cell are
amplified through a special shiclded
three-stage amplifier to a volume suffi-
cient to operate a small loud speaker.
Thix speaker is placed in front of the
telephone transmitter and is heard by
the person at the other end of the
telephone line exactly as though a
human being were speaking the words
into the trangmitter.

“Televox Speaking”

When a eall is put through to a
substation equipped with o Televox
having thix voice attachment, the per-
son at the remote end will hear a voice
saying. “Televox speaking at Randolph
G400, This will repeat a secomd time
and if the proper signal is not given
by means of whistltex or «ther musicat
devices, the Televox will then hang up
the receiver upon the assumption that
the call is a wrong number call. In
the meantime the person at the distant
end hax heard the number of the tele-
phone to which he has been connected
and should it be a wrong number. will
he able to hang up and signal the op-
erator again to get the correct num-
her.  llowever. should the dispatcher
have made this call with the expecta-

tion of operating something in the
substation, he listens for the voice

and as soon ax he has verified the cor-
rectness of the number of the substa-
tion, ax indieated by the telephone num-
ber. he blows a blast on the proper
whistle and the volce ceases and the
machine ix then in condition for fur-
ther operation by means of the whistle
notes.

Should a cirenit breaker open au-
tomatically. the Televox is put into
action and lifts the receiver of the
telephone and immediately begins suy-

Mr. Wensley examining Televox's vocal cords, in other words, talking fitm,
Note the driving motor and the btack case which contains the photo-electric

cell.

ing at intervals, *Thix is the Televox
calling for Main H5000."  Thix will be
continued at intervats until the cen-
tral operator ix able to complete the
connection to the dispatcher’s tele-
phone. As soon as he hears this voice,
he will xtop it by a hlast of the proper
whistle and then proceed to question
the machine by further whistles as to
what has happened. The answers to
these questions will be in the Dbuzzer
code which the dispatcher understands.

Ax soon as the whistle stops the
voice. the motor is also stopped and
the lamps extinguished so that the
film is in use only a very short time.

Further Possibilities
The addition of this automatic voice

The ‘'speech amplifier’” is mounted on top of the case.

Page 39
considerably broadens the possible

field of apptication for the Televox. It
ix not limited to the speaking of the
two sentences but may be made to
answer quite a number of questions
carreetly when necessity for such an-
<wers has been determined in ad-
vance. For instance. where it is not
dexired to use code signals indieating
the amount of water in a reservoir,
thix mechanism can be made to state
the height of water in feet. or it can
bhe made to say that a machine is cool
or hot. or a machine ix dangerously
hot. It can be made to repeat any
cort of routine report that can be
celeeted by electrical cireuits.

Applications of
High-Voltage

Heavy Current
Supply Units

Various Uses of the 350-Milliampere Rectifier Tube
in Common Type Filter Circuits

By James Millen*

ITH the advent of etectro-
dynamic  speakers, experi
mental television, low volt-
age, high wattage power
tubes, and many other devices requir-
ing any where from % to %2 ampere
of direet current at voltages between
one and two hundred, or so, the neces

* Raytheon Manufacturing o,
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«ity for a power supply operating
directty from the 110 volt A.C. supply
hecomes quite evident. About a year
ago suell a power system was de-
veloped for use with series filament
operation of the 201-A tubes in bat-
teryless radio sets.  Thisx power unit
wax built around the 330 M. B.AL
eascous full-wave rectitier tnbe, which
hadd been developed for just such uses.
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wherever oxceptional heavy  current
drain was a prerequisite.
As the main use for this rectifier

Pulie and its associated eireuit in the
paxt hax  been almost  entirely  re-
strieted 1o supplying “A-B-( voltage
to 200-\ radio tubes, it is only natural
to overlook the possibilitios for its ap-
Mication in other fields— both in and
ont of radio,

New Applications

But let us first consider some of
the newer radio applications,  Take.
for instance, the electroalynmmie cones,
which are attracting <o muoeh atten-
tion at present amongst radio
faus who are primarily interested in
obtaining  the quality.
While some of these deviees are in-
tended for tield excitation on a six-volt
storage  battery.  this  practice  ean
Itardly be considered in Keeping with
the present-day socket-power operation,
On the other hand, many of the cloctro-
dynamic speaker fields require for hest
results, from V) to % ampere of direct
current, which ix heyond the ity
of most high-voltage  reetit b In
some  electro-dyiaic  speakers  the
practice ix 1o employ the electromag-

those

best of  tone

net winding ax a filter choke, thus
serving  two  functions at the same
time.  IHowever. this practice may re-

sult in a considerable A, I,

The BA rectifior is
N conneetion  with  energizing  the
electronigmet of  an o eleetro-dynamie
spenker. Most commercial speakers of
thix type opernte bext with an inpit to
the field of twenty watts, which is very
difienlt 1o obtaiu  from ordinary
sourees, This high wattage, of course,
requives  specinl field  windings.  but
does permit exceptionally good resiles
to be obtained. The creation of an in-
tense magnetic ticld across the gap in
which the moving coil is su=pended
dampens the action. and <light rattles
often noticed in electro-dynmmic ponk-

ideally  suited

FI1G.2

TO BA
POWER SUPPLY

Dynamic brake for altering speed
of a motor-driven scanning disc.

ers are climinated.  To supply  this
heavy  current, the BA  tnbe, while
rated at g Httle better than one-third
ampere, will actually deliver one-half
ampere. if the input voltage is kept
below three hundreed volts per ande,
It ix often desirable to take a IBA
transformer, in with the pri-
mary of which a resistanee is insorted,
wnel feed in throngl a very <imple fil-
ter eireuit to the olectromagnet of the
speaker, Most constriuctors prefer to
have o separate power unit to supply
the field and often obtain theirv radio
power supply through another unit,

Push-Pull Amplification

Another applieation in radio for the
BA tube is in conjunetion with push-
pull amplification  and  particularly
multi-tube pash-pdl amplification,
now coming into extensive favor, In-
stead of resorting to the high voliages
required for the 10 amd —-50 type
power  tihes operating  at maximum
capacity, it i often considered hettor
practice to employ o plurality of —71
iype  power  tubes in push-pnll. or
again in double push-pull or four tubes

series
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VARIABLE
POWER
RESISTOR - +

TO STORAGE
L FIG.1

“B" BATTERIES

Circuit, utilizing a gaseous recti-

fier, for charging storage “B"
batteries in series connection.

Series Filament Operated
Receivers
But perhaps the most recem powwver
supply requirement that isx well met
by the BA rectifier and  associated

BA
RECTIFIER

-CHOKES -,
t+ A

115 v,
60~

"
\
\
R
‘ v\

L

FIG.3

Circuit of an A-B-C power supply unit employing a high voltage, high
current gaseous conduction rectifier tube.

for the tinal stazge, It is also possible
to operate a1 —10 type tube posh-pull
amplifier at a plate voltage of 230 or
S00. Invariably, it will be found that
the push-pull amplitier provides betier
tone quality than a <ingle tube oper-
ating at higher voltage,

For auwditorium uxe where a large
distorted power output is required,
it has been customary in many instal-
Iations in the past to use the “30 watt™
transmitting tubes operating on a plate
voltage of approximately 1.000 in the
Inst audio stage, Now thar the new
250 tube s available, however, Letter
results are from an outpnt
age, comprizing o plurality of four
of the 250%s in combination parallel
push-pull  arrangement with bt 300
volts on the plates and a total plate
current  of  approximately 200 milli-
amperes,

possible

Both the pate voltage and eurrent
requircments for such an installation
are readily met by a power supply unit
employing but o single BA full-wave
rectifier,
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equipment, is for lamp socket opera-
tion of xetx employing the new
type sereen-grid tnbes in fila-
ment operation, In some instances, the
222-type tnbes are used as R.F, aapli-
fiers, as detectors, and as first ALK,
amplitiers, with either o 171 or g 250,
with A in the filanment, in the out-
put stages, The 135 mils. of tilament
enrrent. as well as the plate current,
are eaxily handled by the B rec-
titier.

series

Charging Storage “B™ Cells

For short wave work amd also ex-
perimental laboratory work. it ix often
advisable 1o use “B” atieries rather
than climinators asx a xource of plate
voltage,  For such use most hibora-
tories, ax well ax many experimenters,
etploy storsage B3 batteries.  Using
the eonventional methods of charging,
it ix necossnry to dixconneet groups of
the small storage cells and  conneet
them in a series-parallel circuit before
putting on charge. By using just a BA
tube and transformer for charging pur-
poses, banks of hatteries having volt-
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Regulation Data

5 Watts I ) I I I
line pri p anole hy-Dilss lond load

1.25 231.0 L1140 L0

1.15 251.5 REIl L250

1.05 RE] L2000

1.00 BRIt 100

LR 100

gy LO00

LT0 {]

ages of as wneh ax 230 or so ay be
cliirged at one time without the in-
convenicnee of chianging 1o o series-
parallel eirenil areangement. Nee Fig,
1. A variable series resistor should he
usedd in the primary civeuit of the
teansformer for regsulating the cliars-
ing rate.

Magnetic Brake

There are also  many  other  uses
which will become evident in the lab-
oratory from time to time, where a

<imple, reliable, silent*and inexpensive
sonree of high direet curvent at hizh
voltage will prove valnable, Take tele-
vizion experiment=. for instanee,  In
the system that is being most generally
experimented with in this countey at
present, # scanning dise is employed,
The general practice is to monnt such
i dixe directly on the shaft of a motor,
the speed of which can readily  he
varied, =o ax to bring the speed of the
dise cmployed at the receiver into syn-
chronism with that at the trausmitter,
One method is to cmploy a small D.C.
motor with a fichl rheostat for spewd
control, A 1LC, power supply deliver-
itng between Yy oand Lo oampere at 110
volts is just the thing for such opera-
tions,  Aunother system employed in oat
least one aboratory st present. is to
use an induction motor operating from
the Toeal ALCL line, A magnetic brake
then n=ed to “slow up™ the dise
until it ix in synehronism o with the
transmitter dise, See Fig, 20 Suel a
brake requives anywhere trom 4 to V)
mupere of direet carrent at ahout 110
volts for its operation, For this serv-
ico the DDA rectifier sorves admirably,

ix

It inherent load regulating charie-
tervisties enables the constroetion of 8

power nnit that will give practically
constant output voltage over a wide
range of load drains.

Of late this gaseous vectifier has
formnd  inereasing use in railway  sig-
naling  systems, in place of trounble-
some  high-voltaze  storage  batteries

and primary cells, It permits ot har-
nesxitiee the usual alternating eurrent

Puage j1

sistance charneteristic of the BA tube
i power unit uxing this tube can be
made to deliver almost constant volt-
age with g wide variety of load cur-
rent. To do this, input voltages of
aronnd 200 to 250 are used aid a load
of 100 millisnperes  will have  little
offeet on the ontput voltaze amd the
cirenit can be so designed that the de-
crease in drop through the tube with
inereasing current will compensate for
the drop through the filier eirenit,

In Fig 3 is shown the conventional
cirenit for a power unit nxing the BA
rectitior mest  generally  used in
counection with " A-B-C" power supply
for radio veceivers,

For dyunmic  speaker ope
power  amplifier amd  alnpost
laboratory  work. the shmplitied
rangement shown in Fig, ¢ will he
found better suited, This civenit was
developed  in the  Iaboratory  several
months ago to meet some vather
vere  reguirements—low  cost. almost
perfect regulation from O to 300 wilif-

HES

ation,
all
ar-

n=e,

se-

BA 5 HENRYS
RECTIFIER K
: +
Rectifier and " b
filter circuit_for 1S v. ) b3 4 MF.
supplying field 60 ~ 2~
energy to ao R
electro-dynamic $ 1100
speaker. S OHMS
O —

FIG.4

1o the requirements of =ignaling and
telegraph civeuits, at a very low first
cost amd operating cost,

Interesting  possibilities are offered
in connection with applying the BA
tube to clectro-plating, on an experi-
mental or small seale, of course. The
high ontput voltage may be redueed by
means of g series resistanee, and it is

possible g0 obtain 1y to 1 ampere at
100 volts, without injuring the ree-
titier.

Because of the negative eurrent re-

amperes Joad, and low AC,
the outpul.

The exeellent regulation results from
=0 selecting the values of the <shunt
tilter resistor amd the D.Co rexistanee
of the tilter choke, as to take full ad-
cantage of the normally rising” ehar-
acteristic curve of the BA rectitier and
result in practically a constant voltage
output regardless of load,

A very good idea of the perform-
anee of suel a power anit may be had
from the table in Fig 5,

ripple in

Condensers Have Many Uses in Industry

NE of the most important appli-
cations  of  condensers  today
ix in the protection of motors,
senerators  and instruments
near radio and other high-freguency
and high-tension systems,  Sirges and
resonanee effects in power plants and

lines ave dangerouns anless the proper
pro e ixomade to prevent the poten-
tiands from rising above certain definite

limitx,  The proper  provision  often
takes the torm of special condensers
which take eare of surges and reason-
anee offects set up in the plant or the

By Engineering Staff
Dubilier Condenser Corporation

line by diveet strokes of Jightning, in-
dueed potentinls from lghtning, proxi-
mity of radio or other high-frequeney
systens, operation of eirenit hreakers,
switehes, tises, ete. harmonice alter-
nator EMEF s in vesonanee, atud low pro-
portioned eapacity of alternators,

The industrial - and  power  con-
donsers follow the smne generat teeh-
nique s those intended for radio ap-
plications,  In fact, it is the experi-
cnee gained in making industrial and
power condensers, which are intended
for the most rigid kind of serviee, that

wwWw americanradiohistorv com

Lias taught condenser specialists how to
make reilly ood radio condensers, par-
tieulnrly tilter coudensers,  The mak-
ing of a coupling condenser for carrier
telephony, or wired wireless telephony,
to operite on a THLO00-volt transmis-
<ion line- —a condenser capable of with-
standing this astounding voltage with-
out even a remote possibility of break-
down the =ort of enzineering ex-
pericnee which has led to the produne-
tion of tilter condensers capable of
siving dozens of years of life in the
usnal radio power units,

ix
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NEW OFFICERS OF NEMA RADIO

DIVISION

The results of batloting for officers for
the radio division, National Eleetrical
Manufacturers Association after their an-
nual meeting in June gave to Loenis B, I,
Raycroft of the Kleclric Storaze Dattery
Company the vice presideney and leadership
of the radio group for another year. This
is Mr. Rayeroft’s third term in office,

In the division dealing with trade and
merchandising problems, George A, Scoville
was reelected chairman of the Merchandis-
ing Conncil, and 11. Curtiss Abbott was
chosen  vice chairman.  Mr, Scoville Is
with the Stromberg-Carlson Company, and
Mr. Abbett is general sales manager of
the Crosley Radio Corporation,

In the important technical committee
sections, L. W, Chubb of the Westinghouse
Company was chosen chairman of the radio
receiver scction, George ILewis, Arcturus
Radie Company, head of the vacumm tube
section, 1I. L. Olesen, Fansteel I’roducts
Company, head of the power supply sec-
tion, and Juling Weinherger, Radio Corpo-
ration of America, head of the radio trans-
mitter section.

AMERICAN MECHANICAL LABORA-
TORIES CHANGES NAME

The Ameriean Mechanieal Taboratories
of 285 North Sixth Ntreet, Brooklyn, N. Y.,
it has been anuounced by John J, Mucher,
president, will he hereafter known as the
Clarostat Manufacturing Co.. Ine. operating
at the same address.  The personnel of the
organization, its policy and products will
remain the same.

REORGANIZED DE FOREST RADIO
COMPANY ANNOUNCES PLANS

With the comiplete recapitalization and
reorganization of the DeForest Radio Com-
pany, one of the best known names in the
radio industry may be said to be back in
the ring. The new organization represents
the mobilization of finances runming well
into seven fignres, quite aside from the can-
cellation of all indebtedness, The Dbest
ability and experience which the radio in-
dustry has to offer, have likewise been mobi-

lized. The plant in Jersey City is being
remodelled  and  re-equipped for utmost
efficiency.

The President and General Manager of
the new organization ix James W, Garside,
an exeentive long experienced in prodne-
tion and merehandising activities. The
Board of Directors is as follows: A, I,
Drexel Biddle, JIr., Trustee, Duke Founda-
tion, and Chairman of this Board: Wiley R.
Reynolds, Chairman of the Board, Reynolds
Spring Co.: James I, Bush, Vice-President,
Equitable Trust Co.: Arthur 13, Westervelt,
YVice-I'vesident, American Trust Co,: ilarris
Hammeond, I’resident, International ’etro-
lenm  Co.: inl L. Dentseh, President,
Sonora Phonograph Co.: Victor C. Bell, A.
D. Mendex & Co, and Orlnude I'. Metealf.
Metealf MeTnnes. Allen & ITubbard.

An Advisory Beard, comprising men long
rominent in the radio industry and allied
ndustries, reporting directly to and con-
sulting with the I'resident, will shortly be
annonneed.

With the possession of numerous De-
Forest basic patents and improvewment pat-
ent rights, the new organization plans the
early predietion of a complete line of per-
feered vaennm tubes representing the Iatest
achievements in this highly specialized field.
There will also be produesd a eomplete line
of radio receivers and acecessorios, vepre-
senting the ntmost in research and enwi-
neering, it is stated,

Realizing the close and growing partner-
ship _between phonograph and radio arts,
the Delorest Radio Company will he nsso-
ciated with the Sonora I'honograph Com-
Pany—a pioneer in phonegraphic and acons-
tie  development-——Iin  the  produetion  of
radio reecivers and phonographs,

William Sparks, I'resident, W,
Vice-I'resident,  and C

just res

s, Nales  Manager, have
turned from Cleveland, Ohio, where they
attended a i of the Board of Di-
rectors  of ‘ks-Withington  (‘om-

pany, radio and metor signal manufactor-
ers of Jackson, Michigan, The general
plans and policies of the company were
dixenssed for the 1928-29 season and the
company’s activities in general are to he
greatly increased.

RADIO DEALERS OF CHICAGO D!S.
TRICT ORGANIZE TO IMPROVE
MERCHANDISING PRACTICES

The Midwest Radio Trades Association is
an ovganization made up of wholesale and

retail dealers whoe are merchandising radio
eqnipment in the Chicago territory. Any

retailer. who lhandles radio sers or, acees-
sories isx eligible for membership in this
group.  IHowever, this organization has

adopted certain fundamental prineiples that
are necessary to sonid merchandising and
cach dealer member will have to indieate
his willingness to practice these before hix
membership can be accepted.

The meetings of this Association are lield
regutarly once a month at the RElectric
Cluh, 30 North Dearborn St,, Chicago.

The Association also invites any out-of-
town  dealers passing through Chicago to
stop at their offices, or, should they be in
town when the meetings occur, to come and
listen to the fine programs that have been
arranged,

NYMAN OF DUBILIER STAFF TO
STUDY EUROPEAN RADIO
CONDITIONS

Alexander Nyman, for the past five years
a consulting engineer of the Dubilier” Con-
denser Corporation of New York, has sailed
for Kurope in order to combine a well-
earned vaeation and a study of Kuropean
radio  conditions and technical develop-
ments. e will spend some time with the
Rritish and_the German Dubilier organiza-
tions aliroad for an exchange of prodnetion
and technical ideas.

The contributiong of Mr., Nyman to the
radio art are well known even if not gen-
erally identified with his name.  lle_ is re-
sponsible for notable developments in the
study of mica dieleetric. and for the rapid
measnrement and texting of this materlal.
Ife hasx done extensive research on high-
voltage phenomiena as applied to the con-

denser art. lle has made a long
transinitting  condensers,  partien
high freanencies for short-wave wi

contributions to condenser life test toch
niqne have meant nmeh in the development
of satisfactory filter condensers for present
day socket power radio,. More recently, he
has contributed liberally to the develop-
ment of the condenser shunt ammeter for
The measurement of antenna enrrent regard
less of wave length,

MITH SALES ORGANIZA-
TION CHANCES

The_Rolter-Smith Company, 233 Droad-
way, New York, N, Y., aunounces the fol-
lowing changes in its salex organization :

The State of Texas ix now heing handled
by My Jdohn A. Coleman, 1006 Washington
Ave Monston, Texas,

The states of Colorado, Utah, Wyoming
and nerthern New Mexico are now belng
Landled by Mr. H, 1, Weeks, U. 8. National

ank Bldg., Denver, Col,

Both Mr, Coleman and Mr, Weeks are
men of wide experience in the cleetvienl
business and with the r1erritories that they
are covering, Both will handle the entire
tine of Toller-Smith  products,  inelding
olectri measuring  instruments,  relays,
and cirenit breakers,

ROLLER
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NEMA TO PUBLISH TRADE-IN

HANDBOOK

Within several wmonths the radio retailer
in every part of the United States will have
aviilable the “NEMA Ilandbook of Radio
Trade-Tn Values Going back as far as
1924 this Handbook will contain suggested
trade-in values tor used radio sets and
will offer the radio dealer a useful guide
in selling a new radio set to a enstomer
who wislies to trade in hix present unsed
set for a2 _new one This  Handbook,
announced ILouis B, F. Raycroft, Vice-
president  of  NEMA,  will he  prepared
under_direction of Georze Sceoville, Strom-
berg-Carlson Telephone Mfe. Co. amd head

NIEMA Merchandising Couneil, and I,
Abbott, Vice Chairman of Merchan-

g Couneil, and sales manager of Crosley
Radio Company.  This handbaok has the ap-
proval and support of leading members of
the radio industrv who are members of
NEMA and is another step in the group of
many taken by the NEMA Radio Division
at their annual meeting in Chieago.

NEMA AIDS TO SERVICE MEN

The Radio livision, National Electrieal
Mannfacturers 3 ation, are going to
help train radio service men, No radio
service man, ealted upon to give service
to set owners posses<sing radio receivers of
widely differing design and  arrangement
can possibly have readily available all the
information he needs to give proper service
to all kinds of radio sets which differ
greatly,

“The National FElectrical Manufacturers
Association is going to help educate the
service man.” said Louis 13. . Raycroft,
Viee President of NEMA., “We are now
gathering the information on radio sets
which have been on the market sinee 1924
and in one of the two bhooks in the NEMA
Radio service course will provide wiring
diagrams of radio receivers and power units
and will supplement this by regnlar addi-
tions to keep the diagram handbook up to
date. Our handbook of practical technieal
information for the serviee man will com-
plete the course.”

WHO NEEDS CHICAGO
REPRESENTATIVE?

R. 8 Drummend. Manufacturers’ Agent
of 440 So. Denrborn St., Chieago, I, is
interested in_seenring new radio lines to
represent in Chicago and the Midwest Ter-
ritory. Mr, Drummeond has over six years
experience as manufacturers’  arent in
radio and is well known in the jobber and
deater field.

NEW SALES POLYMET
REPRESENTATIVES

The Polymet mfacturing Corporation
of 3049 Brondws New York City. hax an-
nounced the appointment of two more Sales
Representatives fur the entire Polymet 1lne,

Mr. 1. L. Simon of 1746 Commonwealth
Avenue, Roston, Mass., will eall on the
radio . manufacturers and jobhers in the
New Encland territory.  Mr. 1. Schubot of
T07-8 1loffman Buildine Detroit, Mich., will
cover the manufacturers and jobbers in the
Michigan territory and Northern Ohio.

E & E CO.,, T

"W CHICAGO SALES

AGENCY

The E. & E. Compauy. 54% W, andolph
K|t.. Chieago,

1. Wi recently heen organ-
ney for Chicago terri-
3 presenting the following
mianu Tyrman  Electrie  Corp.,
Benjamin Eleetrie Co., Automatie Eleetrie,
Ine, uam Radio Corp., all of Chicago:
General Instrnment (o.. New York, and
Shamroek Mfe, (o, of Newark, N, The
prineipals of thix companvy are R. I, Lzlas-
ton and I1. . Evetts horh well known radio
men and conneeted with the indnstry ever
sinee its inception.
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GREBE TO CONVERT BATTERY
SETS FOR A.C. OPERATION

In conjuction with the announcement of
the new seven tube electric set, A. I. Grebe
and Company, Incorporated, announces that
the factory in Richmond Hill is prepared
to effect the conversion of hattery operated
Synchrophase receivers into the new model

Synchrophase Seven A.C.,  for Jobbers,
dealers and consiumers.
The complete cost, which includes ad-

ditional rewiring, extra material and the
external power unit, will be fifty-flve dollars,

NEMA PUBLISIIES BOOK ON THE
RADIO MARKET

The Radio Division, National Electrical
Manufacturers Associaton  hasx just  an-
nounced the publication of ““The Radio
Market,” which is said to he the most
comprehensive study, based on  statistics
gathered by the Department of Commerce
in cooperation with the National Electrical
Manufacturers Association, ever maie of
the radio market. 1t was announced that
this was the first issue of a similar study
which would regularly be made,

Statistics heretofore available on radio
stocks and radio sales have been largely
estimates accompanied by deductions fre-
quently drawn by statisticians not directly
concerned with radio merchandising, The
data offered in “The Radio Market” is
based on actual figures from the retail
trade as a whole and since it is intended for
the radio Industry, deductions of doubtful
value have heen aveided. It has heen pre-
pared for the purpose of suppiying each
phase of the industry with facts which
are readily available to those concerned
in marketing a particular product. The 3
page publication, full book size was com-
P\_iled under the direction of Major R. A,

lock, chairman of the NLEMA statistieal
committee,

GENERAL RADIO DROPS JOBBERS
AND DEALERS TO CONCENTRATE
ON TECHNICAL APPARATUS

Although one of the first manufacturers
in the radio parts field to establish a jobber-
dealer ontlet for its products, the General
Radio Company of Cambridge, Mass., dis-
continued all of its distribution outlets on
July 1. This change has been brought
abont not through failure of this method of
distribution, hut rather due to a change in
the product manufactured,

When the General Radio Company started
nearly a decade and a half ago, its product
consisted of instruments and parts used
in radio and telephone research laboratories,
During the war, much of this equipment
was used Iin training camps and emergency
research laboratories. In fact, the original
superheterodyne developed by Armstrong in
France used miany GR parts,

Following the war. one of the principal
tasks undertaken by the Company was the
equipping of the Navy with submarine de-
tecting devices, This special equipment,
which now includes many items such as
oil-locating-apparatus. occnpies much of the
efforts of the Company.

With the advent of broadcasting, it was
only natural to find a company already
organized in the radio field especially
equipped to mect the demand for radio
parts for the experimenter. Jor a while
this phase of the business nearly swamped
the instrument output, bnt as complete
sets became the rule rather than the ex-
ception, conditlons returned to normal,

As the major part of its output is now
in laboratory apparatus. which, because
of its special nature, is by necessity a
fietory-to-consumer proposition, the Com-
pany has decided to place all of its outnut
on the same basis. This does not mean that
it will discontinue the (development and
manufacture of radio parts. becaunse such
devices are required in large gnantities
in development and private laboratories. It
only means that in the future all such
parts as well as laboratory apparatus will
be sold only on a factory-to-consuner basis,
To facilitate distribution. a West Const
stock will be maintained at 274 Brannan
Street, San Franciseo, and the Central
Scientific Company. Chiecago, will maintain
n stock of certain items especially adapted
to school use.

The enginecring and laboratory person-
nel has been recently increased, amd many
new Instrnments are under development,
both for laboratory and experimenter use,
One of special interest is a wavemeter
deslgned for use with amateur transmitters
in accordance with the new reqnirements
of the International Radiotelegraphie Con-
ference. A whole new series of high quality
broadeast transformers has fust been an-
nounced.

POLYMET MANUFACTURING CORP.
PUBLISHHES NEW MANUAL OF
ENGINEERING DATA

The Tolymet Manufacturing Corporation
of 599 DIroadway. New York City, have an-
nonneed the publication of a new loosce-leaf
manua' whicrh should prove of speeial in-
terest to radin engineers and radio maun-
facturers’ purehasing agents.

‘The mannal presents complete deserip-
tions, working drawings. prices and test
results of all Polymet products—iilter and
block condensers, wire wonnd resistances,
large and small moulded bakelite condens-
ers, fixed mica condensers, metallized and

wire-wound strips,  polytrols  (automatie
rheostats), potentionmeters. rheostats
bakelite erid-leak  mountings and  phone

plugs. The loose-leaf form of the mannal
will permit additional pazes of information
to be inserted from time to time to take
care of future developments,

This manual is not tor generat eirenla-
tion, bnt the ’olymet Company will gladly
send it free of eharze to radio engineers amd
manufacturers’ purchasing agents who will
write to The Petymet Manufacturing Corpo-
ration,

H. B. CROUSE. NEW NEMA
PRESIDENT

Huntington B, Crouse, President of the
Cronsge-Tlinds  Company of Svraense, New
York, was eleeted President of the National
Eleetrical Manufacturers Association af its
second Anmmal Meeting at ot Springs,
Virginia, on June 13th, snceceding Gerard
Swope, Tresident of the General Electrie
Company, who retaing membershin on the
Noard of Governors and on the Exeentive
Committee of the Assoclation. The follow-
ing Viee-Presidents to head NEMA’s various
Divisions were also elected :

Apnaratnus Division, N, A. Wolcott, Tack-
ard Eleetrie Comnanv: Applianee Division,
M. C. Morrow. Westinghouse Flee, & Mfg.
Co. ;: Policies Division, Clarenee L. CoHens,
Relianee Flee. & Eng, Co.: Radio Division,
Lonis B, I. Rayeroft. Fleetric Storage Bat-
tery Companv: Supplvy Division, W, E.
Sprackling, President Tnbular Woven Fab-
rie Co,, Pawtucket, R, T,

For a term of three years the following
were selected to become members of the
toard of Governors:

II. B, Cronse, Cronse-Ilinds_Company.
Syracuse, N. Y.: R. _Edwards, Edwards &
Company. Ine., New York Cit A, T, Fus-
tiee. Eeonomy Fuse & Mfgz, ‘hlcago,
1L : Otto 11 Falk, Allis-Chatmers Mfg, Co..
Milwankee, Wis.: W. L. Jreohy, Kellogg
Switchheard & Sunplv Co., Chicaze: 1. F.
Kerlin, National Carbon Comnany, Cleve-
land. Ohio: D, I1, Murphy, Wiremold Com-
pany, ITartford. Copn,: R, T, Russell, Cen-
tury Eleetrie  Company, St Touis. Mo, :
Frank E, Waleott, Frank E. Woleott Mfg,
Co,. Tiartford, Conn.

For a term of one vear ta fill an unex-
nired term  T. A, Bennett of the National
Metal Molding Company of Pittshurgh was
elected,

UNITED RADIO CORP. TRIPLES
PLANT CAPACITY

Tnited Radio Corporation. builders of
“Peerless”  loud speakers. licensed under
Lektonhone Cornoration basie patents, has
tripted their plant eanacity and removed
their prineipal assemblage factory at Roch-
ester, N, Y., into larger quarters,

NEW FREED-EISEMANN JOBBERS

The Freed-Eismann familv of johbers is
increasad hv the annonncement that the
General Tgnition Co, of Milwankee has heen
added and that the Crescent Eleetriec Supnly
Co. of Davenport, fowa. and Madison, Wis-
consin, bas been enrolled, The Creseent
Eleetric Supply Co, of Duhvaue, Towa, has
heen merchandising Freed-Eisemann  prod-
nets for a considerable nerind.

Announcement is made by the Miechizan
Chandelier Co, of Detroit that it has been
awardml the Freed-Eisemann franchise in
its territory,

NEW  FREED-EISEMANN

DISTRIBUTORS

Among the new distribntors of the Freed-
Eisemann Jine are the John V. Wilson Co.
and the Rigelow-Dowse Co., of DBoston,
veternn_New Fngland merchandisers.

K. L. Allardyvee Arnott, managing
director of Freed-Fisemann Radio (Great
Britain) Ltd., is in the United States for
his hi-annual visit to the Freed-Eisemann
factory in Brooklyu.
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LEKTOPHONE CORPORATION LI-

CENSES ATWATER KENT MANU-

FACTURING CO. AND GRIGSBY-
GRUNOW CO.

The Atwater Kent Manufacturing Com-
pany, Philadelphia, and the Grigsby-
Grunow Co. of Chicago have been licensed
to manufacture controiled-edge cone
spenkers under the basic Lektophone and
Hopkins patents by the Lektophone Corpo-
ration, according to Colonel Robert Davis,
president of the licensing company.

With the recent development of power
driven speakers and the broader applica-
tion of controlled-cdge cone speakers
fargely necessitated by this ehange, Lek-
tophone Corporation has materially modi-
fiet their original licensing poliey to conh-
form to the needs of the radio industry
and to afford a greater measure of protec-
tion for Lektophone licensecs.

LEKTOPHONE CORPORATION LI-
CENSES BRITISH RADIO
MANUFACTURERS

The Lektophone Corporation. owners of
the basic patents on controlled edge radio
cone speakers under which prineipal radio
manufactnrers in the United States are
licensed, has completed negotintions with
Standard  Telephones Cables, Ltd,
London, the prineipal electrical equipment
manufacturers and operators in Great
Britian, to represent the corporation in
Europe, it was announced today.

The Lektophone Corporation, together
with Ntandard Telephones & Cables, Ltd.
now own and control basic patent letters
in practically every country in the world.
Graham Amplion Company, 1.td, and Celes-
tinn Company, Ltd., largest British mami-

facturers of radio sets and  equipment
after the Standard Company. have been

licensed under Stamtard-Lektophone patents
and improvements.

BIWAX CORP., NEW CHEMICAL
COMPANY

The Riwax Corporation, with offices at
20R South LaSalle St.. Chieago, 111, has
just bheen organized for the purpose of
manufacturing waxes, battery seal com-
pound and conducting chemical research
work. Mr. J. L. Donovan is general
manager with Mr, TI. W, llerbst, the en-
gineering chemlist. The factory is located
at 909 Concord Place,

E. W. LINCOLN, POTTER MFG., CO.
SALES MANAGER

E. W. Lineoln has recentlv joined with
the Potter Mfe, Co.. North Chicago, IlL. as
manager of Sales and En«ineering.  Mr,
Lineoln was formally with FFansteel Pro-
duets Ca. and also with the Kellogg Switeh-
hoard & Supply Co.

M. J. BARRETT. GRIGSBY-GRUNOW
N. Y. REPRESENTATIVE

Grigshy-Gronow Co., of Chleago, manufac-
turers of the new Maiestie eleetrie receiver
appoints  Milton J. Barrett special sales
representative under the direction of Her-
hert E. Young. Mr. Barrett will work out
of Mr, Young's New York otlice,

ACHESON CO. FORMS RADIO
DIVISION

he Acheson Oildag Company of Port
Tluron, Michigan. manufacturers of Adqua-
dag. a concentrated collnidal solution of
Acheson eleetric furnace graphite in water,
will hereafter distribute their produets in
the radin field througzh their radio division
at ¥lillside Station. Elizabeth, N, T,

The division will he under the super-
vigsion of Laymond Szymanowitz. formerly
of the Acheson Products Sates Company of
Newark, N, J,

Aquadag is finding new uses daily in the
radio indnstry, To date it has found suc-
cessfnl application as a resistance element
in grid-leak and volume controt manufac-
ture: as a die lubricant in the drawing of
tungsten wire: as a satisfactory shield for
special vacunm tubes: as a “wetter’” ma-
terial: as a means of establishing posltive
contacts: as an opaque in photo-electrie
coll work: as a conductive coating for the
electro-deposition of metals and as a dry
Inbricant for variable condenser bearings.
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used in the antenna stage of any receiver,
It may also he o in the Roberts and
r balaneed radio-frequeney eireuits re-
i A mid-tapped primary amd as oan
tge  transtormter in standard  tnbe

reirits,

Both of the
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ade for nse
mfil, con

above eoils are
Ay uld. or oo

DUBILIER CONDENSER BANK FOR
HIGII-VOLTAGE RECTIFIERS
In ovder to e llu- Im.'h\nh.w-- e
quirements of the UX-2 Xeast, andd
similar tilent  r ||Ii<-|~. Dubilier
Cowlenser  Corperation ol hronx
1 . New York City, RO TREN

llu-
43

now

wlenser bank comprising 1the Type
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tubes in pish-pdl,
ACME “ABC” POW UPPLY

e Apparatus Cogoof Camb
b met the demand Tor a 1
for a0 Feceiver using the alternat
ing enrrent tnbes with a unit, which <up

The new Acme
Apparatus Co.

ABC' Power
Supply Unit
which is adap-
table to most
any receiver.

pliex tilament.
With  this
i reesiver
tubes into a
uxing the

T'he A
Iuigch, 3
these b

plate aned grid-bins voltage.
nuit it ix possible to convert
designed  tor  storage-hattery
completely AC-operated  set,
tubes,
power supply unlt is 7 inches
inches  wide and ~ inches long.
ng approximately the dimensions
a colt B battery.  An ioput il
il one for connection to the 11d-volt
power line is inceluded,
he  prid-bias  connectlons  are  made
within the nnit and are automatically ad-
Justed ta the correct voltage by the enr-
rent drawn by the tubes, A terminal
board on the end of the instrunment car-
ries  xixteen  binding  pos making it
possible to obtain any desired combinatlon
of voltuges,

The power sipply
dlfferent 1y

-

i made in three

nnit
= using the fallowing

ALC talhe L5 2% amd 171 tubes:
Arcturs, \l.lr.lllmn A UX-280 reetifier
tihe ix psed in the first it and a BEH

rectitier with the last twao.

NEW SOLDERI FLUX SPEEDsS
RADIO RECEIVER ASSEMBLY

tusixtent  denuind  of  the  radio  minu-
facturer for fluxing agent displaying a
ter  activity  at  oxide  solveney  has

ompted the Research Departiment of the
Chieago Solder Company 1o develop what

they term  their A" Flux  Core Wire
Rolder.

Kestor A7 Flnx  Core Wire Soller ix
unique the field of fluxes as it earriea
a thix neither zine ar ammeo-
nintn chlovides.  The corrosion factor is

far less than such tluxes ax ehloride pastes
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and chloride salt solutions. In fact, its
ualities are the nearest approach to the
esirahle characteristics of rosin, both in
respect to corrosion and conductiveness
that science has so far been able to pro-
duce, it is claimed.

It is true that Rosin ijs the only abso-
lutely  non-corresive fluxing medium yet
avajlable, but there are many places |
radio receiver asscmbly where Koster
Flux Core Wire Solder will erially
speed up_ production with satisfactory
after results.

rom time to time mainy new and highly
acclaimed fluxes have been offered the
manufacturer, but analytic investigation
invariably discloses the fact that they are
the old and well known zine and ammo-

nium chilorides in some new disznise. The
hygroscopic characteristies of these ngents,
promoting a serious corrosive and con-

ductive action in the flux residual, is a
menace to the produet of any manufac-
turer employing such in assembly work.

Experience gained over a period of 29
years in the manufacture of fluxing agents
enabled the Research Department of the
Chieago  Solder Company to develop and
offer to the radio set mamifaecturer o ma-
terial that is the nearest approach to the
ideal qualities of Rosin and yet provide
increased speed at oxide solveney.

NEW PEARLCO STRAIGHT LINE

GANG CONDENSER

The PPearleo gang straight-line condenser
is new in principle, construction and design.
As far as can be determined by the nost
rigid test condueted by noted radio authori
ties, it meets and overcomes every difliculty
and problem heretofore associated with the
operation of three or more condensers oper
ated by a xingle dial. Such things as vary-
ing capaecitiex of condensers of the same
rated ecapacities, are taken earve of in the
new Pearlco Push and Pull Condenser
There are no shafts to wear and no rot
Ing parts,

Radio Engineering, July, 1928

The new HFL Isotone Screen-grid Radio-Phonograph Comblnation,

mcn FREQUENCY LABORA-
TORIES® NEW COMBINATION
RECEIVER-PHONOGRAPH

The High Frequeney Lahoratories, of 28
N. Sheldon Street, Chicago, Nlineis, has
announced a new kit of parts, which as-
sembles into wlhat is known as the Isotone
Sereened-Grid Radio Phonograph, The kit
itself consists of three completely as-
sembled, wired and tested units, which are
holted down to a foundation plate, The
final comnections are made underneath the
foundation plate by means of small jumper
commecting strips.  The instrnment has an
antomatic  change-over  switeh,  allowing
phonograph records to bhe played through
the audio amplifier section, which houses
4 microphone transformer and power tube

The new condenser is made by the Pearl
Radio Corporation, Philadelphi *ia1,  The
rotor plates are mounted rigidly on a ftlat
metnl carriage, which rides on a smooth
metal plate that is riveted to cach end of
the metat frame. These metit ends form
part of the shield, The rotor platex are
grounded and ground connections supplied.

There is a lug riveted to the botttom of
the rotor carriage. ‘This operates in the
diagonally-cut slot of the cam under the
rotor carriage, This cam is riveted to the
shaft, which mounts the dial of the set.
Turning the dial lmslles or pulls the rotor
plates bhetween the stator plates, The
operation is smmooth as all parts slide freely
and easily, The slot in the cam can be
cut so as to be adaptable to straight-line-
frequency, straight-line-capacity or midline,
This will be especially appreciated in con-
nection with high wavelength stations, Also
greater and fuller separation of all stations
is more euasily accomplished, and there is
no danger of any one condenser going off
position in its relation to the others.

As many condensers as desired can be
placed in one gang, all operating on the
same carriage. Condenser capacity can be
increased or diminished to meet the de-
mands of varlous set manufacturers. Each
condenser is complete with connector for
set and réady to be installed. Bottom metal
mounting plate can be drilled according to
manufacturer’s template.

for the purpose of playing  phonograph
records,
The new Pearico
Stralght Line Gang
Condenser. This unit

is supplied with any
number of condensers
In tandem. It will be
noted that the move-
able plates slide
rather than rotate and
are operated by a
unigue cam arrange-
ment, The wunit is
entirely shielded. Each
condenser employs a
special balancing ar-
rangement.

All parts are completely shiclded and a
unique systemn of assembly permits the wire
itself to be completely shielded, The three
stage intermediate-frequency amplifier has
a gain of 63 per stage it is claimed and the
aundio-frequencey amplifier is a three stage
push-pull combination of which two stages
are used in radio reproduction,

THE NEW PIERCE-AIRO CHASSIS

The \A.C. 171 Chassis manufactured by
Pierce-Airo, Ine¢, of 113 Fourth Ave, New
York City, has the following spcecitications
supplied by the manufacturer:

Chassis—Muade of heavy gauge, drawn and

New Pierce-Airo A.C. 171 Chassis.

www americanradiohistorv com

welded steel, housing all the component
parts including power supply.
Control—Illuminated single drum ope-

rated by bakelite knob. Positive friction
drive automatically takes up wear. Ex-
clusive feature of compensating  control
mukes possible extreme seleetivity and easy
tuning.

Amplification—Conslsts of one stage of
audio combined with one stage of power
push-pull amplifying transformers, insaring
great  volume without any sacrifice in
quallty of reproduction.

Power Supply—This important unit is an
integral part ‘of the Chassis. It is of
liberal design and construction so as to
withstand heavy over-londs without ecn-
dangering any of the cleetrical parts. A
Hi-Lo Swlteh in the transformer primary
circuit  insures delivery of the right
amount of power regardless of line voltaye
variations in different localities. Type 280
filament rectifier tube assures long life and
a smooth flow of current for the plate
circuit,

Tubes—Type 226 tubes are used for the
radio frequency and audio circuits. Type
227 for detector and 2 type 171-A tubes
for power amplifier circuit.

Finishb—The Chassis is finished In the
highest tgrndc bronze Duco lacquer. 'The
panel, of standard size, 7 by 18 lnches, is
finished in a natural grain burl walut
hard to distinguish from the natural wood.
On the panel is mounted a bronze embossed
escutcheon of which the pilot lkimp and
shade are integral parts and illnminating
the entire visible portlon of the wave band
readings making station finding easy and
enhancing the appearance of the chassis.

ABOX A.C. CONVERTER
The Abox Company, of 215 N, Michigan
Ave., Chicago, Il.. announce a converter
for supplying 6 volts 1).C. to receivers di-

reet from the 110 volt, 30 or 60-cycles
Hine. This converter thus replaces the
storage battery and charger. The manu-

facturer clalms that many of the new spe-
ctal purpose tubes can bhe operated from
the AC, lines with the Abox. The output
is ndjustable for sets employing 3 to
tubes,

[

New Abox A.C. Converter,

A receptacle for the “B” unit is provided
and a master control switch for controll-
ing the whole installation. 'The contain-
ing box is finished in brown.

YAXLEY JUNIOR RHEOSTATS

The Yaxley Manufacturing Co., of 9 8,
Clinton St,, Chicago, I, has introduced
a line of small rheostats and potentiome-
ters, that are especially adaptable for sets
in which space saving is of primary im-
portance. The overall dimensions of the
rheostat are 19/18 inches, whieh includes
a fillament switch.
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These rhenstats are furnished in numer-
ons values from 1 to 1000 ohms and rthe
potentionieters may be obtained in values
from 6 to 2000 ohms, These instruments
are made with an extra heavy metal base

Yaxtey Junior Rheostat.

and an  expawded retaining
which aid in the dissipation of heat.
switch can bhe attached without to
either the rheostat or the potentivnet

cup.
The

s 1o
S

CECO 01-B TUBE

For some time enzineers have been ask.
ing for a 1§ amp, tnbe having characteris
ties similar to the A" type. DIy the re-
finement of an_oxide conted filament proe-
ess mude possible through research work
done in the laborateries of the C. L.
Manufaeturing Co., Ine, a tube of this
nature has heen released and is known as
the “Ceto” O1-B.

In respeet to m, impedanee and mutual
conductance the O1-B and the A" are
identical for all ical purposes.  Sub-
stitution for the type. can be made
provided the filament voltage s Kept
within its rated valne,  For the interests of
long tube lite special precantions are neces-
sary in the matter of filument voltage and
plate current.  Although the tube has a
nominal filament rating of & volts the
characteristies  are

practically  the smne

Ceco 01-B Tube.
This tube has a
125 mit., 5 volt
filament and s
therefore a very
economical tube
for battery ope-
rated sets.

T

t 4.5 volts and accordingly the fllament
shonld be burned as low as is cousistent
with good reception. It has been found
that if the filument is burned at over 5%
more than the rated amount rapid dete-
rioration of the oxide conting resnlts with
consequent short life. I’late eurrent must
not exceed the proper valune and it is very
essential that grid bias be used with the
01-B whenever the plate voltage exceeds 40,

Many engineers Dbelieve that so-called
series operation with rectified A.C. on 1ila-
ment is preferable to the use of raw AC.
in connection with special types of tubes.
As the O1-I8 draws only 125 milliamperes
filament current at §i volts it is possible
to obtain from reetifying tubes of the
1-80 or R-81 types sufficient current for
the O1-B fitaments provided they are wived
in series,

CECO R. F. 22 TUBE

The “CeCo” R.F. 22 tube_is of the four
olement type and has a wide and varied
application, In construction it varies con-
siderably from the three element tube, the
main difference being the addition of what
is ealled a shield- or screen-grid.  This
surronnds the plate and performs a very
important function in the operation of
the tube. ‘The filament employed is simi-
lar to that used in the “CeCo” type )
power amplifier and is thoriated. The in-
ner grid is brought out through the top of
the tube,

When the RLF. 22 is employed as a
space-charge-grid tube the amplification
constant is between 60 and 80. When
used as a screen-grid amplifier in R.F.
stages a mu of aronnd 300 is available,
The grid to plate capacity in this latter

case s
which

‘rmlm-wl 1o a negligible degree,
gives the R.F. 22 a distinet ad-

The Ceco R.F.
22 screen-grid
tube which has
a 125 mil, 5
volt filament.
The tube may
be used as a
high gain ¢ F.
or A.F. ampll-
fier and as
a space-charge
grid tube.

taze where neutralization was furmerly
with the three element tubex.

sereen-gric tnbe the L. 22 may
used in resistance-coupled audi

As
also he
circuits.

CECO A.C. 22 TUBE

While very satisfactory results have l
obtained with the direct current ~er
erid R, 22 tube the increasing popularity
of A.C. operation has brought a denvd
for a1 tube of this type using alternating
enrrent ou the filament. The C. B, Manu
facturing Company has put on the miarket
a tube of this nature known as the 3 e
The cathode is of the separate he
The heater filament is rated at ) .
1.7% amps and in this respeet is similar

The new Ceco
A.C. 22 — a
screen-grid, A.-
C. filament tube
of the Indirect
heater type. It
serves the same
purposes as the
Ceco 22
tube.

that of the N-27. The inner uvid lead
comes out through the top of the tube and
the base has five prongs. The construc-
tion of the heater in the R.IF, 22 A.
fers considerably from that in the N-Z7.

The characteristics of the A.C. 22 are
practically the same as those of the R
99 which is operative on direet current
only. ‘This means_that the coupling trans-
formers on impedances designed for the
D.C. type may be used equally well with
the A.C. tube.

NEW AMPERITES FOR A.C. TUBES

The Radiall Co., of 30 F'ranklin St., New
York City, announce two new types of
Amperites, these being for the 226- and
a27type of A, tubes. The addition of

se devices in the filament cirenit of
each tube of a set operating from the al-
ternating-current line Keeps the fitament
voltage constant, no matter how the volt-
age of the mains may vary.

NEW AMERICAN SUB-PANEL
BRACKETS

The Ameriean Iadio Hardware Co., 135
tirand  St., New York City, announce
new aluminum bracket that will take any
width sub-panel up te 11 iuoches. There
are a number of kits on the market that
require a sub-panet of 10 or 11 iuches in
witlth and this bracket witl take the fol-
lowing widths: 4%, 6. 7, 8, 9. 10 and 11
inches.  The construetion of these brackets
is strong and they have two holes on the
front for panel mounting with three holes
on the side,

The dime
are as follow
long and are sold in pr
a left.

sions of the No. 11 bracket
: 2 inches high, 11 inches
a right amd
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OHII0 CARBON CO. ANNOUNCES
RESISTORS AND GRID LEAKS

The Ohio Carbon Company, is now ac-
tively engaged in mmmfacturing a com-
plete line of Carbon tirid Leaks and Re-
sistors  with the standard ferrule cap
terminal or with the wire terminal, sup-
plied either looped or straight,

The wire terminal has an advantage in
that it saves the cost of the elip fixture
which is required in the ferrute cap type.
It is said that the disadvantage of this
type has been that corrosgion often oceurred
At the contact point between clip and cap.
The wire terminal type on the other hand
i ¥ to apply and corrosion never occurs.

These resistors amd grid leaks can be
snpplied in ranges from 200 olins to 10
megohms, This earbon type is not indue-
tive, has low temperature co-ctlicient and
is non-hydroscopie. If desired they can
e supplied 1led  with special enamels,
Normal changes of temperature do not af-
fest them, it is elaimed.

CENTRALAB RADIO CONTROL BOX

The Central  Radio  Laboratories, 16
Keefe Avenue, Milwaukee, Wis,, have gone
into production on their Radio Controt Box
which ean be used with  any form of A.C.
receiver.  power  amplitier  or ' power
unit, Through the use of this control
hox, ecomuected between the light socket
and the radio equipment, it is possible to
take up for any discrepancy encountered in
line voltage, Rewardless of how high the
line voltage may be, the manual adjustment
of the small knob on top of the control
lnnl(t will bring the potential down to 110
Volts,

There is a receptable on the box to ac-
commaodate the phl;: of the radio set, and
a cord to plug into the light socket,

Centralab Radio Control Box

NEWCOMBE-HAWLEY ANNOUNCES
NEW SPEAKERS

Neweombe-11awley, Inec., St, Charles,
1llinois, manufacturers of radio repro-
(ucers, announce several important addi-
tions to their line for the 1928-1929 radio
senson,

Through a license agreement with the
Magnavox Company of Oakland, Califor-
nin. Newcombe-1lawley will feature a com-
plete line of dynamic cone reproducers in
portable, table and console models. These
reproducers will incorporate all the ad-
vantageous features covered by Magnavox
patents which assure a perfected dynamic
cone  speaker with complete patent pro-
tection,

Model 100, Combination Console, is pro-
vided with a phonograph turn-table and
cleetric motor, an A.C, dynamic_ cone re-
producer, and space for any A.C. electric
sot. A simple switeh in the console per-
mits the reproducer to be used with either
radio set or phonograph. No pickup is
included

Itynamic cone chassis units will be mer-
chandised separately to set owners who
wish to bring their reproducers up to date.

A magnetic_cone has been added to the
line and is offered in a series of portable
and table models,

The magnetic cone and the air-column
are atso sold in chassix unit form for set

owners who prefer the units  without
cabinets.
i
The new American Hard-

ware Co. Sub-Panel Brack-
ets, made of aluminum

L TR
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EBY TP JACK gears.  The lhollow spindle  permits Tong NEW TEMPLE AIR COLUMN
- . . - . rods, bars amd rubing to pass through it . .
””"' "””"'“'"'l""" 'l" o tip juck "'“”I' while being machined, making i1 especially EAKER
able for genera 1l specific wse ol mets soful in 1 bl ArT W . - X
and  insulated I|:|.<1-I|u:n~<ls and  panels s useful in radio replicement part ““f l{i‘l:llllllj‘,.’ all of the characteristies  of
snnounceed by the . 11, Mfg, Co, Swing measurement over the bhed is 97, the  previous  models the new eniple

ix |||:|<I1 with Model 15 i now anpounneed,  The

wnter- inches aml over the earviage it i

The new tip jack

sunk hemd in order to aftord 1 =up- inches.  Five models are tilable, ranging mather ieally correct exponentis) air eol
port to the shank ' the cord tip and with hed measurements of from 20, to 4% i of previons models has In.n retained
to provide greater vigidity when the tip is feer. A _ouequart; Imr.\o-pu)\'ur maotor bt h,v. mprovements in manefacinre the
pluzged into the k. Double spring con- drives this lathe fram an ordin Lo tone of this new moedel is even better than
tact is provi in order to counteract socket at a eost of about twoe s an
st diserepam in the diameter of cord hour, ither an overheal cuauntershaft o
tips., and to provide more jerfect contet, three types of divect motor drives may be

txed i operating this tool,

NEW  GREBE SIHORT-WAVE
RECEIVER
A new  short WIVEe  Teee
shiclded, eqnipped with
awd, having facilities for narrow
frequencey ||.||||I recepdion, nier  so
necessary for television work, ofticially
annomnesd and  exhibited  ar ahe 1M
Trade Show by A, II.. Grebe & Compan

completely
rid o td
amnd wide

Jip cqiripped  with rwo 5
sproeis . i <I|<-'|'s| ;«-l‘luillill;_' use Ineorpormed, « K .|l|<| Los Anzele
of the tip on metal panels mud b I'he new riicular

ve broad-
sereen

1
The tip jack connecting hig i ' VRS
292 tube in the radio-Trequeney

portion of the contact spring:

ved into place, thns assuring per )

feet contaer,  Each tip ix equipped VEA detector, twa hian nihes

1 color code wi and ved .\. power tnbe in the resistance-
A gaire 1o fi into conpled nndio fregneney system,

1he cirenit mml to ex) e

of palavity when in the eireni

crination The sercen grid type 222 121, fube s New Temple Air Column Speaker
1 as a tnned radio- ru-qm-lu S :IIII|>|iIil'I‘.
antenna input to the tnbe T
I n.'ln line feequeney condenser, 'll‘his
oy RN p RIS input cir s it own individual Tew that of its predecessors, Tt has g centor-
NEW RE(.]‘,I’IR-\" PO\VI“RMER'\ losx plug-in tfour coils being pro li . air mlllmlmI fenzih of 54 Iiuvlw.\. vet
vided to cover the entire band with sele use of Qs design i sl —-bojng
over-apping of individual ranges:, 14 inches in It responds
1o all the frojuencies,
vohine (o Model 15 =
encased in gennine walnir with sides of
the sime eolor in bematimlly  @eained
Teather effeet,

The poweriz
types by the IR llm H
Ta “eventh Ave., New o Yor
sertindly o arantormer for
tornating curvrent of the proper volt: ze for
the tilinnen and hedters of VG, Tuhes,
Thiis the “A" model ix desizned 10 sUpply
COrrend o oseven 225 type fubes, two 2
ype el two 1T tubesc CFhe 1 171
model  supplios HEITI I voltiigex by
meins of an St half-wave titier tube, in

The conpling between the sereen-grid 1inhe
ad the pegenerative detecior |~ n|||><'l
tned by means of a 1
i responding of w»ils. which
consists of both impedane ler coils
an one f Tleis e ch_indi-
viduad i it tickler
winding cilitites

ns

J \\' h o
aldition to the A current. The “PXY amiek - eliige from onewavelenzth to JOHINSON-GORDON PHONOGRAPH

another,

17 wmodel nov only sopplies * A% B and T

SCT current 1o the set, lat also tooa "lll Receneration in the dotector s is MOTOR

type power tube in the device itself. nakiy aceomplizhed by means of g re The Saul Co 1500 Montrose Ave., Chi-
it a combined paver plant and - pow stance associated  with two con- stro, T has anneimeed somotor for drive
anmplitier. A special avpe of this moded tdensers i sueh g waier that regeneration ing the tnentable of g phommsreaph, whicl
minde for use with the Radiola does not change the wavelength, they chiime is noeisel in The
sel The “PIRST s for 10, . wmotor ix of the universal will
Ltype tubes, 11 supplies I is possible 1o time in the carvier of o on cither 25 or A
and IS anim AT enrerent at broadeasting  stnion and  rediee the e :

fn this Jine 1Te twWo power niplilier generation without the neeessity o retnn-

withont =nupply for the set,  The ing the dials —this ix most desivable feq- The motor possess a hlzh
fow 1PN i 0 (wo nnit with fure when the highest rrequencies are econ- slarting rorgue, whi torn-

e ad g siderel, table speed from vhe |||n|||1-||l the switeh ix

Loz e mrued one Aso a gowd governor holds

has thi I order to prevent this ~xpeed constant, even though the line

the first the radio-Treqnency = « voltize  way  var The  motor  cones
detectnre, Ailters are  incorporated in the emipped with tnratable,  speed  regulator

power supply of the plate the sereen and stonstic stop,

grid tuhe, In einployin dio-Nrequency

amplification on the short wives this Is

very impoertant,  amd, the CR-19  is =0

shictkded that with the antenna disconiected

. . e . o = ithipos wxible to | ot lows A1
NEW SOUTH BEND 9-INCH LATHE :l‘lllll(': mn-\I l"\l\ll“lunlll’n"n-l I\'Ivl" i:tllllnl"-qlmlo ZETKA SPECIAL DUTY TUBES

Useful in the adio it rvpl:!m'nwnl the same wavelength as that loeal stition,
field becanse of its wide range of work, iding a comy AIting  condenser

tnhe in the tirst s
2T0tvpe tube in the secomd st
with an "SI orectitier. “The “I'X
RIEFY uxing 207
s ond - sfages
tnhe in the third
alloy core transfor

power

tories, Ine, o Winthrop

the new neh Junier Xouth Bewd  lathe in the radio-freqprency ge it has been S, D l‘\\’llk hitve produced two new
has heen  welcomed  heart y by taetories, possible tw line-up the dials and  connect power tubes and a1 half-wave reetitier,  The
sthall radio repair shops, individoual  me- them together with a chain drive, simitar tdea behind the desigin of the ~

chanies and  persons inte
ine tlwn' oW ts. This

extedd in baild. to the arre angement eniple
Synehrophase veo Recei
Coeutting tool [ ) time in oas mueh as
sl Lathe Waor . Madison other to approxi
Bend, Ind, The beat-frequency control, the advants bpres tofore.
of which e welllknown is ineorporated in
the new Grebe model,

qoin the Grebe to  have their individaal  ehar

(N This saves more nearly coincident with those most de-
one dial will follow the sirable in the respective parts of the radio
tely the =ame positlon. wits than have been obtainable here-

Noutl

The Z6O) is an output tuhe which ean
handle  the outpint of reeeivers employing

Quality with ample power is assured in S0 6 or moere tubes ol n deliver the
ix ave iver by using three requltant  velume withowt distortion, Tt

tiow {3 Voand
went, drawing one-latf
< gt 180 volts on the

esistance-conpled” adio” ampli- — has a low split
. the first two of which are hi-nm nRes D-velt i
with chavacteristies =uitable for a ampere. It operat
wdio-freyneney band, such as will be e with 40 vah negative grid bi
ry for television, "lie wanufacturer cliims that this tube
. N specially adapted for paish-putl ‘llllpllll(‘ﬂ-
i provided with  gjon, when  nsed  with  transtormers  of
s, which will recent design.,
power tihe - . .
cquipment, however, I'he ZI' ix a1 power tnhe operating at
B mhe, ceted hecimise of s volts filament and  drawing 114 anpp
ceonamical power requirements It operates at o plate voltiage of 450" with
New South Bend 9-inch Lathe ., . from to 40 volt negative grid bias.
A coloraaded tle ix provided for mak It is similar in operation to the 210 type
ing conneetions to gl batteries, Twn bind- tahe, Imt it is elaimed thar it has o ea-
i.n" posts for anteun wogeonnd and 1wo piacity  for delivering  nmdistorted  volume

power tithe socket

te wrid and plate

the 1 of any
The init

-

Inelnded amonz the many Jolw done by the b speaker cord ave provided at more nearly corresponding o the new 250
the wh Jdunior lathe ar ©of et t :
5 Npe tube,
cial  condenser  shafts, R

|>.|I\vlln, |>- risc and widening coi The n«lnlnl of vohune is variable from The half-wave rvectifier  tube is desig
s conmonly dene on hemd-set level to lond speaker volume, .\ nated as the ZIF and opevates at 7% volts

ming, tarni of Il kind J is provided for plugging in o headset fibiment, It < been designed  espeei

[T 1l|i||im.' knnrhu;:. chueking, while the loudspeaker ix iuw aperation- to detiver voltages sueh are ol
threml entting md general work. lllm-q-h\ wutking it possible to tune-in weak from  the  high-duty  powe transtorners,
The (kineh Jdnnior b six  changes of signals withont distnrbing the adjustments It ix ehrimed  that it will wainain a
spindie specd, Tlhiree are direet helt and of Al set. and  amaintaining  reception e supply under a ddrain in

the other

ohtained through the baek throngh hoth medinms,

milliamperes,
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You Can Increase Your Earn-
ing Power By Learning More
About Radio

Thoroughly-(rained men—men whose knowledge of
Radio is completely rounded out on every point—earn
all the way up to $250 a week.

Radio is_a new industry with plenty of fine positions
unfilled. There are countless opportunities in Radio
for a man to earn a splendid salary. But these are not
opportunities as far as you are concerned, unless you're
fully qualified for them.

The only way to qualify is through knowledge—
training—Practical, complete training, that fits you to
get and to hold a better position in the Radio field.

A message to men now in the Radio business

I have helped all sorts of men to advance themselves
in Radio.

Lots of them, men who knew absolutely nothing about
Radio when tlm_y first wrote me. Some who didn’t know
tise_difference between an_ampere and a battle-axe.

Others, graduate electrical engineers who wanted spe-
cial worl: ‘in Radio. Licensed sca operators who were
way behind on the “BCL stuff.”  *“Hams” by the
score.

Last but not least, the service aud repairman or sales-
man who wanted to advance or go into the Radio busi-
ness on his owen.  And the man already in on his own,
waited to look forward to a more solid and per-
manent Kadio future,

My free Book—see coupon below—tells about my help-
ful methods, and cites the experiences of a hundred men

gitina photos and addresses

Page 49

What My Radio Training Is

Under my practical system, a man can study at home
in his spare minutes, and get a thorough, clear, prac-
tical and expert knowledge of Radio in from 4 to |2
months. The time required depends on his previous
knowledge, his ability, and the time he can spare for
study. He keeps right on with the job he has-—no
necessity for his leaving home or living on expense.

Then as soon as he's ready for a better position I'll
help him to get it and to make a success of his work.

This proposition is open to anybody who is not sat-
isfied with his job, his prospects, or his Radio knowl-
edge. Regardless of how much you know already (or
if you don’t know the first thing about Radio techni-
cally) I'll it my methods to suit your needs.

If you want to enter into any correspondence about
your own situation, anything you write will come di-
rectly to me and will be he!d strictly confidential.

Tear the coupon off now before you turn the page,
and mail it today.

J. E. Smith, President,
NATIONAL RADIO INSTITUTE
Washington, D. C.

Oldest and Largest Radio Home-Study School in the World
Originators of Radio Home.Study Training

J. E. SMITH, President
National Radio Institute,
Dept. 7G5, Washington, D. C.

Please send me your free book about the bigger opportunities
awaiting the thoroughly trained Radio man. At present |
{am) (am not) in the Radio business.

WEY13 5000 80086060008000060000000000056006000000950060800

Address .

Town.......coooouunn Boc State.

HAMMARLUN D Presents
a rled”

Knob Control
DruM DIAL

A richly embossed
uxldized  bronze es
rntcheon of exclu
zive design and
graceful proportions.
Iigures and gradua-
tions are illuminated
from the back
Back View.~—Note position of the
Control Knob. By using a Con-
(denser Shaft of snituble length, the
Control Knob may be placed at any
desired distance from the dial, thus
giving a pleasing balance to the
tront of the panel.

AMMARLUND now offers a new

illuniinated drum dial of unusual

beauty. rugged design. and distinctive
mechanical features.

It is controlled by a knob. cleverly
planned to be placed in any position
on the panel, desirable for attractive
balance.

The driving mechanism utilizes an
exceptionally strong silk and linen cord,
gripping a drum, snubber fashion. It
cannot slip—absohuely no backlash or
lost motion.

Thoroughly tested for wear under
actual working conditions, this cord
withstood 36,600 full-range movements
of a large multiple condenser without
stretching, fraying or breaking. [t will
never receive similar treatment in
average use.

The original Hammarlund two-finger-
control Drum Dial, introduced last
season, will be supplied for those pre-
ferring that type.

Let Hammarlund quote on your drum
dial requirements. It pays to use
Hammarlund  Precision  Products—
nationally known; nationally adver-
tised. Write for Hammarlund literature.

HAMMARILUND MANUFACTURING CO.
124438 W. 33rd St., New York, N. Y.

Fov Bettwt Radicor
ammariund

PRECISION

PRODUCTS

o
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RADIO ENGINEERS

Let Us Help You Solve Your Problems
Remember the Bee Cee Slogan

“WHAT PRICE DEPENDABILITY”

and use only

Bee Cee

FIXED CONDENSERS

Established B R o I I Incorporated
1911 1915
INC.

2317-21 Calumet Ave. Chicago, Ill.

Teronvers. HY-WATT

PRODUCTS =
“EL MENCO" products leaped into
prominence through unusual per-
formance and continued growing in
5351 favor month after month and year

042,240 - after vear.

ln":‘,:;,”;',"i(:{:f, Leaks  ~E[, MENCO” engineering and pro-
’ duction methods are constantly lead-

ing the way.

AMER]RAN

PF-250 Power Transformer |
for UX 250 Power Tubes

A husky transformer built for doing the job, not for
looks. The PF-250 is rated at 1200600 Volts plate, 7'4
Volts power tube, 75 Volts rectifier tube filament. |
Center taps are provided on each of the filament
windings. Continuous rated capacity of plate
winding, 160 MA., continuous rated ccpacity of
each 7%% Volt winding, 3 Amperes. DC plate
output with two UX281's full wave, up to

450 volts with sufficient excess for “C" Bias

Ask for Bulletin No. 1033 describeng fully the PF250

PRICE, EACH $30.00
Slightly bagher West of Rocky Meuntarns

4 Patented Nos
1 1,635,184

For time-tested reliability and  ae-
curacy. be sure and specify “EL
MENCO.”

P'atented Nos
1035 184

"\“_“-A\—r-r Electro-Motive Engineering Corp.
Heavy Duty Resistors 127 W. 17 st New York City

American Transformer Company

Trensformer Butlders for move tham 28 yeurs

| 183 EMMETST. NEWARK,N.J. |

Manufacturers—Engineers

should notify Rapio ENGINEER-
ING promptly of changes in
executive or engineering per-
sonnel so that the information
can be recorded in the “News of
the Industry” section.

_..:.{}g.._
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Only Vitreous Enameled Re-
sistors should be used in all
types of light socket receivers
and power supply units if proper
voltage regulation and positive
operation of all tubes are to be
maintained.

“LMC” Vitreous
Enamel

Resistors
(Wire Wound)

are consistent with no apparvent induct
ance or capacity and have fairly low
temperature co-efficient. They are non-
hygroscopic. The electric element is
thoroughly sealed with special vitreous
enamel made in our laboratories and
fused on. The wire and vitreous enamel
have the same co-efficient of expansion.
They are capable of withstanding con
siderable mechanical and electrical abuse.

i
47 S

How to Select STRUCTURAL
a Resistor STRENGTH!

Everv radio cugineer is conironted by two
important questions when he selects a resistor-
“Hotw accurate is 1177 and “How long will it main
tain its accuracy under the average load?” Until
the resistor answers these two with pertect satis-
faction, all other questions are unnecessary.

including short overload of 100 per cent

We are prepared to furnish samples . H ! j
and quotations on resistors of any value, d i _—
size and mechanical measurements. N =3

Send your specifications.

Lautz Manufacturing
Company

Electrical Alloy Products—
Controlling Devices

245 New Jersey Railroad ,“l'

ezt (NG

H

Here’s how Harwick Ficld, Inc., answers them

Har-field Resistors can be supplied to you as
accurate as plus or minus 1%, if yon wish.

2. Under average load conditions. all Har-field
Resistors are guaranteed to maintain the accuracy

vour order specifies TO WITHSTAND the ravares of time and the elements,
’ . " . ; 3 quality and strength in a Filter Condenser or Block must be
Har-ficld Resistors are made in either vitreous inbuilt
enantel or specially coated cement finish. Tell us Beneath the attractive exteriors of Aerovox Filter Condensers
al | el F 1 N and Filter Blocks lies a sturdy framework built to endure the
about the resistor you want and let us send vou a onslaughts of voltage surges and unusual service conditions.
sample with prices. The Aerovox complete line of Condensers and Resistors in-
I H

cludes Moulded Mica and Filter Condensers. Heavy Duty
Pyrohms. Non-Inductive Lavites and Metalohm Grid Leaks
and Resistors.

The Acrovox Rescarch Worker is a free monthly publication
that will keep you abreast of the latest developments in Radio.
Write for it today.

EROVOX

66 WASHINGTON ST,
BROOKLYN. N. Y,

HARDWICK, FIELD, INC.

v HARFI ELU_

wich Street

New York vljf WIRE-WOUND

- RESISTORS

Factory:
215 Emmett
Street
Newark,
N.J.
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Behind the PorymeT

The natives of an obscure Scottish
isle specialize in weaving the finest of
woolens.  Shipments can bhe made
only when a chance vessel calls,
Quality?  Yes, but delivery lacks
dependability,

A one-time manufacturer of very fine
automobiles is no longer in business.
Again Quality, but owners lack sery-
ice.

Behind the Polyniet seal there is un-
questioned  Quality, and something
more—the Polymet organization—
insuring the utmost in Service and
Dependability.

Send for the Polymet Catalogue.

POLYMET MANUFACTURING CORP.

601 Broadway. New York City

POLYMET
PRODUCTS

Radia Ewnginecring. July, 1928

POWER *~, QUALITY

TYPE 441
PUSH-PULL
AMPLIFIER

A Push-Pull amplifier in the last stage provides
the speaker with ample power to sustain a high
volume level without tube overloading, transmitting
the full effects of large swings in intensity common
in orchestra music,

For use with UX 226, CX 326, UX 171, CX 371,
UX 210 or CX 310 tubes.

Input inductance e oo .. 30 henries
Tnput turns ratio 155 60Q0EET00 UBDO0E 1:2.25
Output impedance ratio ... Lol

(whole primary to secondary)

Price, completely wired . ..%20.00
Licensed by the Radio Corporation of America for radio,

amatcur, experimentul and broadcast reccption only, and under

the terms of the R, C. A, heense the unit may be sold only

with tubes,

GENERAL RADIO CO.

Bulletin No. 929 on request
30 STATE ST., CAMBRIDGE, MASS.
274 BRANNAN ST., SAN FRANCISCO, CALIF.

PACKING PROBLEMS SOLVED

We can overcome your packing difficultics, whether you ship large
sets nr small sets—heavy power equipment or fragile speakers—
whether the weight
is ten pounds or
five hundred
pounds. Our years
of experience in
the radio shipping
field are at your
command  without
obligation.

=

TIFFT BROS.
8 Broadway,
New York City

Shinping Cases for
Dificult Problems

SUPER-LINE OF RADIO
PRODUCTS as announced
at the R. M. A, Exposition

The ACME Universal Dry "&"” Power Unit, takes raw A, C
current and delivers smooth D.C. current at the proper voltage
for your set. This unit will give you real satisfaction because
it's built right.

The sensation of the year, ACME'S Dry *“B’ Power Unit
A 12000 ohm voltage divider is employed giving it a wide range
voltage of 2214, 45, 67, 90, 135 and 180. A unit built to give
real service.

The ACME ABC-4 and ABC-5 convert A,C. operated sets to
D.C. operation. They operate quietly and deliver smooth D.C.
current. Bring your old set up-to-date.

THE ACME ELECTRIC & MFG. CO.
Established 1917
1439 Hamilton Ave. Cleveland, Ohio
Represeutatives in all principal cities
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May We Inform You
that

the resistances in a B battery eliminator, ‘
unless of correct design and wattage rating,
are prolific sources of noise and so-called
static.

the frying sound, whose source you cannot
locate is most frequently due to arcing be-
tween the turns on the B eliminator volt- A
age distributing resistance. o

an over-rated resistance, operating at the
ratling wattage, will invariably are between
turns and eventually break down.

CONDENSER|
TISSUES|

arcing between turns causes an unstcady B
voltage output.

DeJur Engineers have developed a new
method of rating B power resistances, and
over-rating is impossible.

DeJur Vitreous Enameled power resistances
are unreservedly guaranteed.
O Radio set is any better than its
weakest link. and the weakest link is
very often a filter Condenser. No Con-
denser is any better than the thin strips
of lnsulatm" Tissue which separate the
layers of metal foil. A pinhole or a speck
D_GJQ_P ODUCTS \O. of metal in the Condenser Tissue means
199 LAFAYETTE STREET, NEW YORK CITY a break down of the Condenser. with the
= entire set put out of commission.

DEXSTAR Condenser Paper is regarded
by Radio experts as being the lughest
grade Insulating Tissue ever made—the
freest from defects, the most uniform in
quality, the most lasting under exacting
and unusual requirements. DEXSTAR
Condenser Tissue is the specialized prod-
uet of a paper mill which has excelled
in Tissue Paper production for three
generations.

DeJur Engineers are prepared to solve any
and all of your resistance problems.

Write for our catalog

TRUVOLT

Reg U&= Pat ot

All-Wire

Resistances

T WL yo 1.7-_/‘-'

Accuracy

RADIO designers and builders should
have the assurance that Condensers which
they use are made with DEXSTAR Con-
denser Tissues. It is insurance against
many radio troubles, The leading Con-
denser manufacturers are now using
DEXSTAR Condenser Tissues exclusively.

o
Patents Pendins Safety

DMITTEDLY saperior

for control of voltages in

B Eliminators.  Their air
N;olui design amnd unique con
struction make for unusual ac-
caracy and permit the carry
ing of wuch greater cnrrent
loads without broakdown,

C. H. DEXTER & SONS, INC.

Makers of Highest Grade Thin Papers

WINDSOR LOCKS, CONN.
Vruselt Variables simplfy B
Elisinate 1 =truction by
elisnnating It calculation

saking  all  adjustments

On sale at : 'lruu!(

your dealers ¥ ng < t-;r
or write for oxclisnne Trovult teature
FREE circu- Electrad specializes in a full

lars and full line of resistance controls

information. for all radio purposes.

Dept. L-7, 175 Varick St,
New York, N. Y.
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Independent Laboratories
Newark, N. J.

Oxide Coated Filament

for

All Tubes

Special Getter

for

Detectors — A.C. Tubes — Amplifiers
Power Tubes — Gas Rectifiers

Cerium Alloys

Exclusive Sales Representative

A. U. HOWARD

50 East 42nd St. New York City
Phone: Murray Hill 0342 & 0343

Froduets Corp.

27:29Vestry Street New York,

- o> > o o}

Serewachine Products
Melal Stampings

ESTARLISNED 1920

A concentrated colloidal solution of
Acheson Electric Furnace Graphite in
distilled water.

Manufacturers of grid leaks, other re-
sistances, “‘getters,” and those interested
in the establishment of positive contacts
are consistent users of Aquadag.

Write for descriptive folder

Acheson Products Sales Co.,Inc
175 Vanderpool St., Newark, N. J.

If Your Engineers
will talk with ours

about your particular requirements on the following
items, the advantages will be mutual.

Filter Condensers—
for use with transformers to excite the field of dynamic
speakers, or combined with transformers and chokes for
A power supply where DC tubes are used. lligh capac-
ity, moderate price.

Automatic A. C. Line Voltage Stabilizer—

the application of a startling new principle which gives
the AC radio set a constant 115 volts supply regardless
of whether or not the line supply runs up and down
over as wide a range as 50 volts (85 to 135 volts)-
Entirely automatic, no adjustments.

Power Pachs—
built-in types to fit your set, or external units to your
specifications.

Meters—AC and DC—
style of case, finish and scale for any receiver panel
or testing device.

Also Laminations to Specifications.

Many radio set and accessory builders are conferring
with us and employing Sterling products to their profit.
If yvour engineers will figure with us, more than likely
lhev will find Sterling’'s 22 years’ electrical experience
of value to you, also.

terlim (8

The Sterling Manufacturing Co.
2831-53 Prospect Ave., Cleveland, O.

HARNESS & CABLES
Radio Wires Tinsel Cords

LAMP CORDS

HOLYOKE specializes in intricate arrangements of
harnesses and cables. Our engineers have perfected
a diaelectric equivalent to bakelite which insures
against leakage in HOLYOKE HOOK.UP WIRE. For
complete satisfaction “HOOK UP WITH HOLYOKE."

THE HOLYOKE CO., Inc.
621 Broadway New York City
Mills—Holyoke, Mass.

CONDENSER SPECIALISTS
\\e make one thmk and one thlnx only—w;:

large capacmu \\e make no set hardware, no

no parts, RO sets.
Qur entire concemnted effort is on one product
alone, Such specialization assures hizhest qualjty.
ecouomical production and dependable service.
Millions of Fast Condensers now in use in lead-
ing sets and eliminators. Sen us your
specifications.

EE 39:2D Sarry Av-..
ept. R.E
wmo for HN é Chicago, U.S.A.

booklet

WIRE

STRAND—AnRtennae (plain or enameled)—Dou-
ble Galvanized.

WIRE—Antennae (plain or enameled). Connect-
ing and Ground (Rubber covered, braided or

d)lain).
BUS BAR—Litzendraht-Loop.
MAGNET (Cotton or Silk).

John A. Roebling’s Sons Co., Trenton, N. J.

[y
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ALhAMBRA

o e s -

CONE SPEAKER PAPER t

ALHAMBRA
PAPER givres AB-
SOLUTELY UNI-
FORM RESO-
NANCE. It has no
resonance point of
its own. Just as

the cone speaker is
supreme in radio re-
production, 8o also
is ALHAMBRA
supreme in impart-
ing the utmost in
tone guality.

‘The small clock and interior cabinet cone do not equal in soft. natural
tone the seharate cone made of ALIJANMBRA which is used by lugh class
makers.

Cone spesker manufacturers are invited to communicate with us concern
ing their requirements for the coming season. LAMDBRA is furnished
in sheets suitable for cone speakers of 13 Inches to 38 inches diameter—
special sizes to order. Prompt shipment gusranteed.

The SEYMOUR CO., 323 W. 16th St., New York City

CORE LAMINATIONS

for Audio & Power Transformers —

Chokes

A large variety of standard shapes carried in stock.
Special designs stamped to your order.

Our BOOKLET on LAMINATIONS (sent on re-
quest) gives specifications of Stock Standard Shapes.
and contains much data of value to the designer—
and buyer.

Lamination Stamping Company
764 Windsor Street, Hartford, Conn.

- - -

CONDENSER PAPERS

High Dielectric Strength
LINEN AND CELLULOSE

IN ALL CALIPERS

LIBERAL STOCKS CARRIED IN NEW YORK
ROLLS FOR TESTING ON APPLICATION

FRED C. STRYPE
140 Lafayette St. New York City

-
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ZINC-FOIL

(MIKROFOIL)

FOR CONDENSERS

A STRONGER, BETTER
FOIL AT A LOWER PRICE

Zincfoil is not only much stronger and
tougher than 83-15-2 composition foil but
its cost is substantially less.

It solders readily, has high conductivity,
and from every angle is an ideal foil for
condensers.

In coils of all thicknesses up to
.0004 inch.

Samples gladly submitted for test. Write
for them and for prices.
U.S. FOIL CO.
Louisville, Ky.
ALL GRADES OF FOIL

AMERICAN SUB-PANEL BRACKETS

R We are manufacturers
_'[_ _1_:._——"?'&3 of sub-panel brackets of

T _':_:{:':T-::S -(—-' Tyl 3 _ various sizes from 17 to
L5 6000

— =3 21,” high
11" long.
turers write for samples
and quotatians.

from 7”7 to
Manufac-

American Radio Hardware Co., 135 Grand St.,, New York City

LONG TERM SUBSCRIPTIONS

Group rates are available to individual subscribers
who wish to extend or renew their subscriptions
as follows:—2 years, $3.00—3 years, $4.00—
5 years, 5.00—For each additional year add

$1.00
RADIO ENGINEERING

Consider First — the
Volume Control

Care must be taken to choose
the Volume Controls that will
give longest trouble-irec serv-
ice—a type that will net intro-
duee notse to interiere with the
quality of reception after a
short period of service.
Centralab - Volume  Controls
have a patented rocking  disc
contact that eliminates all wear
on  the  resistance  material.
This  {feature adds to the
smoothuess  of operation  be-
cause a spring pressure arm rides smoothly on the
disc and NOT on the resistance. The bushing and
shait are thoroughly insulated from the current
carrying parts. This simplifies mounting on metal
panel or sub-base and eliminates any hand capacity
when the volume control is in a critical circuit. Full
variation of resistance is obtained in a single furn
of the knobh.

A CENTRALAB Volume Control

the Radio Set

Centralab has carcfully studied every volume control circuit
and has built-up tapers of resistance to fit each application.
These specific resistances are an assurance of a control that
will smoothly and gradually vary the volume from a whisper
to maximum—no sudden cut-offs on distant signals—no power-
ful locals creeping through when control is set at zero.

Central Radio Laboratories
25 Keefe Ave., Milwaukee, Wis.

Improves

The specific cir-
cnit. in which each
of these units
used. 15 outlined
in a folder. Write
for it
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TWO NEW
AMPLION
ITEMS

AMPLION AMPLION GIANT
MICROPHONE DYNAMIC UNIT

from our Largest Ever Made
English Laboratory
for Public Address or

Theatre Use. Built for 30
Watts Undistorted Power.

This Giant Amplion Dy-
namic  (weight 20 lbs.) is
capable of range and vol.

A sensitive, accurate single
button Microphone, free
from carbon noises, Takes
from 6 to 36 volts with
corresponding  sensitivity.
For broadcasting, theatre ume heretofore unattain-
or public address use. f able in any unit.

Information on unit and 10-16 ft. exponential horns
sent on request. Demonstration at our Laboratory.

Giant Dynamic Unit

Amplion Microphone

Radia Engineering, July, 1928

Cardtoell Condensers |

Professional men are invited to communi-
cate with us regarding

SHORT WAVE APPARATUS
TRANSMITTING APPARATUS
CONVERTERS

All types of condensers from midget to broadcast
station types

ALLEN D. CARDWELL MFG. CORP. §! Proseect sty

AMPLION CORPORATION OF AMERICA

133 W, 21st St., New York City
Telephone Chelsea 5257

Ferranti Audio Frequency
Transformers and Chokes

Cover every radio re- wuse of Ferranti Trans-
quirement. Built to the formers, along with cir-
highest standards. Tested cyits and instructions for
to 1,000 volts through- Lyjlding receivers, power
out. amplifiers, etc,

The 1928 Ferranti Year .

Book, just off the press, Sent post paid anywhere
contains 60 pages of use- for I5¢ in coin. No
ful information on the stamps.

FERRANTI, Inc.
130 West 42nd St. 88 New York, N. Y.

Latest Additions
to the

POWERIZER

Reg. U. S. Patent Office

Powerizer A—for filament
supply and “C” bias 226,
227 and 171 tubes.

Powerizer 171—gives “A”
and “B” supply, as well as
“C” bias for 226, 227 and 171
tubes.

D-C Tube Powerizer for
UX-199 and UX-222
Shielded Grid Tubes de-
signed for use where AC
Tubes cannot be used.

Radio Receptor Co.
106 Seventh Avenue
New York City

NEW

Bakelite
Insulated

Push Posts

The perfect
binding post at
last.  Viprations
will not {ocsen.
Releases in.
stantly when
you wish. En-.
graved in  all

i‘:.:,:.d.mp'r"?';k; Used in every high-grade circuit or receiver toda
each 15¢. Model N Vario-Denser Micrometer adjustment. easily
Mmade, assures exact oscillation control. Quick easy
tuning, more volume, clearness and stabihity. Capacity
range 1.8 to 20 micro—micro farads, Piice each $1.00.
Model G Vario-Denser made in three variable capacity
rangee.  Price each with grid chps $1.50
FREE New up-to-date book of wirlng diagrams
of all leading circuits Including Goodwin
Aperlodic Cireuit applicable to any set. Adds a stage
without adding tuning contzols. \Write today.

X-L RADIO LABORATORIES
Dept. K, 1224 Belmont Ave., Chicago

X-I. Push Post

DO YOU WANT ACCURACY—DELIVERY—ON

INDUCTANCE COILS

Space Wound, on Threaded Forms Complete Tuning Units,

of All Types for R g and Tr ting.
Coil Winding Specialists Since 1920

AIR-KING PRODUCTS CO.
222-226 GRAND ST., BROOKLYN, N. Y.

COPPER, BRASS, PHOSPHOR BRONZE

We specialize in the manufacture of rolled metals .001” thick
and thicker, either plain or hot tinned for

RADIO MANUFACTURERS
Good deliveries; prices right; expert mill supervision.

THE BALTIMORE BRASS COMPANY
1206 Wicomico Street Baltimore, Md.
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PHOTO-ELECTRIC CELLS
THE BURT CELL

Without Fati Highly Sensiti
Absolutely .‘l=::l duciblem Instontaneone i;en

The BURT-CELL is made by a new method and should
not be confused with any other photo-electric cell. By a
special process of electrolysis, the photo-electric mela{ is
introduced into a highly evacuated bulb directly through
the glass wall of the bulb, giving photo-electric material
s! nl:-olzle p;m:y. The -kuperiorilyblof thelBURT-CELL is
ue to ese features, making possi ult bef
obtainable. Described in Bulletin No? ;sl.l. # never Before

Wi 1 ufs
0SCILLOBCOPE~the ‘ony VISUAL  OSCILLO:
GRAPH having a linear time axis and "l:o

inertia—glving an accurate Dicture of high
quency wave forms.
Write for Bulletin 278

DR. ROBERT C. BURT
Manufacturing and Consulting Physicist
327 S. Michigan Ave., Pasadena, Calif.

e e i -

Without Adaptors!
ARCTURUS
A-C TUBES

—amplifier, detector,
high mu and power types
With special and universal
A-C CABLES
ARCTURUS RADIO CO.
255 Sherman Av., Newark, N. ).

!:
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k__ﬁ_j h AMPLI-PACK\-

| Makes Any Set an A.C. Power |

Receiver |

Complete |
Power
Supply
A
Can Be
Assembled

in One Evening
AmplipaCk makes any D. C. Set

into a modern A. C. Receiver. Uses
210 type tubes. Gives complete
power amplification. Assures full
musical range found only in the

most modern and expensive re- word on Power

3 Amphflcation and

celvers. A mver

won - Your copy

; ; adv_for_you

Simple to install — Dependable FREE Wiite
in operation. Makes Any Radio a t |
Real Musical Instrument. \ /l

Transformer Corporation of America
1428-1432 Orleans St., Chicago, Ill.

Manufacturers of the T. C. A. Line of Power Transformers,
Audio Transformers. Chokes, Power Packs, and Power
Amplifier Packs

See Page 12

PATENTS
TRADEMARKS — COPYRIGHTS

Special Attention to Radio Inventions

EUGENE E. STEVENS

Attorney at Law
Registered Solicitor of Patents

905 F St.,, N.W,, Washington, D. C.

P
s |

A. C. Line
Voltage Control

For Radio Set Manufacturers

0 A remarkably convenient and
efficient  device whielh auto.

b)’ tll? :::Il cally handdes A, C. line

pation over & broad

’ll((l.’(‘t’&‘ range,

Cost surprisingly low.

0/'
For information
Write Dept. R.E. 7 P

RADIALL CO.

New York, N. Y, o

o

50 Franklin St., The *SELF-ADJUSTING™ Ricasfar

I Ty

—

Big Radio Season Ahead

World's Series, Presidential Election, Tunney-.
Heeney Fight, Football, Concerts and Chain
Programs—Meaning More Radio Buyers.

SELL THEM

O A
SELF-CONTAINED
7 TUBE ELECTRIC CHASSES
AND LET THEM SELECT THEIR
OWN CABINETS AND CONSOLES

Fits All Power
Standard Amplifi-
Cabinets cation
and "ure

Tone

Consoles

1929 Model A-C 171

Hundreds of dealers throughout the country have cashed
in on PIERCE-AIRO Chasses. You can, too. Get on
the PIERCE-AIRO band wagon this season. Write or
wire for detailed specifications, price and discounts, or,
better still, let us send vou a sample PIERCE-AIRO
Chassis for a tryout in your own store.

PIERCE-AIRO, Inc. '3 Foyrth dvenue
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TESTING OF RADIO APPARATUS

Permeability and Hysteresis Curves of iron samples.
Condensers tested for life, voltage breakdown, leakage, etc.
Input and output curves of socket power devices—Oscillograms.

80th St. *Zat East End Ave. ELECTRICAL TESTING LABORATORIES New York City, N. Y.

o

ALLIED ENGINEERING INSTITUTE

Suite 429

30 Church St., New York, N. Y.

RADIO ENGINEERING,

RESEARCH AND PUBLICITY

L]
Ad. Auriema, Inc
Manufacturers' ‘Export Managers
5 16 Broad Street, Now. York, §. ¥
Scientifically equipped to

7 .‘ "'J erport dep de A‘l _%
= reeeiving and trgnamitting h
adio apparatus. %

How to be a Commercial
Radio Operator— ;

A PRACTICAL book that shonld enable
anyone of average intelligence to
pass  the Government’s theoretical ex
amination  given to  appleants for a
Commercial Radio Operator’s Lieens:.

Nilson and Hornung's

PRACTICAL RADIO TELEGRAPHY

380 pages, 5x8, 223 jllustrations
0 net, postpaid

HE Dbook covers in detail the theory
and practical operation of every type
of modern, 1928, commercial are, spark.,
aml vacuum tube transmitter.
i Cdata

It for-
nishes  complete conmme
vacuum tuhe
thing from elementary eleetricity to the
practical operation of radio compasses.

Some outstanding points.
1. Very little mathematios ;
Assumes na prior knowledge of etec-
tricity :
Covers everything in commercial radio
in detail ;
Complete  Jist  of
ynestions ;
Simple, yet rigidly accurate ;
Complete wiring diangrams given.
See  the Dbook before you purchase.
Fill in and mail just thls coupon.

See a copy for 10 days FREE.

McGRAW-HILL FREE EXAMINATION COUPON

on

2,
3.
4.

self-examination

G.

McGraw-Hill Book Co.. Inc.. 370 Seventh Avenue, New York. N, Y,

You may send me Nilson & llornung’s  PRACTICAL RADIO
TELEGRAPHY, $3.00 postpaid. T will either retum the k, postage
brepaid, in 10 da¥s or remit lor it at that time,

Name

St. & No
City ..oooienn.n
Name of Employer.
Officlal Position

To an Electrical Engineer
with
Radio Manufacturing Experience

A large Eastern manufacturing com-
pany desires the services of a man
who is thoroughly experienced with
the manufacture of electrical equip-
ment used in the making of radio re-
ceiving sets and competent to criti-
cize designs for modern manufactur-
If you are of this type,
be

ing processes.
write. Strictest confidence will

given a reply.

Box Y-10,
c¢/o Radio Engineering,
52 Vanderbilt Avenue,
New York City.

To An Enginee
g er

of the professional type-—a college graduate or post-
graduate who is as familiar with higher mathematical
theory as with the practical mechanical design of radio
broadcast receiving and power apparatus of every char-
acter, we can offer a connection with one of the fastest
growing organizations in the industry—now medium
sized, but the definite leader in its field. The personnel
relations as well as the policy of management and
financing will be found to be unusually conducive to
effective concentration on the problems in hand. The
opportunity is an outstanding one; location is Chicago;
compensation will be adequate for the unusual type of
man from whom, only, we would like to hear. Corre.
spondence will be entirely confidential; our own tech-
nical staff are advised. Address Box S 20— ¢/0 Radio
Engineering, 52 Vanderbilt Ave., New York City.

—
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RADIO

The first of their kind!

2 books written specifically for the

ENGINEER
EXPERIMENTER
SERVICE MAN

By JOHN F. RIDER

ern....Up to the minute.... Written to meet PRESENT day requirements

No obsolete material No discussions of magnetism....No wasted, use-

less words.. . Facts, facts and more facts....Vital, useful information from the first
to the last page.

HERE ARE THE TWO BOOKS YOU HAVE BEEN AWAITING....Mod-

Read what the N. Y. Sun says. “Now comes John F. Rider, well known for his
excellent series of Laboratory Scrap Book items, with two volumes. .. .carried out in
a way that is eminently satisfactory There is an engineering atmosphere about
the whole get-up, and. ... will find the text correspondingly interesting. . .. Since prac-
tically every receiver nowadays employs a B eliminator, this book can and is heartily
recommended to all who would know the insides of this important adjunct....To the
experimenter who prefers to assemble his own units, yes, even design them, the state-
ment is made here that he can scarcely blame himself for failure if he proceeds without
reading what Rider has to say on the subject.”

Read what the N. Y. Sun says about the Service Treatise. “The second volume

will appeal primarily to employees of service stations... Then he proceeds to
describe the construction of the instruments and to describe their correct usage....
His data covers the design of tube testers, eliminator testers....output indicating
systems. . .. Although consisting of only twenty-eight pages, the conciseness of the
data makes the book equivalent to one of many times its size....”

CUSTOM SET BUILDER

Can you service a manufactured B ecliminator?

..Can you locate an open tuning condenser
circuit in a receiver?....Can you locate an open
grid circuit in a recciver?....Are you interested
in a simple and inexpensive A C and D C tube
tester?....Can you tell if an A C tube is defec-
tive and produces excessive “hum™?....Can you
test filter chokes?....Are you interested in a
B battery eliminaror tester with which you can
service B battery climinators?....Are you inter-
ested in the construction of equipment with which
you can do all of the above?....Are you inter-
ested in the construction of ALL the units neces-
sary for rapid and economical servicing?..

THEN READ
John F. Rider’s

‘A Treatise on 25 Testing Units for Service
Men"’

28 pages 814”x11”, 30 illustrations....28 pages
just full of concise information—information of
utmost value to the service man....Highly rec-
ommended by service men....EVERY SERV-
ICE MAN SHOULD HAVE ONE....AND
the price is only 50 cents.

Is there anything you want to know about
B battery eliminators?.... Do you want to know
how to design a B battery eliminator?.... Do you
want to learn how to calculate the B eliminator
output resistances?....Do you want to know how

to adapt a B eliminator to all receivers?....Are
you interested in the function of the various parts
of a B climinator?....Are you interested in the

improvement of your present B eliminator?. ..
Do you want to get the most out of your pres-
ent B eliminator?....Do you want to eliminate
motorboating?. ... Do you want to know how to
calculate the plate current drain of your receiver?
_...Are you interested in designing any special
B battery climinators?....
THEN READ
John F. Rider's

“A Laboratory Treatise on B Battery Elim-
inator Design and Construction”

88 pages 814" x 11”7, 71 illustrations. 88 pages
just full of data and comprehensible illustrations.
This treatise will answer any B battery eliminator
questions which will arise in your mind, 1t will
solve your B power unit problems....AND the
price is only $1.00.

RADIO TREATISE CO., 270 Madison Ave., New York City

USE THIS COUPON

{JKindly _send me postpaid Joh !
tider's Laboratory Treatise on B Name
Ellminator Design and Construction®
for which I am enelosing $1.00.

CKindly send me postpaid John Street
Rider’s “Treatise on Service Units'
for which I am cnclosing $.50. City

State
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index on page 62.

T —

Buyers Directory of Equipment and Apparatus

Readers interested in products not listed in these columns are invited to tell us of
their wants, and we will inform the proper manufacturers.
Information Bureau.

Addresses of companies listed below, can be found in their advertisements—see

Address Readers’

ADAPTERS:
Carter Radlo Co.

ALUMINUM:
Aluminum Co. of America

ALUMINUM FOIL:
Lehmaier and Sehwartz Co.
U. 8. loil Co.

AMMETERS:
Jewell Elee. Inst. Co,
Westinghouse FKlec. & Mtg. Co.

ANTENNAE, LAMI SOCKET:
Electrad, Ine.

ARRESTERS, LIGHTNING:
Electrad, Inc.,

Jewell ijlec. Inat. Co.
Westinghouse Elee. & Mtfg. Co.

BASES. VACUUM TUBE:
Formica Insulation Co.

BINDING POSTS:

Arrow  Automatic Products
Corp.
Eby, H. H., Co.
x-ﬁ Radlo Labs.
BOOKS:

Radio Treatise Co.
Wiley, John, Co.

BOXES, PACKING:
Tifft Bros.

BRACKETS, ANGLE
Arrow Automatic l'rmlll('tc Co.
Flectrad Ine,
Scovill Mfg. Co.

BRASS:
Baltimore Brass Co.
Copper and Brass Research

Assn.
Scovill Mtg. Co.
BROADLABT STATION
QUIP'T:

Cardwell Allen D.. Mtg. Co.
Radio r,nglne('rln;: Labora-
tories.

BUTTS:
Scovill Mfg. Co.
CABINETS, METAL:

Aluminum Co. of Amertca.
Copper and Brass Research

B8sn.
Crowe Nameplate Mfg. Co.
CELLS, PHOTOELECTRIC:

Burt., Robert C.
CERIUM:

Independent Labs.
CHARGERS

Aemne Elec. & Mfg. Co.

Elkon Co.

CHASES:
Aluminum Co. of Amerlca.
Co‘{)per and Brass Research

88N
United Sclentific Laloratorles,
Inc.s

CHOKES, AUDIO FREQUENCY:
Acme Elec. & Mfg. Co.
American Transformer Co.
General! Radio Co.

General Transformer Co.
Samson Electric Co.
Thordarson ilec. Mfg. Co.

CHOKES. RADIO FREQUENCY:
Cardwell. Allen D., Mrg. Co.
General Radio Co.

CHOKES. B ELIMINATOR:
Acme Electric and Mfg. Co.
Amerlcan Transformer Co.
Dongan Elec. Mfg. Co.
General Radlo Co.

CLAMPS. GROUND:
Electrad, Inc.
Fahnstock Elee. Co.
Scovill Mfg. Co.

CLIPS, SPRING:

Arrow Autematie 'roducts Co,

Electrad, Inc.
Fahnstock Flee. Co.
Scovill Mfg. Co.

COILS, CHOKE:
Dudlo Mfg.

0,
Westinghouse Elec. & Mfg. Co.

COILS, IMPEDANCE:
Dudle Mfg. Co.

COILS. INDUCTANCE:
Alr King Products Co.
«Cardwell. Allen. D.. \lfg Co.
Dresner Radio Mfg. Co.
Hammarlund Mfg. Co.
Radio Engineering

tories.

COILS, MAGNET:
Dudlo Mfg. Co.

COILS, RETARD:
Hammarlund Mfg. Co.

COILS, SHORT WAVE:
Dresner Radio Mfg. Co.
General Itadio Co.
Hammarlund Mfg. Co.
Radie Engineering

tories.

COILS, TRANSFORMER:
Dudlo Mfg. Co.

CONDENSER PARTS:

Labora-

Lahora-

Arrow .Alrlomnllc I'roducts Co,

Scovill Mfg.

CONDENSERS, BY-PASS:
Aerovox Wireless Corpn,
Allen-Bradley Co.

Automatle Electrie, Inec.
Burt, A, G., Jr.

Carter Radio Co.

Condenser Curlr Amerha
Deutschmann ohe Co.

Dongan_Electrie Mfg. Co.
Electrad, Inc.,

Fast, John E. & Co.
Flechtheim Co.

Polymet Mfg. Co.
Sterling Mfg. Co.

CONDENSERS, FILTER:
Aerovox Wireless Corpn.
Allen-Bradiey Co.

Automatic Electric, Inc.
Carter Radio Co.

Condenser () (lrlr Amerlea.
Deutscehmann nh(- Coa.
Dongan Electric Mfg. Co.
Fast, .John E. & Co.
Fleehtheim Co,

Polymet Mfi. Co.
Sterling Mfg., Co.

CONDENSERS, FIXED:
Aerovox Wirelens Corpn.
Allen-Bradley Co.
Automatic Electrle,
Burt. A, G., Jr.
Carter Ralio Co,
Condenser Corp. of Amerlea.
Dreutsehmann. Tolw Co.
Dongan_ Electrle Mfg. Co.
Eleetrad. ine.

Fast. John E.. & Co.
Fleehtheim o,
Polymet Mfi. Co.

CONDENSERS., MIDGET:
Cardwell. Allen D. Mfg. Co.
General Imstrument Co.
Hammarlamt Mfe. Co.

Seovill Mfg. Co.
United Scientific Lahoratories

CONDENSERS, MCULTIPLE:
Cardwell. Allen D. Mfg. Co.
General Instrument Co.
Hammarlund Mfg. Co.

Scovill Mfg. Co.
United Scientitic Laboratorles.

Ine.

CONDENSERS., YARIABLE

TRANSMITTING:
Cardwell. Allen D. Mfg. Co.
Hammarlund Mfg. Co.

"CONDENSERS. VARIABLE:

Amsco Products Co.

Cardwell, Allen D. Mfg. Co.

Generazl Instrument Co.

DedJur Produets Co.

General Radie Co.

Hammarlund Mfg. Co.

Scovill Mfg. Co.

Untted Scientitic Laboratories
CONNECTORS:

Arrow Automatic Products Co.

Carter Radio Co.

Fahnstock Elee. Co.

Jones, Howard W.

Scovill Mfg. Co.
CONTROLSR. ILLUMINATED:

IHammarlund Mfg. Co.
CONTROLS, VOLUME:

Ameriean  Mechanical

tories
Carter Radio Co.
Central Radio Laboratories

Co.

Lahor

CONVERTERS:

Cardwell, Allen D., Co.
COPPER:

Baltimore Brass Co,

Copper & Brass Research

Assn.
Scovill Mfg. Co.
CURRENT CONTROLS,
MATIC:
Radiall Co.
DIALS:
Crowe Nameplate and Mfg. Co.
Hammarlund \It‘g Co.
Scovill Mfg.
Unlted Sclentlﬂc Laboratories

DIALS, DRUM:
Hammarlund Mfg. Co.
United Scientific storatorles

ELIMINATORS, A BATTERY:
Acme Elec. and Mfg. Co.
Radlo Receptor Co.

Sterling Mfg. Co.
Webster Co.

ELIMINATORS. B BATTERY:
Acme Elec. and Mfg. Co.
Dongan Elee. Mfg. Co.
General Radlo Co,

Radfo Receptor Co.

Sterling Mfg, Co.

Thordarson Electrlc Mtg. Co.
Webster Co.

ELIMINATORS, A-B-C:
Acme Elec. and Mfg. Co.
Dongan Elec. Mfg. Co.
General Radlo Co.
Radlo Receptor Co.
Thordarson Electrie Mfg, Co.
Webster Co.

ELIMINATORS, UNITS FOR:
American Transformer Co.
Dongan Elec. Mfgz. Co.
General Radla Co.

Radlo Receptor Co.
Thordarson Electric Mfg. Co.
Webster Co.

ESCUTCHEONS:

Crowe Nameplate and Mfg. Co.
EXPORT:

Ad. Auriema, Ine.

FILAMENT, OXIDE COATED:
Independent Laboratories, Ine.

FILAMENT CONTROLS, AUTO-
MATIC:
Radiall Co.
FOIL:

Lehmaier and Sehwartz Co.
U. 8. Foil Ca.

GALVANOMETERS:

Jewell Elec. Inst. Co.

“'%stlnglmuse Elec.
o,

GETTER MATERIAL:
Acheson Ofldayg Co., Ine.
Independent Laboratories, Inc.

AUTO-

& Mfg.
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GRAPHITE:
Acheson Oildag Co.,

GRID LEAKS:
Aerovox Wlreless Corpn.
Allen-Bradley Co.
Amsco Products Co.
DeJur Products Co.
Deutschmann, Tuobe Co.
Electrad. Ine
Hardwick. Field. Inec.
International Resistance Co.
Lautz Mfg. Co.
Polymet Mfg. Co.

HARNESSES, A-C.:
Carter_Radio_Co.

Inc.

by, H, H., Co.
ININGES:

Scovill Mfg. Co.
HORNS:

Operadio Coa.
Racon Electrie Co.
Temple, Inc.

IIORNS. MOLDED:
Operadio Co.
Racon Elee. Co.. Inc.
Temple, Inec.

INDUCTANCES,
TING:
General Radio Co.
INSTRUMENTS, ELECTRICAL:

Jewell Elec. Inat. Ca.
Westinghouse Elec. & Mtg. Co.

INSULATION. MOULDED:
Baketite Corp.
Formica Insulation Co.
General P’lasties, Inc.
Westinghouse Elec. Mfg. Co.

JACKS:
Carter Radio Co.
Electrad, Inec.

JACKS, TIP:
(‘urter Radio Co.
Eby, H. H., Mfg. Co.

KUTS. SHORT WAVE:
Radio Engineering
tories.

KITS. TESTING:
General Radlo Co.
Jewell Elec. Inst. Co.

KITS8. TRANSMITTING:
Iladlo Engineering TI.abora-
tories.

LACQUER:
Walker, J. V.,
Zapon Co., The

LABORATORIES:
Electrical Testlng Labs.

TRANSMIP-

Labors-—

Co.,

Arrow Autematie Products Co.
Lamination \tnnpnlx. Co.
Sterling Mfg, Co

LEAD-INS:
Electrad. Ine.. .
Fahnstoek Elee. o,

LOCK WASHERS:
Arrow Autumatie 'roducts Co.
Shakeproof Lock Wausker Co

LUGS:
Arrow .\utomnnc l rmluct< Ce.
Fahnstock Elee.
Scovill Mfg. Co.
Shakeproof Lock Washer Co.

MAGNETS:
Thowae and Skinner
Products Co.

Steel

METERS:
Jewell Elec. Inst. Co.
Sterling Mfg., Co,
Westinghouse Elec. & Mfg. Co..
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MICROI'HONENS:
Amplion Co. of America

MOLDING MATERIALS
Bakelite ¢ orp

lnll Lu
General Pl
w entlnghnuw lluc & Mfg. Co.

MOTORS, l.l ECTRIC PPHONO-
GRAP

Gordon, L S., Co.

MOUNTINGS, RESISTANCE:
DeJur Products Co.
Eleetrad. Ine..

Fahnstock Elec. Co.

NAMEFPLATES:
Crowe Nameplate &
Fahnstork Elee. Co,
Scovill Mfg. Co.

NUTS:
Arrow Automatic Products Co.
Shakeproof Lock Washer Co.

OSCILLOGRAI'H :
Burt, Dr. Rob't C.

OSCILLOSCOPE:
Burt, Dr. Rebt C.

PACKING:
Tifft Bros.

PANELS, COMPOSITION:
Formica Insulatlon Co.
General Plastics Cu.
Westinghouse Elec. & Mfg. Co.

PANELS, METAL:
Crowe \amepln!e and Mfg. Co.
Scovill Mfg. Co.

PAPER. CONDENSER:
Dexter, C. H. & Souns,
Strype, Fred (., Co.

PAPER, CONE SPEAKER:
Seymour Co.

Mfg, Co.

Inc.

PHONOGRAI'H MOTORNS:
(See Motors)

IPHOSPHOR BRONZE
Baltimor: Brass Co.

PHOTOELECTRIC CELLS:
(See Cells)
PICK-UI'S:
Gordon, L. 8. Co.

PLATES, OUTLET:
Carter Radio Co
PLUGS:

Carter Radfo Co.
Jones. Howard B., Co.

FOTENTIOMETERS:
Allen-Bradley Co.
Carter Radio Co.
Central Radlo Laboratories
Deldur Produets Co.
Electrad, Inc.
United Scientific Laboratories

RECFIVERS, ELECTRIC:
Cuited Scientitic Lalratories.

REGULATORS, VOLTAGE:
lJu.lur Products Co.

1
teriing Mrg.
\\ ebster Co.

RELAYN:
Cardwell, Allen D., Mfg.
RESISTANCES. TIXED:
Aerovox Wireless Corp.
Allen-Bradley Co.
Amsco Products Co.
Carter Radio Co.
Central Radio Laboratories.
De Jur P’roducts
Eleetrad, Inc.
Hardwlick. Field. Ine.
International Resistance Co.
Lantz Mfg. Co.
Polymet Mfg., Co.

RESISTANCES, VARIABLE:
Allen-Bradley Co,
American Mechanieal Labs.
Amsco I'roducts Co.
Carter Radio Co.
Central Radio Laboratories.
Electrad. Inc
Hardwlek. Field. Ine
International Resistance Co.
Lautz Mfg. Co.
Polymet Mfg. Co.

BHEOSTATS:
Amsco Products Co.

Co.

Carter Radlo Co.

Central Radlo Laboratories.
De Jur Products.

Electrad, Iunc.,

'nited Sclentiflc Laboratories
Westinghouse Elec. & Meg. Co.

SCHOOLS, RADIO:
Natfonal Radio Institute.
Radio Iunstitute of America

SCREW MACHINE PRODUCTS:
Arrow Automatic Products Co.
Scovlill Mfg. Co.

SHIELDING, METAL:
Aluminum Co. of America.
Copper and Brass Hesearch

Assn.
Crowe Nameplate Co.

SHIELDS, TUBE:
Carter Radlo Co

SHORT \WAVE APPARATUS:
Cardwell, Allen D., Co.
General Radlo Co.

Radlo Emngineering Labora-
tories.

ROCKETS, TUBE:
Renjamin Llectric Mfg. Co.
General Radio Co.

SOLDER:
Chicago Solder Co. (Kester)
Westinghouse Elec. & M(g. Co.

ROUND CHAMBERS:
Alr Chrome Corp.
Lektophone Co.
Operadio Mfg. Co,
Racon Elec Co., Inc.
Temple. Ine.
L'nlted Radlo Corp.

AIPEAKERS:
Lektoplione Co.
Operadio Mfg. Co,
Racon LKlectrle Co.
Temple. Ine
United Radio Corp.
Vitalitone Co.

NTAMPINGS, METAL:

Arrow Automatic Prod. Corp.
Fahnstock Elee. Co.
Scovlll Mfg. Co.

NTRIPS, BINDING POST:
X-I. Radio Laboratorles.

NUBPANELS:
Formlca Ins. Co.
Westinghouse Elec. & Mfg. Co.

SWITCHES:
¢'arter Radlo Co.
Electrad, Inc
W estlnghouse Elec. & Mfg. Co.

TAPPERS
Eastern Tube and Tool Co.

TESTERS, B- Fl.ll\ll\ATOR'
General Radlo Co.
Jewell Electrical jnst. Co.

TESTERS, TUBE:
General Radio Co.
Jewell Elec. Inst, Co.

TESTING INSTRUMENTS:
General Radio Co.
Jewell Elec. Inst. Co.
Westinghouse Elec, & Mfg.
TESTING KITS:
Jewell Elec. Inst. Co.

TENTING LARBRORATORIES:
Eleetrical Testing Labs.
NFOIL:

lehmaier and Schwartz Co.
U. 8. Foil Co.

TOOLS:
Eastern Tube and Tool Co.

TRANSFORMERS, AUDIO:
American Transformer Co.
Dungan Elec. Mfg. Co.
Ferranti Ltd.
tieneral Radio Co.

General Transformer Co.
Samson Electric Co.
Thordarson Eleetric Mfg. Co.
Transformer Co. of Awerica.
Tnited Radio Corp.

Webster Co.

TRA\'SFOR.\IERS B-ELIMIN-
ATO

Acme Llec & Mfg. Co.

American Transformer Co.

Dongan Elec. Mfg. Co.

Ferranti, Ltd.

General Radio Co.

General Transformer Co.

Samson Electric Co.
Thordarson Electric Mtg. Co.
Transformer Co. of America.
Webster Co.

TRANSFORMERS,
HEATEIN(
Dongan Elec. Mfg. Co.
General Badlo oo
General Transformer Co.
Thordarson Electric Mfg. Co.
Transformer Corp. of America.

TRANSFORMERS. OUTI’UT:
Acme Elec. & Mfg. Co.
American_ Transformer Co.
Dongan Elee. Mfg. Co.
Ferranti, Ltd.

General Radio Co.

General Transformer Co,
Samson Eleetric Co.
Thordarson Electric Mfg. Co.

FILAMENT

Transformer Corp. of America.
Webster Co,
TRANSFORMERS. POWER:

American Transformer Co.
Dongan Elec. Mfg. Co.
Ferranti, Ltd.

General Radio Co.

General Transformer Co.
Samson Eleetric Co.
Thordarson Electric Mtg. Co.
Transformer Co. of America.
Westinghouse Elec. & Mfg. Co.
Webster Co.

TIKAVSFOR‘\IERS. R.
TUNED:
Cnnlwell Allen D. Mfg, Co.

TUBES, A. C.:
Arcturus Co.
Cununingham, E. T., Co.

TUBES, RECTIFIER:
Arcturus Co.
Cunningham, E. T. Co.

TUBES, VACUUM:
Arcturus Co.
Cunningham, E. T. Co.

UNITS, SPEAKER:
Air Chrome Corp.
LeKtoplhione Co.
Operadio Mfg, Co,
Racon Electric Co.

F.,

I
CARTER (0]
Center Tapped

Resistors
All Resistances

Page 61

Temple, Inc.
United Radio Corp.
Vitalitone Co.

VOLTMETERS. A. C.:
General Radlo Co.
Jewell Klee. Inst. Co.
Westinghouse Elec. & Mfg. Co.
VOLTMETERS, D. C.:
General Radio Co.
Jewell Efee. Inst. C
Westinghouse Elec. & Mfg. Co.
WASHERS:
Arrow Automatic Products Co.
Scovill Mfg. Co.
Shakeproof Lock Washer Co.

WIRE, ANTENNA:
budlo Mfg. Corp.
Holyoke Co.
Roebling, J. A., Sons, Co.

WIRE., BARE COPPER:
Dudlo Mfg. Corp.
llolyoke Co.

Roebllng. J. A., Sons, Co,

WIRE. COTTON COVERED:
Dudlo Mfg. Corp.
Holyoke Co.
Roebling, J A., Sons Co.

WIRE. ENAMELED COI'PER:
Dudlo Mfg. Corp.
Holyoke Co,
Roebling. J. A., Sons Co.

WIRE, LITZENDRAHT:
Dudlo Mfg. Corp.
Holyoke Co.

Roebling. J. A., Sons Co.

WIRE, PIGTAIL:
Dudlo Mfg., Corp.
lolyoke Co,
Roebling. J. A, Sons Co.

WIRE. SILK COVERED:
Dudlo Mfg. Corp.
Holyoke Co.

Roebling. J. A., Sons Co.

WIRE, TINNED COPPER:
Dudio Mfg. Corp.

Holyoke Co,
Roebling, J. A. Soms, Co.

Tapered Rheostats;
also Potentiometers

Particularly Designed for the New
. C. Circuits

1hese tapered Rheostats have the resist

ance  wire  wound

with gradvated in-

creased spacing on tapered strips

This gives current variations approximat
ing a straight line, and provides even con-
trol thronghout entire rotation of knob,

All resistances

In Canada:

Carter Radio Co., Ltd., Toronto
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R LT “""""H'ilb
11

LEAD
COMPOSITION - - ALUMINUM

CONDENSER
- FOILS -

Lehmaier, Schwartz & Co., Inc.

Manufacturers

511 to 541 West Twenty Fifth Street
New York City
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\

No Grid Leak Interference |

with the '

Bradleyunit-B Resistor |

RADLEYUNIT-B solid-molded
resistors eliminate the noise

and interference in radio circuits |
caused by inferiorgrid leaks. Oscillo-
graph tests show the Bradleyunit-B
to be remarkably quiet in operation.

The Bradleyunit-B Fixed Resistor
is made of a special, uniform mix-
ture, baked and solid-molded at high
pressure. This creates a solid, uni-
form unit, providing a constant
resistance regardless of voltage used.

Radio manufacturers are assured of
an accurately calibrated resistor
which will retain its initial rating
indefinitely.

For Radio Manufacturers

These remarkable solid-molded resistors
are practically unaffected by moisture,
altho not depending on a glass enclosure
for protection.

The Bradleyunit-B is furnished with or
without tinned leads for soldering. Made
in values from 500 ohms to 10 megohms. [

Tapped Bradleyunit Resistors are also
furnished to meet your specifications.

Allen-Bradley Co., 279 Greenfield Ave.
Milwaukee, Wis. ‘

&en-limi@f Resis_tors J

Puge 63

Test Bench
Pattern No. 580

Jewell |
Radio Test Bench

Many requests from jobbers and dealers have
come to us for a service panel or bench which would
contain. interconnected. all the instruments necessary
to completely check the circuits and general working
condition of radio receiving sets and accessories. The
Jewell Pattern No. 580 Radio Test Bench has been
designed for that purpose.

The bench proper is substantially made of hard
maple with a top of generous size 24 x 42 inches. The
working surface is 36 inches high. A tool drawer is

included.

The testing panel is steel, black enamelled.
with all markings engraved directly in the steel and
filled with white. The panel carries seven instru-
mernits. as follows: 0-7.5 volts D.C.; 0-75 volts D. C.;
0150-300-750 volts D.C.; 800 ohms per volt; |
0-15-150 D.C. milliamperes; 0-4-8-16 volts A.C.;
0-150-750 volts A. C.. and O-1.5-15 microfarads.

The panel is supplied with binding posts, so
that all instruments can be used individually and with
switches to cover all ranges. It is also supplied with
a plug and cord, so that all circuits in a radio set
can be tested along with the -tube, which may be
placed in a socket in the panel. “A pair of outlets
are arranged to be connected to the 110 volt. 60 cycle.
A. C. line, so that line voltage may be read and a set
plugged into the outlets. Line voltage is also used
for measuring the capacity of condensers.

This Radio Test Bench is a well made, care-
fuliv designed and practical piece of equipment which
jobbers and dealers .who have a large quantity of
servicing to do will find very efficient as a part of
their testing equipment. Large. precision type in-
struments with long scales can be read to a high
degree of accuracy. Readings are simultaneous and
independent of each other.

Our descriptive circular Form No. 2004 de |
scribes this Radio Test Bench in detail. Write for
a copy.

“28 Years Making Good Instruments”

Jewell Electrical Instrument Co.
1650 Walnut St. — Chicago
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Until September First

The response to this group sub-
scription plan has been very
gratifying. Nearly every
mail contains several new
lists.
We want to thank our
readers for their efforts in
bringing the group plan
to the attention of their
assoclates and friends.
The Group Plan will
be continued until
September first.

Will you not cooper-
ate with us by classify-
ing subscriptions sent 1n
as follows:

(M) Manufacturer
(E) Engineer

(D) Dealer or Distributor
(S) Service Man

(P) Professional Builder
(T) Technician.

\ WiLLtams Press, INC.,, NEW YORK-—ALBANY
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Logical Source
on Parts

Scientifically designed and Precision-Built
Audio and Power Transformers, Chokes and
Fixed Condensers—every single one funda-
mentally correct and guaranteed by one of
the oldest manufacturers in the industry.
Naturally Dongan has been chosen as the

No. 6570 source of supply by so many of the substan-
Popular A € T aps- . .
former  designed. for tial companies who have

u.e with 4 0 X 20,
I U Y 227 and
1 U X 171 power
amplifier tubes.
Lquipped with ter
ninals  for  wiring
harnesses, lamp cord
and plug oullet for
B-eliminator, also
tap for control

learned that Dongan usually
is the first to introduce the
new designs and can be de-
pended upon to foster noth-
ing that smacks of the

~witch. .
I $6.50 freakish.
Transformers
Chokes
Condensers Filter
—the very heart of - Copdchsets .
. strating

the radio set. For 9 “:_\.:,'c: &n’("‘]‘g “:_-’r
authentic information Condensers. Built in

. all  capacities for
write the Dongan use with filter cir

cuits  and  power
amphfiers. Excep-
tionally high insula

tion and permanent
stability. For either

Laboratories.

Neo. 1177

wascous or filament r\[-q,)]glldid :\lrnighl( ‘puwer

5 B < s-

Send chech or _ money type rectifier tube ’::ﬁl;rerdc;lgllc‘:ﬂu lurra::e

order for immediate de- $1.50 to $7.00 with U X 250 P.A. Tube.

livery on any . the One of several power sup-

items ildustrated. Ask Also By-Pass Con- ply and  output  trans-
for Radio Parts Cata- densers and Con- fo.mers

logue. denser Block . $i12.00

Set Manufacturers — Custom Set Builders

To meet your individual manufacturing requirements is the duty of our Sales-Engineering
Department. You will be assured of Approved Parts as per samples submitted and
deliveries as specified.

DONGAN ELECTRIC MANUFACTURING COMPANY
2995-3001 Franklin St.,

DETROIT, MICHIGAN

&\; TRANSFORMERS of MERIT for FIFTEEN YEARS %
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THE MATERIAL OF

Loud Speaker Comparator of Bakelite Molded.

Temple, Inc.. Chicago. 1ll., Manufacturers,

in developing new ideas

HE selection of a material to be

used for the production of a
new radio part or accessory rarely
presents a problem to the inventor.
Years of experience have shown
that scarcely any part is too intri-
cate in design to be reproduced with
the utmost fidelity Bakelite
Molded—and at a reasonable cost.

The Loud Speaker Comparator
shown here is a typical example.
The hollow. truncated cone which
forms the base, and has ten pin jacks
mounted within it. is formed of
black Bakelite Molded, as is also the

in

switch knob on the top. The pro-
duction cost is remarkably low, and
the fact that the parts require
neither machining nor polishing is
an additional advantage.

Bakelite Engineering Serviee

Intimate knowledge of thousands of
varied applications of Bakelite Ma-
terials combined with eighteen
years’ experience in the development
of phenol resinoids for radio uses
provides a valuable background for
the cooperation offered by our engi-
neers and research laboratories.

BAKELITE CORPORATION

247 Park Avenue, New York, N. Y.

Chicago Office: 635 W. 22nd Street

BAKELITE CORP. OF CANADA, LTD.. 163 Dufferin St.. Toronto, Ontario, Canada

BAK

REGISTERED

ST

U. B. PAY. OFF.

A THOUSAND

‘The registered Trade Mark and Symbol shown above may be used only on products made from matenals
manufactured by Bakelite Corparation, Unde - the capital “B" is the numencal sign for infinity. or unhmited
quantity. It symbolizes the infinite numbe- of present. and future uses of Bakelite Corporation’s products.™
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Radio engineers rely upon Bakelite Molded

USES


www.americanradiohistory.com

