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Your Requirementsyv
Phenolite’s Performance v
—They Must Check!

—and they can be made to check
100 per cent if our Service Engineer-
ing Department knows what part
laminated bakelite plays in the per-
formance of your product.

Wastes in fabricating, inaccurate

assembling or other inefficiencies

are not necessarily the faults of your

mechanics. Look to the material

itself—or better still, have our Ser-

vice Engineers study the situation

from every angle. Their past ex-

perience in problems comparable

to your own enables them to deter-

mine by actual tests which grade

of Phenolite is best suited to the

service requirements of your prod-

uct. And because we exercise full

control over every process that goes HENOLIT
into the manufacture of Phenolite,

your future orders will conform with —

these specifications to the letter! . Reg. U'S Pat OFF
Corres;:ondencc regarding your dif- La mi nated BAKELITE
ficulties or requirements will bring SHEETS . RODS . TUBES : SPECIAL SHAPES

immediate action.

To be specific — here is a coupling
disc fabricated by *National’’ from
a grade of Phenolite developed in
our laboratory for the known re-
qulrements of chis particular pare.
It possesses unusual tensile
strength and resistance to wear. It
is unaffected by oil or moisture,
and due to its fabric base, this
coupling has valuable shock-
absorbing properties,

NATIONAL VULCANIZED FIBRE CO., WILMINGTON, DEL.,U.S. A.
Offices in Principal Cities
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Big Resource

_ S
ﬁm Insulation Service/

FORMICA has large resourses for giving prompt
service on high quality laminated phenolic
insulating materials.

These resources include the largest and most com-
plete equipment in the industry; the largest organ-
ization and one that has specialized for 15 years on
just one product; a thoroughly equipped and com-
petently manned laboratory.

All of this equipment is located near the center of industry where
prompt delivery can be made to plants everywhere.

{I When you need insulating parts, send
in your blue prints and let us quote.

THE FORMICA INSULATION COMPANY
4626 Spring Grove Avenue Cincinnati, Ohio

ORMICA
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KC. Dial Designation Becom-
ing Standard

R. H. B. RICIIMOND, of Cam-
bridge, Masx.. Divector of rhe
RALAL Engineering Division,

stales that the “kiloeyele” dexia-
nation on receiving set dinls ix hecoming
geneval and follows the adoption of rhe
kilocycle s=randard by rthe IFederal Radio
Commission and scientitic organizations,

“The use of kiloeycles as rhe approved
method of designating rhe location of a
broadenzt stiation has become  established
beyornd doubt,”  said  Dirvector Richmaond.
“his is just the logieal development of
advanees in the retinement of receiver design.

“Radio setz were first marked in numbers
only.  Rometimes dials nxed the 0-100 sys-
tenm. At orher rimes rhe dials were gradu
ated in geometrie degrees. joth of the~xe
merhods  served only as reference points.
They horh made it necessary for the operia-
tor to tish for a new starion. With the imn-
provement of receiver design, it beeame
practieal to calibrate the dials. ‘These dials
were  marked  sometimes in  wavelengrhs,
sometimes in  kiloeyeles. and oecasionally
in bhoth, A few manufactnrers went so far
a8 ro include not only kiloeyeles and wave-
tengths, but :lso added a reference scale.
‘The unse of thiz multiple systemn was often
as econtusing ax it was helptul.

“I'ne  Federal Radio Cowmmission and
scientitic orsanizations have adopted the
use of kiloeyeles only.  No eross-reference
is being made to wavelengths. The hroad-
cast band has been loid our on the bhasig
of a l0-kilocyele separation hetween sta-
tions. The band extend= froin 350 1o 1300
kilocyeles.

“T'he trendency in new receiver design is
decidedly in favor of marking ials with
but a single seale. that of kiloeyeles.”

Published Monthly by

Bryan Davis Publishing Co., Inc.

Bryan S. Davis, James A. Walker,
President. Secretary.

E. M. Bacon,
Advertising Manager.

Publication Office—Lyon Block—Albany, N. Y.

San Francisco Office—318 Koh! Bldg.
Los Angeles Office—New Orpheum Bldg.,

846 So. Broadway f Cupit and Birch

Seattle Wash. Office—407 Leary Bldg.

Entered as second class matter at the post 52 Vanderbilt Ave.

office at Albany, N. Y., January 9, 1925, under i
the act of March 3, 1879. New York Clty

Yearl{ subscription rate $2.00 in U. S. and
Canada; $3.00 in foreign countries.
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LONG LIFE ASSURED

Type B-402 B-L Rectifier Max. D. C.
Rating, 3 Amps. 2 Volts.

Dynamiec Speaker Rectifier

A New Design of B-L Rectifier for Dynamic Speaker Field
Extitaton to Give Low Voltage and High Current Quiput

This new type B-L Dynamic Speaker Rectifier is designed to provide a
maximum lyw D. C. rating of 2 volts, with a high current output of 3
amperes . . {This means a decided saving for dynamic speaker manufac-
turers because it ullm{s the use of a low voltage type of speaker field
winding.

The resulting advantages are many: Relatively few turns of larger size
wire may be used in the winding . . . The winding is, therefore, more
rugged . . . Winding costs are lowered . . . Wire costs are less, because the

per-pound cost of wire is less in larger sizes than in smaller sizes . . . A
better space factor is assured.

In addition to these obvious advantages of Type B-102 B-L Rectifiers,
complete data and engineering service is offered to all dynamic speaker
manufacturers.

Write for prices and further information.

The B-L. ELECTRIC MFG. CO.

Formeoriy Mig. Dic. of Benwood-Linze Co.
19th & Washington Ave. St. Louis, Mo.

B L

RECTIFIERS
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EDITORIAL

May 1929

A

FUTURE

T 1S not too early to start considering

the matter of the design of radio equip-

ment for the years 1930 and 1931. For

that matter, present industrial fields are
so highly competitive, that it would seem well
for radio engineers to work five years ahead
of market demands.

Unfortunately, it is impossible to work
out complete designs much in advance of the
times; engineering progress will not permit
it—but it is possible to lay out a tentative
groundwork design sufficientlv tlexible to
permit changes, when new developments
appear.

Last-minute design does not pay, nor for
that matter does it pay to sit tight and pur-
ioin the design of another manufacturer.
Neither method pays because real engineer-
ing effort is not reflected in the completed
model.

If one asks., what form of radio equipment
will/ be marketed two vears from now, one can
only reply that the matter depends entirely
on engineering developments—and no one can
foretell what may be conceived.

If one asks, what form of radio equipment
should be marketed two vears from now, the
answer is different. The kind of equipment
that should be marketed is equipment that
most readily fits in with modern trends and
consequently more readily meets public
demand.

There is really quite a ditference between
the “will” and the “should.” The first sug-
gests force—and it is not always good policy
to create greater markets solely through a
continual process of public re-education.

Should” suggests acceptance of that which
the public would like to have if it were made
available on the open market. A combination
of both seems most desirable.

A design groundwork can be laid out for
the future if present trends are closely studied.
It is a matter of determining which way the
wind blows.

DESIGN

There are a number of important clements
to consider in connection with the future
design of radio equipment. There is the clec-
tric phonograph; which is well taken care
of for the present; there is the home talking
movie and lastly, there is television. If cach
of these devices are to be manufactured as
separate units, it means a very large duplica-
rion of equipment--and a possible rtotal of
four machines to place in the home. Obvi-
ously, all of these devices can be worked into
one outfit and the same equipment used for
a number of purposes, but the sales on such
an outfit would be restricted somewhat by the
size of the machine, and its price. But five
years from now there may be no such restric-
tions; quantity production and engineering
developments may well solve the problem.

Of more immediate importance are the
numerous ‘‘convenience accessories” spring-
ing up in the field, such as remote tuning
and volume controls, automatic volume con-
trol systems, tone control, visual tuning indi-
cators, program recording attachments, and
so on. The inclusion in a receiver of devices
of this sort assists in stimulating sales.

It is quite possible that, with the steady
increase in the number of homes wired for
radio and the growing demand for automatic
remote tuning and volume control systems,
there will arise a good-sized market for a
fool-proof receiver chassis designed for per-
manentinstallation in an out-of-the-way place.
The loudspeakers would be the only units
entering into the decorative scheme—and inci-
dentally, thev allow a considerable amount of
flexibility in cabinet design; more so than a
receiver chassis.

One other point: The present and future
merging of organizations, directly or indi
rectly connected with the radio group, will
have an effect on what one may well term
“the consolidation of equipment.” In this
respeet, mergers will influence future design
trends.

M. L. MUHLEMAN, Editor.
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COILS BY ROME signifies the
establishment of a complete coil
winding department,— already
busy winding coarse coils, fine
coils, magnet coils, paper cell
coils. ...

COILS BY ROME signifies en-
gineering that begins with funda-
mental coil design and carries
through to application. It may
well be considered an adjunct
to your own design and experi-

mental departments.

COILS BY ROME signifies a

new precision process in winding

Page 5

coarse wire coils that achieves
an otherwise impracticable fac-
tor of space utilization.

COILS BY ROME signifies man-
ufacturing methods and capacity
that are eager to match coils
and costs with you, whether you
wind your own coils or buy them.

COILS BY ROME is both a
challenge and an invitation.

. We ask an opportunity to
prove the significance of COILS
BY ROME.

ROME WIRE COMPANY

Division of Generat Cable Corporation
RO M E , N E W Y O R K

ROME PRECISION COILS

wwWwW americanradiohistorv com
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FILAMEN T
' WIRE

THE BEST YOU CAN BUY

NEWARK, NEW JERSEY
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NE heights in Electrodynamic re-

production are reached by this
latest development of the T-C-A—a unit that
offers a fidelity of tone and a rich full amplifi-
cation that must be heard to be appreciated.
Intensive research hasshown the necessity for
several important modifications from common
dynamic speaker practice. These improve-
ments are offered to the industry for the first
time. Details and data on request.
These refinements are possible without prohi-
bitive cost only in a completely manufactured
unit. The T-C-A Dynamic is not assembled
from outside parts, but is made complete under
one roof.
The finish of the unit is as impressive to the
observer, as it is practical and protective in
use. All external metal parts are cadmium
plated. Allterminallugsare grouped on a rear
panel of bakelite, improving appearance and
making cabinet installation fast and easy.
The new T-C-A Dynamic is presented with
full confidence that it will take its place side
by side with T-C-A Transformers and Power
Packs in the finest sets the industry offers.
Complete line of types and sizes on dependable
quantity delivery.

THE TRANSFORMER CORPORATION OF AMERICA, CHICAGO, ILL.

WwwWw_ americanradiohistorv com


www.americanradiohistory.com

Radio Enginecring.,

Muy. 1929

NE ‘ x Y products,of which this Electro-
dynamic speaker is the latest,
make the T-C-A line a peculiarly helpful
source of supply to the quality set manufac-
turer.
Concentration upon a group of closely asso-
ciated products has enabled the development
of specialized production methods that make
possible a high degree of uniformity and pre-
cision.
Dependability in T-C-A power packs and
chokes is no accident. Interchangeability in
T-C-A Transformers is not a matter of luck
or chance.
For every manufacturing operation has been
perfected and developed through the produc-
tion of thousands, and in some cases, millions
of identical units.
Controlled quantity production is the key to
T-C-A quality.

NE production facilities made pos-

sible by the plant illustrated
below will furtheremphasize T-C-A’s claim
to leadership.

In this magnificent plant, high-speed, con-
trolled production can be attained to a new
degree.

Here basic raw materials, such as wire and
sheet steel, will be converted into finished
receiver units, ready forinstallation in the radio
set. Much of the manufacturing equipment
has of necessity been developed by T-C-A For
it is a fixed policy to rely on automatic pre-
cision machines rather than on variable or less
reliable hand work.

The thoroughness of the T-C-A engineering
laboratory has enabled it to render valuable
service and assistance to many set manufac-
turers. lnquiries invited.

=
\. S .:;a!oﬁ}f'
<

- [
- FORME - ga=rC
FrRANSES—

bl

2301-2319 South Keeler Avenue
THE TRANSFORMER CORPORATION OF AMERICA, CHICAGO, ILL.

wwWwW americanradiohistorvy com
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OUTSTANDINC- RADIO TUBE

SPEED with the SPEED Tube Line. it's right A Smashing advertising campaign of full pages in Saturday
—right in quality, right in price. Each sale Evening Post, leading magazines and newspapers through-
induces repeat business.  SPEED Tubes in- out the country will Speed SPEED sales. € Get all details

corporate new developments— atonce. It's a great proposition and now's the time for the

Atthe ChicagoShow,Speed months aheed of competition. ringside seats! 4 4 4 4 ]

toBoothNo.11.Seeus—see The fastest operating 227 A.C. detector. CABLE RADIO TUBE CORP.

the line Speed with SPEED. Newest developments in 224 A.C.
b " shielded grid tube. 80-90 NORTH 9th STREET i i BROOKLYN, N. Y.

E— _— — —
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Known Accuracy

The great strides recently made in the scientific
development of radio demand greater accuracy
in coils.

To insure the utmost accuracy, Dudlo is equipped
with every available instrument for their testing
and inspection.
If you are hav-
ing coil troubles, send
them to us. Dudlo en-

The meter panel pictured above . . . only one of
the tests to which Dudlo coils are subjected . . .
gineering resources are calibrates output voltages, detects short-circuits
at'the serviceoftheradio and breakdowns. Other instruments check many
industry. other requirements to insure strict adherence to
customers specifications.

This is one of the reasons why Dudlo coils are
designed right, built right, and give uniformly
good results wherever used.

DUDLO MANUFACTURING COMPANY, FORT WAYNE, INDIANA
Division ofF GENErRAL CaBLE CORPORATION

DL

HE THING IN RADTIO

www americanradiohistorv com
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Lemple Speaker Units
Speak for Themselves

Especially Adapted for Set and Cabinet Manufacturers
Temple Dynamic Speakers

Temple Dynamics are better because of the unequalled
engineering which is behind them—because of a more
thorough knowledge of speakér manufacturing—because of
a reputation for high grade speaker performance which has
kept the Temple name among the leaders in the radio

industry.
All Line Hum Eliminated

Exclusive with Temple Dynamics is the fact that all
semblance of line hum has been eliminated. The Temple
System of Hum Elimination is a Temple development and

e PYI:A?:;: le‘mismc » found only in Temple Dynamics. A two-tone switch
e b vo . . o R B .

cycle; Model 12, 110 volt A. C. aIIO\ys fpr reception with predominating bass or for repro-
oMol M ode Tl HTRIIL DAoL duction in natural tone values.

Direct_Current; Mod:
D. C. Battery Type

Temple Magnetic Speakers

Temple Magnetic Speakers fill the demand for quality
reproducers, where tone of the highest order is demanded,
but where the matter of insufficient receiver power or taste
makes the purchase of a dynamic speaker inadvisable. True
response, natural and pleasing tone, and an ability to please
the most discriminating from the standpoint of performance
makes this model one of the most popular in the radio field.

For Every Type of Installation

MODEL 5-B MAGNETIC _ Temple Magnetics are designed for new console installa-
Built into a bafle box which tions. or for replacements—for bringing the tone of older
measures 9347 sq. x 756" deep. receivers up to 1929 standards. The two types differ only

in the fact that one model is housed in a box baffle, while the
other is the bare chassis. Both are complete and ready for
installation and are equipped with the famous Temple
Double Action Unit.

TEMPLE CORPORATION

Set Division Address Speaker Inquiries to
Clearing Station Speaker Division
5253 W. 65th St., 1925 S. Western Ave.,
Chicago Chicago

Temple speakers are made by
MODEL 5-C MAGNETIC the manufacturers of sensational

This is the bare Magnetic
chassis _without the box

bafie. This measures 9~
diameter, depth EM pl E

All Temple speakers are avail- TEM P-I.[TON[ J.].._',‘ k([d[b

able in table models—in most
attractive cabinets.

WwWww_americanradiohistorv com
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“ROUND ROBIN”

1.

Group
Subscription
Rate

(The subscription
rate for individual
subscribers is $2.00 a
year.)

Will you not cooper-
ate with us by classify-
ing subscriptions sent in
as follows: e .
" g

(M) Manufacturer ‘°«(;as‘-*‘*‘° e

(Please check **M*" if you are an exccu-
tive. purchasing agent. production mana.
ger. service manager, plant su.crintesdent
ur fereman.}

(E) Engineer
(T) Technician.
(S) Service Man

(D) Distributor or \ \Aa“‘;‘\&ess‘\‘ '
Dealer <°"‘C K .
ﬁa«\ AA‘¢$5 fa®" w
sl
. "O\q“\asé&\ca

www americanradiohistorvy com
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You are Invited —

To visit the RADIO ENGINEERING Demonstration
Room during the R.M. A. Convention — There will
be plenty of additional copies of the June issue
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Manufacturers !

YOUR Adpvertising in June Radio Engi-
neering will reach every Buying Factor
in the Radio and Allied Industries—at the
time when contracts for autumn production
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- 2" ANNLAL
. EMATFPADE SHOW,
Jl NE 3T®7mcluswe p.

STEVENS, BLACKSTONE &
rd 2. CONGRESS HOTELS

ANNUAL S 57 FANNLAL
RMA

CONVENTION
JU NE 3107 INC.

STEVENS
HOTEL

Page 135

JUNE 5
STEVENS
HOTEL

CI Wednesday evenmg, June 5th, is

the date — the place is the Banquet Hall of
the Stevens Hotel, Chicago, and the occasion is the Third
Annual Radio Manufacturers’ Association Banquet. There will
be a variety of entertainment by radio’s most prominent artists. This outstanding program

of the year will be broadcast over a nation-wide chain from Coast to Coast and Gulf to
Canada.

Tickets can be had upon application to the Radio Manufacturers’ Association offices, 32
West Randolph Street, Chlcago, Illinois, or 11 West 42nd Street, New York City. Tables
will be reserved for parties of ten persons each. The tickets are $6.50 per person.

Trade Show Exhibitions at Stevens, Blackstone and Con-
gress Hotels

Remember — this year there will be manufacturers’ exhibits and demonstration
quarters in three hotels — the Stevens, Blackstone and Congress. It will be nec-
essary therefore, for you to visit the exhibitions and demonstrations in each of
the official hotels in order to get a comprehensive view of the entire trade show.

Reduced Rates on All Railroads

All the railroads are giving special reduced rates to the Radio Trade Show
in Chicago, June 3rd to 7th, inclusive. Make your plans to attend. Arrange
now for hotel accommodations.

Invitations to the trade will be issued about May Ist.

Radio Manufacturers’ Association Trade Show, Room 1800 Times Bldg., New York

Under Direction of U. J. Herrmann and G. Clayton lewin, Jr.

WwWwWwW americanradiohistorv com
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Production Tester—
that insures uniformity of tubes

v, . : LY

4 C-Bias Connection X Plate Circuit Breaker to

Ifme Voltmeter for 60 Cyc. Bias Filament Volt protect tester from Mutual
Switches 100/10 A.C.Lighting Voltage Supply S° alge excessive plate Conductance
\ volts 7| Circuit __———l-l_:l upply current Scale
— - ~
; o s e O o
Lamps to . ate
indicate Impedance
shorting of Scale
elements or 1,500 to
wrong basing 50,000 ohms
Voltmeter
Gas Test Switchee
Measure- Plate voltage
ment ranges
i 1000/200
Micro- volts
ammeter .
!:;lament
oltage
10 vol
Hi-Speed volts
e Cl::iteixt
enables
operator to 100/50/5 MA.
make short
test before Filament
making Regulation
@neasure-

.ments .
Amplifica- Compensator for Mutual— Hl_‘x'sf:ie]ed
tion Factor Conductance does away - Push Button andee

Dial with the need for a for Gas Test
2 to 44 MU correction curve

HE Model 526—Type 6 Radio Tube

Tester is made primarily for set and
tube manufacturers. It is a triumph in in-
strument design and embodies features
which make it invaluable as a production
testing instrument. Its usc as a bench test sct
insures uniformity of tubes, while its design
and construction provide for high speed

operation.
No calculations or correction factors are
necessary, all tube characteristics being

quickly obtainable bt - direct indication. It
is simple to opcrate, vositive and reliable.

The tube manuf: cturer will find the
Model 526 indispen able in reducing the
time clement of tesing tubes as well as
minimizing labor anl material losses. It
accelerates mass prcduction processes, in-
creascs output, protoets guarantees — and
most essential of all, it insures the uniformity
of the product.

The Model 526 is a marvel of simplicity—only a
few quick operations being necessary for a complete
test. Refer to our nearest sales office for full par-
ticulars, or write direct to the factory.

WestoN ELECTRICAL INSTRUMENT CORP.
612 Frelinghuysen Ave. - Newark, N. J.

WwwWw.americanradiohistorv com

You can be assured of

UNIFORMITY
by the following tests:

1 —Short Test: By turning Hi
Speed handle, lamps indicate
shorts between elements as
well as filament continuity.

B —Guas Measurement: Depress
button and read value directly
on micro-amimeter.

—Read amplification factor
directly on amplification dial.

f—Read

mutual

plate impedance and
conductance directly

on large instrument scale.
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| EEGHSEIEET | Phonograph pickup
= Sieo wismome veot o2se | with amplifier de-
| 5 "
1 signed to give lacge
volumeand hightone
1 quality. TheSangamo
e ElecteicCompanycan
furnish the audio

transformers, imped-
%\ | ances and condensers.

N\

The exacting standards to which
phonograph amplifiers must measure
require manufacturers to exercise in-
creasing care in the design of circuits
and the selection of parts of known
accuracy in performance.

Sangamo Audio Transformers are
built to precision standards with elec-
trical characteristics that will give un-
surpassed reproduction when used in
appropriate circuits.

The proof of transformer excellence
lies in a flat performance curve. Due to

SANGAMO ELECTRIC CO.

SPRINGFIELD, ILLINOIS, U.S. A.
Sangamo Electric Co. of Canada, Ltd., 183 George St., Toronto, Ont.

For 30 years preeminent manufacturers of electrical precision instruments

TO N E- sells the

phonograph amplifier, too

the factthat the impedance of the wind-
ings of all Sangamo Audio Transform-
ers is accurately matched to the im-
pedances of the tubes and speakers
with which they work, the Sangamo
performance curve is the nearest to a
straight line ever achieved by any
transformers now available.

When equipped with a good phono-
graph pick-up and a speaker that will
handle the volume output, this ampli-
fier and power supply will give an
exceptionally high quality of tone and
large volume.
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Standard Type “"A"
Sangamo Fixed Condenser

The New “Illini” Condenser
For Manufacturer’'s Use

Pin this to your letterbead and mail
SANGAMO ELECTRIC CO., Springfield, Illinois, U.S. A.
Dept. 542

Sangamo Electric Co. of Canada, Lid.. 183 George St.. Toronto
O (For manufacturers) 1 am interested in engineering
data regarding your transformers and condensers,
also the phonograph amplifier hook-up.

O (For dealers) Please send data on Sangamo Con-
densers.

O (For set builders) Please send booklet describing

your apparatus and latest audio hook-ups. I enclose
10c to cover cost of mailing.

The

quality of fixed condensers
affects every note and syllable

Sangamo Fixed Condensers
are accurate . ... and stay daccurate .’

~ "1 OSTLY experience has brought home to many
\ manufacturers the realization that no other
" item costing so little can cause as much
trouble as a fixed condenser.

Not all fixed condensers are good condensers even
though molded in Bakelite. Sangamo Fixed Con-
densers are not only rendered immune to thermal
changes and mechanical damage by a Bakelite en-
closure—but a soundly constructed, accurately rated
mica condenser within the Bakelite casting assures
minimum variations from rated capacities.

Sangamo precision manufacturing traditions and
facilities. including one of the country’s finest equipped
laboratories, are responsible for Sangamo accuracy.
Every Sangamo product is subjected to searching tests
of the sort possible to make only in a manufacturer’s
laboratory. The standard line of Sangamo Fixed Con-
densers is tested within ten per cent of rated capacity.

The Sangamo *“Illini”’ Condenser for manufac-
turer’s use, is 2 new type of the same quality as the
standard Sangamo Fixed Condenser. Its connecting
lugs, which may be bent to any position required
without damaging the condenser, adapt it more
readily to factory production.

Mail the coupon for complete information and prices.
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"This New Elkon Recetifier Eliminates the Power

"Transformer in

Thi: abowa the sive e rectifier unita cau
of oug of the recii-
fier uuitn, Two ure

required vn earh
I

L curily rephaced when

a necrraury an mny o sesn

- here

spruker.

GAIN Elkon leads the field. The new Elkon D-29 Power "5‘
-~ 'a Supply is the outstanding development of the year in [
1 S . |
. o o T . P 3 . a I |
'\\i rectifiers for dynamie speakers. \
This remuarkable rectifier operates directly from the \C .{/"

power line eliminating the Power Transformer and redue-
ing the cost of assembly,

Supplied complete, ready to install. or the reetifier units
two required on cach speaker) can be sold separately.

i Wonderfully eflicient, quiet in operation. 'FThe units can
be replaced when necessary as casily us a tube is changed

in a socket.

H you have not already sent us a sample
of your new speaker, do so at once. We
will equip it with the new Elkon reeti-
fier and return it to you
promptly.

ELKON, I

Divisionof P. R. Mallory & Co., Inc.
350 Muadison Avenue
New York City N

Elton

Speaker.

WwWWwW americanradiohistorv com
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»

EEPING step with the progress of
electrical development, Jefferson has
maintained a reputation for quality trans-
formers. .. for engineering co-operation in
designing and developing transformers for
special application.

With the advent of radio, a large and com-
plete engineering department, a research
laboratory and a staff of sales engineers was
added to render definite assistance in the
solution of electrical problems.

Today, numerous radio manufacturers
attribute much of the success of their sets,
from an electrical standpoint, to the help
of Jefferson engineers in the design of their
audio and power transformers. Likewise,
they have benefited by Jefferson production
capacity—which insures prompt deliveries
during peak seasons.

These are the services which Jefferson
offers you, too—in addition to serving as a
reliable source of supply for quality trans-
formers. Our engineering and research
departments are maintained to serve you.
Let us know your problems.

JEFFERSON ELECTRIC COMPANY

formerly
Chicago-Jefferson Fuse & Electric Co.
1592 S. LAFLIN STREET CHICAGO, ILL.

Engineering Co-operation
70 SOLVE gour TRANSFORMER
PROBLEMS

New Jefferson Power
Pack for use with the
new 245 and 224 tubes

Transformers and Chokes
for New Power Tubes

As specific evidence of Jefferson engineering progressive-
ness, we present the new power transformers, designed
for use with the new 245 power tube and the 224 shield
grid tube. To work with these new transformers, we
have a wide range of choke units—heavy single duty
chokes—double choke units of conventional design—
or staggered choke units, one heavy and one light choke,
an especially economical method which minimizes hum
and allows maximum voltage on power tubes without
overloading the rectifier. Special audio transformers,
improved in design, are also available to make use of all
the possibilities of these new tubes.

~N S ~

Complete electrical specifications and gquotations on
these new units will be furnished on request.

AUDIO and POWER TRANSFORMERS and CHOKES

WwWwWw_americanradiohistorv com
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Stamding in the Conductor’s
stand, a certain evening back in 1907,
Louis . Gottschalk created a sensation
that theatre goers and music lovers of
New York City are never apt to forget. It was
the introduction of the “Merry \WVidow™ to the
American public.

Louis F. Gotischalk now stands as one ol the
world’s greatest composers and orchestra directors.

The first composer selected by the Griftith Films
to write original scores, Louis . Goitschalk pro-
duced many heautiful musical compositions. such
as those accompanying “Broken Blossoins,” “The
Four Horsemen of the Apocalypse,” *“The Three
Musketeers,” and the “Prisoner of Zenda.”

Orchestration scores for a musical movie “The
Rainhow Man.” not vet released, have just been

World Famous Composer and
Director

(14
J ust what I hear when 1 stand
in the conductor’s stand.”

LOUIS F. GOTTSCHALK

I can give no greater praise.
I wanted to write you ever since
vour remarkable treat of “The Evening of Music.”

So you see, if a hard-hoiled, distinctly hostile
musician like I am can hsten to this Vright-
DeCoster reproducer with a great thrill, it is
uncanny-.

Just how on earth any iechanism can trans-
port a full hundred artist orchestra through the
air and reproduce it in a distant place with all
the richness and claritv of the complete ensemble,
with the very “personality” of each instrument
perfectly reproduced.—that, to me. is a miracle.

L., 3 G do D

completed by NMr. Gottschallk. =

“Your Radio Can Be Onlv As Good As Its Speaker”

Write for descriptive matter and address of nearest branch office.

WRIGHT DECOSTER, INC.

MAIN OFFICE AND FACTORIES

ST. PAUL, MINN.

TRADE MARK THE SPEAKER OF THE YEAR

e e

www. americanradiohistorv com
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SYNTHANE

Laminated Bakelite

i

iy

g

il

AUNCHING QUALITY

o / UNCHES drop, lift, drop, lift, drop, lift. ..

true, accurate stampings ... concise margins...
thin, sharp walls. Again, again, again ... each

stamping right . . . no variation. . . . . ... ..

Uniformity wins again. Synthane, ever the same
...never changing. Uniform raw materials, modern
equipment, supervised workmanship...Synthane

uniform always, in every respect

TEST IT YOURSELF

\\ [SYNTHANE]

CORPORATION n OAKS - PENNA

Sheets, Rods, Tubes, Fabricated Parts New York, Chicago, Cleveland

WwwWw americanradiohistorv com
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Cross-Licensing for the Radio Industry

1E Patent Interchange Plan of

the Radio Manntacinrers’ Asso

cinrion does not present an en

tirely new idea,  ‘Lhe general
scheme is old. s adoption by the
aucomohile indnstry  was mauifestly
onte of the foremost eonrributing fac-
fors in the ¢onspicnons and nnprece-
dented success of rhat great industry.
Prior to the 1914 there

year wer

many threats and conmer-threars ot
patent litigation  berwean  automobite

companies.  ‘Chere were differences of
opinien as to how patents <houlit be
best nsed.  There were those who Felt
that pareurs shoild he taken ont only
to prevent others not entitled to them
from holding up the legitimare owuners
of inventions. Such patents were ob
rained merely for prorecrion agiainst
agueressors—not  for 1he levying  of
tribute or the collection of royalties.

‘I'here were thase who lelt they pos
sesseql a legal patent monopoly on the
manutacture of modern automobiles.
Paols tor agwressive use of patents
against  the indusiry were formed.
Other pools were threatened.

Then the natural thing  happened.
PThe National Automobile Chamber of
Commenrce. comprising almost all of the
representative  antomohile  manutae
turers of  America. sabmirted  Teo s
membership  a  cros<-licensing  agree
ment under which all signers granted
patent licensex to each orher withom
payment ot royalties except where pay
ments were required o thivd parties.
This interchange of patent rights was
complete exeept with respect to patenis
involving inventious of a high order
or a radienl departure from previous
aecomplishments.  1lowever, in almosr
fifteen years of operation. no patent
has been found by the antomohile in
dustry to merir the latter classification.
I'raetieally. therefore. there has heen
a complete cross-licensing under all of
the patents of the sizners.

0Of course, when the plan was pre-
sented ro rhe antomohile industry
there were those who said that it
would be adopted only by those who
had no patents: that those who had
valuable patenis wonld neot sign the
agreement. and that ir would, rhere-
fore, be an empiy arrangement. As a
matter of tact all except two of tne
represeniative  auntomobile  mannfac-
fiurers entered into the cross-licen=ing
azreemment.

By Le Roi J. Williams

Chairman R. M. 4. Patent Commitiee

The which sold the agree
IMeNT were niny There were a large
nuntber of companies in the indnstry.
A few ol them owned many patents.
Many aof them had a few patents.
When the hirze awners of the more
mportant patents  cansidered  the
agrecment 1hey were confrouted with
rhe question: Are any parenrs more
valuable than all of the patents owned
by the rest of the industry?’  The
answer wis obvious,  The valne to he
aiven by each was less than that re-
cetvedd from the rest.

reasons

LE ROl J. WILLIAMS

It was also recognized rthat with a
pooling of patent right= there conld be
free interchange of patent intormation
for defensive purposes. 1f alze
understood that sueh information conld
he colleeted by the association and u=ed
by it. not only in raking over defenses
of suits of general inferest 1o the in
dustry. bt also in preventing threat-
ened suits, This feature proved to be
a valuable aid to the industey in its
defense against invalid patents and
unjustified suits. It is o matrer of
csenerial knowledge that the automo-
bile industry has been parricnlarly free
from patrent litigation from ontside as
well as inside sourvces. 1 am of the
opinion that this defensive featnre
which narurally ries up so closely wirh

Wis
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a cress-licensing  agreement was the
moest vatluable step to the industry.
With the adoption of the cross-licens-
ing agreement, it was expeeted that
eiach company would be free to build
the Dhest possible product by the best
possible methods and could devote all
of its energies to the constrmetive prob-
lems  of oraanization. manufacturing
andd disrribucion- —and not be harassed
and hampered by rhreats, patent litiga-
tion and injunctions.  Fach company
would have the benetit of rhe develop
ments of rhe rest of the industry. The
results anticipated in this respect hive
far exeeeded expectations.  Fvery com-
pany in the industry. of necessity, has
heen stimnlated to keep pace with the
most modern developments in design
anl methods of manuracture.  To do
otherwise, meant that a company
would stip out of the picture. "The re-
snlt of this stimulns was greatly im-
proved products at starvtling reduetions

in cost. Vohune was inereased: great
profits were earned—and the buyers

obtuined more for their dotlars in rhe
purchise of an antomobile than was
obrainable in any other mechanisni
Byveryvone wis henefited.

I'arent cross-licensing has been a
areat, if not the paramount facror in
abtaining these resiulrs.

The situation in the radio ininstry
today is a close parallel to thar of the
automobile imlustry when it considered
the cross-licen<ing agreement in the
voar 1914, The challenge and th 1
portunity are the same.

In zeneral the Iadio Manufacrurers
Association plan follows that of the
automoebile industry. 1t seems to tol
low that sueces=ful plan so far s prac
ticable ro do so. lowever. some of the
radio manufacturers are engaged in
elecrrical acrivities unrelated to radio.
Qome of the manufacturers build com
plere radio sets.  Others manufaciure
special  radio parts.  Therefore. the
1tadio Manufaeturers’ Association plan
cross-licenses only so far as it effects
rheir  so-called “radio”  aetivities.
namely. the manufaeture of radio de-
vices. electrieal phonographs and group
address systems. including parts and
aceessories for such devices. A= in the
case of the automobile eross-licensing
agreement, the Radio Manufactnvers
Association plan provides for an excln
sion from the ecross-licensing agree
ment. hy aetion of rhe Board of Diree-
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tors, of patents covering inventions “of
an outstanding characier. or the result
of an inventive effort of a high order
rather than a ere improvement,
rariation. moditieation. or natural de-
velopment of the existing art. resuiting
from an ordinary effort of rhe inven
tive faculty.” The standard set up in
the radio plan in order to provide for
exchinsion of a1 patent from the opera
tion of the agreement is not quite ns
high as that of the automobile plan
which required that in order for an in-
vention to be so excluded. it must in-
volve a “radical departure” from what
hid heen done bhefore. 'This modifien-
tion wa= recommended by high officials
of 1he automohile association. It
shonld he obrerved that in the radio
plan in order to have a subsequently
acquired invention classified az ex-
cluded from rhe cross-licensing agree-
ment. the invention must have heen
“devized and worked our Ly one or
more agents or servants” while em-
ployed in or about the business of the
signer of the agreement. So far as
subscquently aequired inventions are
coneerned, this provision was adopted
from the automobile plan.

In <o far as inventions owned hy
signers of the agreement at the time
they entered into it are concerned,
according to the radio plan. it makes
no difference whether rhe invention
was developed in the organization of
the <igner or was acquired from orhers.
According fto the antomobile plan no
patent could be classified as heing ex-
cluded from the operation of the agree.
ment if it were acquired fromn outside
of the signer’s organization.

It was provided in the autemobile
cross-licensing agreement and it is pro-
vided in the radio plan. rhat all sign-
ers release each other trom all elaims
for damazes or profits on account of
the infrinrement of any patenr covered
by the agreement by reason of the
manufacture of any radio devices.
electrical phonographs. zroup address
systems amd/or parts and accessories
therefor,  The far-reaching effect of
thic clanse in wiping out cases of
litigarion is obvious.

The period of the radio plan extends
until December 31, 1933. and will be
extended heyond that rime. not exceed-
ing five yvears. nnless 519% of the =jgn-
ers then in good standing terminate the
agreement. After Deccmber 31. 1933.
any signer of rhe agreement may ter-
minate the license as ro himself upon
six months prior notice to the associa-
tion of his desire so to do.

Covers  Only
s of Members

Agreement Radio

fetivitd

« the intenrion that the cross-
licenxing agreemenr of rhe Radio
Alannfacturers Association  should
cover only the manufacture and sale
of radio deviees and parts therefor. and
to have no cffeet on the other activi-
ties of thiose adopting the agreement.
Therefore, the ngrecment opens with
a sratement of the purpose of rhe doecu-

It wi

ment, which is to avoid “the possibility
of patent litigation between them over
parents on or relating to radio de-
vices. eleetric  phonographs,  group
address systems and/or to parts and
accessories therefor.”

Definitions of Field of License

Then follows a group of definitions.
On Paze 2 appears a definition of
“radio deviees” as follows:

(a) devices n=eful only for “radio

purposes” and

(h) devices especially adapted for

“ridio purposes”™ hut eapable
of orher uses except where the
same are sold. licensed only
for uses other rthan “radio
purposes™ in whieh cases the
sime are not to be regarded
as radio devices Itereunder.

On Page 1, paragraph, 3, rhere ap-
pears the followiug detinition of
“radio purposes’ :

(a) The transmission and/or re-
ception by radio and/or hy
wire of news. musie. pictur
speeches, sermons, advertis-
ing, entertainmenr, educa
tional and/or similar matter
and/or any of rhiem and/or
comlinations of any of rhem
only for the purposes of ex-
hibition. entertainment and/or
general instruction or eduen-
tion,

The electrical amplitication of

electrical energzy for use in

group address systemns, phono-
graphs, and/or for the pur-
poses set forth in sub-division

(a) of paragraph (3) of rhis

Article.

(e) The adaptation of electrie
energy from electric light,
heat, power, or traction lines
and thereby supplying local
energy to the clements. or any
of rhem. ot cleetron discharge
tubes and =imilar deviees for
the purposes set forth in para-
graphs 3. 4. 5. 6 and 7 of this
Article.

".'

(b)

Analysis of What Are Radio
Devices

It will be observed from the fore-
going detinitions that a “radio device.”
which is the subject of the cross-licens-
ing agreement, i one (including mnpli-
tiers and socket power devices for use
with radio devices) rhat is especially
adapted or useful for transmission or
reception, either hy radio or wire, of
program or news material which is
seen or heard “but only for the pur-

poses of exhibition. entertainmenr
and/or general instruetion or ednea-
tion.” 1t will be observed that rhe

definition of radio deviees does not iu-
elude trausmission and reception of
power, nor commercial counmunication
either by wire or radio. Radio devices
as defined, are limited to what is gen-
erally recognized as rhe program or
enterrainment tield by wire or radio.

WwWwWwW americanradiohistorv com
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Group Address Systems and Phono-
graphs Covered by License

As has been observed, rhere has heen
included wirliin the scope of the cross-
licensing agreement. group address
systems and phonographs because of
their similarity in charaeler to radio
devices. These are defined as follows
in paragraphs 5 and 6 on Page 2

(3.) Gronp address systems

the eombination of
(a) Means for receiving and
translaring  sound energy
inro electrieal energy.,

means

(b) Means for the electrieal
amplificarion  of electrieal
energy and

(¢) Means for converting elec-
trical  energy iuro sound
energy.

(6.) Phonographs means all  ap-
paraius o the reproduetion
of intelligence from records in
motion.

Cross-Licensing Only Covers Class
B Radio Patents

The patents which are the subject of
the agreemenr are so-catled radio pat-
ents. whieh according 1o rhe definirion
in paragraph 8 on page 2 means:

“all  Lerters atent (or  elaims

thereof) of the ['nited Stiates, cov-

ering inventious used in. or in con-
nection wirh radio devices. electrical
phonographs and group address sys-
rems. except (i) desizn patenrs and

(b) pateurs on raw naterials and/or

(e) any patents so far as rhe elaims

thereof cover inventrions not appli-

eable ro. nor relating to radio de-
vices. electrical phonographs and
group address systems.”

Then tollows paragraphs 9 and 10
on rhe same page. wirh definitions of
wlhut are referred to as Class A Radio
Parents and Class B3 Radio P'atents.
respeciively.

Class U Maddlo Patents whieh are
the ounly patents under which ecross-
licenses are granted. ave hriefly de-
tined a= all radio patenrs not ineluded
wirhin rhe detinition of Class A Radio
darent=.  Therefore. it ix of interesr
to obxerve the tollowing detinitious of
what  constirnte the radio patents
whiceh are excluded from the opera-
tion of a cross-license agreement.
namely:  What are Class A Radio
Patents=?  The eontract defines themn
as follows :

A Class A Radio Patent means any
of the ‘Radio Parents’ (or claims
thereof) now or hereafier issued.
of or under whieh rhe ‘Subseriber”
may now have, or hercafter acquire,
ownership or control, or rhe right
to granr. licenses or shop rights, to
rhe extent of any elaim or claims
rhereof, covering an invention whieh.

in the opinion of the Board of Di-

rectors of the ‘\ssociation.” ex-

pressed in a resolution duly adopted
at a regular or special meeting duly
cnlled, at which a quorum thereof
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was present and participated, or in
caxe of appeal as hereinafter pro-
vided. in the opinion of the arbitra-
tors appointed hereunder. is of an
outstanding character. or the resuit
of an inventive effort to a high
order; rather than a mere improve-
ment, variation. modification, or
natural development of the existing
arr, resulting from an ordinary
effort of the inventive faculty: pro-
vided (1) that such patent is duly
reported to the ‘Association” within
the time and in the manner herein-
after provided, with a written re-
quest for the classification thereof
as a Class A patent, sccompinied by
the affidavits hereinafter provided
for: but any delay in the fulill-
ment of this last proviso may be
expressly waived in writing by the
‘Association,” provided such waiver
is given with full knowledge of the
material facts; and provided, (2) as
to patents in which the ‘Subscriber’
may acquire ownership or control or
the right to grant licenses or shop
rights thereunder after March 1,
1028. that such invention is devel-
oped within the ‘Subscriber’s’ organ-
ization, that is to say, is devised and
worked out hy one or more agents
or servants (incinding oflicers) of
the ‘Subseriber,” while employved in
or ubout the ‘Subscriber’s’ business.”

Class A Radio Patent Idea Adopted
from Successful Automobile
Agreement

The idean of excluding from the
operation of the cross-licensing ngree-
ment n group of parenrs (known in
this agreement as Class A vadio pa-
tents) covering inventions

“of an ontstanding character, or the
result of an invenrive effort of a
high order; rather than a mere im-
provement. variation. modifieation,
or natural development of rhe exist-
ing art, resulting from an ordinary
effort of the inventive faculty”;
is elosely purterned afrer. but is more
liberal than a similar provision of the
awtomohile eross-licensing azreement.
During almost fifteen years of operi-
tion under the automobile eross-licens-
ing agreement. <0 far ng is known. no
patent in rhe antomobile industry has
heen so classitied as to be exeluded
from the operation of the agreement.
1t should he obxerved. however. that
rhe auromobile cross-licensing ngree-
ment. provided that in order for a pat-
ent 1o be so classified. it must cover
an invention invelving a radical de-
parture from the exisring art. This is
. higher standard rhan in the radio
agreement.  Another snbstantial dif-
ference between the automobile provi-
<ion and the radie provision is, that
the former has a regnirement that in
order for patents to be excluded from
the operation of the agrecwment they
misr cover inventions developed within
or by o subseriber’'s organization. The
radio provision requirement of this
character applies only to inventions

acquired or controlled after Mareh 1,
1928.

It will be observed that the radio
provision covering Class A Radio Pat-
ents is move liberal in favor of so
classifying unusual inventions than is
the antomobile cross-licensing agree-
ment. This is in accordance with the
recommendation of one of rthe high
oflicers of the Nuational Automobile
Chamber of Commerce.

Method of Determination of
Class 1 Radio Patents

Radio patents will be classified as
Class A by the Doard of Directors of
the Association after proper hearings.
In case of a deciszion unfavorable to
the owner of the patent. an appeal is
provided for te an arbitration board
consisting of oue appointed by the As-
sociation, one by rhe Subscriber, and
the third to be chosen by the Sub-
scriber from a list of not less rthan
three disinterested persons submitted
Ly the Association.

Cross-License  Does Not  Affect

Obligations to Third Persons

saragraph I3 of Arvticle 11, page 3
of the coniracr. provides that no sub-
seriber will be required to grant a free
license when it would violate “the
legal or equitable rights of any other
person, firm or corporation.” In other
words, when a subscriber is required
to pay royvalties to others under any
of hix patenis, such a patent wonld not
he the subject or a vovalty free grant
under this agreement.

No License Granted on Parts and
Accessories for Devices Unrelated
to Radio

raragraph D1 of Article 11 provides
that the eross-license applies only for
use

‘in radio devieex.

graphs and/or

electrical phono-
group address Sys-
tems., and/or parig and accessories
therefor. and that when licensed
parts and aceessories which are
mannufactured therennder nre adapted
for uses other than in radio devices
or for usxe in electrical phonographs
amd/or group address systems, the
license to sell shall he limited to sale
for use only in radio devices. elee-
trieal phonographs and ‘or zroup ad-
dress systems, and for sale only to
manufacturers of radio (evices. elec-
trieal phonographs and/or group ad-
dress svstems, nnd likewise to job-
hers, deaters and the rerail trade.”
The foregoing provision means that
when parts or accessories which might
he used in radio devices, phonographs
and group address systems are also
adapted for use in devices nnrelaied

to radio. they do not carry a license
when =old for employment in such
other devices. It ulso provides that

when parts. as such, are sold for unse
in radio devices, electrienl phono-
graphs and/or group address systems,
that =ueh parts are licensed only when
sold to cross-licensed manutacturers
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of radio devices, elecrrical phono-
agraphs and/or group address sysiems,
or to jobbers, dealers and the retail
rrade. The purpose of this provision,
of course. is to protect subscribers in
their respective patent rights in ac-
rivities unrelated to radio.

Licenses Are Personal Shop-Rights

As appears in Sections 2 and 4 of
saragraph D of Article IL. the licenses
are personal, indivisible, non-assigni-
ble and irrevoeable shop-rights for
manufacture oniy in reguiar manufac-
turing establishments of the sub-
scribers.

Licenses Are Under United States
Patents Only

It is alse provided in Section 5 of
aragraph D of Article Il that no
rights arve granted under foreign
patents.

Term and Termination

The following Section G provides
that licenses shall be granted

“only for so long as the licensee
named therein shall remain a mem-
ber of the ‘Associntion’ in good
standing and shall noet be in default
under this agreement, and for six
months thereatrer, but in no event
beyond the 3lst day of December,

1933. except as lhereinafler pre-

seribed in Artiele X of this agree-

ment.”

Article X provides that the agree-
ent mayv be extended after December
31, 1933. not exceeding five years, un-
less at least fiftv-one per cent. of the
Subseribers then in good standing as
members of the Association, and not in
default under the agreement, shall re-
voke the same. After December 31,
1033, any signer of the agreement may
terminate the license as to himself
upon Six months’ prior neotice to the
\s<ociation of his desire so to do.

Agreement Effective Upon Adop-
tion by Majority of Members

The ecross-licensing agreement as
provided in Paragraph 2 of Article IV
will not become operative *“until at
least 519, of the members of the ‘As-
sociation’ have adopted the cross-
licensing agreement.” After the con-
traet hecomes operative as provided in
Paragraph 2 just discussed. the other
members of the Association who have
not uadopied the agreement, will be
wsiven six months’ notice that they also
may hecome subseribers by adopting it.

Release of Damages and Profits

Article 8 provides that snbscribers
to the cross-licensing agreement waive
all eclaims for damages or profits
aeninst all of the suhseribers uarising
out of the manufacture or sale of li-
censed devices or parts or accessories
therefor, nnless the damages or profits
were in litigation by suit or proceed-
ings actually commenced hefore March
1. 1928.
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Analysis of Papers Employed in
Radio Manufacturing

II. The Use of the Microscope and Accessories in Fibre Analysis—

APER nmamitaciurers have o
great  nuiny  problems with
which to contend,  Their water
sapply. raw marerials,  ma-
chinery. and. in addition. the everlasy
ing changes in the elements, tloads,
dronghrs, ice. ete. One can readily

tiagine, therelore, the constant vigil
fauce necessary to maintain system and
order.  Considering the vast mmount
of capital invested in a paper mill it
is easy to renlize the necessity for this

WHITE

FIG. 22

mounting glass,

with
black and white paper pasted on
one side.

Details of

vigilinee in order to maintain enici-
ency : henee, eontrol must be as perfeet
as possible.  Laxiry cannot be allowed.
Digesters. beaters, sereens, wires, felts,
dryers, ealenders mul vewinders arve all
part of this process and o lack of co-
ordination in any of them ofien results
in the destraciton of an  excellent
product.
mills  therefore. have,
instituted o departinenr of teclinienl
control. where the function of the
maehinery is not so much concerned.
as the results of the condition of the
fibres whieh are checked, physically.
chemieally and microseopically. It is
this  econstant hourly echeck that
enables the mills to produce a uniforin
and reliable product and for this they
depend greatly on the microscope
There are three mwajor places where
cellnlose receives its most severe treat
ment; in rhe dizester, the beater and
rhe Jordan Engine. Raw  material
prepared in the digester and passing
through the suceessive srages of refin-
ing produces cellulose of an entirely
dilferent appearinee when in the heater
or Jordan Engine, rhan ar rhe begin-
ning of the process,

Many paper

Since this article has to do mostly
wirh fibres atrer treatment. it is well
ro remember that consideration must
be given not only to rhe character of
the fibre viewed, but the acrion of the
reagents as well, so that no false inter-

Characteristics of Fibres
By I. L. Gartland

prerations strise throngh confus
ing one with another. "This
is possible in some cases. and shonld
be caretully gnarded against.

IER
cellnlose

A good microscopisr inoa paper mill
ean (ell some renitrkable things about
the bistory of a tibre by jnst viewing
it under the microseope. Cooking char-
aeteristioes and beating (the two most
important faetors that constitute a de-
sirnble produer) arve vividly portraved.
We oare. however. concerning ourselves
mostly with papers used in the Radio
Industry and laying stress on the more
tmportant eellnlose nsed in the manu-
facture of yproducts for this industry.
To cover the eutive lield of paper tihre
analy=is would he impossible in sueh
a limited spn

Fibre Analysis

Fibre analysis is in irself an art and
a micrascopist <honld give serious con-
sideration 1o the aceessories he is to
use it order ra hecome proficient. The
more important of these for general
analysis are rhe following :

1. Abbe coudenser

Z. Mechanical stage

1o6x il J0x eendar

4. 24 o 16 mmn. 4
objecrives

. Laimp fer proper illmmination

6. Tensing needles

Reagents and stain
. Slides amd cover glasses

9. Ralsam (for permanent mount
ing)

10. Test tubes, beakers, glass tubes

il slass rods
L. A “mounting glass”

The last item mmst be constructed
by one’s self. and is indispensable in
mounting slidex. It is made by taking
a2 piece of plain gluss 57 by 77 or
R” by 10" thar bas been thoroughly
cleaned. and paxting on one side a
piece of black and a piece of white
paper (see Fi 22). The bhlack is
used for detecting fibre partieles un-
stained and dried, while the white
part is used for deteeling stained par-
ticles and their location on the slide.
Once this simple method is tried. ecover
glass mounting troubles will be grearly
redueed.

In addirion to the eleven imporrant
items mentioned. a spirit lamp, smatl
sigve or screen. 2% solution of canstic
sodan, tweezers, slide holder. hand
microtome and also a dark field siop
are  required.  For more elahorite
experiments. a polarizer and analyzer
nuy be added 1o good advantage.

nun.
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Method of Procedure

ictore atrempting ro analyze th
more infricate papers, take an ordinary
picce of newspaper with which to ex
periment. (1t might b we [T
meniber that in principle the cnsuing
method  will apply to all paper an-
alysis.) Tear from it a strip, (where
printing is absent) from oune to three
inchex wide and seven or eicht inches

long.  Cut, or tear this into fine pieces,
from % to 1, ineh squave and place

in a test tube.  Add to this a selurion
of 205 causrie soda, tilling the test tube
about half full il genrly heat over
the spivit lamp or bunson burner
Bring gradually to a boil and allow 10
boil for several minutes. This is done
to dissolve the “loading” matter and
aid in the disintezration of the fibres,
P'our off the muss thronzh the screen
damd take the remaining paper (after
wiashing away any residue caustie)
and place in a clean test tube: half
fll with water, and shake vicorously,
Coutinne shakinz unril the entire m:ss
hecomes pulp.” It is now ready
for analysis. Take a small pipette or
o glass tube and with the finger pressed
to the upper aperrure insert into this
Prlpy ™ amass aand ar 2 point where the
fibres seem well disintegrated, release
the finger and allow rhie mass to enter
the fitbe. replaeing the finger so that
the transfer to the slide will be mude
without the loss of a drop.

GROUND SULPHITE
WO0OoD PULP
(YELLOW) (BLUE)

'

v
1
1
1

FIBRELESS GROUND
CLUSTER | WwOOD PULP
(YELLOW) |  (YELLOW)

SULPHITE PULP
( BLUE)

FIG.24

“Newsprint' fibre content. Sketch
drawn with the aid of a Camera
Lucida.
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With the slide now on the black side
of the mounting glass, lay the glass
tube in the center of slide and gently
releise the finger to allow enough of
rhe aqueous solution of fihre to flow
on to the slide, covering an area of
about 4 inech in dinmeter (if using a
3” x 1” slide. which is standard). Take
the slide clippers, clip the slide and
holding over a spirit lamp, fully evapo-
rate the water from the tihres, making
sure ualways that rhey do not heil or
run off or down the slide. .After this
process is finished, again place the
sliste on the hlack side of the mounring
glass to cool.

Preparing the Microscope

While the slide is cooling. prepare
the microscope for the examination.
In the first series of this arricle we
referred to sources of illumination
(page 28. 3rd column) and the neces-
sity for care in the choice of a light
sonrce. A failure to recognize this
important featnre and the proper di-
amerer of the iris diaphragm will not
only resnlt in loss of detail, bhut will
tire the eves (uiekly.

Swing into plice a low power ob-
jective and wirh the aid of a standard
slide (Tig. 5, first series: puge 29)
focus the objective. A word ahont
focusing: many excellent slides have
bheen permanently damaged by improper
methods of foeusing. When rhe op-
erator does not know the working dis-
tance of an objective or, in fact,
wherlier he does or does not. he should
ahways work fromm the lowest distance
up (focus up from the slide, not
down to the slide). In this way there
is litrle chance of damage occurring
to the mounted slide.

The standard slide focused, a
recheck made of illumination, ilatness
of field. ete. he cun now tiake the
cooled <slide containing the filres,
locitre the tield and rocus.

Microscopic Observations of Fibres

After earveful examination two dis-
tinct characteristies of tibres will he
found. (See Fig. 23). Srudy the un-
stained specimen, note formations,
tihre tengths aml so ealled “bhundles”
of cellulose of the “mechanical” or
ground wood type: also the general
appearance of the “sulphite” fibhres :nd
compare them with the mechanical
tibres.

Remove the slide from the stage of
the microscope and place it on rhe
white side of the mounting glass. I'luce
a cover glass over rhe tibres and then
proceed to stain these with a reavent.
known as the Herzherg Stuin (See
Fig. 7, page 30. April issue, for irri-
garion methods of staining).

The llerzberg Srain is the most
commonty used in the Paper Indusrry
and is prepuared as follows:

Sol. “A™

20 Grams Zine Chloride
10 C.C. Distilled Water

Sol. “B”

2.1 Grams Potassinm Iodide
0.1 Gram lodine Crystals
5 C.C. Distilled \Water

Dissolve solutions AT and “B”
separately, then mix and allow to stand
several hours. After they have settled,
decant, Be sure your reagent is cor-
rect and fresh. All iodine solutions
deteriorate rapidly in light, hence it
is necessiry to keep them in n dark
colored hottle and away from constant
sunlight.

This reagent acts upon the various
specie of fibres as follows:

Cotton. linen. hemp—wine red

Chemieal wood fibres, bleached
jute and straw-—blue to violet

Mechanical wood tibhres, unbleached
jute and srrinw (ligneous tibres)
—vellow

Leplace the slide under the miero-
scope and there will be found, as a re-
sult of the staining, two color reactions
(Fig. 24). The blue represenrs the snl-
phite or ehemieal wood content and the
vellow the meechanieal (ground wood)
content.

The purpose of this is to determine
the number or per eent. of different

BAUSON 2 1.0np
oPRIeAL Co

Fig. 25. |lltustration of a Camera
Lucida.

kinds of fihres that o to make up a
specitie piece of paper. This is com-
monly called “tibre count.”

1t cannor be expected to obtain an
accurate count of fibres by just one
estimation; the process must be re-
peated at least ren times and the mean
taken:

Mechanical Suiphite
Pulp Pulp

Per Cent. I’er Cent.
1 19 S1
[ 21 i
- 18 82
4 ) S0
B 20 [0
6 19 81
7 20 <0
8 21 9
] 18 82
10 19 S1

195=1914¢9, 805=801%%

To depend entirely on reagents is
rarher hizardous and one must hecome
familiar with the charicteristies of
fibres whether stained or not. Stain-
ing often gives greater detail and henece
as i check on the reagent or vice versa

www. americanradiohistorv com
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the author always makes it a prac-
tice to examine carefully his speci-
mens, both stained and unstained.

Characteristics of Fibres

We have submitted for study micro-
photographs and drawings (drawings
were made through the use of the
Camera Lucida. Fig. 23) of the prin-
cipal fibres and their ceharacteristics,
In addition to the explanation of each
group it might be well to examine these
drawings and photo-micrographs care-
fully,

Corton fibres (Fig. 26) appear rib-
bon-like, with numerous twists and
are very transpareut; hence the neces-
sity of sraining for detail. Let us
make mention that frequently a stain,
other than a reagent iz far more de-
sirable. Kosine or Myrhelene Blue is
preferred by rhe anthor when the elass-
itieation of rhe tibre is kuown and only
tlie details are sought.

Linen (Fig. 27) are polygons and
possess a Ilumen of uniform length.
Always check and recheck both linen
and cotton with and without reagents
as mistakes are liable to occur in try-
ing to distingnish between these fibres,
as the action of the reagent is almost
alike with iodine solutions.

Jute (I'ig. 28) is a thiek-walled fibre
and varies greatly in appearance., but
resembles llemp and flax. Striations
are parallel to the fihre knots.

The charaeteristics of wood fibres
can be put into two groups; cellulose,
from coniferous trees and cellulose
from deciduous trees. Of the con-
iferous roup we have pine, fir. spruce,
hemlock, ete. and of the deciduous
group poplar, aspen, birch, ete. The
conifers are mostly composed of
tracheids (cells) as illustrated in Fig.
29, while the deciduous trees give us
our libviform cells (Iig. 30). Fig. 31
shows i tangential lonzitudinal section
of pine wirl tracheids and medullary
FAVS,

I'ig. 32 represents a cross-section of
tracheids and shows haw these cells
are formed. By comparing this draw-
ing with Fie. 29 and 31 their position
in a fibre or group of tibres can he
readily understood.

Cellulose

Cellulose chemieally is designated by
Cil1,0: und has been divided into
several groups. There are Alpha Cel-
Inlose called Oxycellnlose: Ligno
Cellulose catled Beta Cellulose. evi-
denced chemically by the presence of
Methoxyl groups.

Corton 18 considered the prototype
of cellnloses becinse of its purity,
henee its use in the manufacture of
gnn-cotton tor high explosives. It is
the impurities of wood cellulose that
have caused the puper manufacturer
most of his troubles. but at the present
time, with the development of new
michinery and merhods. most of these
have disappeared in contrast to those
of tifteen vears ago.

Cellulose is incapable of ecrystalli-
zittion, is insoluhle in simple solvents
and is comparatively inert to most

o~
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reagenis and by reason of this inert-
ness it is possible to rentove foreign
matter without much possibitity of
affecting the cellulose.

Of the soivents of cellilose, hot zine
chloride will produce a viscous com-
pound, as for instance, in rhe produe-
tion of ineandescent limp tilaments and

fibre vulcanization where this is
utilized.
Another soluble - of cellulose is

Schweiitzer's Reagent  (Ammoniacal
Cupric Oxide). This reagent and modi-
fications of it are emploved in the
manufacture of artiticial silk.

Different Methods of Making Pulp

There are two ways in which ma-
terials, suneh as linen, cotton. hemp.
wood, etc.. are reduced to cellulose:
Firsr, by cooking, using cither the acid
method or the alkali method, Second,
by means of mechanieal grinders.

The acid method (known as the sul-
phite method) is applied to wood,
which is redueed to pulp by means of
digesting with the aid of bisulphites of
alkaline exarth metals (as enlcium or
magnesium).

The alkali metlhiod also applied to
wood (known as the sulphate method)
employs sodinm sulphate as the “cook-
ing” medium by which wood is reduced
ro cellulose.

In the reduetion of rags to pulp an
alkaline lve is emploved to convert
chemical and other impurities into a
remov:hle soap. Caustic soda is most

e ——®

F1G.32

Tracheids of conlferous group.

commoniy used. though, sometimes. as
in the case of junte. lime may be em-
ployved. The difference is that lime con-
verts dirt into insoluble soaps. while
soda converts dirt into soaps thar are
soluble.

Mechanical wood pulp is produced
by erinding logs under pressure and
in eontaet with water.

Condenser Paper

The surface of a typical condenser
paper is illustrated in Fig. 33. Note
the homogeneonsness of this mass of
cellulose, the length of the fihres and
the general appearance of compact-
ness. The dark splotehes are not holes.
but translucent spaces  completely
closed. In photographing the amount
of light necessary to get the detail of
the surface (which wans transmirted
wis 8o intense that it eaused rhis ap-
pearance. ¢Comparve this wirh rhe ap-
pearance of the tibres in Fig. 27.

Minute holes and carhon pariieles
cause as much damage to condensers
as most any known imperfection. Fig.
24 is o microphoio of i piece of ecar-
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hon imbedded in a condenser tissue.
An analysis of this cirbon after photo-
graphing showed thar it was probably
“flne earbon.” Fig. 35 is a microphoto
of a hole in a condenser tissue. This
i~ a paper machine hole and must not
be eonfused with the hole represenred
in Fig. 36, which is 2 ~blow out™ (Sec-
rion taken from a 1 mf. condenser,
hreakdown at 3000 volrs).

Fig. 37 is a mierophoto of fibres of
a condenser paper. dixintegrated after
the methol employed in the beginning
of this arricle and is merely to illus-
trare the results of the sime method
employed in the exrraction of “news-
print” fibres. These fibres were stitined
with the Herzberg Stain and photo-
graphed.

Conelusions to be drawn will indi-
cate. not only the varieties of cellulose
employved in the manufacture of paper,
but also the faet that each has its
classitication and definite purpose in
the eonstruetion of a given paper.

In the uext and concluding arvticle
on this subject. more will be illustrated
regarding rhe combinations of these
clusses of cellulose and fibre analysis.
\ bibliography will also he given for
aid in more exhaustive researches.

(To be continued)

Note—In the previous article, the
caption of Fig. 19 should have read;
Sulphite fibres illustrating photograph
with Graphlex Camera.

The Horizontal Checkerboard Antenna

New Horizontally Polarized Transmitting System at W2XAF Increases

N antenna that increases the
directional power of W2XAF,
the short-wave station of
WGY. ten times. making a 20

kilowatt station the equivalent of 200
kitowatts in effectiveness in one direc-
tion, has been erected at the South
Schenectady transmitrer liboratory of
the General Electric Company. This
antenna faces the south and it is used
for one program only aad then but
ouce every other week. The engineers
call it the “Lyrd” antenna beeause
when this particular radiator is in
use. the messiage is directed to Com-
mander Richard Byrd and his men at
Little America, Bay of Whales, Ant-
aretiea.

This particular antenna was used
for the first time Saturday mnight,
Mareh 23, and wirhin fifteen minutes
after the conclusion of the program,
WFA. the Byrd transmitter. reported
in code that the entire program had
been received rhrough londspeaker.

Twelve Antennas in One

The Byrd antenna is of the hori-
zontal checkerboard tvpe and it is
similar to the radintor construeted for

Ten-Fold the Effective Radiation

program transmission to Germany and
for facsimile developmental work with
the Pacitic Coast. It is one of a dozen
or more antennas which sway ahove
the 54-acre transmitter laboratory at
South Schenectady. These antennas
hang from steel masts from 150 to 300
feet high. from plain wooden masts
and from masts with eross bars, not
unlike scaffolds in appearance. Or-
dinarily, W2XAF. the 2148 meter
transmitter of WGY, uses a vertical
antenna about 50 feet in length. The
new antenng is actually twelve an-
tennas in one, counsisting of two sec-
tions of a checkerhoard. each section
made up of three squares. One sec-
tion is known as a reflector. Only
the horizontal wires of the system
function as auntennas. fhe vertical

wires being for support or power
transmission to radinting wires.
The horizonial antenna was de-

veloped following years of research
along lines suggested hy Dr. Alex-
anderson, consulting engineer of the
General Electric Company. The effec-
tiveness and earrying power of hori-
zontally polarized radiation were dis-
covered by Dr. Alexanderson in 1924.
When transmitting with horizontally

www._americanradiohistorv. com

polarized waves the so-called ground
wave is quickly absorbed. leaving only
rhe high-angle radiation which in its
carrying power appears superior to
the vertically polarized wave. With
the horizontally polarized system it is
possible (o shoot most of the energy
into the air and. with the anienna now
in nse, to direct the greater part of rhis
energy in any desired direction instead
of dissipating it in every direcrion
over a comparatively small area.

Consistent Results Obtained

The use of horizoutal anrennas in
facsimile work has assisted immeasur-
ably in assuring transmission to the
Pacitic Coast.  Both German and
English radio observers have reported
a great increase in signal strength of
short-wave broadeast signals when the
horizonral antenna system is used.

All future Byrd programs of WGY
will bhe broadeast on the special an-
tenna. and while it is unlikely that
even this system will penerrate the
heavy static of severe snow storms,
there is assurance that the explorers
will get a mueh better signal than has
heretofore heen possible.
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Light-Sensitive Cells

HI. Amplification, Measurement, and Utilisation of Photoelectric

Paye 30
HE  original  intention of the
writer  was  to  treat rather

fully rhe various appliciitions of

photoelectric  cells. But in
view of the faet thitt 1tanio ENGINEEk-
ING has kept its readers thorouzhly up-
to-date in this rvespeet, thar purpose is
now abandoned. and the reader is re-
ferred to the files of rhe magazine for
@ great deal of information which is
omitted here to  avoid duplication.
‘Therefore, only a summary ot the pre-
viously published data and the presen-
tarion of a few supplementary facts
which help to round out the pieture
will lw considered in this artiele.

Amplification

P'hotoelecirie cells of the alkali
metial rype are used in eirvcuits which
either do or do not require amplitiea-
fion of their excecdingly small cur
rent outpui.  Withour amplitiention,
extremely sensitive elecivieal apparatus
must be employed.  Such ¢irenits are
more often applicable 1o delicaite phy
sical measnrements than any other pur-
pose. for the cosr of aceessorics—ftor
instanee. a relay which will operare on
30 or 40 microamperes is out of pro-
povtion to their usefulness in eugineer-
ing praetice. However, in snceh cases.
the cell acis as o varvinble resistance,
the niacnitnde of the enrrent heing
determined by the intensity of the
acting light.

Although there are a number of ap-
plications of the foregoing sort. cells
are more often used in eonjunction
with the thermionie vacmnn tube in
order to obtain enrrenrs of efleetive
magnitude.  When cemploved in this
way, the cell is operated as o varinble
sonree of potentinl.  Only o charve
current tlows throngh the cell, and rhe
potential acgnired Ly one of rhe elee-
trodes is proportional te the light in-
tensity.

Kunz' first suggested that a vacuum
tube night he tor amplityving
photoeleerric  currents, Sinee  rhat
time, many eiveuits have heen devised
and pmblished with the result rhat to-
day we have what is commonly known
as a Uparent  situation” A patent
situation  arises  when a1 number of
zentlemen all want the sae rhing, and
failing to get it, condescend ro call
each other thieves and linrs. Some-
ties rhey o to court. There they
are more polite but twice as greedy.
Beyond this point the writer has not
investignted. When the high priests
fall out, the lairy might just as well
sray away from the temple. Still it
does seem that, given the photoclee-

nsed

YPhys, Rev. Vol 10, p. 205 1917,

Currents

By Johu Patton Arnold

The ‘““Daylight Integrator’’—a set-

up for measuring light over long

intervals of time, by means of elec
trolysis.

(Caurtesy of General Eleetric Co.)

tric cell auwd a vacuum tabe, amd the
idea of conpling the ourgmr of one 1o
the input of rthe other. any  seeew
driver  electvician  eomld diseover  a

number of effective ways of doineg rthe
deed. There are, of conrse, many re-
finements in so daing.

The point foregoing di
<lon was inrended to ilnstrate is
that. in rhe absence of other ideas
even o dabbler in the arr might be ox-
pected ta think of (he advanraces of
the ordinary methods of teanstorier,
1 e, or iwdoncianee  coupling.
4E snuch  ideas  are parentable is
sranted, It no ong need serionsly he-
lieve rhat o comperent radio engineer
would be stnmped for one moment hy
rhe proposirion or would have 10 re-
sort to his badge of conraze—the slide-
rile.

Among rhe retinements to such eir-
enit arrangements are the sadaption 1o
a-c. and d-c. supply trom lighting mains

which the

13

he nse of ¢ommon hatteries to supply
hoth the eell and the plate of the
tnbes, ete.  In rhe following para-

craphs, some of these frills will be
itnlicated,

The usnal forins of vacunm tnbe
ampliicrs are 1ot suitable tor con-

rinnois or divect-cnrrent amplitication,
tn photoclecrrie engineering it is often
necessary rooamplify  eontinuous  or
slowly changing enrrents and hence an
amplityving civenit similar to the one
shown in Fig, 1) iz necessary since it
transformer or resistance-
condenser  systems  are  inapplicable.
Morveerott™ amd  Totrin and  White®
deserile such sysrems at length.

A carefully designed amplitier of this
the electric transmission of
pictures over relephone lines ix de-
soribed by Jvex' et al asx tollows:
arting at the extreme left ( Rz, 10)

ix elear that

type for

is the photoelectrie cell. rhe current
fromn whielt passes through high
resisizanee. The potentrial tapped off

this resisranee (of the order ot 30 or
10 millivolrs) is applied 1o the zrid of
the tirst vaeutnnn tube amplitier. The
ccond  tube amplitier  is similarly
conpled wirh the tirst. and the vaenum
tube modnlator in oo ro it The
relationship hetween illumination and
cnurrent in the phoioelectrie vell is

linear from the lowest to rhe highest
valnes of illmmination,  The voliage
nrrent (B versus ) charactertisties
of the amplifyiug tubes awd the modu-
Lating tube cirenits are not linear
over their whole extent. It becomes
necessary, rhevetore, in order to pre-
serve the linear charaeterisric. which
is essential for faithtnl picture rrans-
mission to locate the range of variarion
of envrent in each of the Larier tubes
on a linear porrion of their character-
This is accomplished by ap-
hiasing voltages [« as

isties,
propriate

Prinecipals of Radio Communicution”
P, uT0.

Proe. I
* Bell Xys. Teeh, Jowy
200, 1

H.E. Vel. 16. p. 281 : 1928
Val. 4, pp. 198

FiG. 10

CARRIER
INPUT

4IIII|I|IJ

Direct-current amplifier for photo-telegraphy.
(Courtesy Bell Systcms Technical Journal)
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shown. As a  consequenee of fhis
methad of utilizing the straight line
porriens of the inbe characrerisiies.

the current received at rhe far end of
the line does nor vary between zero
and finire value, hut between two tinite
values.”

The design  of amplitiers for rhe
transmission of (elevision signals de-
mands considerable  care.  since  the
photoelectric  currents are exiremely
weik due 10 the necessity of collect

ing the retlecred aml  diffused light
from rthe ohject to be transmilted.

Troublesome sources of interference in
0 particubar instanee’ were found to be
due to electromagnetic and electrosta-
tie indnetion and to mechanieal and
aeonstic vibration where  trementlons
amplification necessary.  Npwcial
amplitiers. designed according 1o wells
known electrical enginecring practice,
has overcome the early objection to the
use of photoelecirvie cells of the alkali
metal type for sueh experimental work,

Wis

I'he cell is usnally connected to the
inpnt of rhe vacuum tmhe as shown
in Fie 171

The engincers of the Bell Nrstem
Taborarories were the lirst to use hirge
potassinm hydride. gas-tilled cells for
the production of  televigion  siginals.
Such eolls presem forty square inehes
of light-sensitive cathode and lave an
apertire. o Cwindow” of 1200 sgaa
ineches A commercial coll, similar to
this. having o bulb Jdiameter of twelve

the voltage between the elecivodes.
I'or w1 fixed potential the magnitude of
this conductance ix nearly a linear
funetion of the illmmination.  Wirh a
suirable potential in wirh the
cell, then. rhere ix obrained a current
the amplitude of which is proporrionat
to the guantity of light reaching the
cell”

1 order ro conneet the photoelectric
el the amplitier, there is ingro-
dueed i series wirh the cell and its
polarizing barrery o pure resistanee
the voltage «drop across which is nsed
1o conrrol the grid poteutial of the
tirst rmbe. 1t ix desirable, ol course,
to make this resistance high in order
1o have available as muel voltage as
possible.  Its value is, however, limited
hy considerations,  The  added
series conduetianee must not he so law
that it appreciably disturbs the linear
relation between the ilhninarion
the total eondnetanee of the civenir.
The voltage drop mnst also be so simall,
in comparigon with the total potential
in the cireuit, rhat the photoelecirice
coll operites at an approximately con-
stant polavizing porential.” Nee Fig.
11 and  rhe  referenee  limmediarely
above, pp. 287-388.)

The  talking  movinZ  picinree  has
opened np a highly infreresting tield of
uxefnluess  for the phoroelecrrie cell,
The problems of amplilication are less

series

Lo

fwn

—L{“““iﬁ"g

wovere flin in the case of television.
The resistance-condenser  methowl  of
PHOTO - ELECTRIC

¢ CELL

Schematic dia-
gram of power
amplifier for
photoelectric
cell operation.
(Courtexy Jour-
nual, Optical So-
cicty of Am-
erica)

soMF T

RELAY |

abonr X4

inches costs In the el
television system three hrge cells are
u=edl in parallel.

Considering  the Ives cell. as de-
seribed in the foregoing paragraph. the
probtem of amplification may he unuder
stood rrom the Following quetations:
“Starting with the phoroelecirie cell in
which the initial lnminons signal wave
ix eonverted to an electrie signal wave.
we are interested in the maxuitnde of
various pertinent constants. The eell
may be considered For onr purposes as
an impedance. the value of which ix
determined by the quaniity of lght
renching it.  With no illmmination at
all thix impedance is ahnost entively a
capacitinee of the order of 10 mmf.
When the cell is illnminated rhis ea-
pacitance hecomnes effetively chunted
by @ vers small conduetanee whieh is
roughly proportional to the square of

sRell Rys. Tech. Jour., Vol. G, p. 300 1927

coupling ix also employved (Fiz. 11).
Neriven” discusses the somul projeetor
tem using this (yvpe of anplitier.

sy

FFox. Rood and Marvbnrger deseribe
an adlifier which takes irs supply

from the ordinary FlO-volt alrernating

enrrent sourees,  The cirenir is given
in Fig. 12 and was nsed  specitienlly
for the control of o laborarmey eloek
by means of phoroelectrie siznals, The

civenit ineludes o tnllbwave  miseons
rectifier, a power amplitying tmbe. ptho-
toclectrie coll and relay, “Lhis is an
ceonomicil means of opervaring o pho-
toeleetric cell in eontinuons

Collentz in his study of instroments
needl in radiometry, refers to the fol
lowing methods of measuring photo-
clectric cnvrenrs

service,

Pett Sus, Teek, Jowr, Vol 8, p. 197
131
ey, Oipt, Sue. Am., Vol 15 p. 364
10 :
o

Bur. Rtapd, K¢i, Paper No. 319, pp. !
NG 19IR,
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2 MEG 10 MEG.
) CONDENSER  ;

vT

» = —
T [
PHOTO- POLARIZING
ELECJLRIC BATTERY

FIG. 1

Method of connecting cell to vac-

vum tube; circuit commonly em-

ployed In television and talking
motion pictures.

1. Che cnrrenr nay  be meastred

direcrly by noting the detlection of 2
sensirive galvanometer. (a  high re-
sixtanee ironclid ‘Fhomson type is ree-
ommended s provitded the (uestion of
proportiomality ix considered and the
light intensities arve fairly high.
A eleciromerer or a  seusitive
calvanometer may he used as a detec-
tor or indieator and “to halance 1he
phorgelectrie current with o current
which he  veritied in a known
nanter.” Iefer 1o  Grillith, Phil.
Mag.. 14, p.o 297, w907 Richtmyer,
LIhys. Rev. 200 ppo 71 & 204, T908))

3. Measurements can also he made
by abserving the rate of drift of an
clecrrometer needle.  (Ives, Astrophys.
Jour., 39, p. 4320 1914.)  This investi-
wator tonnd that the needle did not
“move at a uniform rate.”

4. X fourth method (which experi-
menters  scem 10 prefer 1o the one
juxt desgeriledl) is the ‘ballistie throw
merthod.”  In this merhod rhe photo-
electrie eell is exposed to light for o
convenient length of time, say 10 see-
onds. and the ehnrge sequired by the
eleerrometer needle is noted.  The
‘natural dritt’ of the needle is deler-
mined by noring the drift in 10
omds when the cell is not exposed to
lizht, and rhis is subtracted from the
observed detlection.” (Hubert, Astro-
phys, Jour, 42, po 210, 1015,

5. Nichols amd Meritt (I'hys. Rev,,
24, po 470, 1912) deseribe o metrhod of
using the photoelectric cell whereby
rhe deflecrion rather rhan the rate of
ehange of defleetion is read.

6. Riclitmyer (Phys. Rev.. 6, p. 66,
1915 employs the null method of
measuring photoeleerrie enrvents with
an eleerrometer, This avoids rhe ques-
tion of proportionality in the cell.

Uses of Cells*

A tire and burglar alirm, invented
by Dr. R, C. Burt, of Pasadena, Calif.,
s<hown in Fig. 13, The light from the
lamp L after suceessive retlecrions
from a number of mirrors (M, M.,
and Mz). ultimately talls on the ca-

4

se0-

1=

* Refer also to RApI0 ENGINEERING. P
40, Awgust, 1928 p. 28, September, 1928
. 080 October, 1927, p. 1088, Noromber,
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Circuit and de-

talls of a fire
and burgflar
alarm system.

Any obstruction
in the light path
trips the relay,
R, which sets
off the alarm.

thode of a cell, in the eircuit of which
is a sensitive relay. "The relay cou-
trols an alarm sysiem of any sort. The
relay is of a sensitive and carefully
halanced type in order rhat a slight
increase or decrease in the light will
set off rhe alarm. This is to prevent,
when used as o burglar alarm. an in-
truder in the room from holding the

relay inoperative hy flashing a iight
into the hox (D). As the room is
hurred by lighr, if a person or any

opaque ohject crosses the path of the
heim. rhe relay trips and the alarin
goes off. The seusitivity of the de-
vice can be adjusted as desired. and
can :ilso be made to vespomd to fire
or smoke.

Oue of rhe useful applicarions of
photoelectric cells is for automatic
temperature regulation. A practical
circuit for this purpose is shown in
Fig. 14. In connection with a subject
of whieh we will have more to say
later. i. e, the construction of lighr-
sensitive cells which require gcareful
annealing processes. this cireuit would
be very sarisfactory as a temperature
control. The rhermocouple controls
the movement of a mirror galvano-
meter. M, from which a beam of light
(represented by the star) is reflected
upon rhe cathode of the photoelectrie
cell. The current of the latter is am-
plitied in order to actuate the relay
which controls the power circuit oper-
ating, let us say, an electric heater.
Thus the thermocouple can he made to
control this heater in the manner of an
automatic switch, turning the current

on or off when any pariicular tem-
perature is reached.
Dr. T.. B. Koller. of the General

Elecrric research laboratories, devised
a method of measuring the amount of
daylight received over any desired in-
tervals of time. using a photoelectric
cell. a microammeter, amdl an electro-
1yric cell for 4his purpose. The elec-
rrolytic cell was a glass beiker con-
tiining a weak acid solution in which
a carbon rod was immersed to serve
as an anode. A long glass tube, in-
verted in the beaker with a copper rod
extending up through it. was used for
the other electrode. When the phioto-
electric cell is exposed to light and the
current passes through the electrolytic

cell, hydrogen is liberated within the
tube, which was sealed at the top to
trap the gas. The hydrogen forces
down the electrolyte in the tube in
accordance with the amount of light
falling on the light-sensitive cell in a
given period of time. This device is
called a “daylight integrator.”

RByrnes® indicates another interesting
application. “The problem of meusur-
ing the outjmt of hich-frequency trans-
nmitters by means of i dummy load has
heen given considerable thonght. If an
attempt is made to use the conventional
dummy antenna resistors, it is found
that their inductance has an appreci-
able effect on the load cireunit, and
accurate measurements are diffienlt.
One method which has been success-
fully used to measure high-frequency
power consists of a bank of ineandes-
cent tungsten lamps which are used
to load the transmitter. These lamps
are mounted in a compartment with
a photeelectrie cell and their brilliancy
conirols the internal resistance of the
cell. Such a device may be calibrated
on direct or low-frequency alternating
current and tests have shown that
accurate measurements can be made
with such a system. In other words.
the brillianey of the lamp when heated
by high frequeney is the same as when

°Proc. I. R. E., Vol. 16, p. 651 ; 1928,

Rudio Engineering. May, 1929

heated by an equivalent power at low-
tfrequency or by direct current.”

Robbins™ employs a cell in apparatus
for automatic machine zauging in the
quantity production of various arti-
cles of numufacture. The particular
instance in which the cell was used
was testing heat coils used to protect
telephone exchange equipment from ex-
cessive electrical currents that might
accidentally come over the lines. The
photoelectric cell is a part of the ap-
piratus which selects or rejects a coil
which is either uabove or below the
stindard required for the purpose.
There are many applications of this
type wilieh open up a wide tield for an
engineer in industries which are mak-
ing the word “manufacture” an ana-
chronism.

I*. I’. Ciofli (reported by F. C. Jones
in The Iron Trade Review,; reprinted
in part by The Literary Digest for
Fel. 18, 1928) evised photoelectric
appararus  said to be capable of
measuring lengrhs of the order of a
billionth of an inch for certain studies
of magnetic materials.

In the various possible applications
of photoelectric cells. a common error
is to use the light-sensitive device
where orher electrical or mechanical
methods are much more suitable.
Generally speaking, it is not advisable
to employ a cell for a purpose which
may be accomplished by other means,
chiefly becauxe cells and their acces-
sories are more expensive, less rugged,
and require greater ecare. This state-
ment refers more specitically to appli-
cations based on the use of relays.

Sources of Light

The usual sources of light for pho-
toelecrric works are (1) rhe spark,
(2) the electric are, and (3) the mer-
cury vapor lamp, since these are rich
in ultra-violet rays. The light of burn-
ing magnesium may also be used for
some experiments, but for practieal
work with the more electro-positive
metals and with the photo-conduc-

(Continued on page 46)

T12-

“’El gys. Tech. Jour. Vel. 7, pp.

718, 1928,

POWER TO BATH

l CIRCUIT CONTROLLING

| RELAY

A

MIRROR

~

LU

Circuit diagram
and details of a
temperature
control system.
A thermocouple
and mirror gal.

VISITRON vanometer are
employed.
SOR 15 {(Courtesy of
¥ s G- 7 L:;borato-
ries, Inc.
THERMO- see 2
COUPLE
IN BATH NPT

] FIG.14
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The Engineering Rise in Radio

By Donald McNicol

Feliow A.LEE., Fellow IRE., Past-President, Instituie of Radio Engincers

Theory of Action of the Audion

HE events of 1913 were some-

what bewilderineg to 1he radio

waorker. Commercial radio tele-

graphy and shipshore service
were making some headway. Tn 1912,
the Marconi Wireless Telegraph Com
pany of America acqiired the srations
and orher assets ol the opposition com-
pany. the United Wireless Telegraph
Company. In that vear the disastrous
loss of the S. N. Titanic (April 13)
atiracted wide attention 1o the great
valne of wireless telegraphy on ship-
hoard as a means of saving life in
case of accident. An International
Ruadio Telegraph Conference was held
in Londou., in 1912, which approved
important regulations looking to uni-
formity of practice in wireless opera-
tions throughout the world.

The commercinl stagnation which
prevailed from the early days of the
art until the arrival of the oscillating
audion and its regenerative uses, was
at an end. And, in August 1914, the
Great War in Furope was begun.
which was to have as a by-produet. not
considered in the ecalculations. a

greatly accelerated development of
radio telegraph and radio telephone
signaling.

In 1914, then, there was a pressing
need for a c¢learing up of the situation
with regard to the audion. What was
its theory of operation? What its char-
acteristics? What its possibilities?
These and other questions awaited
answers in terms understandable to
the host of workers. professional and
amateur, engaged in radio nndertak-
ings.

It was Armstrong who gave the
answer, and the fact that he was first
to give a popular explanation of the
properties of the audion and its asso-
cinted circuits in  radio receivers.
brought to him quickiy the approba-
tion hoth of the expert and the tink-
erer the world over.

In the Eleetrical World, New York,
of December 12. 1914, Armstrong pub-
lished a paper entitled “Operating
Features of the Audion” and at the
March 3. 1915, meeting of rhe Institute
of Radio Engineers, New York, he
read a paper entitled "‘Some Recent
Developments in the Audion Receiver.”

These papers reported oscillographic
examinations of tube characteristics.
in which investigation Armstrong was
aided by Professor J. Il. Morecroft. of
Columbia University. Digesis and re-
prints of these papers appearced in
many technical and semi-technieal
periodieals in the United States and
other countries, the explanations being
so clear that experimenters were at
once enabled to set up radio receiving
circuits far superior in performance

Part XI11
to thoxe previously available. The
“regenerative” or “‘leed-back’” circuit

becamne known popularly as the Arm-
strong cireuit. and has so continued
until the present time.

Armstrong's paper of December.
1914, set forth that the fundamental
principie of the audion as a detector
and amplitier is that, starting with the
grid and filament at zero porential-
difference (no terminal e. m. f. applied

An Invitation to our Readers

usnal, Ranio  ExGI-
NEERING  will  he well
represented at the An-

nual 12 M. A, Conven-
tion and Annual Trade Show, in
Chicago, from June 3rd. to Tth.

We would be very happy in-
deed 1o have you drop in and pay
us a visit, if for no other reason
than 1o gel acquainted. How-
ever, we trust that you will take
advantage of this opportunity to
lel us have your impressions of
Rapio ENGINEERING — wwhal. n
your estimation should be done
to increase it3 value to you. as a
reader; the features you ure par-
hcul(uly interested in and
$0 On.

The editorial staff wishes to
have it understood that they are
striving, in cvery 1way possible.
to cooperate wilh all factors in

the industry and gauge the gen- =

eral requirements of the ficld
and to this extent would appreci-
ate comments from all readers.

To those of wou who will
ve present at the Trade Show:

—we will be happuy 1o receive
you in Room 532, the Stevens
Hotel.

to the grid) then when a negative
charge is imparted to the grid the cur-
rent flowing in the plare cirenit is de-
creased : and, when a positive e m. f.
is npplied to the grid an increase in
current strength takes place in the
plate cireuit.

The audions examined in the oscillo-
graphic study disclosed that the tube
is essentially an electron relay; that
is, the gas present is exceedingly small,
the current in the direction from fila-
ment to plate being thermionic. And.
distinguishing between the action of
the tube as a detecior and as an ampli-
fier. Armstrong accounted for the de-
tector action as follows:

“Since the incoming oscillations are of
too high a frequency to affect directly
the telephone receiver, the audion must
be so connected and adjusted that the

www americanradiohistorv com

cumulative effect of a group of oscilla-
tions in the grict circuit is translated
inte a single low-frequency pulse or
variation in the tetlephone (plate circuit)
current. This may be done In two ways,
one depending on thie nou-linear form of
the operating characteristic of the audion
and the other depending on the so-called
valve action betwecn hot and cold elec-
trodes at low pressures. The
main part of the dmch'u';.'e through the
telephone is in the same direction as the
current due to the ‘B’ mattery, consti-
tuting an increase in the current actuat-
ing the telephone. As this action is re-
peated for each group of Incoming
oscillations, a series of wavetrains
causes what might be regarded (in its
action on the telephone) as an alternat-
ing current in the telephone superposed
on the continuous current and having a
fundamenial frequency equal to the num-
ber of wavetrains per second.”

As an emplifier, assuming that the
filnment is ineandescent and the posi-
tive terminal of the local ‘I’ bartery
is attached to the plate. “an aliernat-
ing e. m. f. impressed bhetween grid and
tfiliment eauses variations in the plate
current; the positive alternation pro-
ducing an increa and the negative
alternation a decrease in the plate cur-
rent.”

In Armstrong’s paper of September,
1915, the oscillating property of the
audion is described thus:

“Any repeater. which i8 also an
eneri:v amplitier. may be used to produce
conl nuous oscillations by transferring
part of the energy of the circuit con-
taining the battery back to the con:
trolling eircuit to keep the latter con
tinuously excited. By providing a close
enough coupling between the grid and
the plate circuits, sufliclent energy is
supplied to the grid 10 keep it in con-
tinuous eoscillatien. nnd as n consequence
thereof oscillutlons of simllar frequencv
exist in all parts of the system.
The term “feed-back” which

into popular use soon after Arm-
strong’s papers were published, may
perhaps be clear in its signiticance by
considering a receiving circuit in which
an audion serves as a detector and as
an amplifier. With the incoming os-
cillations from the receiving antenna
affecting the grid element of rhe tuhe
the desire is that the current in the
grid circuit may obtain reinforecement
from the energy in the plate ecircuit
supplied from the “B” batterv. If
then, the plate circuit is extended and
coupled magnetically to the antenna
circuir, the oscillations in the plate cir-
cuit are “fed back” to the grid by way
of the antenna coupling unit, in effect
producing  regeneration of  signal
energy.

came

The Audion as an Oscillator

The full significance of the fact that
the audion could bhe associated with
other circuit elements so as to produce
useful electric oscillations did not at
once occur to those who first employed
rhe tube to amplify received signals.
The discovery of the amplifying prop-
erty was a step forward of such length
that the discoverers had amply reason
for pausing to look backward, rather
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than for viewing rhe ground ahead
with the thoughr of selecting footing
for still another leap forward.

The audion was invented as a re-
ceiver of electric waves. 'The discov-
ery later that it had amplifying prop-
erties mizht well have seemed to he
the ultimate of what should he ex-
pected from it. In rhe conrse of tine
excellent. receiver  cireuirs were
designed uand used  which  do  not
depend upon recencrarion. But. as a
transmitting awd voice-modnlating de-
viee the rube wasx destined ro meet the
requirements <o satisfactorily that for
i long rime it ix likely to have no close
rival either for vadio telegraph or
radio telephone purposes.

For the human mind to at once
recoznize the full sixnificnnce of the
Ultra-andion  receiving  assembly  and

the regencerative, foewd-back receiver, it
would have heen aild had rhere beeu in
the history of mechanies some such
anomaly as g chain serving as a flag-
pole. or an anchor serving as a para
chure. A receiver is rhe opposite of a
transmitter. In the early days it
would have been :n absnrd spectacle
had a eoherer egssayved to play the role
of an induetion coil.

However., delorest. Logwood. Arm-
stromg and Rowul have what might
be terined  sonree minds: minds in
which idens originate. amd it was nor

long before rthe rube was put to work
at bath euds ot radio <
hoth as a transmitter
ceiver. It

amd o as oa re-
wis an axtonnding discov
ery. once the {nl!l imporr of rhe thing

became  clear. The hrief period
between the dizcovery of the munpdify-
ing use of the tnbe. amd the proanise of
transmirting prog reminiscent
of Tlenry's discavery in 1842 of rhe
ogcillating properties of rhe eondenser
discharee. Presimably  orher  seien
tists of that time =aid: “Well. what

rries ix

of 16?7 And ir was nor unril forty-tive
veurs later  thar Ylertz wave the
answer.

Ir is interesting now to recall the

the early deseriprions of
the reaection principle in receivers:
that *“The ratio of transformation of
rhe rranstormers shonld be =0 adjusted
roo et the maximimn < witlpmnt
vansing rhe andion to cenerate oxeilla-

wording of

tions.”

Ir is te he remembered that the
audion oseillator wasx diseovered to
have the property of cenerating oseil
lations of the same narnre as those
gener:ared hyr hivh-frequency machine
generitnrs, the are genervator, and of
the previmsty employed transformer,
condenser aml spark-gap reansmitrers,

The tnhes available in 1913, and the
reansmitting  cirenits  in whiceh they
were cinployed pernritted of cenerating
signaling enrrents of limired energy,
but tiuprovements made later hy T, Do

Arnold. W. ). Coolidge. A. W. Hull,
W. G. Housekeeper., L van der
Bijl. W. C. White. 11. J. Ronnd aul
others made practicable the produe-

tion of tubes rivalling in output the
massive alternators employed in 1rans-

ocean radio telegraphy. And, for radio
telephone purposes rhe fube oscillator
supplied the element previonsly miss-
ing if transmitters were to be set up
anywhere other than in locations

where huge power plants might be
erected.
Notably amongz the later develop-

ments in tube design and construetion
were the dynatron. pliotron. plio-dyna-
tron and uagnetron, hrought out by
engineers of (he General Elecrrie Comn-
pany. T'he kenotrou and pliotron
were described by Lanzmuoir in April,
TS, and the pliotron by A, W, Hull
in Februavy, 1918, The kenotron reeti-
fier nrilizex rhe nni-directional prop-
erty of the enrrent hefween a hor and
A cold electrode in vacuum. while the
pliotron utilizes the space charge prop-
erty of this current, which allows the
current to he controlled hy the cleetro-
stirie offeer of t grid element.  The
dynatron ntilizes the secondary enis-
sion of electrons by a plafe element
upon which rhe primary clectrons fall,
‘The dynarren iz as it nmme hmplies,
1 generator of  electric power, and
feeds energy into any eireuir ro which
it s connected.

Rererences 10 some of the hmportant
literature of the subject Whieh fol-
lowed rhe pioneer discoveries of Arm-
stromyg, delorest.  Logwood.  Round,
Meissner. and orhers, are given in a
fool note”,

CHAPTER 11
Larly Company Organizations

HE financial pranoters of the
early “wirel companies
were quite awave of rhe adver-
tising  value  of wonder,  of
mystery.  There was little in the elee-
makeup of the enrly wirsless
telegraph apparatns, which even re-
motely  sngwested  the possibility  of
wireless  teleplimy., The rechnical
wal fnlly  oecupied in en-
up dependable tele-
They were agreeable
ro leaving the subject nf teleplinny
dlone  until the problems  of
telegraphy had heen <olved, and while
this was quite proper, snud ineseapable.
un the part of rhe engineer. no snch
limitation gnided or eontrolled the de-
liberations of the promaorer,

sowere
deavoring to ser
graph  <ervice,

s@rions

companies  or
handi
siven

The enrly  wireless
ganized in Nervica were nor
capped  at the start by bheing
corparate names which implied rescrie
tion of field of service. With a com-
mendable buoyaney of onrlook ol an
abiding  faith in whar the engineer
vould aceomplish, the promoter blithely
added the word *relephone”™ iuro the
nanme of his company. <o rhat his ap-
peils for financial snpport mighr meet

2 Jangmuir. Proc. fust, Rodio udinecers,
New York, Vol 5. p. 261 (1915),

W_ . White. General Electric Review,
September, (19146G)

C. V. Lomweood, Eleetrical World, Nei
Yaork, April 21, (1917

Alfred N. Goldsmith, Wireleas \ge, New
York., June and July. (1917)

1 Hull, P'roe. Inst.
FPebruary, 1918,

:"/ Radio Iin
gingers,
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with more favor. A companv oregan-
ized simply as a relegraph service or-
ganization. and so labeled, conld not
reasonably (so the promoter reasoned)
hope to attract the attention of “long
pull”™ investors, while at the smne tine
‘o rival eompany secking funds. prom-
ixed enrnings from lLoth wireless tele-
raph and wireless telephone serviees,

Indeed. even while the promnoter's
ardent desire was that his iechnieal
stafl should be able to demonstrate
praetical relegraph working: in nam-
ing hix company’ he placed the word
“telephone” ahead of the word 'tele-
graph.”  The first company, in Am-
eriea organized in 1901, was nained
rhe American Wireless Telephone
Telegraph Company. followed later hy
rhe  Continenral  Wireless Telephone
and Telegraph Company. The Pacitie
Wircless  Teleplione  and  Telegraph
Company, and so on until it was real-
izedl thar rhe promoter was, in aspirn-
tion at least, alrogether too far ahend
of the encineer.

Lhe scientize. rhe inventor and the
engineer are not mueh given ro enpirat-
izing the (ninre. They are explorers
who Tabel and eard index only that
which they know hax been discovered.
Al thar whieh they know has heen
accomplished, and it was in this man-
ner ot procecding that the enginecr
developed radio relephouy out of radio
telegraphy.

Speech Transmission

In  considering  rhe
radio telephony it was apparent that
the early  damped-wave rransiirrers
used far felegraph signnling, would not

possibility  of

be suitalde for telephony.  For iele-
phone transmissicar a plain require-
ment was that berween  rransmitter

and receiver it wotlld he necessary ta
set up o eontinuous stream of radia-
rion. normally eonstant in wavelengrh
or amplitnde. or hath,  If 1here were
interrnptions these wonld have to he
very rapid if speech was io he rrans-
mirted inrelligibly,  Further. on the
stream of radiation it wonld he neces-
RPN L0 BMpresss or snperimpose. quan-
ritntive changes in acenrdanece wirh the
aconstie vibrarious fo be transmitted.
A reeciver wonld he required which
wonld give quanritatively. andible indi-
cations of these changes in rhe chnr-

~

acter of the incoming waves, o fune-
tion later ealled “modntation.”
It rhe conrse of rime 1he Poulsen

arce. and the FPessenden-Alexanderson
alternaror meéthods of producing econ-
tinuons high-Cregquencey oscillations were
to prove usetul in wireless telephone
experiments, bnt the lure of “ralking
without wires” wax too great to per-

TAn exeception to thir practice was that
ol the Thomas K. Clark Wireless T'elegraph-
Telephene Company. in which rhe word
“telegraph™ w placesd ahead This coni-
pany was orgianized in 1901, by Thomas E.
Clark. of Dwetroir, Mich., The company pro-
dueed some of the bhest " the carly wire-
less telegraph apparalns experimented with
in Amerien, and 1s the only  one the
original  Ameriean  wireless organizationsa
whiech has continued nntil the present time
withent amalzamation with other organ
izntions.

Z
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mit delay in getting on with the prob-
lem. The liquid barretter. due to Fes-
senden, was available in 1903. and had
possibilities as a receiver of wmodulated
continuous waves. "T'he erystal detect-
ors, brought out an few years later, also
were fuairly suitable for this purpose,
but it was not until 1906-1907 that the
arc and the alternaror methods of pro-
ducing  sustained oscillations were
available.

Fessenden was rthe most industrious
of the scientists who directed thought
to the prohlem of space telephony. In
Novembher. 1809, Fessenden noted that
a telephone receiver connected with a
radio  receiving syvstem  reproduced
faithfully the tone of a \Wehnelt inter-
rupter actuating rhe induetion coil of
the distant transmitter. and it at once
oceurred to him that by employing a
rransmitting source with i f{requency
above andibility radio telephony <hould
be possible.

For Fessenden’s use. S. M. Kintner
designed an interrupter which was to
have a spark freqneney of 10.000 per
second. and although the frequeney
was somewhat less than this in the
aernnl  apparvatus.  telephone experi
ments were made in the fall of 1900,
Naturally., 1he first demonstrations
were what tirst demonstreations usually
arve: at bLest. disclosures of inprove-
ments pecessary to attain suceess.

Speech was, however. rransmirted
and received, although of a poor qnal-

ity. and as a matter of historical
Tecord it may bhe said that the first
speech  transmitied and received by

radio telephone was that carried on
by Fessenden. during Christmas week,

1000, between two stations at Cob
Poiut, Maryland, situated about one
mile apart.  As Fessenden relutes:

“puor in guality, bur intelligible.”

During the sueceeding three or four
venrs Fessenden spent considerahle
time developing ways of produeing
high-frequency. snstained oscillations.
Compressed nitrogen and compressed
neon £ax oscillators were tried out, also
quenehed gap and tywheel types of
spark  dischargers. In 1904, with a
nitragen gap and o spark frequeney
of 20,000 per second. it was reported
rhat  Fessenden  had  demonstriated
radiophone 1ransmission over i range
of twenty-five miles, the articulation
heing considered good enough for com-
mercial service.

In the meantime the alternitors de-
seribed in Chapter 4 were becoming
available.  In 1% an alterwator was
emploved in i1elephone tests belween
Brant Rock nud 'lymouth, Massachu-
setrs, a distance of eleven miles. In
July. 1907, rhe range of operation was
extended to nearly 200 miles: lLelween
Brant Rock. Mass., and Jamaieca, Long
Istand. New York.

DeForest. also, had been at work on
wireless telepliony nud had worked out
a svstem employing arce transmission
and the nudion vreceiver. In July,
14907, deForest 1ruliophone equipnnent
wis employed to report the progress of
yacht races on Lake Frie. the range of

operation extending up to twenty miles,
and a few months liter twenty-six
vessels of the Puacifie squadron of the
U. 8. Navy. were equipped with
deForest apparatus.

In Germauny those enguged in wire-
less telegraph developments employed
the arc in December. 1907 to transmit
speech from Berlin to Nauen. The
wiater-cooled  flhme-are  arrangement
was used; rwelve ares in series.

In the early work it was found that
the usuat earbon 1ype of telephone
fransmitter was unsnited for rvadio
working owing to its inability to
handle the necessarily Lurge actuating
current volnme. A 1ype of transmitter
was designed for the purpose which
Fessenden called 1he “trough™ f{rans-
mitter. 1t eonzisted of a soapstone
annulus to which were elamped two
plates with platinnm  iridinm  elec-
trodes. Through a hole in the center
of one plate a rod pasxsed. artached at
one end to a diaphragm and at the
other to a plarinum iridinm spade.
The rwo oulside electrodes were water-
iackered.  With a teaspoonfnl of car-
hon grawmles in the central space this
transmitier was said to carry a enr-
rent of fitieen amperes continnonsly
withour the artienlation falling oft ap-
preciably.

In 1907, Fessenden radio telephone
operation  was carried on  between
Brant Roclk. Mass., and Brooklyn, New
York. and between Brant Rock and
Washington, D. C.. in December. 1907,
In the latter month. alzo, it was re-
ported that the Fessenden station at
Brant Rock had on two oceasions. sue-
ceeded in transmiiting speech to a
station loeared at Machrihanish. Scot-
land, a distance of about 3.000 miles.
LExperience with wireless  (elephony
and wireless telegcraphy at the Brant
Rock station showed that with the ap-
paratus available at that time, the
power required for relephony was from
tive to fifteen times s grent as that
required for telegraph signaling. and
that for given power telegraphy could
he carried on from two to f{our times
ax far.

The Microphone Problem

Naturally, the main problems of the
pioneers were to devise suitahle tele-
phone rransmirters, determine the best
location tor the transmitter in the cir-
cuit assembly. and to provide =safis-
factory means for modulating the
tran=smitted waves.

Tov applying acoustic control ~everal
inventors employved mierophoue trans-
mitters in association with eirher the
sendting  antenna, or the oscillation
eenerator cirenit. A microphone could
be employed in shunt with a peortion
of the antenna indueranee or capacity
or in a separate cirenit conpled in-
dnctively 1o the antenna. There was
the pos=xibility that the microphone
mizht be nsed to modify the supply
cirrent to the are oseillator. or to
affect any variable associated element
controlling rhe amplitude of the waves
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produced. By inserting the micro-
phone in the antenna circuit the altera-
tions of microphone resistance pro-
dueed by voiee cfTects on the dia-
phragm caused corresponding varia-
tions in the antenna current, and con-
sequently of rthe amplitude of the
radiated waves.

There was the pos=xibility. also. that
the microphone might be employed to
vary the wavelength. .John Ntone
Stone. in  Amerien. connected the
microphone in a eirenit coupled fo the
main induetance unit of the oseilla-
tion generating eirenit.  In the coupled
cireuit the eurrents were varied by
the varyving resistunee of the miero-
phone. the effective inductuance ol the
coil being 1hereby vavied accordinziy.
Obviously, by this arrangement the
frequency was allered, and also fhe
amplitude.

\ snegestion made as early as 1907,
or 1hos, was to employ i condenser
telephone of the Dolbear type for vary
ing the wavelength by ualtering the
capneity of the generuting civenirs or
of the antenna.

In rhis arrangement 1he uapproach
and recession of a condueting dia-
phragzm to and from a tixed condueting
plitte varied the eapacity. and so
affected the potential ditference ot a
conductor in connection with one of the
plates and a source of e.nf.. and thus
was made to affeet the resonance of
the antenna eirenit.

. Ruhmer. in Germany. in 1907, put
forth an interesting proposal which in
principle was somewhat similar to the
applicarion of the "7 burtery to the
plate cirenit of the audion. a vear or
s0 earlier. Ruhmer stafed that it the
circnir fromn a local battery ix eon-
nected fo the mierophene. thence to rhe
supply circuit of the are oscillator,
fhen the are may he chused to paxs to-
and-fro between the oscillatory and
non-oscillitory states in response to

changes in resistince of the imicro-
phione: the movements of t1he dia-
phragm  rthen  being  rranslated  into

radintion and no-radiarion.
arrangement a  difliculty ex-
perienced  was thar the suddenness
of transit from oxcillatory to non-
oxcillatory state was not quick enough
for good resnlts.

The German radio operating orzan-
izition in a patent application® pro-
posed a method of operiation by menns
of which alterations in the resistance
of the microphone were to produce
large flnetuation of the amplitude or
the radinted waves. To accomplish
this there was proposed a strongly ex
cited are eircuit very loosely coupled
to the antenna. and a closed micro-
phone eireuit also coupled to the an
renni.

periods of
In this

Priority of Invention

If each engineer who has claimed
to be the inventor of the radio lele-
phone had a resowrceful hiographer,
and sneh biographies were published,

“Br. Puat. 26,530 (1907)
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there is no doubt that a historian un-
dertaking 1o write a history of the
development of the art would have no
choice but to considerably disconnt att
such writings. When the historian’s
aim is to select for treatment and
description each essentinl contribntion
to advancement which survived for a
time, or which in turn opened a door
beyond which further Lknowledge of
value' was waiting. he cannot. while
conserving continnity. avoid omitiing
reference to sonte of the simultaneous
or “independent” work done by experi-
menters in various parts of the world
working along the same line.

Collins’ Radiophone Experiments

The reason for referring at this point
in our story to A. Frederick Collins. in
America. is that the early experimental
work done Ly Collins qualified him to
write knowingly and interestingly
about his work. and that of contem-
pory investigators. As early as 1002,
Collins carried on experiments wirh
erude arc oscillators, and in the yeurs
following kept in close touch with what
wias heing aceomplished in Ameriea
and abroad. In his laboratory he set
up apparatus with which he demon-
strated improvements us sueh were
made from time to time. Early in
1003°, he experimented with wireless
telephone operation hetween ferry
boats plyving across the Hudson river.

Collins’ illustrated articles in the
technieal periodieals beginning in 1900,
contained detailed information of the
sort awaited by American telegraphers.
Ie seemed less concerned with the idea
of inventing and patenting rhan wirh
the urge to write about his own ex-
periments and rhose of others. a direet
and worrhwhile result of which was
that nmumerous nmateur experimenters
were at this early date provided with
deseriptive matter enabling them to set
up equipment for the duplieation of
experiments performed by the seientifie
lenders. Undoubtedly. Collins’ arricles
on  ‘“wireless” started many of the
pioneer radio engineers and amatenrs
along the road to whatever suceess
they achieved.

Various Radiophone Demonstra-
tions

In 1908-09, an ambhitions ariempt was
made to exploit radio t1elephony by a
company of which Willinm Dubilier.
then twenty years of age. was the
teclmrical heid. Demonstrations were
made between Seattle and Tacona.
Washington, a distauee of thirty miles.
The watrer-cooled arc oscillator was
employved. A\ 1ower 320 feet in height
was used to support the antenna.
which was of the umbrella type. The
earth connection was made by means
of an elaborate system of wire netting
buried several feet in the earth.

In France. Lieutenants Colin and
Jeance, of thie French navy, in 1908 or
190Y), carried out a series of radiophone

3Blectrical World and Engineer, XNew

York, June 20, page 1046 (1903)

experiments between a <hore station
at Toulon and a station on board a
wiuar vessel, and it was reported that
they had succeeded in conversing with
a fair degree of clearness over a range
of 120 miles. In rhese tests the micro-
phone was placed in shunt with a sec-
tion of the antennn coil of an open-
core transformer, the primary of which
wias connected in the oscillation cireuit,
fed from an are generator. 'The voice
transmitter consisted of several miero-
phones in multiple mounted compactty
on a hollow hase. 1t was thought that
in this way the difliculties of carbon
‘packing” might be overcome, and at
the same time the heat due to the
rather large current flowing in the
microphone circuir wonld be distri-
buted throughout the series of carbon
chambers. One mouthpiece served to
convey rhie air waves of sound to the
several microphones.

V. Ponlsen, in Denmark, who had.
as described in Chapter 4. developed
to a high degree rhe usefulness of the
arc oscillator, employing a multiple
microphone, sneceeded in telephoning
by radie from Copenhagen. Denmark.
to lierlin, Germany, a distance of 290
miles.

In Italy. in 1907, Professors Majo-
rana and Vanni brought out a type of
relephone transmitrer for radio pur-
poses bhased upon the capitlary proper-
ties of flnid jets. A stream of liquid
flowing from a suitably constructed
opening divided itself into drops which
followed each other at praerically con-
stant intervals. The frequeney could
be ohserved acoustically by allowing
the drops to fall on an elastic mem-
brane wihich then gave out a sound of
corresponding  frequeney.  When me-
chanical oscillations were superim-
posed on the fluid jet periodical con-
strietions  eould he observed which
were of very nearly the snme frequency
as the superimposed oscillations. The
drops thus forced the wmembrane on
whieh they impinged to give out sounds
of a corresponding frequency. Drops
falling on a level surtace at right
angles to their direetion formed a
layer varying in depth with the fre-
queney of the drops. The microphone
consisted of rhe usual mouthpieee and
of n membrane fixed to a glass tube
whielt moved freely under the vibra-
rions of the membrane and through
whieh slightly acidulated water tlowed.
The liguid passed out of an opening in
the glass tube. striking the upper sur-
face of a “collector”’ consisting of two
cxlindrical pieces of platinum insulated
from eaeh other. On striking rhe cen-
ter of the collector the fluid spread
over the surface, connecting the two
halves electrically. A hattery con-
nected in circuit with a telephone and
the collecror sent a consiant current
through it so long as the memhrane
was not affected by soutnd waves.
When the membrane vihraled, the
aperture beguan to oscillate, varying the
flow of the drops so that the tluid on
the collector was continually altered in
thickness. With this arrangement
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suitably connected to a spark-gap
oscillator, the intensity of the spark
corresponded with the sound vibra-
tions, thus modulating the outgoing
radiation from the antenna. Although
Majorana devised an excellent form of
rotating spark-gap he found later that
better results were had with the Poul-
sen arc oscillator.

A similar microphone was devised
by Marzi, and was used in some of the
experiments of Colin and Jeance. re-
ferred to in the foregoing. In this in-
strument a stream of carbon particles
fell between two surfaces, one of which
wasx vibrated by voice waves, so that
the carbon stream was correspondingly
compressed as required in speech
transmission. Owing 1o the fact that
the carbon particles were continuously
renewed. no disturbing heat was de-
veloped.

Additional Sources of Sustained
W aves

Remembering that the oscillating
property of the audion was not dis-
covered until 1912-1913, the reader will
understand that the engineers working
on the problems of radio telephony
throughout the veuars 1906-1914 had
available as oscillation generators the
high-frequency machine generators and
the arc oscitlator.

Rudoiph Goldsehmidt!, at one time
chief engineer of rhe British Westing-
house Company, and professor at the
technical college of Darmstadt, in 1911
invented an ingenious type of machine
wenerator, which was at once a gen-
erator and a frequeney transformer.
Used in radio telephone experiments
this generator was found to be quite
eflicient. In its use it was suflicient
to contro! the exciting eurrent by
means of one or more microphones. and
as the exciting current was a direct
current of low voltage, equivalent to
only four per cent. of the total high-
frequency power of the machine, its
suitability was ohvious.

The rather high cost of machine al-
ternators, and the rather special and
complicated nature of arc generators,
were in those pre-audion oscillator
dayvs. at all times incentives to the
development of simpler means of sup-
plying high-frequency, continnous oseil-
lations.

A particularly eflicient and practical
syvstem was brought out by the Clapp
Basrham Company’. in America, shortly
hefore the development of the audion
oscillator was begun. The method used
was to charge a condenser by low-
frequency alternating voltagze about
30.006) times per second : the discharges
being divided. by means of a rotary
sectored gap, into definite groups -re-
curring at a rate of about 1.200 per
second. the group frequency determin-

(Continued on page 4G)

+Proc. Inst. Radio Engineers, New York,
March (1914)

sproe. Inst, Radio Engineerz. New Yorlk,
December (1914) The “liyvtone” Radio
Transmitter, by Melville Eastham.
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Making the 1929 Dynamic Speaker Better

and Cheaper

Improved Designs of Field Coil and Supply Svstem  Develops

111 objeet of this= paper is to
describe the resulrs of recent
rescarch work completed in con-
nection  with  electrodynamie
loudspeakers.  The preoblem was ro
tind a solurion to the tollowing:
(1) To further improve the quality
of reproduetion.
(2) To eliminate, or further reduce
hackground hum.
(3) To simplify eonstrucrion, and

(4) To reduce rthe manufacturing
costs.
Admitiedly, ar tirst  rthought, it

might appear as though our present-
day designs of dynamic spenkers are
rarher nicely developed. and that rhere
is but littie room for improvement.
However, modern theory, coupied
with scientitie design, proves conclu-
sively that radieal changes can be
made over existing tyvpes. The above
problems were =olved. meaning that
next season’s elecrrodynamic speakers
are nor only going to give more per-
fect reproduction, but that simplified
designs also bring abont an appreeiable
cosr reduction.
Thix article

<hall recent

with

deal

Fig. 2. The high voltage rectifier

unit with the outer case removed.

Two fuses are mounted on the
sheif.

Better Operation

By J. George Uzmann

developmments compleied in the engi-
neering laboratovies of Elkon, Inc.
under the direction of Dr. Harry Shoe-
miker, on rhe magnetic field coil power
supply system: filier mechanism. as
well as methods of hum elimination.

Early Electrodynamic Speakers

Dating back to the ftirst electro-
dynamic londspeakers placed on the
marker some cight yvears ago by the
Magnovox Company. it was then ap-

preciated that the field coil required
reasonably large energy for mnple
excitation A direct-eurrent source

supplied by the filament lighting bat-
tery was usually resorted to.

With the advent of facrory built
receivers. and the coming of a-c. oper-
ared (or batteryless) sefs. manufac-
turers. in quest of more perfect loud-
speakers, readily accepted the electro-
dynamic eone drive principle. alihough
ir wax realized that that method
proved much more costly than electro-
magneric virieties,

Many  novel civenit arrangements
wore devixed in order that the re-
quired  d-c. field energizing <source
wonld be free from bhatteries—a re-
quirement in all a-c. sets. The R.C.A.,
in their early 104-type loudspeaker
cquipments and receivers, employved a
field coil made up of a very large
nnmber of turns. which in turn was
connected up in place of the seeond
filter ehoke eoil in the high voltaze
rectitier systemn. lIlere was one way
to eliminate the old style bartery. hut
unfortunately the method produced a
hum.

Manufaeturers then locked towards
a different dirvection. Merallle or dry
dise rectifiers of the cunrie sulphide-
magnesinm types were readily adopted.
These units operate praerically free
from frouble and possess many excel-
lent features for this class of work.
Cutortunately, rhe rectifier. plus its
step-down transformer, added mate-
rially to the eost of production.

The standard practice. until tve
cently, was to feed the rectified low
voltage output divectly into the field
coil. While it was realized that the
induetance of the average low voltage
“pot magnet” is something in the
order of .3 to 3. henrys maximmm. and
will vive eertain filter action to the
rectifier output: nevertheless, the re-
sulting ripple compenent, plus that
produced through the a-c. tube ampli-
fier system, reaches such a high order
in properly designed §ets as to develop
an excessive amount of hwm. or signal
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Fig. 1. A dynamic speaker equipped

with the high wvoltage, dry disc
rectifier unit.
background noise. Therefore. set

makers of late were compelled to fur-
ther increase their dynamic speaker
costs by adding an additional high
capacity electro-chemical conden<er,
conunected across the rectifier ontput,
This method effectively reduces recti-
fler hum to a negligible value.

New Developments

These few remarks show the his-
tory of electrodynamie loudspeakers
in so-ealled electrified receiver fields.
A further analysis of rhe problem re-
veals that the present dexigns of dv-
namie speakers developed along with
the art in general. For example, the
original dry dise rectifiers brought out
by Flkon, Westinghouse, ete. were of
the low voltage, high current types,
and this. of conrse, called for a step-
down power supply unit, High capae-
ityv, low voltage. dry electro-chemical
condensers are also of quite recent
design,

The application of condensers will
eliminate reetifier hum: however. it
<hall be found that such u method
developes: (1) An increase in field
eoil supply voltage. (2) In certain
poor designs the field coil may run ex-
cessively hot. (2) The rectitier load
inereases.  (4) Rectifier life becomes
altered. Sueh electrieal characteris-
ries nre not desirable, and it is im-
portant that the combined field coil
recritier and shunt condenser system
he designed with full appreciation of
the problem. Now, let us deal with
the newly developed and more modern
methods of electrodynamic loud-
speaker construetion.
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~ FIG.3

The rectifier is broken up into four
main groups and connected up Into
a bridge circult.

It shall be remembered that Elkon,
Ine. placed on the market nearly a
vear avo, a new high voltage. dry dise
rectitier, dexigned essentially for
power supply svstems. capable of de-
veloping B potentials up to a maxi
mum of 250 volts. Baxed upon such a
rectifier sysfem it was thought logieal
to merely eonnect a properly designed
unit across our standard 110-120 volt
a-e. house-lighring cirenit without re
sorting to the customury step-down
transformer. Thix in iiself would
offer a large saving in mana{acturing
cost.

The Figh YVoliage Reetifier

In irs finally developed form it is
apparent that a complete <olnrion has
heen found to the direct connccted
house-lighring circuit type of reetitior
system. ‘T'he several phorox reveal its
general small sized construction, near-
ness of dexign. <implicity, ete. One
of the illustrations (Mg, 1) shows a
complete assembly of the new reclitier
monnted on i dymanmie speaker. It
will be nored that borh the siep-down

power transformer  and  condenser
unitz have bheen eliminated.

Atrhongh nothing appenrs  ont-
wardly. rthe speaker shown was also
enquipped with 1 new method of hum
elimination. which will be dealt with
in another section. Thix desizn of
londspeaker will produce no  more

hackground rvectilier hum rhian that of
normal desizns employing from 1.500

to 2000 mf. of capacity conneefed
across 1 low voltage rectificv.  The

illnsteation of Fiz. 2 shows the com-
plete reciitier syxtcm. wirthont top
cover.

These new 110 volt a-e. rectifiers
follow the standard principle in gen-
eral construction. 1y will he xeen that
each rectilier stack ix made up of
fifty eupric sulphide and magnesinm
couplex tightly clamped towether. An
assembly, cons ne of two unirs, then
snap= into spring elips. Thus, element
replacement is ecasily aceomplished hy
the scrvicenim or noviee.

The reetitior ecouples are divided
electrically into fonr main gronps and
are couneeted up into a bridee cirenir.
as depicted schematically in Fig. 3. A
practieal cirveuit is seen in Fig 4. The
several views illustrate how glass-type
cartridge fuses proteet the line ~upply.

A= further safeguard fo both rectifier
and supply source. a current limiting
resistor is placed on rhe under side
of the assembly, and is shown con-
nected up in Fig. 4.

Again glaneing at rhe latter illustra-
tion, we gain a better picrure of the
performance of the new e¢lectrody-
namice speaker recritier system.  Based
upon i normal line voltage supply of
115 volts. the graphs of g, 4 <how
that relatively large changes in line
voltage do not materinlly affect recti-
tier operation or its lead ciremt. Fnr
ther, compavison of the a-¢. load in
volt-nmperes vs. developed rectilier
power in watts. likewise shows excel-
lent rectifier etiicieney. These zraphs
reveal typieal performance of the uew
syxtem, and it is interesting to note
that for rhe type of reetitier load,
namely a 10 henry, 250 olin (hot) ve-
sisritnce tield eoil resulrs in a com-
bined line load having a 95 per cenlt,
power factor.

I'rom rhese araphs we note that the
developed d-¢. oulput vollage, say ap-
proximately 55, is greater than that
ordinarily emploved under low volt:
rectitier systemx. 1t isx. therefore. ap-
parent that the only necessary changes
required where the new sysremm is
adopted. is ro merely desigun 1he field
magnet or “pot’” for operarion on a 55
volt potential. Lt is also dexirable
thar the tield possess an approximiate
Lot resistanee of 250 olims. an ar-
rangement whiclh will develop a uni-
form and safe reetitier loading faetor;
under these condirions rhie “pot” will
an.oay ge inductance of
about 10 henrvs as compared to .5
henry for a low voltage design. It
i, of course. necessary to maintain
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the ampere turns at about 1,000 to
1,500 at the above load resistance for
best operation.

These rectitiers are designed to de-
velop 12 watts output at a line voltag
of 120; and 10 and N watts at 110 or
100 volts respectively; satisfactory
operarion being realized also ar the
lower line voltage, thus showing fhe
new svstem to be remarkably tlexible
in charaeteristic.

Hum Elimination

Data taken from a large number of
oscillograph tests, reveals that for
borh high and low veoltage energized
tield eoilx operated withonr 1he nse
of ~hnnt connected, high capacity elec-
rro-chemieal eonden=er=. that the rip-
ple component mensures nhout 10%.

The addition of a small amount of
capacity placed across the coil termi-
nals, has the ettect of increasing recti-
tier ontput voltage up to a maximum,
This increaxe is rapid at first and be-
comes very =mall as the capaeity is
increased.  For example, in the case
of a low voltage “pot” magnet, 500
microfarads of capaeity will inerease
the voltage to abont 956, of the maxi-
mum rating ol the rectifier. but this
relatively small eapaeiiy does not de-
creqse rhe ripple or neise hackgronnd.
Ripple will =how no signs of reduction
until approximately 1,000 microfarads
are uxed. The increase in rectitier
volrage for rhis added capacity is very
<light. while 1the vipple is reduced to
abont 1% where fhe shunt condenser
is in rhe order of 1.500 1o 2,000 micro-
farads.

In the case of the new high voltagze
recritier. it is found that but 10 mf.
will raise the rectitier voltage to about
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00, of maximum, but this eapacity
fails to show any reduction of ripple—
about 109%. Under these counditions
exhanstive experiment indieates that
the new rectifier system regiires ap-
proximately 20 mf. of capacity before
any appreciable cffect upon ripple is
revenled. and when the capaeity is
raised to 40 wmf. background ripple
reaches a minimum valne of 1%.
Another anti-hum deviee developed
by the engineering staff of Klkon. Inc.
makes use of a simple high conductiv-
ity material placed within the air gap
of the “pot.”” Under these dexigns a
gasket completely absorbs all a-e. Hlux,
whieh of comrse. is the humm producing
agent., and is plaiced somewheres
within the magnetie cirenit. This is
accomplished withour the use of so-
called “bueking coils”” or other sys-
jems requiring apprecinble power, ad-

justments, or adding mass and weight
to the moving coil system.

Under this development it is appar-
ent rhat any slight inerease in gap
length must be compensated for by an
inerease in finx density and in turn
by added ampere rurns of rhe field.
A future paper will reveal its elec-
trieal characteristies, consiruction de-
tails, etc.

In couclusion a few words on the
merits of the t1wo new systemns of hum
elimination should not prove amiss.
Under proper designs of “‘pot” magnet.
viz. (1) an ample number of ampere
turns; (2) correct proportions of mag-
netic cirenit: (3) load resistance suit-
able for rectitier and (4) “pot” operat-
ing potential and current to be bhased
upon the nse of a shunt condenser sys-
rem or other means of hnmn suppres-
sor: it will ordinarily be found that
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the conden=cr mecthod of hum suppres-
sion possesses many ideal characteris-
tics because it is the most effective
means since the field coil then operates
snbstantially on a direct current,
which of course, is ideal for this pur-
pose

Finally, it can he stated that the

above described apparatus for eleciro-
dynamic loudspeaker construction pos-
<ess the following important charac-
teristies:

(1) Improves reproduction quati-
ties, since hum is reduced to
a negligible value.

(2) Power transformer is elimi-
nated while condenser capac-
ity is rednced or may be
eliminated.

(3) Ease of chassis assembly.

(4) Cuts manufaeturing costs.

(5) Simplifies service and repairs.

The Problems of Radio Servicing

1. Relative to « Serviceman's Equipment, Methods of Operation and

Examples of the Practical Application of {nalysis

11815 few pages will be devoted
to the considerntion of a cer-
tauin phase of radio servicing
whicli we believe to he of vital
importance because it las a detinite
hearing upoun the monetary profit ac-
cruing from rhie work, This phase
will be known as the “‘process of elimi-
nation,” or the “common-sense appli-
eation of technical knowledge.”
The application of the word “tech-

nieal” should not lead the reader to
pelieve thar we mean a rhorough
theoreticnl gronnding. The service-

man should be in possession of a cer-
tain amount of knowledge which must
be applied in the proper manner. How-
ever, hefore we enter imo this disCus-
cion, it is necessary to consider an-
other significant item.

Repairs in the Home

“Where =hall the servieeman do his
work?” This guestion is nndoubtedly
of interest to every one in the fold.
To come to a satisfaetory conclusion,
we must consider two sides of the
problem: that of the serviceman iand
that of the receiver owner. All things
considered. the serviceman is really
rhe judge. 1le alone knows where he
can operate to best advaniage. but a
few reasons in connection with this
<ubject will undoubredly throw a little
lizlit wpon limitations encountered.

Let us tirst analvze the posirion of
the receiver owner. It is true that he
wants rapid service when he needs it.
This is logical because a faulty re
ceiver affords very little pleasure as
an enterraining medium. Though the
man desires rapid repair of the .re-
ceiver, he does not wish to have his

By John F. Rider, Associate Editor

home littered with wrappers, frayed
insulation, an assortment of tools and
other paraphernalia usually carried
by rhe serviceman., Granted that rhe
gservieeman is a neatr worker, hut he
must operate at his convenience. The
soldering iron must be connected to
the power socket. A resting place for
the iron support is necessary. Inves-
tigation of the chassis is possible only
after it is withdrawn from the eabi-
net. A chassis however. cannot rest
on thin air, so amidst the surround-
ings of a well appoinied room the
operarions of rhe serviceman and his
equipment cnnuot help hur bhe an eye-
sore.

On the other hand. rapid work is of
importance to the serviceman. If the
repair is effected in the home of the
radio receiver owner., one service call
suflices. If it is necessary to make an
inspection eall followed hy removal of
rhe receiver chussis to the service stu-
tion, an additional charge must be
made. Charges of this nature nve not
viewsd with pleasure by the receiver
owner. Being unaware of the fault
he may feel that the repair could have
been made at his home.

Muany servicemen prefer ro neglect
the earrying eharges and the cost for
receiver removal. and if this is the
case and considering the effect of
major service work in the home. the
occaxion for servieing in the man's
lhiome is not present.

The serviceman eannot conveniently
work atr the home of rhe receiver
owner., and unless the work is of
trivinl nature, he should not do so.
In view of the faet thar the service-
man cannot carry all of his testing
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equipment. the necessiary testing ap-
paratus is not available and unless
convenient operation is possible, work
progresses slowly. Under the circum-
stanees the servicem:an should not at-
tempt major repairs in the receiver
owner's home. The psychological in-
fluenee is not good in rhe tirsr place.

In all of this discussion, we are
coneerned with actual receiver repair.
The replacement of a tube, the solder-
ing of a broken or loose connecrion
does not eall for rhe removal of a
chas to the service station. Re-
ceiver analysis, however, should be
sarried ont in the home because upon
irs conclnsion it ix possible to advise
the c¢ost for repair. In connection
with this work, it is necessary to con-
sider the equipment required by the
visiting serviceman. It is practically
impossible to earry testing devices
which will permit all types of analy-
tieal work, hence this equipment is
limited to devices which will make
possible a eursory unalysis. The aver-
age a-e. and d-e. set tester, plus a
continuity tesier. are excellent repre-
sentatives of this equipmeat. Tools, a
<oldering iron. solder, friction tape,
ete. are beyond discussion. They are
imperative and must he carried. In
addition. every serviceman should
Iiave with him a headset. which device
tinds frequent application. yet is sel-
dom u part of the average receiver in-
stallation. and last but not least, the
wiring diagram of the receiver or unit
to be serviced.

Methods of Operation

We queried numerous servicemen to
ascertain their method of operation:
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to determine just how they managed
to carry out their duries wirhout over-
toading themselves with supertluous
equipment. Their replies were very
similar.  We quote one. ‘I usually
query the person calling, assuming
that the need for service is advised
in person or by telephone, and ascer-
tain the ryvpe of receiver to he serv-
iced and make an effort to determine
the possible fault from the owner's
sratements.  In many cases, this is
possihle.  In others, 1 must exercise
my own dixeretion. 1f I am advised
that the receiver lacks volume and the
tubes are old, I make a notation about
tiubes for future reference. It the
wmdition is rhe xame, and tubes are
mew and the batteries old, I make a
noration about batteries. If the re-
ceiver is power operated, the batteries
are eliminated. These notations tind
u<e when the wiring diagram of the
receiver or unit is analyzed. Upon
analysis. T know the types of tubes
used and if possible I carry a tull set
to the job. A slight inconvenience, it
is true, but if rhe tubes are at fault
as is the case in many instances, I sell
a full set and obviate the necessity on
the part of the receiver owner. to visit
a radio store and buy rhe necessary
tubes.’

“If the receiver employs B batteries
and | helieve that these barteries are
run down, I usually carry a xingle 43
volt block. The addition of this new
battery is sutlicient to prove that the
old BB batteries are at fault. assmning
of course, that the B batteries are ac-
tually useless for further utility., As
2 matter of fact, if the source of plate
potential is unsatisfactory and the re-
placement of a defective B unit im-
proves reception, it is conclusive evi-
dence in the owner's eyves that the
fanlt is what I elaim it to be.”

Spare Tubes

“1 find very little occusion to carry
receiver parts such as transformers,
resistances and condensers, fixed or
variable. hecause I seldom attempt to
make major repairs at the home. If
the receiver is “dead,” that is, reported
dead. I do not carry any equipment
particularly suited to the receiver in
question unless I am advised that a
tube or a number of tuhes are burned
out. With respect to tubes, I make it
a practice to carry a single tube of
each type. In other words. I carry a
201-A, a 226, 1 227, a 281, 2 171 and a
Raytheon. These rubes consume very
little space and are aviailable when
necessary to determine the etlicacy of
rhe tubes cmployed in the receiver.
However, such tubes are not necessary
if the analysis is complete and it is
possible. by virtue of eliminarion, to
isolate the trouble with aceuracy.

“In comnnection with ‘dead’ receivers
when I am so advised, I suggest vari-
ous remedies over the telephone which
are frequently very effective and go a
iong way to create good will. It is my
opinion that the insertion of a phone
cord tip or a power plug into a power

socket or the proper placement of a
tube into & socket, does not justify a
service call. I prefer to suggest the
remedy to the receiver owner. These
suggestions can be made only when a
wiring diagram of the receiver is at
hand. The tnbe layout and econnec-
tions to the receiver are also of im-
portance and I make notations of vari-
ous receivers when I make a eall so
that I have a layout for future ref-
erence. I very frequently advise re-
ceiver owners to interchange tubes
and 1o determine if a rube filament is
actually burned out hecause in num-
erous instances the tube prongs do not
make proper contact and when the
supposedly defective rube is placed
into another socket, perfeet operation
is secured.”

There you have rhe picture. The
significant faers are evident. The
serviceman equipped with an automo-
hile is more fortunate than he who
must use publie convevances but even
the ear owner will find it more con-
venient and profitable to repair defee-
tive receivers at the service stiation
and to limit his testing equipment to
such devices which will enable most
rapid and aeceurate analysis.

The Process of Elimination

The isolation of a fault is the con-
ctusion based upon analysis of per-
formance and operaring conditions.
The former is a function of the latter,
heing good when the lutter is correct
and poor when the latter is incorrect.
Unfortunately however, faults do not
hecome evident immediately upon the
analysis of performance hecause in
many cases, the defect is present de-
spite the correct operation of acces-
sories which supply the required po-
tential. After all, radio ailments are
never mysterious, despite prevalent
opinion to the contrary. Every ail-
ment has its cause and every ailment
displays some effect. In some cases,
the symptoms are more readily recog-
nized, in others. recognition is 1nore
difficunlt. In some cases, the effect is
very evident, in others it is partially
ohscured.

The problems of radio servicing do
not harbor as many puzzling phenom-
ena as we are apt to believe, but
without a detinite method of proced-
ure, the work will be made more dit-
fieult rather than simplitied. Gen-
erally speaking, troubles do not occur
in groups. Invariably they are singu-
lar unless a certain ailment, closely
allied with porential in the receiver
installation will so effect the system
that some other portion will be dam-
aged thus cansing trouble in more
than one section of the receiver. Neg-
lecting the preceding sentence, trouble
is usually limited to one part of the
receiver system, unless as we have
mentioned, the failure of one unit
causes rhe failure of another. There-
fore, we have two fundamental facts
which uare invariably substantiated in
actual pracrice. Namely, rhat in prac-
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tically every case, the fault is singular
with respect to numbers and in one
location with respect 1o the complete
receiver. The exception proves the
rule and the most prominent exception
is the ruptured ftilter condenser which
causes an overload upon the eliminator
rectifring tube and damage to the
tube.

Albeit the fact that several ailments
will manifest rhe same effect and in-
fluence. variations in effect are dis-
cernible to the close observer and iso-
larion is greatly expedited by the
process of elimination: the sysiem of
operation which we recommend. This
line of progress necessitates recogni-
tion of the funetion of each unit in the
receiver and thorough comprehension
of the performance of each unit and
each complete system in ihe receiver.
By units, we mean the various com-
ponents such as resistances, condens-
ers, coils, tubes. ete. Dy systems, we
mean the radio-frequency amplitier,
the detector and the audio-frequency
amplifier.  The systems lhave sub-
classifications such a= the ftilament
circuit, the grid cireuit and the plate
circuit. ail of whieh are associated
with rhe vacuum tube.

Recognition of Symptoms

In view of the fact rhat servicemen
are actually operaring. we must as-
sine  comprehension of the function
of the varions compounents and the
funerion of the various systems and
their sub-classifications, We hope in
subsequent ddisCussions 10 cover more
fully these functions.

Oue cannot he a serviceman unless
he is familiar with the work he must
do and at the present moment, we take
this familiarity for granted. Receiver
analysis and diagnoses makes neces-
sary recognition of symptoms which
become evident in some form or other
when devices perform in an incorrect
manner. Recognition of these symp-
toms and associttion with certain
parts of the receiver installation iz
half the hattle and the aectual basis
for the process of elimination. For-
tunately, 1he modern set analyzer
greatly expedites diagnosis—buat, if by
applying the process of elimination,
one can expedite the application of
rhe set analyzer to a eertain part of
the system, time is saved and greater
protit secured.

Explained in simple language, our
suggested method of procedure is
recognition of effects and the common-
sense application of this knowledge.
Specific phenomena are associated
with varions systems in the receiver
and thoughtful discrimination between
phenomena is a big stride towards the
solnrion. It is indeed surprising to
note how much is gained by a few
moments of concentrated thought prior
to the actual application of a set
analyzer. The process of elimination
does not obviate the uecessity for the
set analyzer. The two go hand in
hand just like sales and service. The
set analyzer is absolutely necessary,
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but the correct application of the
process of elimination makes possible
more profitable utilization of the set
tester.

The set tester supplements the proc-
ess of elimination. This method of
procedure is not a surefire proposi-
tion. Neither is every diagnosis made
by a physician the correct diagnosis.
but the failures are not numerous.
The success is hased upon how much
the applicant knows. je. the amount
of technical knowledze at his tinger
tips. The many excellent rextbooks
afford detailed technical information,
but this data must he applied ro prac-
rice; it is unsatisfactory in its theore-
tical form. Mueh of the diata pertain-
ing to receiver performance is not to
he fonnd in the average texihook be-
cause while the phenomena are the re-
sults of theory, practice and theory are
divoreed.

Examples of Practical Application

Let us consider a few examples of
the process of elimination when diag-
nosing. Again we wish to stress that
the applicant must have a certain
amount of teehnical knowledge. Not
necessarily thorough theoretical train-
ing necessary for design work. but
practieal knowledge of radio. As an
illustration of the process. let us con-
sider rhe Atwater-Kent receiver shown
in the previous issue. (The proc-
ess of elimination was brietly men-
tioned in the first installment of this
series. This discussion is an elabora-
tion upon this phase of servicing.)
Our suggested process of operation is
not limited to the receiver shown, but
to all receivers regardless of tvpe, of
the number of tubes and 0 ali ampii-
fiers, eliminators, etc. ‘The explana-
tion is lengthy but the applieation is
rapid.

The first example. involves lack of
selectivity on certain stations. say 1
or 2. and also a low signal level when
the receiver is tuned to these stations.
Particular mention of the limited
range of this condition is made be-
cause selectivity and signal level are
satisfactory on the other wavelengths or
starions. Selectivity as is well known, is
a function of the radio-frequency am-
plifier, particularly the tuning circuits;
also, the aerial and ground system.
Since the detector input circuir is a
part of the radio-frequency system, it
is included nnder thix heading. 1If
this be true, we can immediately elimi-
nate the entire audio-frequency ampli-
fier, because in funetion it has neo
connection whatsoever with the radio-
frequency system, other than to
amplify the andio-frequeney signals
passed to it from the detector plate
circuir. Since the receiver operates
normally over a certain portion of the
broadecast waveband, it is logical that
the operating potentials, such as fita-
ment, grid and plate voltages are cor-
rect and since these values do not vary

with wavelength, we can likewise
eliminate the power supply system,
Analyrical interest ix, therefore,

focused upon one certain portion of
the receiver; the aerial and ground
and the radio-frequency tuning system.

In view of the fact that the tubes
in the radio-frequency system perform
well over a certain portion of the
waveband and the design of the 226
type of tube is such that wavelengths
within the normat waveband, have no
effect upon its operation, we ciu im-
mediately eliminate the fube as i
possible sonree of trouble. Bearing in
mind rhat the lack of selectivity is
accompunied by 10w volume siznifies
that the trouble is not due to a pvor
receiving locality. Were this the case,
the signal level woiuld be low but ldck
of selectivity would not he a fault.

The search, therefore, nirrows down
to the tuning units. It is evident that
the trouble, whatever it may be. is not
present over the entire wavelength
range. We know that a shorted turn
or a1 number of shorted turus in an
inductance, will reduce the electrical
efliciency and cauxe hroad tuning.
This. however. cannot bhe the case
since satisfactory performiance is
secured over a certain portion of the
waveband. According 1o the wiring
diagram. tuuing is accomplished by
means of a series of variable condens-
ers. gaug controlled. in shunt with a
number of transformer windings. A
resistance in one of these circuits
would cnuse broad tuning but it would
not be limited to one or two stations
and it would not cause i decided re-
duction in signal intensity.

Since the coils are presumably in
good condition, the only possible
source of trouble is the tuning con-
denser system. A definite short circuit
across one of the condensers would
impair reception over the entire band.
A short across the condenser when the
plaies are in a certain condition would
<0 effect reception that the signals
wonld cease. If the seusitivity of the
receiver is so great that reception is
possible with 2 shorted condenser, the
short in one position of the condenser
rotor would manifest itself by a series
of clicks. Since this is not the case.
(he trouble is not a short eircuit. The
design of the tuning unit is likewise
beyond discussion because of its per-
formance over the remainder of the
waveband.

Were the radio-frequency charac-
teristic such that response on high
wavelengths would he less than low
wavelengihs, the lack of volume
would not be accompanied by lack of
selectivity. Hence, the only possible
cause can be incorrect resonance at a
certain selting of the ftuning control.
This coudition would c¢reate the effect
we are discussing since the various
circuits would not be tuned to the
same frequency or wavelength for any
one setting of the tuning control. A
checkup of condenser capacity at vari-
ous settings of the tuning dials, is
therefore in order.
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Tracing Distortion -

As the second illustration, let us
consider the subject of distortion. Re-
ceiver output volume is satisfactory,
or judged to be so. but the music and
speech are not clear. The causes of
distortion are numerous and the points
of trouble in a receiver which might
cause distortion are likewise numerous
but as a general rule. distortion occurs
mainly in the audio-frequency system.
Distortion may he present in the
audio-frequency coupling units and
present in the form of frejquency dis-
tortion where the audio coupling unit
accentuates or attennates certain fre-
quencies. In view of the fact that this
is a design detail. it may be climinated
at the start of the analysis, since its
etfect is not of the type generally un-
derstood as distortion.

In view of the fact that distortion
may be due to incorrect tube operation
and since it is ro be found most fre-
quently in the audio-frequeney ampli-
fying syvstem. one can for the present
eliminate ihe radio-frequency ampli-
tier. Since operating potentials govern
the performance of the vacuum tube,
the tirst step is to cheek the grid, fila-

ment and plate porentinls. If these
are correct, the source of potential
may be eliminated as the possible

source of trouble.

Now in connection with this work,
if the trouble is actually in the audio-
frequeney :amplitier, rhe operating po-
tentinls may not always be correct.
However, if the plate current of the
171 is excessive, ir is necessary to
analyze the wiring of this stage. As
i~ evident in the wiring diagram, the
filament cirenit of this tube is an in-
dividual circuit. The grid bias for
this tube is supplied by a separate re-
sistance. hence whatever the trouble
within this tube circuit. it is safe to
assume that it has no connection with
any other part of the receiver and it
is. therefore, unnecessary ro check the
other systems in the receiver until the
incorrect condition in the 171 stage is
rectified.

Tracing Electrical Disturbances

The third illnstration is that of
electrienl disturbances such as erackl-
ing, sizzling and frying sounds.

Sounds such as the above may he at-
tribmied to many sources. but their
possible locations ure fortunately less
numerous. Generally speaking, four
sources need be considered: 1. Outside
of the receiver with entry through the
aerial-gronnd system. 2. In the power
line circeuir wirh entry through the
power devices connected to the re-
ceiver, such as A and B eliminators.
3. BExternal of the receiver with entry,
by means of induction. to the receiver
or the speaker lead when a long con-
necting lead is employed. 4. In the
receiver itself, including of course,
battery supply when used in place of
the eliminators.

To determine the origin we must

(Continued on page 46)
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The Screen-Grid Vacuum Tube

A Semi-Technical Article Coverin

g Both the Theorv and the

Practical Applications of the Screen-Grid Tube, Inluding
Its Use as a Space-Charge-Grid Amplifier

PARL 1L

Characteristics of the 222.Type
Sereen-Grid Tube

HE arrangement of the elee-

trode terminals of (he screcen

erid tube ix oas follows: <iand-

ard UNX base with large
and two small prongs.  The electrode
connection to each hase prong may
be easily ascertained Ly reference
to Fig. 20 where, it will be noled. the
arvangement is the same as for all UN
rubes except that the screen-grid prong
is in the position usunally occupied by
the prong connected to the control grid
of the three-electrode tube. The con-
trol grid of the 222-type tibhe termi-
nates in the metal cap on the top of
the tube. Table No. 1 summarizes the
battery requirements and amplifica
tion data for this tube,

Iwa

Tvpical Radio-Frequency Circuits
Yr 1 F

The extreme sensitivity, high plaie
resistanee nnd low internal eapaeity of
the screen-grid tube requires special
circuits and arrangements in  order
that  these excellent characteristics
may be utilized to the fullest extent
possible. In Fig. 21 is shown a screen-
grid receiver of an approved 1ype.
Two screen-grid tubes mre used as
radio-frequency amplifiers while the
detector and aundio stages are supplied
with the rhrec-electrode tubes. From
a srudy of (he "Pable No. 1 it will have
been noted that the voltage across the
screen-grid tube filaments should he
3.3 volts while the negative hins on the

* President, National Radio Iustituie.
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Fig. 21.

Schematic diagram of a practical

“_Y 1 E. Smiutht

comrrol grid should be U5 volrs,  In-
asmucly as the volrage vor rhe 201-A
tube filnmenrs musr he nor less than 5
volts for lesr operation it ix neces-
sary to insert a special resistor R in
series with each screen-grid tube fila-
ment in order to reduce rhe voltage
to the 3.2 volts required. The resis-
tance of R should Le 15 ohms. By
using a tapped resisror. as shown, or
by using two resistors. one of ten and
one of five ohms. placed in series, with
the larger resistor nearest to the fila-
ment, it js possible 1o ger the eorrect
control grid bias from the drop in voit-
age across RR. rhus avoiding 1he use of
a ~“C" battery. Any one of the sran-
dard makes of broadeast radio-fre-
«queney transformers may he used for
the coils Lt and L2. For L3 and L4
the primary or small eoil should be
removed from the (ransformer and
rhe larger coil used alone. In eom-

The set builder should be caretul to
choose coils with a diameter of not
less fhan 2%, inches and. if possible,
to select coils wonnd with litz wire.
Both of these suggestions, if followed

DRECTION o5 »
O, | smici g 0 T L e
SCREEA™ “RATE
s*0 /0 Fig. 20. Socket
connections of the
d.c. screen.grid
0 Q tube.
o AN
O, rusrent R o 3 LT TR
will deerense the radio-reguency resis-

tance of the coil and permit sharper
tuning. Nore condensers Ct and CT.
These condensers should have a eapa-
city nor than .5 mf. They
should he mounted by means of metal
straps ~oldered or screwed to their
terminals direetly to the screen-grid
and one filament terminal of the tube

ol less

Table No. 1

Characteristics of the Screen-Grid Tuhe

‘““B” battery|' C "' battery| Plate Mutual Amplification | “A " battery
volts volts mils conductance factor | volts
135 1} 1.5 350 300 3.3
bination wirth 0005 wmt. variable con-  socket or else the condenser should be

densers these €oils will then eover rhe
required  hroadeast frequency range
and. at the same time have good im-
pediince charactervisties such as are
required tor sereen-grid rnhe circuits.

L 20/-A

¥ Output
toAudio Amplipren

|

A, - +8 + 8
L 45 90

screen-grid, radio-frequency

amplifier, employing tuned impedance coupling units,

www americanradiohistorv com

placed elose to the socket and con-
nected 1o the terminals by short wires.
Thes¢ condensers are used to by-pass
the radio-frequency energy which may
be uilt up by stray coupling to the
screen-zrid. C4 and C3 are blocking
condensers so pliaced that they keep
the plale potential of the preceding
ribe from being apptied to the control
grid of the following tube while, at
the same time, providing a low resis-
tance path for the radio-frequency
currents in the eireuit.

The distance from any part of coils
L1, L2 L3 and LA to the nearest point
of the <hielding should be not jess than
one and oue-half inches and prefer-
ably two inehes. Shiclding should be
complere as illustrated.

The preceding description concerned
rhie sereen-grid tuhes operating as
radio-frequency amplitiers in an
arrancement in which three tuned cir-
cuits are utilized,

A second type of broadcast receiver
employs two tuned cireuits and sup-
plies additional sensitivity and selec-
tivity through the use of a regenera-
tive detector as shown in Fig. 22, The
same requirements as to coils and loca-
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tions apply tfor this type of eircuit as

for that shown in Fig. 21. Note also
thar rhe plate current to the screen-

grid tube is supplied through a radio-
frequency eholke. L.

It ix. of cowrse. important in all
types of receivers oemploying the
screen-grid tube ro keep all low poten-
tial wires close to the =xhield and
sepnrated = tar as possible from the
high poetential wires whieh in turn
should Le ax G soway from the <hield
ax possible.

High-Frequency Receivers

The two foregoing diagrams have
applied te receivers to be used in the
broadeast frequencies, Ntandard parts
and kunown circuirs which need but
slight moditicarion to be applicable to
the screen-grid tube make rhie task of

changing over exisring seis or build-
ing a new receiver with screen-grid
fulies a ecomparatively easy one for

the broadcast set-builder. In the am-
plification of frequencies higher than
30tm kiloeyeles, however, the sitnarion

luye 4.3

RS

Fig. 22. An
adaptation of
the Robert’s cir.
cuit. employing
a screen-grid,
r-f. amplifiee,
with a tuned
impedance,
feeding a regen-
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into which the shielding walls can fir
and make a good shield joint between
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<honld he loeanted in a separaie small
compartment, as shown, in order thitt
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is only with the use of screen-grid
tubes that amplification has been ob-
tained at all at the very high frequen-
cies. Even with the secreen-grid tube
it is necessary to take careful steps in
the wiring and assembly and to pro-
vide filters in the bartery and phone
leads.

The receiver iltustrated in Fig. 23 is
sufliciently sensitive for any purpose
on shert wavelengihs, 'The constrnc-
tion details will be considered at some
length because of the excellent resulis
which may be achieved on rhe higher
frequencies from i well made short
wave receiver of this type.

The tirst question to be considered
is the shielding. This must he abso-
hitely complete except where wires
enrer rhe various compartmenrs. A
metial box should be secured and the
compartment joinis shoull be soldered
or tightly secrewed to ancle picces,
Wire holes should not he larger than
necess:ary (o clear the insnlation. The

cover should fit tightly over the hox
and have angle pieces screwed or

togerher through their wires which
connect ro the screen-grid amplifier
tube. A series of small compartments
<honld be built under rhe receiver
proper-—these sections to take the dif-
ferent bhartery wires amul introduce a
filter hetween the battery and the
receiver. Ouly a small coil and "‘post-
aze stamp’ condenser nre in eich of

]
-3 |

rhese comn-
pariments need only have  limited
SpHce,

All wires from the filter
ments to the points where
connected to rhe rubes, coils or con-
densers inside the receiver compart-
ment shonld be covered with a copper
braid  for  shiclding  purposes i
further preciaution against stray conp-
lings,

Taking the cirenits in
densers C1oand €2 are of
rvpe and shonld have «
about 150 mieromierofarads. A good
vernier dial shanld be provided to
seeure eaxy tuning.  Over the wave-
length band of from 30 ro 50 jmeters
the coil L1 shonld be madde un of 12
turns of nminuber 12 corton covered wire
wonnd muke a two and one-half
ineh  dinmeter coil of the selt sup-
porting type. Turng shonld be spaced
e widrh of the wire hy meang of
«tring.  The whole assembly should
be boiled in partatlin after completion.
1.2 rhe antenna eounting enil and
shionid be made of two turns of ordin-
nry aunuanciator wire 2% inehes in
dinmeter and placed xo thar the coup-
ling 1.1 quite cloxe. O~ is an
insulating capaeity intended 9 sepa-
rate the negative tilament from the
sronmded shieldd while permitting an

ensy path to ground for the radio-fre-

compart-
they are

HE

order : Con-

the variable
eapaciiy of

To

is

to is

quency currents in L1 and 1.2, The
capacity of C8 shonld be ahout 001
microfarad and the eondenser should

be of the postage stamp nmiiea viriery

I Lk 301-A Cs
"[:I;l e
™ . 3
B ~
| 3 L2 %
Fig. 24. A |5
screen-griid tube 1
used n the Y
normal manner S ——ﬂ—
in a resistance- 3 Gs
coupled. a-f. | -
amplifier. The
tube provides a
high voltage A
gain. [
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The high potential wire from the tun-
ing circuit L.1-Cl passes through the
upper part of the shield and goes
directly to the control grid cap on the
screen-grid tube. R1 is a small fixed
resistor in series withh the negative
filament of the screen-grid tube. The
resistance of R1 is ten ohms and it
supplies the necessary voltage drop for
proper filament voltage and grid bias
for tlhe tube. (3 is the screen-grid
to filament by-pass condeunser, an item
all too frequently left out in these cir-
cuits, ver a most important part if the
best operation is desired. As noted be-
fore, C3 has a capacity of .5 micro-
farad and may be a paper condenser.

The plate of the radio-frequency
amplifying (screen-grid) tube connects
through to the coil L3 and condenser
L2 which make up the tuned plate cir-
cuit of the amplifier tube, For the 30
to 50 meter hand L3 may be a 214 inch
diameter coil similar in construction
to L1 but having eight turns only. L3
is at high d-c. potenrial Decause it is
part of the plate battery circuits,
hence an insulating mica condenser of
.001 microfarad capacity is connnected
between the low potential end of L3
and the low potential end of condenser
C2. The low potential end of C2 is
also grounded to the shielding.

C4 is a mica condenser having a
capacity of .00025 microfarad and is
the capacity which couples the circuit
L3-C2 to the grid of the detector tube.
The three-megolim vesixtor R2 acts as
the leak for the grid of the detector
tube and also. by reason of its being
connected to the positive filament, pro-
vides the positive bias, necessary for
rectification, to the detector grid. L4
acts as the tickler and is an inch in
diameter wirh eight closely wound
turns of number twenty-six cotton
covered paraflined wire. The conden-
ser C5 is a small variable type and
controls regeneration.

Inductances 1.5 are radio-frequency
chokes which prevent high-frequency
currents from circulating in the audio-
frequency circuits. These chokes may
be made from 200 turns of No. 30 wire
either in a universal winding or in a
home-made thin coil shaped like a
disc. Condensers C6 are paper dielec-
tric 0.1 microfarad capacities which
act as by-passes in the various filter
circuits, Inductances L6 are the

radio-frequency chokes contained in
the tilter circuits and should be formed
of a single layer winding of number
forty enameled wire two inches long
on a half inch thick paraflined dowel
stick. R3 and R4 are variable resist-
ors used to control the filament cur-
rent in the vacuum tubes. R3 should
have a resistance of twenty ohms and
R4 a resistance of 6 ohms.

The arrangement of the circuits
should be similar to that shown in the

Radio Engineering, May, 1929

1t is possible, however, under favor-
able conditions to secure good results
with the receiver described even with-
out the filter circuits. If, for reasons
of economy or simplicity the filters are
not desired, the receiver may be built
without them. In such a case the
wiring diagram will be identical with
that shown in Fig. 23 except that all
lower compartments with their asso-
ciated ecircuits are left out and the
wires from the recciver are brought
directly out to the batteries.

The Screen-Grid Tube as an Audio
Amplifier

So far the practical application of
this tube has had to do with radio-
frequency circuits onty. The tube has
excellent characteristics as an audio
amplifier also. Where a high amplifi-
cation is desired an arrangement like
that shown in Fig. 24 may be em-
ployed. It is advisable to use only
one stage of screen-grid audio amplifi-
cation and to place that stage imme-
diately after the detector tube in order
that the power output of the tube may
not be exceeded. In Fig. 24 only the

diagram. In particular, the filter c¢ir- circuit from the detector tube through

| - UxX20-4 Aucio ToansFonmsn X222 UK201-A

v cs

-ﬁh—l—- —
A %
Fig. 26. The
screen-grid
tube employed |
as a space - ._.| <3 =
charge-grid ‘1
amplifier, In an ) j
a-f. clreuit. The * ~
voltage gain is ) ) 2 2
very high in bl 2 i

this case. P 1 b [
ey I |
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cuits should have their apertures the audio stages is shown—the radio-

through which the receiver wires pass
a8 close to the connecting element as
possible.

L7 is an iron-cored audio-frequency
choke of good commercial design. The
two chokes L7 prevent modulation and
microphonic noises by “ironing out”
rhe plate current.

The importance of suitable filter cir-
cuits on high-frequency receivers can
hardly be overemphasized. Especially
should a sensitive receiver of the type
described have all the battery and
phone leads pass through filters. By
the use of filters the major part of
the interfering noises found in a high-

frequency amplifier may be of any
conventional type or may include a
screen-grid stage. As in the radio-
frequency case a screen-grid tube used
as an audio-frequency amplifier must
be carefully shielded and special pains
must be taken to keep the control grid
and the plate leads well separated and
individually shielded. It is also de-
sirable to have a large capacity by-
pass condenser between screen-grid and
filament. Referring again to the dia-
gram of Fig. 24, the plate of the detec-
tor tube works into a rvesistive load
and is supplied with plate current
through resistor R5 which has a value

frequency receiver are eliminated. of from 25,000 to 100,000 ohms. C2 is
Table No. 2
Characteristics of the Space.Charge-Grid Tube
- z
“B” battery!' C " battery Plate Mutual Amplification | “ A" battery
volts volts mils conductance factor volts
| |
180 ‘ —13 0.3 ' ‘ 60 3413
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HORDARSON
AUDIO TRANSFORMERS

ONCIZ again Thordarson steps into the
foreground, this time with three new andio
transformers of nunrivaled performance—
fitting companions for the ¥amons R-300.

The R-100 is a quality replacement audio transformer for use by the
service man in improving and repairing old receivers with obsolcte or
burned out audio transformers. The universal mounting bracket of
this replacement unit permits mounting on cither side or end, and
is stotted in such a way as to fit the mouniing holes of the old audio
unit without extra drilling. List price $2.25.

Universal
Replacement
ndio
52.25
The R-260 introduces a new standard of performance for small audio
transformers. Wound on a core of Thordarson “DX-Metal” this
audio unit is capable of reproducing plenty of “lows.” It is entirely
devoid of resonant peaks and performs with unusual brilliance over

the entire audible band. List price $5.00.

The R-300 needs no introduction to the discriminating set builder.

R-260 It is commonly recognized by set manufacturers and individuals
T ommies alike as the peer of audio coupling transformers, regardless of price.
| #5.00 The high frequency cut-off at 8,000 cycles confines the amplification

to useful frequencies only. List price $8.00.

The R -400 is the first and only audio transformer built expressly for
‘|’ use with A. C. tubes. It is similar to the R-300 type in appearance
and performance but possesses a betier inductance characeristic
when working under high primary current conditions such as are
encountered in coupling the first and second stages of audio ampli-
fiers using 226 or 227 type tubes in the first stage. List price $9.00.

For Sale at Good Parts Dealers Everyiwchere

THORDARSON ELECTRIC
MANUFACTURING CO.

Trausformer Specialists Since 1895
HURON, KINGSBURY and LARRABEE STREETS

HORDARSON

20 Spoce TRANSFORMERS

A.C. Audio

Transformer
$9.0

R-300
Audio
Tranusformer
$8.00

SUPREME I N MUSICAL PERFORDMANCE
= ey

Y ra v -t
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a by-pass condenser from the low po-
tential end of the resistor K5 to ground
and the value of the eapacity is about
.02 microfarad. The tilament resis-
tance combination R2, R3. is similar
to that which has been described be-
fore and serves to reduce the voltage
across the tubes to the proper amount
as well as to turnish the correct grid
biasing potential. (1 this case R2 has
ten ohms resistunce. and R3J has six
ohns resistance. KRR s, of course,
variable as shown. C3-C3 are coup-
ling condensers letween tubes and
should have a capacity of .01 micro-
farad. R1-R1 are grid leaks and
should have a resistance of approxi-
mately three megohins. R4 should be
a resistor of abhout 250.000 ohms
(%4 megohm).

A modification of the above ecircuit
and one which works very satisfic-
torily is shown in Fig. 25. 1In this
audio amplitier the detector and
screen-grid tube high resistance loads
are composed of irou-cored echokes.
These chokes shonld have an indue-
tance of twenty or thirry henrys for
hest operation. By placing large con-
densers icross these audio chokes it is
possible to tune at specitic audio fre-
quencies, a feature that is sometimes
very desirable for code reception.

The Space-Charge-Grid Audio
Amplifier

A third method audio amplification

which is simpler in its application
makes use of the tube as a space-
charge-grid tuhe. Ir will be remeni-

bered thiat the spacechargegrid
method doex not prevent feed-back and.
hence, is of no value in radio-frequency
circuits. It is, however, applicable to
audio-frequeney use and is, possibly,
somewhat enxier to handle than an
audio-frequency sereen-grid amplifier.
The consrants of the tube as a space
charge amplifier are somewhat differ-
ent from those of the tube as a screen-
grid amplifier. Table No. 2 summnarizes
in tahular form rhe characteristics of
the tube for the space-churge-grid ar-
rangement. In this hookup it is also
important to remember that the grid
conneclted tfrom the socker hase he-
comes once more the control grid and
the metal eap from the top of the tube
is the space-charze-grid.

In Fig. 26 is a diagram of a detector
and two-stage audio amplifier in whiecli
the first audio stage is of the space-
charge-grid type. Referring ro Fig. 26.
the output from the (detector is fed
into an audio-frequency transformer
in the usual manner. Any good andio
transformer may he nsed in rhis place.
The secondary of the transzformer con-
nects. on one side, to the control grid
(a soeket terminul) while the other
or low potential end of rhe secondary
connects to a potentiometer 111 placed
across a single dry cell. It is advis-
able to hy-pass the potentiometer-bat-
tery with a condenser C1 having a
capacity of one microfarad. The
space-charge-grid (top of tube) is
brought directly ont to a hattery sup-
ply of plus 22 volts. Across the plate

circuit of the tube is placed a resistive
load of from .1 to .3 megohin and the
resistor is by-passed to ground at irs
lower end through a 1.0 niicrofavad
condenzer C2. The coupling tfrom the
spuce-charge-tube to the following tube
is tnken care of hy C3 which is a good
quality miea condenser wirlh a eapacity
of about .01 microfurad. Note that
the plate voltage for the space-charge
tube is 180 volts. In other respects
the amplifier resembles those that have
heen deseribed before,
(The end)

LIGHT-SENSITIVE CELLS
(Continuecd from page 32)
tances, daylight. sunlizht or the in
candescent fikiment lamp may be used.
1t is also possible to use cotor liliers
tor certain work where it is desirahle
ro reduee the diserepaney hetween the
effect of light on the cell and on rhe
hunin eyve. but such compensation is
of rather limited applieation: for there
is little similarity between rhe sensi
tiviry eurve for the eye and. for in
stanee, a1 potassinm hydride photoetec-
trie cell.  The latter has, as hias been
previously noted. &1 maximumn sensitiv-
ity in rhe blue-violet of the spectrum,
while the average eve is more sensi-
rive to the yellow-ugreen, This is, of
course. only i special instance : in most
applications rhe choice of an illuminant
nresents no serions ditlicnlties.

(1'0 bhe continued)

THE ENGINEERING RISE IN RADIO
(Continwed from page 36)

ing the tone in the receiver —-rhe spark

frequeney not bheing noriceable in the

telephones. [ was called a “liyrone™

system of lransmission,

In 1he realm of susrained waves it
was tomd that by nsing a eonpling of
abonr sixiy-tive per cenr. and a well
cooled  ratary gap.  single  impulses
could he produced in rhe gap circuit
which would transmir rheir energy to
rhe oscillaring cireuit wirh good efli-
ciengy.  These impacrs ocenrred so
rapidly rhat the antenna received new
energy before its enersy absorprion had
dmnped ot its oseillations, yielding
snstained winves.

The advent of rhe oseillating audion,
as descerihed in Chaprer 10, so far as
radio telephony is conecerned, hronght
in a4 new era of transmirter develop-
ment. ‘The andion may he employved to
generiate radio-frequency  alrernating
currents of any desired frequency. Ex
perience wirh the tube in the improved
receivers wherein the grid porentinl-
plare current charaereristic indicated
that a slight change in rhe grid poren-
tial eauses a relatively large variation
of the plate circuit current, was the
clne to the discovery of its oseillating
properties, Soon it heeame plain that
if a three-electrode tube were con-
nectedd so0 as to produce continuons
oseillations and a mierophone trans-
mitter and batiery were connected in-
duetively. or conductively. to the grid
sirenir. the grid potenrial would rise
and fall in accordance with the modu-
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larions of the human vaoice. and the
amplitude of the radio-frequency car-
rier wave would be modulated at vocal
frequencies.

(7o be continuecd)

RADIO SERVICING
(Continued from page 41)
proceed =tep by srep and eliminate
each chammel after test. The aerial
and ground sys<tem is, of counrse, the
simplest and <hould be tackled first.
Wirli the receiver adjusted to maxi-
mum sensitivity so rhat the disturb-
ance is loudest. disconneect the aerial.

If the disturbance eeases. its 3source
is externial of the veceiver and the
associated power equipment. By this

simple process. we preclude the neces-
sity of testing the remaining equip-
ment. Sinee we know the menns of
eutry, the aerial. we must artempt to
loeate the origin,  Unforrmnmely, this
test is very limited hut rhe results are
conclusive nevertheless.

An examination of the aerial is the
next step, beenuxe a swaying aerial
whieh sirikes or muakes intermittent
conraer with grounded objects. such
s pipes, stacks, mecal poles. metal
skvlights or ofher aerials. will cause
a elick each time conract is made and
hroken. If rhe rrouble orizinates at
rhix source, remedy ix <imple, but if
the nerial is perfecr, the disturbance
originates at some nearby szource and
is radinted. just as rhe radio <ignal to
be picked up by rhe aerial and passed
inro the radio recciver as if it were a
desired signal.  Remedy at the recefv-
ing end is impossible the distnrbance
gL he suppressed ar irs =ouree.  Any
device canneeted into the aerial system
in order to atiennate or eliminnte the
disturbance, will also eliminate the
desired siznal.  Complaint that soch
disturbanee ix more prononnced at the
lower end of the tuning dial or nn the
low wuavelengths, ix due to creater
receiver senxirivity on the low wave-
lenzrhs.

Assuming that rthe disturbance is
present  when rhe aevial is discon-
nected. we enn rake for granied that
it is net picked up hy rhe aerial.
Ilence, one channel is eliminated, The
nexr step ix 10 determine ihe possibil-
ity of induetion, as mentrioned. A few
minnies expended ro alter the position
of the receiver and the speaker will
show if this form of entry is existing.
If the changex in position do not help.
we have eliminared another channel.

Operation along this basis has been
fonnd extremely satisfactory. It is
impossible to give addifional iltustra-
rions of rhe process of climination al-
thongh they are very numerons and it
is= hoped that what has Dbeen said is
sutlicient to illusrrare the iden. It is
frue that it is more applicable to cer-
rain types of aunalysis than to others
bhut whenever applied. it is condncive
to more rapid progress.

The next diseussion will dwell upon
rhe possible fanlrs in radio-frequency
amplifying sysiems.

(70 be continned)
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QUALITY, QUANTITY
and

DEPENDABILITY

Since 1912 Peter L. Jensen has stood as an acknowl-
edged leader in the field of acoustics and in the
development of the dynamic principle in the repro-
duction of voice and music.

Peter L. Jensen. President and in charge of Research and Devel- X .
opment. Jensen Radio Manufacturing Co. Today he is surrounded by a working personnel

whose experience in the design, manufacture and
distribution of reproducers dates hack seven years—
to the very beginning of hroadcasting.

This group made Jensen history in 1927 and 1928.
And now facilities for five times greater production
The than ever before are provided by this organization
T and a completely new plant.
e Auditorinm

o i organization includes the i
The Jensen Auditorium This seasoned ganization 1nclud following

Dynamic Speaker Unit specialists: A. Leslie Oliver, Vice Pres. in charge of
designed o handle the Finance; Thos. A. White, General Sales Manager; R.T.
vutput of the most power- o o . 5 g

ful type of amplifiers Sullivan, Factory Manager; Karl Jensen, Production
available in models for Manauger; C. J. Gardner, in charge of Mechanical De-

110 volt A. C. and 110

and 220 volt 1. C. sign; Mardin T. Olsen, Swuperintendent Testing and

Inspection; George Olsen, Engineer.

The complete Jensen Laboratory and Enginecring
staffs are now located in the new plant at Chicago.
Their services are available 10 cooperate with your
Engineering Staff in the development of Dynamic
Reproducers best suited to vour requirements.

Jensen Radio Manufacturing Company

6601 §. Laramie - Ivenne 212 Ninth Street
Chicago. 1linois Oaklund, Culifornic

ensen

| DINAMIC SPEAKERS

Jemsen Paten
Liconuszd Unler
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A 245 Push-Pull Radio and Phonograph A mplifier

A4-C.

in

HE designing of an all-purpese power

amplifier and power supply unit is not

un easy 1ask, when it 1s taken into

consideration that in order 1a obfain
satisfactory resnlts under all condiilons.
proper in}{aednnce relations must be main-
tained. ake, as an example, the iuput
circuit. The prhmary impedance of the
usual input audio transformer is net suited
for use in direct connection with a phono-
graph pick-up. If impedance relations are
to he maintained. it is necessary to use a
separate transformer in cou_mnctnon with
the pick-up. or design the standard input
audio transformer to accommodatc both the
tmpedance requirements of a pick-up and
the plate impedance of the derector tube
in the receiver.

Special Features

In the power amplifier to he described. a

specially designed input transformer is e
p'lo\ed The primary of this transtormer
is tapped at a point that provides the
proper impedanee for the pick-up connee-
tion. This is transformer T, in the sche-
matie diagram of Fig, 2. The doubie pole.
double throw switeh, SW. provides a means
for ctianging the mmput connections from the
pick-up to the detector tube: the only nec-
esgary operation to change from radio to
phonograph.

It will he noticed that when the switeh
SW is in PP’ pasition, both the plate of
the detector tube amnd the B supply lead
are disconneeted from the primary of the
transformer T. When the switch is in the

Operated Power Amplifier and Power Unit,

Vumber of New Features

By Joseph Riley

'R position,

the pick-up is in
cireuit.

an open

Another interesting feature of this power
amplifier is the output push-pull trans-
former. T2. It will be noticed that there

are two secondary windings. The winding
M is_of high impedance and matches the
impedance of the average electromagnetic
speaker. The winding D is of low liaped
ance and is for u<~ in_connection with
electrodynamic speakers. This winding elim-
inates the necessity of employing a sepa-
rate impedance-matching transiorer in the
woving eoil eircuit, or input circuit, of the
dynaniie speaker.

Obviously. it the dynamic¢ speaker has its
own nnpeduncemutclung transformer. it
shonld be connected to the high impedance
winding M of the transformer T2.

The input push-pull transformer T1. is
alzo of special design and has a primary
impedance and [lequencv clmmctenstlc.
most desirable when a 227-type tnhe is em-
ploxved in the first audio stage. This is an
important matter, as the characteristics of
the 227-tyvpe tnhe are not the same as
snel tubes as the 201-A, the 226 or the 112
tube.

While on the subject of the first-siave
tube. note that the grid bias is obtained
through the drop in voltage across the

2,000 ohm resistor, R. Also note that the
secondary of the first-stage transformer, T.
and the primary of the input push-pull
teansformer, T1, are by-passed to the cath-
ode of the 227 tube by the 1. mf. con-
densers, C7 and C8 respectively.

Fig. 1.

View of the completed push-pull radlo and phonograph amplifier.

The use of the 245 power tubes provides a substantial energy output which

is particularly desirable when a dynamic speaker

is used. This unit is

entlrely a-c. operated and will supply operating power for a receiver as well.

The first stage transformer

in this amplifier

has a speclal tap for an

electric phonograph pick-up.
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Containing a

Advantages of the 245 Tubes

Some people may question the advisability
of the use of two 243 tubes in push-pull
in the event that the amplifier is to he
used in the home. or in a small hall. Ig-
noring the desires of the volume hound,
how much eunergy output is required in the
average home. or in a small hall, to obtain
the best quality?

Most engineers agree that the output of
a single 171 is snflicient for such purposes,
and they are correct, in so far as set con-
ditions go. This is on the assumption that
2 magnetic speaker is employed and that
the average liatener Is not particularly
squeamish abont Jow registers. However.
the single 171 tube has not sutficient out-
put to operate effectively a dynamie
speaker, and even two 171 tubes in push-
pull are not capable of operating a good
dynamic speaker to best advantage. It
must be remembered that a dvnamic speaker
is capable of reprodncing low frequencies
that the avernge magnetic speaker cannot
reach—and in view of this it iz evident
that a greater output is required to obtain
any appreciable movement of the moving
coil at bass notes,

Surely, it i3 not necessary to cover the
advantages of  push l\ll“ amplitication
everyone is well 'u‘qnmnled with them by
this time. The main advantage. of course.
is the elimination of harmonic distortion
and this alene is suflicient to recommend
the nse of a push-pull amplifier.

Now, regarding the energy
single 245 tube develops an undistorted en-
ergy outpnt of 750 milliwatts at a plate
voltage of 180, and 1600 milliwatts at a
plate voltage of 230. \With rhe present
power amplifier one is assured of plenty
of energy for driving the speaker, even
though the maximum plate voitage will be
lower than the full 250 volts. A study of
the voltage characteristics of the 280 full-
wave rectifier will indicate that with the
high current drain of the 245 tubes, it is
not possible to maintain the maximum volt-
age. However. the voltage drop is not so
great as to detract appreciably from the
operation of the amplifier: the energy out-
put is sufficient for all the purposes the
unit would ordinarily be put to.

outpnt: a

The Power Supply Unit

let us i1ake a look at the power
supply unit. The power n'\nsl’onner T3
hus five windings. the primary winding,
connecting to the 110-volt, a-c. light socket
a 25-volt filament winding to supply fila-
ent \'olmge to the receiver. if desired:
another 2.5-volt winding to ‘illl)])l\' the ﬂla
ments of 1he two 245 tubes and the 227

tube; a S-velt winding eupnlvmg the ﬂla-
ment of the 280 full-wave rectifier, and a
high-vultage winding, providing a maximum
of 230 volts at the outpnt, under normal

Now

ads.

It will be noticed that all of the filament
heater windings have center taps and,
therefore. it is not necessary to emplo\
center-tapped resistors to balance out hum.

The filter system of the power unit is
made up of two filter chokes. Ch.. Ch. and
the high-voltage filter condensers. C. CIL
and C2, with the ecapacities indicated.
These three condensers, as well as the con-
densers C3. C3 and C6 are all con-
rained in a single condenser block. The
two filter chokes Ch., Ch. are in a separate
case.
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» » KEEP AHEAD OF PROGRESS!

Make your present product, your new product, with

Durez!

IT’s A fast-moving one, this radio indus-
try. You're in it. You know. New in-
ventions are continually being perfected.
Improvements. Revision of old methods.
And with the development of new prod-
ucts, such as the five-prong tube, manu-
facturers are turning to more satisfactory
materials. . . . Which is one good recason
why Durez is rapidly replacing wood,
porcclain, metal, hard rubber, celluloid
and the like.

Durez fills all the requircments of other
materials, and has additional virtues of its
own! To begin with, Durez has remark-
able insulating strength. Then it is tough,
non-brittle. Hard as flint. Strong, yet light.
Resists heat. Resists acids, alkalines
moisture, oils. And with all these quali-
ties, it is still beautiful! The wide range
of colors, in blended, plain, striated, or
mottled effects, adds much to the prod-
uct’s salability.

There’s another feature about Durez
that radio men like: The simplicity of
manufacture. It goes into the mold. It
comes out of the mold. One operation,

* ONE,or a MILLION just like it

\- e * and there's your product — complete!
Studs inserted, screw holes made, intri-

cate designing all cared for. No tooling,
burnishing, or polishing. Complete!

Perhaps you're interested in some new
radio project. Or your present product
isn't quite satisfactory. In cither case,
investigate Durez! Prove for yourself
or we'll gladly prove for you—how much
more cfheient, durable, beautiful, salable
Durecz can make your product. Don’t let
tradition or custom hold vou back. If
therc’s better material than the one you're
using, you owe it to yourself to look into

it. We're sure Durez
= is that material.

Tell us what you
make. We'll tell you
how to make it bet-
ter—with Durez.
General Plastics,
Ine., 55 Walck Road,
North Tonawanda,
N. Y. Also New
York, Chicago, San

Francisco.

Write for this free booklet,"Do
It With Dures.” Contains com-
plete information about Durez
—physical and dielectric proper-
ties, color ranges, and scores of
possible applications.

www_americanradiohistorv com
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I'he condeusers, C#, C4 and €5 hy-pass
1the taps on the veoliage divider resixiance.
K2, which supplies B voltage for the ampli
fier tubes as well as the tubes in the re
ceiver.  Candenser C6 hy-passes 1he S0
ol resistor 111, which proviaes the proper

bians for the vrids of the 245 tubes. Thix
resistor. as well as all of the condensers,
terminate at point CT, which is the con
mon terminitl, or 13 minus. The condensers
are actually connected together inside the
condenger block and there is but one com
mon terminal eonnection 1rowm thi= nmt
The two exceptions are the low voltage con-
densers C7 and C8 whieh can he ~een
mennted  together on  the  basehoard h
the illnstration of Fig. 2

hie switeh A, is in oune of the pwimary
jeids of the power transformer, T3 and
be any form of 110-volt snap switeh.

‘This

gwiteh, of cowrse. turng on and off betl
the amplifer and the receiver. providing
receiver obtains its power from t
In the event that there is an ap
anonnt of line voltage variation where the
auiplifier is to be employed, iN snguested
that mie form of line voltaze regulniar
he nzed AS o matter of fact, it is very
w idea to use one anyway It can be
connected in the same lead carrvin e
switeh A,
Construction
There Is very

o tle 1o say regardh the
construction ol this power ampl Must
or 11 viadls n wathered frone the
ceompanying  illustrations, The  nujor
portion of the wiring is done underneath
the haseboard, the latter being riised by
tour rubher feet.

Follow the usnal set af sugzestinns in
recards to wiring and the placement of
parts. Keen ail the twisied
well away from. or ot right
and plate leads.  Likewise
and plate leads well sepa Che pares
should be =0 mounted thar all leads ean
be ax shert and o this <

to the wr
1o Tudbsw zaneral lavean
the illustr but there Is
avainst nlter the position of some
of the parts to suit individual requirement
providing such eluznzes will nor dter the
wiring scheme lo any grent exten.

The illnsteation ot Flx 1 shows the gen
eral position of wt oof the parts. At the

ing

hack of the basehoard are wmounted. from
left to right, the power transtormer
the condenser block., contpining the high

veltae condengers, . '], ("2, [DE A M
amd C6and the tilter chioke nnit, contain
ing rthe chokes Ch., 'h

The UNX-280, full-wave reciifier tube ix
mountsl directly in front of the jower
transformer  case The 245 power mbes
are nwnnted together directly to the lelr
of the push-pull outnut transformer, T2,
witiel 15 at the extreme righr. i to the

of tha basebourd
Fhe 227 tube i8 mounted hetween fwo
of the transformers : the transfarmer o
the beft of the tube is the input awdio unit
T oand the one to the rlzht of the tabe i
1th put push-pull tran rmer, 't

The bindineg post 21vi) the

Reudio Kugincering, 3lay, 1929

DET. SW. T 2271 T T
) 245 2
g g
i | %
c? D
y -3 c8 4
PICKUP o 3 245 o
' 2000 OHMS
I G
< o
25v
o H— 1=
b b [
25V — € R{
- ] 8
> OHNS
i B
bl % 5000
A §I C5 % dams 45V,
| a| =%
! > 3000
s l gONMS aQv.
3000
OHMS
135v
s L8
110V,
60'9»\(‘. R2 8+ MAX
Ct = 2 MF C3 - 2MF C6= { MF
C = 4 MF C4 = 2MF C7 = 1 MF
C2 = 2 MF CS5 = { MF. C8 = t MF.
Fig. 2. The schematic diagram of the 245 push.pull amplitier described]

in this article.
of the first stage transformer. rather
tube. This is made possible by the
note that the output push-pull

transformer has both a high and a

Note that the pick-up is thrown in to the primary circuit

than in the grid circuit of the detector
1se of a tapped primary winding. Also
tow

impedance winding, for magnetic and dynamic speakers.

front ot the baseboard earries the outpnt
terminals.  Iromn left to rizht: the lirst
TWa os are the terminal connections for

spenker and rhe next two posts

a dyuamic
noi netie speaker

ire the termiuals for a
Reterving ta the illns ion of Fig. 3
+ two byopass  condensers, T aml C8
are nmunred the hack of the [
tnhe sockel W-ohm grid bias re-
sistor, I, is in the form of a strip. and

doeg not shew up clearly in the illugtrs

i but is connected from the eathode
the 227 tube sockel to o terminal
3 stz andio tra

resiinr unit
or. R which
the twn 245

the sun-phim
| the proper

U

A top
view of the
completed
push-pull am-
plifier. All  of
the power sup-
ply units are
mounted at the
rear of the
baseboard and
the amplifier
units at the
front. The de-
tector plate
lead and the
p'h onograph
pick-up con-
nect to posts on

he terminal
strip mounted
on the left side
of the base-
board. The B
voltage termi-
nals are grouped
on the strip to

the right.

www. americanradiohistorv com

The bhinding post strip at the left of
the baseboard (Fig. 3) ecarriez a portiou
of the external connection rerminals, They
are, from tep ro bottom: the two 2.5 volt
fllament  terminals, detector plate connes
tion, and the o terminal eonneetions for
the phonneraph piek-up.

The bimiling post srrip
rizht hand side of the
the B volrage terminals,
B oplns t then 13 plos
the lasr post, It minus

The 1t e pole. double
graph-radio switeh, 8SW_ iz seen mounted
@ bit to the lefr of the 220 tube sockel.
In the event that the power amplifler is
19 he placed inside of a net, the five

mminted on the
bhasebonrd earries
The top posr is
980, L plus 43 and

throw, phono-

leads  eo 1ing 1o this awiteh may he
1 out to the pauel- of the radio
or any other desirahle position

el the switeh mounted within easy reach,
The same hold2 irue of the switeh A,

LIST OF PARTS REQUIRED
1—Dongan 1st stage audio transformer.
Type 11-2121 (T
1—Dongan inpur
Type H-2142
1—Dongan output pugh-pull transformer,
0. 2189 (T:)

imshopmll transformer
(')

power ctransformer. No, 0994
(T2).

1—Donzan W54
(ch

filter ehake wnii, No

Ch.

colddenser unit. No.
c

D-946 (C.
5. Ce)

» X .
Qe Tabe 1.0 miff, fixed condensers (., Cs)
il I-‘,h‘-‘lwl)'ud 2.000-0him grid hias resistor

&

1—Dangan
oo

A 1S resistor (15)

1 ty
1 Flectrad C130-X pesistor (
T Muter 11 DT switeh W)
= -Benfaming Noo 9040, fonr-prong tube
sockets,
1-—-lenjumin. No. 2036, five-prong tube
1 1be,
2 power tnhes.
1- full-wave vectilier tube,
1. wling post Ririp 8”7 x 17 x 1"
Binding post strips 77 x1” x
- X'L hinding posts
Rall Corwieo “Kraidite” iwisted wire
ol Corwico “Braidire” hookup wire.
,

1

1

1---Veneer hageboard 157 x 15K” x
4—Kubher feet, for baseboard.

Accessories
1 -BElectrie phonogranh pick-up.

Line voltage reenlator
1- -1le.velt line switch.
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ancing the CLAROSTAT
==\Wire-wound

VOLUME control is indispensable in any present-day radio set. It would
be as logical to make an automobile without accelerator, as a radio sel
without volume control. In both instances the user insists on regulating the
performance according to desires and conditions. BUT—
Can you afford to instail a volume control that fails to conirol, that is uncer-
tain in operation, that introduces noises, that will wear out aud thereby call for
servicing or replacement? Can yon jeopardize the reputation of your sets, your
engineering and your business integrity? Can you afford to think in terms
of peunnies when you are really dealing with your entire capital?
If the answer is yes, then you are mot interested in what follows. If your
answer is NO—em phatically NO!—then read on, because here is one of the most
important announcements ever made lo radio set designers and manufacturers.

A Perjecle(l VOI""I(! Coutro] the device. If insufticient pressnre is applied, the slight

Two yeurs ago, the Clurestat kngincering Stall set out gnide lwatied] ppiiiofwire bresenyd clenl sentisc il

Lo develop u velume control that would be (1) readily :Ix::‘nl:-r“(\d::u“ is ApL to be ns noisy us the carbonized
ndjustable for any vatume; () smooth and positively S i . .

selens in wdiustent; (3) eupable of intnining any In seeking the idenl compromise, the Chirostat Kn-

3 settling detinitely witl resistinnee gir 1L sttt has develvoped wua uniyue fu of -

positively free from wear w tear; (5) tact. It is B pressure contnet, established & Y [}

on the wiwding. without seruplug or wenr. The tine

iy necessary resisfunce ruoge; (6) inex-

by 1o means cherp

And these eng ing ettorts wre now presented in the

new . CLAROSTAT WIRE-WOUND VOLUME CON- < " s " 3

FRO1. This device is an entirely new conceptio 1t . A Sl”l[l’ﬂ'll"ll l"be.'"o""_ ‘lecl‘lamsm

in mailable in the higliest resistunce vilues re 7 Mhe accompnaying illustration of tire CLAROSTAT

t, is i genuine wire-wound job—unot to he confused WIKE-WOUND VOLULME CONTROL tells the stary

with earhonized paper devices hitherto necessury tar ‘l'lllll](l “'". etnl cnsing, 1% inclies in dmvm-ler._ u

high resistunee ranges. Nor ix it o be confnsed with .U‘nk"lllt‘ strip, pre-threndenl, waund with fiue wir

e wire windings and sliding contacts, which wear out Ihe shatl pnsses throbgh o lang bewring and carries

in whort order. 'This Clarostat offering is unigue, revo- twa waghers so punched ag (o produce un inclined

Intionury, hetter, indispensable surfnce between themselves.  Between the washers or
K ’ cams is u phasgphor-hronze disk rudially =lotted for

wire is ne distarhed. It cannot wear out. Yet u
positive, noiscless, velvety adjustment is rendily mude.

I'.gh Resistance With Wire grentest resitieney, and so loented as to rock or gyrate
Wi 3 f bl -enintors have lerctofor been as (he shutt revolves, yvet (his disk, chrominm plated
\ G e [egietos e ! & ciurnot turn with (he shalt since it ig held in permanent

I"'" renis:tfnlcq of W00 olpn(s._whlc!;"n position hy u projection of the ldle contact on
\‘l‘:(‘;s.l“\\ ")"l'”\,'l‘)' Vll”)I’lIJ"\'I“I': ‘83:':’?““ :‘s casing. This simple mechunism cunses the contaet ilisk
- 4N s N 4 5 i e q i i o

istinee vilues np to 25,000 ol An to establish cuntaet ut sny point aronned the ecircle,

aupport holds the turns in heir < < 0 9 [
ately and permanentd; They can- Av("l"”!e o A"y T}IIO f("‘ A"y Ap'lllclll,l(l"
i e TLAROST AT  WIRE-WOUND VOLUME CON-

Lured in a type withh three terminals,

limited (0 @
inndequate |
CLARONTAY
wvailable in »
migune thre:
proper pluces, acen
not shift or short-

A New Form of Contact or pofentinmieter style; in u iype with twoe ferminaly,

When asing the fine wire necessary to obtain the high rhicostat style; %o in o tandem wvr duo-

v tunce val it is improactienl to employ a sticing volume control style r regulnting two circuits with
1t in o test, phitee, with anQivient pressnrve to (0 """’l"

hlish a1 ¢ o coatnet, there ir Rerions wenr nird But Lhis is unt the whole story. A sample will tell

< on the fing wir resnltlog in earty brenlutown of mare thing ten thounsand words of description, se

Designers and Manufacturers of A-C Seis
=
“ I{l'l‘l_ for sample of (he LAROSTAT WIRLE-WOUND VOLUME CONTROL, on your
4 basine: 1

stutionery, ill be sent for yonr exam tlon and test. Also,
don’t forgee that the y resistors for every radio need—lixed. variable and
satomati Tell ns abont ye

ce probtems and we shall tell you how to solve them.
CLAROSTAT MANUFACTURING COMP'ANY, Ine.
Specialists in Radio Aids

www americanradiohistorv com
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SERVICE MAN’S MANUAL READY
SOON

Two hooks written by John F. Rider for
the radio serviceman will be ready soon,
is the announcement received from fhe
Radio Treatise Co., 1440 Broadway,
York City.

These two treatises constitute a_two-
volume geries. entitled '‘The Service Man’s

New

Manual.”” The first volume, entitled “The
Mathematics of Radio,” explains radio
phenomena in a practicai manner, with

examples of all calculation, so that the
serviceman may be in a position to solve
all technical problems. This book leads
up to the second volume. An idea of the
contents of Volnme 1 is “Ohm’'s Law, Re-
sistnnces. D-C. Filament Circuits, A-C. Fila-
ment Circnits. Capacity, Voltage Divider
Nystems for B Eliminators, Induction. Re-
actiance and Impedance, Resonant Circuits,
lron Core Chokes and Transformers,
vacuum  Tnbes, Three-Element Tubes,
1"ower Amrliﬂcntion, Graphs and Response
Curves, Multiple-Stage Amplifiers, Alter-
nating-Current Tubes. Screen-Grid Tubes,
A and B Elimlnators™.

The second volume, entitled “The Trouble
Sheoting Manual,” is written to fill a long
felt want. It contains the diagnosis of
receiver systems. R-F. Amplifiers, A-F. Am-
plifiers, Eliminators, etc. Trouble shooting
in these systems with commercial set_testers
and analysis of svmptoms. Wiring dingram
of Weston and Jewell set testers, appliea-
tion of these testers and about 130 wiring
diagrams of old and modern commercial
receivers. A few of the receiver manufac-
furers represented in this volume are Radio
Corporation of America, Fada, Freed-Eis-
mann, Kolster, Federal, Zenith. Crosley.
Stromberg-Carlson and others. The books
are 814 x 11”7 and the price is $5.00 for the
two volumes: $2.00 for Volume 1 and $3.00
for Volume 2.

ARCTURUS FACTORIES WILL RUN
ALL SUMMER

Stockholders of Arcturus Radio Tube
Company, at their annual meeting. were
informed by President Chester H. Brasel-
ton that =satisfactory progress is being
inade in the company's recently announced
expansion program. The company's plants
will run at ecapaeity through the summer
monthg, according to present outlook, he
said. and the newly purchased factory in
Newark, containing 111.000 square feet of
floor space, is expected to begin operations
not Iater than June. Directors were re-
elected.

TEMPLE SPEAKER PLANT NOW
SEPARATE UNIT

Due to the demand for Temple dvnamic
units, which are equipped with the im-
proved Temple hum eliminator, plant No.
2, 1925 South Western Avenue, Is now being
uged for the manufacture of speakers only
and is in charge of Captain F, W. Piper.
former Western sales manager of the United
Reproducers Corporation.

Plant No. 1, which is situated at 5253
West 65th Street is being devoted to the
manufacture of the Templetone Radio Set
exclusively.

BILL ALLEY TO DIRECT RMA
MERCHANDISING SERVICE

President I1. H. Frost of the Radio Manu-
facturers Association has annpounced the
appointment of Mr. William AHey. former
managing editor of Radio Retailing. as
merchandising manager for the new estab-
lished Merchandising Bureau of the RMA
at its New York headuarters.

The new RMA Merchandising Bureau ix
another new service for the members, nnd
also for radie jobhers and dealers. Com-
prehensive merchandising service, industry
surveys and special service for members
will be developed by Mr. Alley who for

years has heen an outstanding authority
on radio merchanaising. The new Mer-
chandising Burean will operate under the
immediate guidance of the RMA Merchan
dising Committee, headed by Mr. L. E.
Noble, of Buffalo, Chairman, following the
Bqlxcies outlined by the RM.\ Board of
irectors.

“Bill” Alley, as he is widely known
throughout the radio industry, becomes the
RMA merchandising manager with a wealth
of experience and industry connections.
He has been connected with Radio Retail-
ing since its inception_in 1924, and lately
as managing editor. Mr. Alley took over
the editorial management of the trade
magazine upon the appointment of its edi-
tor, Mr. O. IH. Caldwell, to the Radio
Commission in Maren, 1927. From 1924
to 1927 Mr. Alley was associate editor and
for the past two yvears has been managing
editor and has written extensively on mer-

WILLIAM ALLEY

Merchandlsing Manager, R.M.A.

chandising subjects. He has been in close
contact with the development of the radio
trade and_industry, its problems passing
over his desk daily during the past five
years.

Prior to his publishing experience, Mr.
Alley had practical experience in radio
merchandising through the operation of a
small chain of retail radio stores in New
York and Connecticut. This experience
ranged from wrapping bundles behind the
counter to vice-president and advertising
manager of the retall chain.

Mr. Alley’s aim is te afferd comprehen.
sive merchandising service and a source
for authentic industry information for RMA
medmhers and also jobbers and dealers of
radio.

CUNNINGHAM BOOKLET RECE1VES
TRADE APPROVAL

One of the best dealer helps of the vear
is found in the Cunningham Socket Book-
let distributed by E. T. Cunningham, Ine.

This booklet is a loose leaf affair with
an attractive and servicenble binder that
affords a handy and permanent reference
fo the data sheets.

Eaeh page gives the manufacturer of the
recciver, the meodel name or number, a
dingram of the socket position, a socket
number and the eircuit position of each

www americanradiohistorv. com

socket. Below is a table listing the prover
type Cunningham radio tube to insert in
each socket for correct operation and maxi-
mum reception,

At present the booklet contains 237
models—past and present of 36 different
set manufacturers. It is the intention of
the Cunningham Company to issue addi-
tional pages as new models appear.

The popularity and need for this hook-
let is attested by the fact that three print-
ings have been necessary to take care of
the trade demand.

This booklet is available for radio deal-
ers and their servicemen, free of charge.
if they will address their requests to the
Sales Promotional Department of E. T.
Cunningham. 1Ine, 370 Seventh Avenue,
New York, N. Y.

CODY AND FISKE JOIN GOLD SEAL

J. K. I. Cody has been appointed gen-
eral sales manager of the Gold Seal Elec-
triecal Company, Inc., of New York.

Mr. Cody, although new in tube activi-
ties is well known as a successful executive
as gemeral manager of the National Cash
Register business in Japan, where his ef-
forts were largely responsible for the com-
manding position N.C.R. occupled in the
Japanese Empire,

Edward R. Fiske (formerly assistant gen-
eral sales manager of the Ceco Mfg. Co.),
has been placed at the head of the field
force, as general field supervisor.

Mr. Fiske has a host_of friends in the
trade, and has achieved considerable dis-
tinction for the fine showing he made in
glsx)e%Ceco operation during 1926, 1927 and

SONATRON OPENS CHICAGO
PLANT

The Sonatron Tube Company have taken
over a five-story and basement brick build-
ing at Fillmore and Central Park Avenues,
in Chicago. The building, which was ac-
quired a few weeks ago, 1s the most recent
addition to the Sonatron Tube Company’s
production facilities. Its acquisition was
necessitated bv the increasing demand for

Sonatron products in the west. according
to Harry Chirelstein, president of the com-
pany. The main factories are located at

Newark. New Jersey.

The Chilcago plant is a model factory
structnre, 1t has a total of 75,000 square
feet of floor space, and is located on «
switch track.

According to Mr. Chirelstein, production
in the new plant will be stepped up to
40,000 tubes a day. This, together with
a simllar number to be produced when
the new addition to the Newark factorv
is in operation, will make the contemplated
output for all factories 80,000 tubes a aday
within a short time.

O’NEIL JOINS A. H. LYNCH, INC.
Annpuncement s made by Arthur H.
Lynch, Inc.. 1775 Broadway—General
Motors Ruilding—New York City, that Mr.
J. F. O'Neil, the Pennsyvlvania representa-
tive for the CeCo Manufacturing Company,
has severed his connection with that or-
ganization as of April 15th to take on the
1tzieneral managership of the Lynch corpora-
on.

Mr. O’Nefl was for eight years Superin-
tendent of Agencies for the Curtis Puhlish-
ing Company before going with the CeCo
company. In his new connection with Ar
thur H. Lynch, Inc, he will have charge of
a group of sales experts in all parts of the
countrv. Negotiations are under way with
severnl tube manufacturers and it is ex-
pected that the Lynch orgamization will
represent one of them very shortly.

Mr. O'Neil is well known among New
York, New Jersev and Pennsylvania jobhers
nand under his direction it is expected that
the sales representation section of the
Lynch corporation will show material prog-
ress during the coming season.
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DEPENDABLE

QUALITY — UNIFORMITY

SERVICE
ON
WAXES — & — MELTABLE
INSULATING and WEATHER-

PROOFING COMPOUNDS
WAXES—AI kinds.

IMPREGNATIONS—Condensers, Coils, Rubber-
Covered and Weather-Proofed Wire, Telephone
and Electrical Cables, Etc.

SEALING COMPOUNDS—Coils, Condensers,
Batteries (Wet & Dry), Pot Heads, Cables, Wir-
ing Devices and Specials.

FINISHING—AIl grades of Weather Proof and
Rubber-Covered Wire.

SPECIAL COMPOUNDS

2515 W. 35th St,
Chicago, Il

“For over 35 yrs.”

Eliminate This Grief
Right Off the Bat

There is nothing more an-
noying to a listener than to
have a volume control that
fails to give adequate con-
trol on all stations and de-
velops noise with use.

Because of the exclusive
rocking disc construction,
Centralab controls are al-
ways quiet and turn with a
“velvety” smoothness.

Send for interest-

ink . technical Centralab controls may be
bookiely “Wolnme obtained with a resistance
age Controls taper suitable for practically
Their use

every type of circuit.

CENTRAL RADIO LABORATORIES
25 Kcefe Ave. Milwaukee, Wisconsin

Centzalab
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I You Can Forget the Condensers, If They Are DUBILIERS?

TYPE 665 1
A condeunser
adapted to radio
Iranamillerse
tube bombard-
ers — high fre.
«quency furnaces

Dllbiliel‘—thc

manufacturers’ standard

Why do foremost radio engineers spec-
ify Dubilier condensers? Because they
can’t afford to take a chance—and save
a few cents!

They must have the assurance that
their sets are going to stay sold and
they know that the ample factor of
safety mecans long life. That’s why
they specify Dubiliers.

Dubilier has been manufacturing con-
densers since 1913, Surely this means
something.

Consult us in reference to your problems

One of the many
hundred types of
Condensers Dubi-
lier is producing
for radio manu-
facturers. Many
thousands of these
condensers are
being used in well-
known and nation-
ally advertised
radio scis.

Reg U.S Pat.Ott.

Address Dept. 77

Dubilier

 CONDENSER CORPORATION

Tz, e,

10 East 43rd Street, New York City
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RADIOTRON UY-2214

L new four-electrode. screen-grid ampli
lier tube, Radiotron UY-224 embodying
2 volt heater element which permits op
cration from alternating cinrent hax Leen

ket by the Radio Cor

placed on the m
poration of Awmeric:

This new Radiotron is recommended ro
use primarily as a radio-frequeney ampli
fier in cirenits especially design for it
bhut it may also be nxed in special ¢ireuits
a8 a derector or ax an audio-frequency
amplifier

Radiotron UY-224, a-c. screen-grid
tube.

Characteristics of the UY-224 follows :

Plnte voltage. maxinwun amd reconnmended.
0 volts

Negative grid voltage. . . . 1S volts
Nereen voltage, maximum. SLT5 volts
Plate enrrent 4 milliamperes
Rereen enrrent, not over 4 of plate current
Plate resistance. e 100,000 oltme,
Amplification factor..
12l Condnctance

..... 5 . )
1050 micromhos

. . Voltg 2.5.... .. Amperes 1,754

. overnll. Length 5% . Diam. 113/16”

PSS, ...Standard UY' (5 'roug
GERD STANDPEAK CONDENSERS

The Gerd Electrie Co.. a newly formed
organization, located in the Kendull Xquare
LBuilding, Cambridge, Mass.,, have gone into
produetion on u very fine grade of low und
high veltage, filter and by-pass condensers
il power blocks, to meet all special aml
general requirciments.

The 200 d-c. working vollage, by-pass con
densers are made in  capacities ranging
from 0.1 mf. to 2.0 mf. The filter cun-
densers, with a working voltage of 400 d-c..
are made in eapacities from 1.0 to 4.0 f
‘The power condensers are made in the
sime eapacities but have a werking volt-
age of 600 to 1,000 d-c.

The Gerd power blocks are made up for
171, 210 and 250 power packs.

One of the main features of the Gerd
condensers lies in the method of manu-
facture,  Eunch condenser is impregnated
ice. through a special process., The ma-
s and the complete condensers are
~iven a total of elght tests. Ten processes
e involved in their manufacture.

DEVELOPMEN
THE MONTF

The new Best theatre pick-up.

NEW BEST THEATRE PICK-UP

A uew phonegraph pick-up has
nouneed by 1he DRest Manufacturing %
Hiny L trvington, N. I, manulacturoers
af the fanmus BRI Motor.

i af the serious objections to pick
ups has heen the damiage they do to the
records. When one first looks at the Best
Theatre 'ick-up one would think irts lirge
ize and tremendons weight would wear ont
reeords  even quicker than the other
pick-ups.

Fhe Theatre Pick-up, however. is so fine
Iy counterbalanced that just enough weight
! s an the record for the needle to track

perfectly That is
frequencies.
The idea of the Best engineers was to
1 pick-up  which would give the
il publie the beuefit of a pick-up which
wonld be in every way comparable with
thuse now usel in the theatres and which
‘st well over $200. The Best Theatre
K-Up a8 a response curve which is re
kubly close to the high priced, oil
Hloated types it is elaimed.

Needle seratch is appreciably less and
record life is thereby greatly increased.

true of high and low

THORDARSON REPLACEMENT
TRANSFORMER

The ‘Thordarson Electric Co.. of Chicngo.
have introdneed a new andio-freque
ansformer, known as R-100, so desi
that it may be easily and conveniently in
stalled in any make of receiver. or in
dividual amplitier nnit. to replace a dam
aged transforiner,

Thordarson R-100 Replacement
Transformer,

www americanradiohistorv com
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he accompanying illustration indicares

the special features of the R-100 unit. The
hrackets arve so uged that the trans-
Tormer in Le ewed or bolted in place
and inomost any  pesition desired.  Con-

eut soldering tubs ar
transformer terminnls,
Uhe  KJon  Heplacement
neasures only ek Y
a gnality nnit.,

at each of the

Transformer
N2YX PR ver oo
‘he list price is $2.25,

UNIVERSAL “KK” MICROPIIONE

'he new model Universal Broadeast Sia
ion Mierophone is now available through
New York and Chicago oftices of the
Goetham Fngn ne and Niales Co., or from
the nive: Micraphone Co., inglewood.

lit, I'h ig a superior twoe-button unlt
with =olid hack. strerched durahumin dia
hramin, and gohi eontact surfaces. ‘The
nrve of response is unusually  flat from
30 10 10.000 es. and the bxence of

hothersome  “liizs™ i notable. it can be
snpplied complete ns ghown in the photo
raph quipped  with ring  desk  monnt,
overs. and cord, or the microphones alone
s be procured.

Universal “*KK" two-button micro-
phone,

This microphone is ideal for nuse in broad
cist studios, public address work. announce
ment= in connection with talking movie in

itions, or wherever the most perfedt
ick-np of the earbon granule e IS re
nired. The unit alone lists at .00, or

omplete  with ring dess

Kk mount, covers,
and cord, as shown, at $98.50.

NEW UNITED CO. ELECTRIC
MOTOR

I'he 1'nited Air Cleaner Co., Chicago. i

fucing to the trade a new eleciric
known as No. 1. which i8 furnizhed
plete  with turntable, speed reuxulator,
switeh and all accessories, ready to install,
The new motor. which is popnlarly priced.
was designed and developed with particular
sitention to efficient operation in radio-
phonograph combination instruments. The
maetor ix g complete unit and is started by
the throwing of n small switeh and it may
he regulated to any desired speed.

United electric motor No. 1 is an in
duction. squirrel cage iype a-¢. motor. A
driving-worm is pressed to the end of the
muator shaft and engages with a vuleanized
fibre gear on the turntable shaft. Oune end
of the governor shaft is coupled to the
motor shaft with a jaw-clutch construction
and is. therefore. a positive drive. The
other end of the governor shaft runs in g
bronze hearing having a reserveir on the
outer end whieh is filled with ofl-seaked
folt.  The entire motor may he lubricated
by removing the turntable,
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-ROLA.

for
Receiving Sets
and Phonographs

O L A Electro-dvnamic reproducers
possess mechanical and perform-
ance characteristics especially desirable
for “high-quality” service.
The response range is substantially unifoerm
over the best amplifier runge. Sensitivity is
high, due 10 use of high flux-densities which
Rola’s short air-gap nakes possible without
excessive esciting power.
Large amplitude of vibration is permitted by
an exceptionally free floating spider and

These two new A. C. tubes meet the demand leather support, insuring ample volume
for types required in many newly-designed capacity for all purposes.
radio sets now in production. Large mechanical safetv-factors eliminate
break-downs frequently encountered in ordi-
And they allow that many more set owners nary dyvnamie conatruction. Rela’s exclusive
to have completely Raytheon-equipped appa- welded housing-to-shell consiruction prevenis
~ dis-aligning ol moving coil, even under extreme
’ conditions o cabinet ov haffle warping.
Like all other Raytheon A. C. tubes, these Supplied in any quantity, with or without field
new types have the exclusive windings. Write for prices and specifications.
ConstPrluclli.on Ra Yt heon construction that Inquiries for details, blueprints and prices

eliminates microphonic noises from responsible manufacturers are

and insures long tube-life by solicied
permanently preserving the cor-
! rect interspacing of the ele- 7/ 1¢

i

ments.
GosAnchored]  Raytheon Mfg. Company I—} \
Cambridge, Mass. CO PANY

S =
- R t h - CLEVELAND, Ohio OAKLAND, Califernia
- a @ @ |I II - 2570 E. Superior Ave. Forty-fifth and Hollis Sts.
= ) S
- Y

LONG LIFE RADIO TUBES

-~
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Fixed Supports- ]
Top and Botiom—
give extreme
rigidily. Hold ele~
mentsinplace.
Doubly strengthen
grid and plaic )

leater Filament |
LExtra Heavy.

elements.
phonic noises
impossible

Mica-Top
chors and spaces

An-

Miero-

Insulating Spacers
Hold heater
filament rigidly in

Insures long lite place without
touching
4-Pillar Construc-
Oxide Coated| tion—Anchors
Cathode—New

process gives high
cmission at low
temperalure

HE sixth feature, illustrated

above, consolidates and per-
petuates the benefits of the five
others.

This 4-Pillar Construction in-

sures fixity of filament, grid and

plate in their correet relative

positions. Thus Ravtheon Tubes
[ 13 A3 . 3

are " healthier,” longer-lived,and

produce no miecrophonie noise.

Raytheon features can be found
in Raytheon Tubes, only.

RAYTHEON MANUFACTURING CO.
CAMHRIDGE, MA\SS,

FEvolution in A. C. Tube Design

FLOATING
FILAMENT
TYPE

COVERED
FILAMENT

TYPE t
(No spacing

Spacing In-
l'lﬂ'l’(lll’r ( L COAR "

stdatorincon.-

tuet vwith full
length of
Silawment)

Quiek heating
buat heater
oflen touches

Slow heati
but ins

Lion wears ou
P filament.

rigidly fived 1

v
! ficod
Short life 1if,

elements top ard
bottom. They
can't move to

change tube
L characteristics

THE
RAY TITEON
TYPE
(Spacing Tn-
sulatorsnotin

contact with
Sitauent)

Weatuw up
TN}

Tong
i

|

“|
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when you need a

“Special Purpose” Vacuum Tube

Perryman Engineers having concentrated
their efforts on the development of special-
purpose vacuum tubes—where unusual de-
signs or tube characteristics are necessary,
and in devices where radio and audio fre-
quency and amplifying circuits are used—
offer you broad background for engineering
counsel.
’ The Patented Perryman Bridge,
( now incorporated in practically
H@l all designs and sizes of Perryman
L i Radio Tubes, makes unusually
[ sturdy construction, insuring the

E best operating results over a sur-
T

g prisingly long period of time.

The Perryman Engineers will gladly co-operate
with you. Our engineering and sales offices in Chi-
cago, Cleveland and New York provide every facil-
ity for authoritative engineering counsel.

PERRYMAN ELECTRIC CO., Inc.
33 West 60th St.,, New York City

Laboratories and Plant, North Bergen, N, J.

ARMOR

GUARANTYEYETD

RADIO TUBES

All Standard Types

ARMSTRONG

ELECTRIC CO.
187-193 Sylvan Ave.
NEWARK, N. J.

WwWWWwW americanradiohistorv com
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Iestec! ...tested ...

tested again,
al every slep

L 'lll(lll1!/(1('/1/1‘L1I_(/

RECISION in production methods Leeps
Arcturus quality at the peak.

Every manufacturing process is checked by
releniless tests. revealing cvery defect that might
cause faulty performance.

“Go-and-No-Go” zauges, sensitive meters, high-
powered microscopes and accurate chemical
analys-is replace all human guesswork in wmaking
Arcturus tubes—insuring uniformity in mate-
rials and construction, uniformly fine per-
formance throughout Arcturus’ long life.

Critical engineers and set wanufacturers ap-
prove the correct design and careful construc-
tion of Arctnrus Blue Tubes. They know that
A-C set~ give the most satisfactory service, the
best reception, with Arcturus Tules in every
socket.

'(Engiu.eeri.ng Facts Have « Ulili!_yD‘

| Significanceto the Broadeast Listener

an A-C Heater Tube
that doesn’t Hum, Buzz or
Crackle

\VITH the new perfected De Forest Audion
427 you have the purity of tone of a bat-
tery-operated set combined with the convenience
of A-C socket power operation.

Not only is hum reduced approximately to one-
tenth that of existing-27 type tubes but a more
even distribution of filament heat and the use
of improved insulating material has reduced its
heating time to 10 seconds as compared with
the usual 20 to 30 seconds.

The improved De Forest Audion 427 will estab-
lish new standards for broadcast reception.

Look for the name and number ou the base.

DE FOREST RADIO CO., Jersey City, N. J.

ARCTURUS

BLUE 2% TUBES

ARCTURUS RADIO TUBE COMPANY

260 SHERMAN AVE. - NEWARK, NEW JERSEY
o o . AAAAAAAAAAAAAA
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% - oAJ

The resistance element is
graphite paint, fused to an
enameled metal base at
high temperature. Pure
silver  floating contact.
Metal cover for rapid heat
dissipation.

AN exceptional volume control for use where
heavy currents are to be handled and excep-
tionally long life is desired. Easily dissipates
5-watts without breaking down or varying in
resistance. The action is amazingly smooth and
actually improves with use. Built for endurance
beyond all expectations. Variable or tapered
curve. Manufacturers, ask for test sample and
tell us your requirements.

A New Standard in
Covered Resistances

/-\ Heavier-than-usual Nichrome

resistance wire on a high-
grade refractory tube.
Monel - metal contacts and
slotted soldering
Fon Y lugs. Entire
unit protected
by insulating
enamel baked on
at low tempera-
ture that can
do no damage
to wire or con-
tacts. Can be
made in prac-

e{.h tically any re-
“C‘), h sistance value
& and wattage rat-
\Q 5 ing desired.
ey %

Radio Engineering, May, 1929

Sense the unintentional
compliment, when the dealer says,

“JUSTAS GOOD”

and stidl insist on Cardwells

“THE STANDARD OF COMPARISON ”
Since the days of receiving
crystals and phones

Transmitting for powers to 50 kw.
Receiving in all standard capacities.

CARDWELL
CONDENSERS

Have You Our Literature?

[T

The Allen D. Cardwell Mfg. Corp.

81 Prospect Street Brooklyn, New York

RGN

| IF YOUR DEALER DOES NOT I
STOCK, ORDER DIRECT

FOIL

OF ALL KINDS

Aluminum
Composition
Lead
Tin

Zinc

REYNOLDS
METALS CO., INC.

LOUISVILLE, KENTUCKY
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PUBL DRESS

installed with Amplion sound equipment give

SUPERIOR PERFORMANCE

With a background of 42 years of success in the acoustic
field Amplion is prepared Lo offer public address equipment
of unsurpassed dependability, for Theatres. Hotels, Audi
le)riun'ls. Hespitals, Clubs, Railroad Depots. County Fairs,

tc
We Have Ready for Immediate
WANTED Delivery and Quick Installation

Group Address Equipment as fol-

We need Rabio lows—
ENGINEERS  in . .
all parts of the Amplion Exponential .
country for 10-1t. Air Column Horns
making Public Amplion Giant Amplion Micro-
Address Instal- Dynamic phones
l:uion“a I(f ill: Air Column Units
tereste ile . . Microphone Am-
your name, ad- An;’;;:mn Electric plifiers
dress, training, ,;’."“g”‘l’h
and experience, ick-up Microphone .
together  with Amplion Exciters s fasers for prices and
references, with
PUBLIC C

ADDRESS other information
DEPT.

f e 1 and rofit
able Apich BrCposiion'to”compeien Vacuum Tube Products Co
engineers. X

AMPLION CORPORATION OF AMERICA Factory and General Offices

133 W. 21st St.,, N York Cit
8 alEviioie’ Clinlg e ity 219 Bloomfield St., Hoboken, N. J.

L HE Radio indusiry has contributed much to
BUILT BETTER the development of Aviation.
CONDENSERS AND RESISTORS Radio Beacons, Radio Ahlimeters, Receiving and

Sending Units, Remote Conirol — these and other
Radio devices have been adapted to aeronautical

Perhm ReSiStOI‘S use by Radio Engineers.
Accurate — Unchanging Aviation Engineering, in addition 1o covering the

engineering developmenis in aireraft — also covers
the radio engineering coniributions —“the eves
OW, as never before, resistors must be accurate. This and ears of Aviation.”
accuracy must be maintained in spite of the action of X
the heat generated in the units under operating conditions. / N

To perform at maximum efficiency, the plate and grid /
bias voltages applied to the tubes of a receiver must be of
the proper value to operate the tubes at their best points.
If the voltage divider and grid bias resistors are not of the
proper value, sensitivity will suffer, volume will be reduced
and distortion will inevitably creep in.

To be assured of satisfactory operation in power supply
units and power amplifiers, be sure to specify and use—
Aerovox Pyrohm resistors of the proper resistance values
and current carrying capacities.

These units are made of the best grade of resistance wire,
wound on a refractory tube, and coated with a porcelain

ename! which thoroughly covers and protects the wire. Engiixl:’el::li:}wtg‘
IS NOT
Send for Complete Catalog & Sold on
Complete specifications of all fixed and tapped Pyrohm Newsstands
resistors are contained in a complete, fully illustrated catalog e
which will be sent free of charge on request. Birsan Davis Publishing Co,
52 Vanderbilt Ave., N. Y. Cit §1 7. at 52.00
= e s s T = —y er my subsoription to AVIATION ENGINEERING for 12 )A‘ o S:"_UO
AEROVOX WIRELESS CORP. §iss
; Address.
76 Washington Street, Brooklyn, N. Y. m city. . State
>/ PRODUCTS THAT ENDURE \./) Please check elssitcation:  HEEREL, Miihewurer
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Dynumotor with Filter for Radio Receivers

MACHINES for OPERATING 60.CYCLE A. C. RADIO
RECEIVERS, LOUD SPEAKERS and PIIONOGRAPHS
from DIRECT CURRENT LIGHTING SOCKETS
WITHOUT OBJECTIONABLE NOISES OF
ANY KIND

The dynamotors and motor generators are suitable for radio
receivers and for combination instruments containing phono-
graphs and receivers. Filters are usually required. The dyna-
motors and motor generators with filters give as good or better
results than are obtained from ordinary 60-cycle lighting sockets.
They are furnished completcly assembled and connected and are
very easily installed.

These machines are furnished with wool-packed bearings
which require very little attention, and are very quiet running.
ELECTRIC SPECIALTY COMPANY

TRADE “ESC(Q? MARK
411 South Street Stamford, Conn.

BUILT BETTER

CONDENSERS AND RESISTORS
Moulded Mica Condensers
Standard for R. F. Circuits

’l YHE fact that moulded mica condensers, as a class, will
give best results in radio frequency circuits is universally
accepted as standard practice in engineering circles.

But to get best results—accuracy, minimum dielectric
losses and freedom from change under the influence of vary-
ing temperature, weather and chemical action—the capacity
unit must be carefully constructed, accurately measured and
securely sealed in its bakelite housing.

In Aerovox Moulded Mica Condensers—made in a variety
of shapes and sizes to suit the requirements of receiver
manufacturers and experimenters—only the best grade of
India Ruby Mica, pure tinfoil plates and high quality
bakelite are employed. The capacity of the elements is
pre-determined and accurately adjusted to the desired value,
the units are thoroughly impregnated and moulded in bake-
lite——safe against the action of time and weather.

Send for Complete Catalog

Complete specifications of all Aerovox units, including
filter, bypass and mica condensers, Pyrohm, wire-wound and
Lavite resistors will be sent free of charge on request.

AEROVOX WIRELESS CORP|
|
=/ PROD HAT ENDURE ;

Radio hngineering, May. 1929

)eJur-Amscol

Precision in

assured by

“Bath-Tub” Condensers are available in single,

double, triple and quadruple types in all
capacities.

manufacturers’ condensers is
DeJur-Amsco.  These fumous

Send us vour specifications and
let us quote on your requirements.

DeJur -Amsco Corporation

Broome and Lafayelle Sts., New York City

Protected by Patents, Patents Pending and Patents Applied For

Television—Talking Pictures—Research
G-M VISITRON eclls of the alkali metal hydride type are of
highest sensitivity, low dark current, long life, and respond to
the smallest chanres of ligkht Intensicy and color. Their high

quality and uniform sensitivity make them the cholce of
lead vers.  Get techuical Bulletln P-14 Free

G4 LABORATORIES |NC

1802 Grace St.,, Chicago, IIl.

MOLYBDENUM WIRE

FOR RADIO AND LAMPS
NEON, HELIUM AND ARGON GAS
Highly purified
FLASHLIGHT BULBS
Furnished by
PALATINE INDUSTRIAL CO., Inc., 111-5th Ave., New York

Hear the Aero-Call Short Wave Converter

Factory-Built, Ready to Plug
Into Your Present Radio Set
The Aera 1929 Converter is u com-
bact factory-built short-wave adapter
equipped with special short-wave coils
It is designed for both A.C. and D.

sets. Operates without motor-boating,
by un anxiliary fllter system econtrol,
an exclusive feature (patent apphed
for) It can be pluzged into any
regular radlo set. This umazing radio
Insirument now makes 1t possible for
You 1o reach ‘round the world. Guo.
Moreroft of T'u. tuned in England
lloliand and Australia co his itlal test

Termits you to_ enjoy programs
from coust-to-coast that your regular recciver cannot get. What a thrill it
Is 10 plug this into a tube socket on Your regular set and instantly be ih
another werld! No change or wiring required. comblete, ready to oper-
ate, tubes and coils hidden. no appamtus in sight., except the neat, golden-
brown. compact metal cabiet in erackle finish. Size, 8 x 5% x 2% in.
The unly converter we know of that really works on all sets. Two
models—A.C. and D.C.  Write for Catalog and lterature, or send $25.00 and
name of your dealer. Model A. withont tube. for A.C. sets $25.00. Model
D. without tube, for D.C. sets $25.00. At lecading dealers and Jobbers.

AERD PRODUC

~ 4611 E. Ravenswood Ave.,
INCORPORATED

evnt. 759
CHICAGO, ILL,
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Madein 1,2, 3 or 4 sections.
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QUALITY ... But at a lower price . ..

NATIONAL CO. INC. offers a new type
of variable condenser for manufacturers, the
utmost in engineering design, quality and
durability. Units are matched to an accuracy

of one-quarter of one percent.

Meet that Production Schedule!

VER since the beginning of radio, Fast has specialized in one thing

only—Condensers. In the development of an organization to meet

the rapidly expanding requirements of radio set mamufacturers, special
machinery had to be designed, production methods standardized and labor
and time-saving equipment utilized to the utmost.

How well we have been able to meet these conditions, is attested by the
fact that millions of cond s are produced here annually for the
country’s leading set manufacturers.

An example of Fast production methods is shown in the illustration of
our winding room in which scores of dual machines perform intricate
operations rapidly and dependably on a tremendous production schedule.
Don't take chances,of having broken delivery promises ruin your produc-
tion schedule. Establish a reliable, if need be, auxiliary source of supply
to meet every contingency.

Send us your specifications and let us show you how your condenser
worries can be overcome.

JomnERer&Q

3982 Barry Avenue

Chicago, Illinois

Manufalurers, write or wire for prices
NaTioNAL Co. INC.,, MALDEN, MASS.

Est. <N 1914
WELD-BUILT

NATIONAL

Type M

| Special Equalizing and |
Neutralizing CONDENSERS

Made
to Your
Specifications

HEN the standard Hammarlund
Equalizing and Neutralizing Con-

densers do not quite fit inlo yonr receiver
design, we are prepared 10 make special
models, either single or in gang, according
10 vour specifications. The Hammarlund
Equalizing and Neutralizing Condenser is
superbly made — compuaect, acenrale, effi-
cient. Bakelite base: brass stator plale;
mica dieleciric; phosphor bronze spring
plate; convenient adjusiing serew and con-
necting lugs.

Write Dept. RES about your needs

HAVIMARLUND MFG. CO.
424438 W. 33rd Si. New York, N. Y.

| Tore Betiwe Radior
ammariund

PRECISION

I PRODUCTS
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A measurement of mutual conductance
is the best acceptance test for the buyer
of vacuum tubes. It is easily made with
the TYPE 443 Mutual-Conductance
Meter.

Bulletin 443-B Describes It
GENERAL RADIO COMPANY

30 State Street 274 Brannan Street
Cambridge San Francisco
Massachusetts California

Radio Engineering, May, 1929

PHOTO-ELECTRIC CELLS
THE BURT CELL

Without Fatigue—Highly Sensitive
Absolutely Reproducible—Ins in

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 metal is
introduced into a highly evacuated bulb directly through
the glass wall of the bulb, giving photo-electric material
of absolute purity. The superiority of the BURT-CELL s
due to these features, making possible results never before
obtainable. Described in Bulletin No. 271.

We also manufacture the STABILIZED
OSCILLOSCOPE—the only VISUAL OSCILLO-
GRAPH having s linesr time axis and no
inertia—glving an accuraté picture of high fre-
Quency wave forms.
write for Bulletin 282.

DR. ROBERT C. BURT
Manufacturing and Consulting Physicist
327 S. Michigan Ave., Pasadena, Calif.

Immediate

Write for
Bulletin 931

Delivery

GENERAL RADIO CO. PARTS

IEEDS

> The Howne of RADI
45 VESEY STREET, NEW YORK CITY

BUILT BETTER
CONDENSERS AND RESISTORS

Without A Doubt
The Most Complete Line of

Condensers & Resistors

Filter Blocks
Buffer Blocks
Socket Power

Pyrohm Heavy Duty
Edison Base Pyrohms
Tapped Pyrohms

High Voltage Wire Wound Units
Transmitting Grid Suppressors
Bypass Center-Tapped Units

“A” Power

Bakelite Moulded Mica
Condenser

Interference Filters

Non-Inductive Lavite
Grid Leaks
Resistoformer Kits
Resistor Mountings

with  illustrations and detailed
descriptions may be obtained free

A Complete Catalog

of charge on request.

The Aerovox Research Worker
is a free monthly publication that
will keep you abreast of the latest
developments in radio. Your name|
will be put on the mailing list free|
of charge on request. ‘

AEROVOX WIRELE

&,

~

SS CORP
 Vaign S v, v J

PRODUCTS THAT ENDURE \_

| e S

WIRE

STRAND—Antennae (plain or enameled)—Dou-
ble Galvanized.
WIRE—Antennae (plain or enameled). Connect-
it;zl r;nd Ground (Rubber covered, braided or
ain).
BUS BAR—Litzendraht-Loop.
MAGNET (Cotton or Silk)

John A. Roebling’s Sons Co., Trenton, N. J.

e p—

<{[t>- RADIO WIRES <cl[j[i>=
CABLES, HARNESSES AND CORDS

MADE TO SPECIFICATION
CORNISH WIRE COMPANY
30 Church St.,, New York, N. Y.

Mahkers of Corwico “BRAIDITE” Hook-up Wire

RELAYS

BREAK IN—6 Volts D.C. and 120 Volts D.C.
STRAIGHT—for Short Wave Transmitters
(% in. or % in. Contacts)

LEACH RELAY COMPANY

San Francisco, Cal.

693 Mission St.
ALL KINDS

GEAR SMALL

The most accurate made and prices reasonable.
We carry a complete line of gears in stock for

immediate shipment. Can also quote on special
» gears of all kinds. Send us your inquiries.
Write for Catalogue 200

CHICAGO STOCK GEAR WOR!(S
105 South Jefferson Street, Chicago
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Microphones

2-Button Type

For Public Address, etc., list. ..$25

) Standard Broadcast Model, list. . $75

g(

‘Condenser Models for Film and Record Work.
list $250.00, $300.00
Also Desk and Floor Stands, Covers., Cords. etc. Miniature
Microphone., Paper Weight. Radiator Ornament Die Cast,
Bronze finish; prepaid on receipt of $1.00.

Radio’s Most Compact
Multiple Tuning Unit

EXPERT MICROPHONE REPAIRS
Dealers everywhere

UNIVERSAL MICROPHONE CO., Inglewood, Calif.

CHICAGO: NEW YORK S:\\ FRANCISCO
Fred Garner Co..  Gotham Eng. & Sales Co C. Lankevin Co
9 8. Clinton St 50 Church St. ’1-\ Brannon St

CORE LAMINATIONS

for Audio & Power Transformers —
Chokes

Annealed Nickel Alloy.
Hymu (High Permeability) a new grade
Silicon Steel for Audio.
A large variety of standard shapes carried in stock.
Spe(‘,lal 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.

Set Manufacturers will find in this new Type B.T.
Armored Condenser. the solution to their tuning
problems. It will measure up to your most exacting
tests for precision. It's rigid. It's sturdy. It's com
pact—a great space saver.

These new type B.T. Armored Condensers are made
in single, two gang. three gang. and four gang units
of .00035 mfd. capacity and lower.

Samples ready for delivery., Write for prices and full in
formation.

United Scientific Laboratories, Inc.

117 Fourth Avenue New York City
BRANCH OFFICES

St. Louis Boston Cincinnati Philadelphia

Chicago Minneapolis Los Angeles San Francisco

Canadian Offices: London, Ontario

ALhAMBRA

LOUD SPEAKER PAPER

Alhambra Paper gives absolutely uni-
form resonance and imparts the utmost
in tone quality.

Write us about your requirements

THE SEYMOUR CO.,,
323 W. 16th St., New York City

r.- ALL TYPES

LAMINATIONS

Audio and Power Transformers—Chokes

IN STOCK FOR IMMEDIATE DELIVERY
EXPERT TOOL AND DIE MAKING

Wreite for samples and prices. Also quotations on metal
stampings.

WILLOR MFG. CORP.

117 Mercer St.,
New York City

YoUu Supply the
Specifications---

WE Supply the
Resistor---

In 72 Hours

“ff‘:"r
%,

Realizing that most resistors

are of a special nature, we

have created a new department

to facilitate the quick delivery
of test samples to your engineers.
Simply send us your specifications,
and samples of the exact resistor
your specifications call for will be on
their way to you within 72

hours.
Our new
ll:atliog show- H
ng a com-
Dlote range ARDWICK, HINDLE, Inc.
of resistors, . f
motntings Sales Dept.: 122 Greenwich St.,
and hrackets New York City
is ynu{g for
the asking. A
Send for it Factory: 215 Emmet St.,
on your Newark, N. J.
business
letterhead.

RESISTORS

www americanradiohistorv com


www.americanradiohistory.com

Page 64

The Comfortable S

GreatNorthern

Hotel
C HICAGO

Ir er Guests

nt 90 Per Cent
of thseepaxlyArnvaIs
T E i
"t i":: ¢ ‘ I..iihll

er

.4 |
m ’.

lﬁ 3

‘- ey g .m ulh

1,. .

RAVELERS select the

Great Northern for its
wonderful location in Chi-
cago’s ‘‘loop’’. They return
because the large comfort-
able rooms, homelike en-
vironment, attentive serv-
ice, excellent food and
moderate charges make it
an ideal hotel.

(o) NUJ

400 Newly Furnished Rooms
$§2.50 a day and up

Sample Rooms
$4.00, $5.00, $6.00,
87.00 and $8.00

(o) SJ

WALTER CRAIGHEAD
Manager

Dearborn Street from Jackson to Quincy
New Garage One-lialf Block

Radio Engineering, May, 1929
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THE

BEMMIN F&HNK[IN
Chestnut at Ninth Street
PHILADELPHIA

The traveller or permanent
guest is assured of attentive serv-
ice, enjoyable environment and
the highest refinements of good
living at The Benjamin Franklin.
Here you will find, eombined in
an unusual manner, the tradition-
) hospitality of
.nore leisurely
times with the
most modern

it

111

R
TR

I | ] ’h i |
L

!

il

iG]

hotel appoint. =
ments. =
Twelie hundred rooms, =]

cach witl hath =

Rates commence —_—=
at 2L00

~=~&
f
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;
E
,
1
I
rllM

'”'l" il i‘ i m-‘ihh Ii“l i linll i || =

' HOTEI MAJ LSTIC

CENTRAL PARK WEST
72nd STREET

Situated in New York’s finest residential dis-
trict, facing beautiful Central Park. Only §
minutes from the smart shops, theatres, rail-
road terminals.

Service and Cuisine of Traditional Fame

The Majestic has always been the residence of
many distinguished visitors to this continent.

Room & Bath - $3°° 553"&5

Special weekly, mentbly, scasonal
and yearly rates.
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Look for the
large green
sign on the

roof.

HOTEL FORT SHELBY offers you
accommodations of rare quality in
an environment of restful quiet and com-
fort. although downtown Detroit—
theatres, shops, wholesale district, rail
and water transportation terminals — is
practically at the doors.

Here is every facility for making your
stay a pleasant one— 900 reposeful,
Servidor-equipped guest rooms, four
excellent restaurants. and the thoughtful
consideration of your interests in all
things.

MAYNARD D. SMITH, President

HOTEL

FORT SHEIBY

LAFAYETTE AND FIRST

DETROIT

Whether you choose one of the many
excellent rooms at $3, $4, or $5 a day,
or one of the higher-priced, especially
large rooms or suites overlooking the
city, or the river and Canadian shore,
you will enjoy a particular sense of value
in the Fort Shelby. QGuests arriving by
motor are relieved of the care of their
cars by competent attendants.

Tickets to theatres, concerts, sporting
events, etc., reserved in advance upon
request at the Fort Shelby.

J. E. FRAWLEY, Manager
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x e ) *
AdoAuriema, Ine.
Manufacturers® Export Managérs

116 Broad Street, New York, &
Scientifically equipped to .5
economicatly export dependyble ‘!‘

receiving and transmitting
radio apparatus. X

EXCEPTIONAL SALES
REPRESENTATION

To a reputable manufacturer, be he large or small, who
manufactures a worthy line of radio merchandise and
who is anxious to get a fair share of business, here is
an opportunity that comes once in a life-time.

An outstanding sales manager, whose name is known
to almost everyone in the radio industry, is seeking to
serve a wider clientele. His record proves that he is
capable of handling not one alone but several lines
In a given territory. His efforts might well be applied
to a small group of non-conflicting lines. He prefers
to concentrate on the metropolitan New York territory,
yet he is willing to lend his experience, contacts and
prestige to the national activities of any client. He
stands ready to place your products in the forefront
of consumer and trade attention, through his exceptional
advertising and publicity experience.

All of which may sound like a salary out of reach for
the smaller manufacturers. Yet this man is ready to
write his own salary check purely through commis-
sions on sales. e costs you nothing. yet he brings
you much.

Employed at present. His employers think well enough
of him to want him to handle their line. They fully
sympathize with his efforts to be of greater value to
the industry at large.

A conference can be gladly arranged. There is no
obligation incurred on either side. Briefly. here is an

OPPORTUNITY seeking an OPPORTUNITY.

Address: Sales Manager, Box 260, Radio Engineering,
52 Vanderbilt Avenue, New York City.

Radio Engineering, May, 1929

WANTED

| By manufacturers, designers, dealers, and service men

HELP

from men trained in radio and audio measurements.

“EXPERIMENTAL RADIO”

by Professor R. R. Ramsey, Ph.D., Indiana University.
xii—229 pages 55 x 713 cloth 117 experiments 152
figures. Fundamental theory and exact measurements.

provide that missing fact that seems to be
Review Radio Engineering, May, '28, p. 29.

| Measure, don't guess. Price $2.75 postpaid
RAMSEY PUBLISHING CO., Bloomington, Ind.

‘Ramsey manages ¢
liddew in other books.

STATEMENT OF THE OWNERSHIP, MANAGEMENT, CIRCULA-
TION, ETC. REQUIRED BY THE ACT OF CONGRESS
OF AUGUST 24, 1012, OF RADIO ENGINEERING,

Published monthly at Albany, N. Y., for April 1, 1929.

State of New York i 5%
County of New York .

Before me, 2 Notary Public in and for the State and county afore-
sald, personally appeared B. S, Davis, who, having been duly sworn
according to law. deposes and says that be is the Business Manager
of RADIO ENGINEERING, and that the following is, to the best of
his knowledge and belief, a true statement of the ownership, manage-
ment, etc., of the aforesald publication for the date shown in the above
caption, required by the Act of August 24th, 1912. embodied in
section 411, Postal Laws and Regulatlons, to wit: 1, That the
names and addresses of the publisher, editor, managing editor, and
business managers are: Publisher, Bryan Davis Publishing Co.,
Inc., 52 vanderbilt Avenue, New York : Edltor, M, L. Muhleman,
Mount Vernon, N, Y. ; managing editor, G C. B. owe, Mount Vernon,
N. Y.; Business Manager, B. S. Davis, Scarsdale, N, Y. 2. That
the owners are: B. S, Davis, Scarsdale, N, Y.; Roy T. Atwood,
Albany, N, Y. 3, That the known bondholders, mortgagees, and
other security holders owning or holding 1% or more of the total
amount of nds, mortgages, or other securities are: None.
4. That the two paragraphs next above, giving the names of the
owners, atockholders, and security bolders, if any, contain not only
the lst of stockholders and security holders aa they appear. upon the
books of the company but also, in cases where a stockholder or
security holder appears upon the books of the company as trustee
or in any other fiduclary relation, the name of the person or corpo-
ration for whom such trustees is acting, is given: also that the said
two paragraphs contain statements embracing afiant's full knowl-
edge and belief as to the circumstances and conditions under which
stockholders and security holders who do not appear upon the
books of the company as trustees, hold stock and securities in
capacity other than that of a bona fide owner; and this aflant has
no reason to believe that any other persom, assoclation, or corpora-
tion has any interest direct or indirect in the sald stock, bonds, or
other securities than as so stated by bim.

(Signed) B. §. DAVIS, Business Manager.

Sworn to and subscribed before me this 1st day of April, 1929,
(Seal) J. A. WALKER, Notary Public.

Kings County.

Kings Co.. Clerk’s No. 363.

Kings Co., Registers No. 1062

New York Co., Clerk's No. 167

New York Co., Registers No. 1W177
Commission expires March 30, 1931,

RADIO ENGINEER

WITH LOUD SPEAKER KNOWLEDGE TO CON-
TACT MANUFACTURERS. STATE FULL PARTICU-
LARS FIRST LETTER, EXPERIENCE, TRAINING,
ETC.; SPLENDID OPPORTUNITY. ADDRESS BOX
11\145‘ RADIO ENGINEERING, 52 Vanderbilt Ave.,

o &

A Valuable Service Now Available to
Fans and Custom Set Builders!

| Whether you build receivers for pleasure or for profit, our bi-
monthly service will be of the utmost value to you. This service

was formerly syndicated only to radio editors.
Complete information on request. Write for Special Introductory

- ALLIED ENGINEERING INSTITUTE
Suite 429—30 Church St., New York, N. Y,

tocccccacccens 1

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. at East End Ave. ELECTRICAL TESTING LABORATORIES New York City, N. Y.

é
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Now

—a prosperous British country—a popular
market for worthy American products.

All New Zealand is “listening-in”. Are
you selling your products there? We will
gladly supply you with particulars of the
market and people. Write now!

“N. Z. Electrical Journal”
Wellington, New Zealand

The first practical and simply written
explanation of the vacuum tube : : :

In this book the essential principles underlying the opera-
tion of vacuum tubes are explained in as non-technical a
manner as is consistent with accuracy.

JUST OUT
Radio Receiving Tubes

By JAMES A. MOYER
Director of Undversity Lxtenxion.
Massachusetts Devartmeat of Education
and JOHN F. WOSTREL
lmumuor In Radio luLlrlm rm.. .uul Super-
visor in Subjects,

slon,  Massa-
chusetts Department of Ldumluon
297 pages, 5% by 8. 18) lllustrations, $2.50

Iteve I8 thorough and practieal informa-
tion on this most essentinl part of radlo
abparatus.  The Dbook discusses in detail.
with clear explanations, the various func-
tions of the vacuum tube.

it includes, in addition to the use of
two und threc-element vacuum tubes for
radio reception and transmission. all other
applications of practical significance.

These additiona] applications include
the remote control of airplanes and ses-
going vessels by the use of instruments
whileh employ vacuum tubes in essentlal
\mp:utleql ln:s well n; methiods of aDplying

eunm es  to the remote col
humidity and similar uses. erey ot

Chapter Headings
I.—Introduction.
1).—Ceonstruction of Vacuum Tubes. VIlIl.—Use of Vacuum Tubes as Am-
111.—Fundamental Elaclrlcnl Retations. nlifiers.

IV.—Vacuum Tube Actiol IX.—Use of Vacuum Tubes as Oscilla-

V.—Reactivation of Vncuum Tubes.

VI.—Testing Vacuum Tubes.

VI.—Usc of Vacuum Tubes as Oc-
tectors.

tion Generators.
X.—Specifications for Vacuum Tubes,
X1:—Special Industrial Applications of
Vacuum Tubes.

McGraw-Hill FREE Examination Coupon
McGraw-Mill Book Co.. Ine.. 370 Seventh Avenue. N. Y.
Send me Mover & Wosirel’s Radio Receiving Tubes. §2.50. for 10 days’ free
exanuhation.
will return the book, postpaid. in 10 days or remit for it then
Name
Address

:Cil)’ . State
|
1

Position

HERE 1S A PRACTICAL RADIO TEXT BOOK

aras

The

MATHEMATICS OF RADIO

by
John F. Rider
is NOW ready in book form. It 1a an
elaboration upon the series which was pub-
lished in Radio Engineering. This book
should be in the library of every Service
Man - Custom Set Builder — Kngineer and
Expecimenter. It is a practical book
for the practical man: The first of its kind.

The “Mathematics of Radio” is a reference
hook —— that will show you how to solve your
problems. . Caleulations simplified. .
Learn how 10 determine electrical values.

An education in practical Radio.

Here are the main heads in the Table of

Contents. As many as 15 subheads to
a main head.
“Ohm’s Law, Resistances, DC Filament

Circuits. AC Filament Circuits, Capacity.
Voltage Divider Systems for B Eliminators,
Inductance, Inductance Required in Radio
Circuits, Reactance and Impedance, Resonant
Circuits, Iron Core Chokes and
formers, Vacuum Tubes, Three Element
Tubes, Power Amplification, Graphs and
Response Curves, Multiple Stage Amplifiers,

Tubes, Screen Grid Tubes, A and B

Eliminators.”

Trans-

The book is sold with a guarantee.
If vou are not satisfied and il you return the
book within 5 days alter receipt, vour money
will be refunded. . Size 815" x 11”.
128 pages, 119 illustrations printed and
bound in flexible cover. Price $2.00,
postage 15 cents extra. . .

RADIO TREATISE CO.
1440 Broadway New York CGity

| Use this Coupon
Here is my Name
$2.15 for the
Math. of Ra Address
dio by John
F. Rider. City....ooovvenn. State

Company = - - - RE-5-28
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Buyers Directory of Materials and Apparatus

Readers interested in products not listed in these columns a

: e iuvited 1o tell us of their wants
and we will inform the proper manufacturers.

Address Readers’ Information Burean.

Addresses of companies listed below, can be found in their advertisements—see index on page 70,

I

ADAPTERS:
Insuline Corp. of Amer.
Lynch, Arthur H., Ine.

ALUMINEM:
Aluminum Co. of America

ALUMINUM FOIL:
Aluminum Co. of America
Reynolds Metals Co., Inc.

AMMETERS:
General Electric Co.
General Radio Co.
Jewell Elec. Inst. Co.

Weston Elec. Instrument Corp.

AMPLIFIERS, POWER:
General Amplitier Co.
General Radio Co.
National Co., Inc.

ANTENNAE, LAMP SOCKET:
Dubtlier Condenser Mfg. Co.
Eleetrad, Ine.

ARRESTERS, LIGNHTNING:
Jewell Elec. Inst.

1 Co.
Westinghouse Elec. & Mfg. Co.

BASES, VACUUM TUBE:
Formiea Insulation Co.
Genera] Electric Co.
General Plasties Co.

National Vuleanized Fibre Co.

Synthane Corp.

BATFFKLES:
Wright-DeCoster, Ine.

BINDING POSTS:
Eby, H. H., Co.
General Radio Co.

BRACKETS, ANGLE:
Electrad, Ine.
Insuline Corp. of Amer.
Scovill Mfg. Co.

BRASS:
Scovill Mfg. Co.

BROADCAST STATION
EQUIP'T:
Cardwell, Allen D., Mfgz. Co.
General Radio Co.

BULBS, PANEL:
Palatine Industrial Co., Inc.

BUTTS:
Scovill Mfg. Co.
CABINETS, METAL:
Aluminum Co. of America.

Copper and Brass Research
Assn.

CELLS, PHOTOELECTRIC:
Burt. Robert C.
Raytheon Mfg. Co.

CHARGERS:
Benwood-Linze Co.
Elkon Co.

CHASSES
Aluminom Co. of America.
U:}lted Sclentific Laboratories.
ne.

CHORES, AUDIO FREQUENCY:
American Transformer Co.
General Radio Co.
lefferson Electrie Co.
Silver-Marshal\, Inc.
Thordarron Elec. Mfg. Co.
Transformer Co. of Amer,

CHOKES, RADIO FREQUENCY:
Cardwell. Alilen D. Mfg. Co.
General Radio Co.
Silver-Marshall, Inc.

CHOKES, B FELIMINATOR:
American Transformer Co.
Dongan Elec. Mfg. Co.
General Rnadio Co.
Jefferson Electric Co.
Silver-Marshall, Tue.
Transformer Co. of Amer.
Valley Appliances. Inc.

CILAMPR. GROUND:

Insuline Corp. of Amer.
Scovill Mfg. réo.

CLIPS, SPRING:
Eleetrad, Inec.
Scovill Mfg. Co.

COIL FORMS:
General Radio Co.
Silver-Marshall, Ine.

COIL. WINDING:
Acme Wire Co.
Dudle Mfg. Co.
Herald Eleetrie Co.
Rome Wire Co.

COILS, CIIOKE:
Acme Wire Co.
Dudlo Mfg. Co.
Ilerald Eiectrie Co.
Jefferson Electrie Co.
Rome Wire Co.

COILS, IMPEDANCE:

Rome Wire Co.
COILS. INDUCTANCE:

Acme Wire Co.

Aero Products Corp.

Cardwell. Allen. D., Mfg. Co.

General Radio Co.

Hammarlund Mfg. Co.

ITerald Electric Co.

National Ce., Inc.

Rome Wire Co.
Silver-Marshall,
COILS. MAGNET:
Acme Wire Co,
Dudin Mfe n

Iferald Klectric Co.
Rome Wire Co.
COILS, RETARD:
Hammarlund Mfg. Co.
COILS, SHORT WAVE:
Aero Products Corp.
General Radlo Co.
Hammarlund Mfg Co.
Silver-Marshall. Ine.
COILS., TRANSFORMER:
Acme Wire Co.
Dudle Mfg. Ca.
Rome Wire Ca.
Valley Applances, Ine.
CONDENSER PARTS:
Aluminum Co. of America
Seovill Mfgz. Co.
CONDENSERS. BY-PASS:
Acme Wire Co.
Aerovox Wireless Corpn.
Allen-Bradley Co.
Condenser Corp. of Amerlea.
Dongan Electric Mfg. Co
Dubiller Condenser Mfg. Co.
Eleetrad. Ine.
Fast. John E. & Co.
fangame FElec. Co.
Wéreless Specialty Apparatus
0.

Ine.

CONDENSKERS. FILTER:
Acme Wire Co,
Aerovox Wireless Corpn.
Allen-Bradley Co.
Condenser Corp. of America.
Dangan Electric Mfg. Co.
Duhiller Condenser Mfg. Co.
Fast. John E. & Co.
Sangame FElec. Co.
W(!rreless Specialty Apparatus

n.

CONDENSERS., FIXED:
Acme Wire Co,
Aerovox Wireless Corpn.
Allen-Bradley Co.
Condenser Corp. of America.
Dangan Electric Mfg. Co
Dubiller Condenser Mfg. Co.
Electrad. TInec.
Eleeiro-Motive FEng. Co.
Fast. John E.. & Co.
Sangame Elee. Co.
Wgelens Specialty Apparatus

0.
CONDENRERS, MIDGET:
Cardwell. Allen D. Mfg. Co.
General Radie Co.
Hammarinnd Mfe. Co.
National Co.. Inec.
Scovill Mtg. Co.
Silver-Marshall. Ine.
United Secientifiec Laboratories

CONDENSERS, MULTIPLE:
Cardwell, Allen D. Mfg. Co.
Hammarlund Mfg. Co.
National Co., Inc.

Scovill Mfg. Co.
United Sclentific Laboratories.

CONDENSERS TRANS-
MITTING:
Dubilier Condenser Mfg. Co.

CONDENSERS, VARTIABLE
TRANSMITTING:
Cardwell. Allen D. Mfe. Co.
General Radio Co.
Hammarlund Mfg. Co.
National Co.. Inc.

CONDENSERS, VARIABLE:
Cardwell. Allen D. Mfg. Co.
DeJur-Amsco Co.

General Radto Co.
Hammarlund Mfz. Co.
National Co., Inc.

Scovil) Mfg. Co.
Rilver-Marshail, Ine.

United Scientific Laboratories

CONNFCOTORS
Cornish Wire Co.
Scovill Mfg. Co.

CONTROLS, CURRENT:
Central Radlo Lahoratories
DeJur-Amsco Corp.
Inguline Corp. of Amer.

CONTROLS, TLLUMINATED:
Hammarlund Mfg. Co,
Silver-Marshall. Ine.

CONTROLS, VOLUME:
Central Radio Lahoratories
Clarostat Co.

Electrad. Ine.

CONVERTERS:
Cardwell. Allen D.. Co.
Electrie Specialty Co.

CONVERTERS, ROTARY:
Electric Specialty Co.

COPPFR:
Scovill Mfg. Co.

CORDS, EXTENSION:
Aeme Wire Co.
Cornish Wire Co.

CURRENT CONTROLS, AUTO-
MATIC:
Radiall Co.
DIALS
Hammarlund Mfg. Co.
National Co.. Inc.
Seovill Mfg. Co.
Sitver-Marshall, Ine,
United Selentific Laboratories
DIALS, DRUM:
Hammarinnd Mfes. Co.
National Co.. Inc
Silver-Marshall, Ine.
United Scientific Laborntories
DIES:
Willer Mfg. Corp.
DYNAMOTORS:
Electric Specialty Co.
ENGINEERS. CONSULTING:
Allled Engineering Institute
ESCUTCHEONS:
Crowe Nameplate & Mfg. Co.
Scovill Mfg. Co.
EXPORT:
. Ad. Auriema. Tne.
FILAMENTS:
Gilhy Wire Ca
Vacuum Tube Products Co.
FILAMENT CONTROLSR, ATTO
MATIC:
Lynch. Artnur H.,
Radiall Co.
FOIL:
Aluminim Co. of America
Reynolda Metals Co., Ine.
GALVANOMETERS:
General Electric Co.
General Radio Co.
Jewell Elec. Inst. Co.

Ine
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GASES, RARE:
Palatine Industrial Co., Inc.

GEARS:
Chicago Stock Gear Wks.

GENERATORS:
Electrie Speclalty Co.

GETTER MATERIAL:
Cohn, Sigmund.
Gilby Wire Co.

GRID LEAKS:
Aerovox Wireless Corpn.
Allen-Bradiey Co.
DeJur-Amsco Co.
Electrad. Inc.
Electro Motive Eng. Co.
Hardwick. ITindle, Inc.
International Resistance Co.
Lautz Mfg. Co.
Lynch. Arthur H., Ine.

HARNESSES, A-C.:
Cornish Wire Co.
Eby, IL. 1I. Co.

TMTEADPHONES:
Amplion Co. of Amer.

HINGES:

Scovill Mfg, Co.

HORNS:

Amplion Co. of Amer.
Best Mfg Co.
Temple. Inc.
Wright-DeCoster,

INDUCTANCES,
TING:

Ine.
TRANSMIT-

Aero Products, Ine.
General Radio Co
Silver-Marshall, Inc.

INSTRUMENTS, EI.LECTRICAL:
General Electric Co.
Jewell Elec. Inst. Co.

INSULATION LAMINATED
Formica Insulation Co.
General Electrie Ca.
National Vujeanized Fibre Co.
Synthane Corp.

INSULATION. MOULDED:
Rakelite Corp.
Formica Insulation Co.
General Electric Co.
General Plastics Co.
National Vnleanized Fibre Co.
Synthane Corp.

INSULATION, VARNISHED:
Acme Wire Co.

IRON. MAGNETIC:
Reid. David. Jr.

JACRS:
Carter Radin Co.
Ehy. H. H., Co.

FElectrad. Inc.

General Rtadio Co.
JACKS, TIP:

Carter Radio Co.

Ehy. H .. Co.
KITS, SHORT WAVE:

Aern Praducts. Inc,

Lynch. Arthur H..

Silver-Marshall. Tnec.
KITS. TELEVISION:

Insnline Co.

Lynch. Arthur H., Inec.
KITS. TESTING:

General Radio Co.

Jewell Elec. Tnet. Co
KITS TRANSMITTING:

Aero Products, Inc.
LACQUERS:

Zapon Co.. The
LABORATORIES. TESTING:

Electries] Testing 1.une
LABORATORIES, ENGINEER-

Ine.

NGSE
Allied Engineering Institute
LAMINATIONS:
T.amination Stamping Co.
Valley Arnllnnces, ine.
wutor Mfg. Co.


www.americanradiohistory.com

Radio Engineering, May, 1929

Page 69

Ihe COTL
i$the HEART

of all electrical apparatus
embodying it.

We know how to—
wind them
test them

insure them against breakdown

LET US FIGURE ON YOUR
SEASON’S COIL REQUIREMENTS

We also manufacture Magnetic and Dyna
mic units for RADIO CABINETS

Samples gladly furnished on request.

HERALD ELECTRIC CO., Inc.
35 EAST END AVENUE
NEW YORK

Acme WiIrRe Propucrs

Parvolt Filier and By-Pass Condensers
Coils — Magnet Wire Wound
Varnished Insulations
Magnet Wire — All Insulations

All products made to Recognized Com-
mercial Standards, including those of:
National Electric Mfrs. Assn.
Radio Manufacturers’ Assn.
American Society for Testing Materials
For 25 years manufacturers and sup-
pliers to the largest and most discrim-
inating users.

THE ACME WIRE Co.
NEW HAVEN, CONN.

Branch Offices

New York
52 Vanderbilt Ave.

Cleveland

Chicago
842 N. Michigan Ave.

Guardian Bldg.

Kester Flux-core

Solders stand
Between You and High
Manufacturing Costs

HEN manufacturing costs

threaten profits, call the Kaster
Corps of Flux-core Solders to the
front. There’s a solder for every pur-
pose, with the flux right in the core of
the solder, to reduce your manufac-
turing expense.

When the Kester Corps of Flux-core
Solder turns its guns on High Manu-
facturing Costs, the enemy retreats.
The Kester Research and Experi-
mental Department is at your service
to help you determine the best Flux-
core solder for your particular job.
Call on the Staff for any soldering in-
formation you may need. No obli-
gation.

KESTER SOLDER COMPANY

Formerly CHICAGO SOLDER COMPANY Established 1899
4224 Wrightwood Avenue, Chicago

KESTER, SOLDER

Date

KESTER SOLDER CO
4224 Wrightwood Ave., Chicago

Please mail us further information about KESTER Flux-core
Solders for manufacturing uses: Also Mr. Ripley’s book, “Facts
on Soldering.

Individual

Firm ...

Address

Products Manufactured

www_americanradiohistorv com
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Oscillogram showing noiseless pertormance
of BRADLEYUNIT resistors.

Oscillogram showing noisy performance
of other types of resistors.

A New Resistor

That Assures
Noiseless Reproduction

OMPARE the extraordinary quietness of

the Bradleyunit Resistor with the noisy
performance of other resistors. Many resistors
cause disagreeable hissing noises in the loud-
speaker. For pure, clear reproduction, use
Bradleyunit Solid Molded Resistors. They are
unaffected by temperature, moisture or age.

Follow the example of leading set manufac-
turers by standardizing on Bradleyunits for
grid leaks in detector circuits and for resistors
in resistance coupled amplifiers. The Bradley-
unit i1s your assurance that noises in the loud-
speaker cannot originate in your equipment.

Write today for data and prices

Bradleyunit Re-
sistors are fur-
nished in ratings
from 500 ohms to
10 megohms.
Equipped with
cadmium plated
lead wires up to
six inches in
length. Color
coded for quick
identification.

ALLEN-BRADLEY CO.
279 Greenfield Avenue Milwaukee, Wis.

LEAD-INS:
Electrad. Inc.
Insuline Corp. of Amer.

| LOCK WASHERS:

Shakeproof Lock Wasker Co

LUGS:
Scovill Mtg. Co.
Shakeproof Lock Washer Co.

| MACHINES, SPECIAL

Willor Mfg. Corp.
MAGNESIUM :
Aluminum Co. of America.

MAGNETS:
Reid, David. Jr.
Valley Appliances, Inc.
METERS:
General Electric Co.
Jewell Elec. Inst. Co.
Weston Elec. Instr. Co.

MICROPHONES:
AmplHon Co. of America
Universal Microphone Co.
MOLDING MATERIALS
Bakelite Corp.
Formica Insulation Co.
General hlectric Co.
General Plastics Co.

National Vulcanized Fibre Co.

Synthane Corp.

MOTORS:

Electric Specialty Co.

MOTOR-GENERATORS:
Electric Specialty Co.

MOUNTINGS, RESISTANOE:
DeJur-Amsco Co.
Electrad. Inc.

Lynch, Arthur H., Inc.

NAMEPLATES:
Crowe Nameplate & Mfg. Co.
Scovill Mtg. Co,

NICKEL:
Cohn, Sigmund

NUTS:

Shakeproof Lock Washer Co.

OHMMFETERS:

General Radio Co.
Western Elec. Instru. Co.

OSCILLOGRAPH :

Burt, Dr. Rob't C.
General Radio Co.

OSCILLOSCOPE:

Burt, Dr. Rob’t C.

PANELS, COMPOSITION:
Formica Insulation Co.
Insuline Corp. of Amer.
Synthane Corp.

PANELS, METAL:
Aluminum Co. of America
Scovill Mfg. Co.

PAPER, CONDENSER:
Dexter, C. H. & Sons, Inc.

PAPER, CONE SPEAKER:
Seymour Co.

"HONOGRAPH MOTORS:
(See Motors)

PHOTOELECTRIC CELLS:

(8ee Cells)

I'ICK-UPS, PHONOGRAPH :
Amplion Co. of Amer,
Jensen Co.

Wright DeCoster

PLATES, OUTLET:

Carter Radlo Co.

PLATIN
Valley Applmnces Inc.

CLUGS:

Carter Radlo Co.
General Radlo Co.

»OTENTIOMETERS:
Allen-Bradley Co.

Central Radio Laboratories

DeJur-Amsco Co.

Electrad, Inc.

General Radio Co

United Scientific Laboratories
POWER UNITS, A-:

Elkon, Inc.

Jefferson Electric Co.

Kodel Radio Corp.

POWER UNITS, B-:
Dongan Elec. Mfg. Co.
General Radio Co.
Jefferson Electric Co.
National Co., Inc.
Silver-Marshall, Inec,
Thordarson Eléctric Mfg. Co.

POWER UNITS, A-B-0:
Dongan Elee. Mfg, Co,
General Radio Co.
Jefferson Electric Co.
Kodel Radio Corp.
National Co., Inc.
Silver-Marshall, Inc.

Thordarson Electric Mfg. Co.
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POWER UNITS, PARTS FORB:
Acme Wire Co.
American Transformer Co.
Dongan EKlee. Mfg. Co.
General Radlo Co.
Jefferson Electric Co.
Kodel Radio Corp.
Lynch, Arthur H., Inc.
National Co.. Inc.
Thordarson Rlectric Mfg. Co.
Transformer Co. of Amer.

PRESSINGS:
Scovill Mfg. Co.
Valley Appliances, Inc.

PUNCHINGS:
Aluminum Co. of America
Scovill Mfg. Co.
Valley Appliances, Inec.
RECEIVERS, ELECTRIC:
United Scientific Laboratories.

RECTIFIERS, DRY:
Benwood-Linze, Inc.
Elkon, Imc.
Kodel Elec. & Mfg. Co.
REGULATORS, VOLTAGE:
Central Radio Laboratories
DeJur-Amsco Co.
Insuline Corp. of Amer.
Radlnll Co.
RELA
Clrdwell Allen D, Mfg. Co.
Leach Relay Co.
RESISTANCES. FIXED:
Aerovox Wireless Corp.
Allen-Bradley Co.
Central Radio Laboratorles.
DeJur-Amsco Co.
Electrad, Inc.
Electro-Motive Co
Hardwick, Hindle Inc.
International Resistance Co.
Lautz Mfg. Co.
Lynch, Arthnr H., Ine.
RESIBTANCES, VARIABLK:
Allen-Bradley Co.
American Mechanical Labs.
Central Radlo Laboratories.
Electrad. Inc.
Electro-Motlve Co.
Hardwlek, Hindle Inc.
International Resistance Co.
Lynch, Arthur H., Inc.

EHEOSTATS:
Allen-Bradley Co.
Central Radio Laboratorles.
DeJur-Amsco Co.
Electrad. lnc.
Electro- M}?t:i‘ie %o

adio

gg‘l‘t?dﬂ Scientific Laborntorles.

SCREW MACHINE PRODUCTS:
Aluminum Co. of America
Natlonal Vulcanized Fibre Co.
Scovill Mfg. Co.
Synthane Corp.

SEALING COMPOUNDS:
Candy & Co.

HIELDING, METAL:

- Aluminum Co. of America.
Copper and Bross Research

Assn,

IELDS, TUBE:

anarter Radio Co

SHORT WAVE APPARATUS:
Cardwell, Allen D., Co.
General Radio Co.
Insuline Corp. of Amer.
Lynch, Arthur H., Ine
Silver-Marshall, Ine.

SOCKETS, TUBE:
Eby, H. Co.

Genenl Radio Co.
Insuline Corp. of Amer.
Lynch, Artbur H., Inc.
Silver-Marshall. Inc.
OLDER

sChlcu;:o Solder Co.

SOUND CHAMBERS:
Amplion_Corp. of Amer.
Jensen Radio Mfg. Co.
Rola Co.. The
anht DeCoster. Inc.

SPAGHE'

{See ere. Spaghetu)

SPEAKERS:

Ampl{\?? Corp of Amer.
Best
Jensen Bldlo Mtg. Co.
Rola Co.. The
Silver- Mnlrshall Inc.
le. In
"lgfz‘:::';former Co. of Amer.
Wright-DeCoster, Inc.
PINGS, METAL
s%rmlnum Co. of America
Bceovill Mfg. Co.
Valley Appllances, Inc.

STEEL, MAGNETIC:

See (Iron Magnetic.)

~
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BPRAYING:
Valley Appliances, inc.

SUBPANELS:
Formica Ins. Co.
Insuline Corp. of Amer.
General Radio Co.
National Vulcanized Fibre Co.
Westinghouse Klec. & Mfg. Co.

SWITCHES:
Electrad, Inc.
Insuline Corp. of Amer.

TAPPERS
Eastern Tube and Tool Co.

TELEVISION PARTS:
Allen-Bradley Co.
Clarostat Co.. Inc.
Insuline Corp. of Amer.
Lynch, Arthur H.. Inec.

TESTERS, B-ELIMINATOR:
General Radio Co.
Jewell Electrical Inst. Co.

TESTERS, TUBE:
Ueneral Radlo Co.
Jewell Hlec. Inst. Co.

TESTING INSTRUMENTS:
General Electric_ Co.
General Radio Co.
Jewell Elec. Inst. Co.
Weston Elec. Instrument Corp.

TESTING KITS:
Jewell Elec. Inst. Co.

TESTING LABORATORIES:
Electrical Testini Labs.

TINFOIL
Reynolds Metals Co.. Inc.

TOOLS:
sasrern_Tube and Tool Co.
Willor Mtg. Corp.

TRANSFORMERS, AUDIO:
Dongan Elec. Mtg. Co.
Ferranti. Ltd.

General Radio Co.

Jefferson Electric Co.
National Co.. Inc.

Sangame Elec. Co.
Silver-Marshall, Inc.
Thordarson Electric Mtg. Co.
Transtormer Co. of America.

TRANSFORMERS.

B-POWER UNIT:
Dongan Elec. Mfg. Co.
Ferrant), Ltd.

General Radlo Co.

Jefferson Electric Co.
National Co., Inc.

Sangamo Elec. Co.
Silver-Marshall, inc.
Thordarson Electric Mfg. Co.
Transformer Co. of America.

TRANSFORMERS. FILAMENT
HEATING:

Dongan Elec. Mfg. Co.
General itadlo Co.
Jefferson Electric Co
Stiver-Marshall, In
Thordarson Electrlc ‘Mfg. Co.
Transformer Corp. of America.

TRANSFORMERS, OUTPUT:
Dongan Elec, Mfg. Co.
Ferranti, Ltd.

General Radio Co.

Jefferson Klectric Co.
Sangamo Elec. l‘o
Stlver-Marshall, In

Thordarson Electric Mtg. Co.
Transtormer Corp. of Amerlea.

TRANSFORMERS, POWER:
Dongan Elec. Mfg. Co.
Ferranti, Ltd.

General Radto Co.

Jefferson Electric Co.
National Co., Inc.
Stlver-Marshall, Inec.
Thordarson Electric Mfg. Co.
Transformer Co. of America.

TRANSFORMERS, R. F.
NED:
Cardwell, Allen D. Mfg. Co.
Silver-Marshall, Inec.
TR \\SFOI{M ERS. STEr-
DOWN
Amphon Corp of Amer.

TURBES, A.C.:
Allan Mfg. Co.
Arcturus Radlo Co.
Armstrong Elec. Co.
Cable Supply Co.
Ceco Mfg. Co.
De_ Forest Radio Co.
Gold Seal Elec. Co.. Inc.
Perryman Electric Co.

TUBES, RECTIFIER:
Allan Mfg. Co.
Arcturus Radio Co.
Armstrong Elec. Co.

Cable %uppl) Co.
Ceco Mig. Co
Gold Seal Elee. Co.. Inc.
Perryman Electrie Co.
Raytheon Mfg. Co.
TUBES, TELEVISION
See (Cells, Photoveleetric.
TUBES, VACUUM:
Alan Mfg. Co.
Arcturus Radio Co.
Arwmstrong Elee. Co.
Cable Supply Co.
Ceco Mfg. Co.
Gold Seal Elec. Co.. Inc.
De Iorest Radio Co
Perryman Electric Co.
Raytheon Mfg. Co.
UNITS, S'EAKER:
Amplion Corp.
RBest Mfg. Co.
Jensen Radio Mfg. Co

Lola Co.
Silver-Marshall, Ine.
Tempi Ine.

I'raustormer Co. of Awmer.
wright DeCoster, Ine.
VOLTMETERS, A. C.;
General Electric Co.
General Radio Co.
Jewell Elec. Inst. Co.

Weston Elec. Instrument Cuorp.

VOLTMETERS, D. C.:
General Electric_Co.
Generai Radio Co.
Jewell Elee. Inst. Co.

Weston Elee. Instrument Cuorp.

WASHERS:

Aluminum Co. of America
Scovill Mfg. Co.

Shakeproof lock Waxher Co.
Synthane Curp,

WAXES, IMPREGNATING:
Candy and Co.

WAXES. INSULATING:
Candy and Co.

WAXES, SEALING:

Candy and Co.
WIRE, ANTENNA:
Acme Wire Co.
Coruish Wire Co
Dudle Mig. Carp
National Vulcunlzed Fibre Co
Roebling, J. A.. SBons, Cu.
Itome Wire Co.

WIKE, BARE COI'PER:
Cornish_Wire Co.

Dudlo Mfg. Corp.
Roebling, J. A, Sons, Co.
kome Wire Co.

WIRE, COTTON COVERED:
Acme Wire Co.

Cornish_ Wire_Co.

udle Mrg. Corp.
Roebling. J A. Sons Co.
Itome Wire Co

WIKE, ENAMELED COPPEKR:

Acme Wire Co.

Cornish Wire Co.

Dudle Mfg. Corop.
Roebling. J. A. Sons Co.
Rome Wire Co.
WIRE, FILAMENT:

Gilby Wire Co.

Vacuum Tube I'roducts Co.

WIRE, HOOK-UP:

Acme Wire Co.

Cornish Wire Co.

Dudlo Mfg. Co.

Roebling. J. A., Sons, Co.

_Rome Wire Co.

WIKE. LITZENDRAHT:
Cornish. Wire Co.

Dudlo Mtg Coruo
Roebling. J. A.. Soms Co.
tome Wire Co.

WIRE, MOLYBDENUM:
Palatine Industrial Co., Inc.

WIRE, PIGTAIL:

Dudlo Mtg. Corp.
Roebling. J. A.. Sons Co.
Rome Wire Co.

WIRE, RESISTANCE
Gilby Wire Co.

WIRE, SILK COVERED:
Acme Wire Co.

Cornish Wire Co.

Dudlo AMfg. Coru.
Roebling. J. A.. Sons Co.
Rome Wire Co.

WIRE, SPAGHETTIE:
Acme Wire Co.

Cornish Wire Co.
Rome Wire Co.

WIRE. TINNED COPPER:
Dudlo Mftg. Corp
Roebling. J. A. Soms. Co.
Rome Wire Co.

ZINC FOIL:

Reynolds Metals Co., Inc.
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Tone
Quality-
Sensitivity
VolumezClarity
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Radio?z'tbes

In the CeCo research laboratories,
both the quality of todav’s achieve-
ment and the vision of tomorrow’s
radio needs fill the minds of CeCo
engineers.

That is whv there will always be a
CeCo Tube for every radio require-
ment.

An interesting discussion of CeCo
methods and materials is sent free
on request. Ask for the booklet
“Radio Vacuum Tubes
Hear the CeCo Couriers every
Monday night at 8:30 Easiern
Daylight Saving Time over 1"OR

and the Columbia Broadcasting
Svstent.

CeCo Manufacturing Co., Inc.

Providence, R. L.
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EL-MENCO

Molded Bakelite Condensers

"EL-MENCO™

ELECTRO MOTIVE
ENG.CORP.
Y. U.S.A

—

“Minimize Condenser Griefs”

THE EL-MENCO MOLDED BAKELITE CON-
DENSER comprises all of the very best and latest fea-
tures in Condenser design and construction.

The One Hole mount facilitates assembly—The Hot
Tinned Brass Lugs assure hetter soldering—The Solid
Bakelite Quter Shell permits it being mounted directly to
a metal panel. eliminuting insulation—The high-grade
clear India Mica used as a dielectric makes blow.outs
negligible.
The High Standard of Manufacture and the rigid factory
test assure users of El-Menco Condensers uniformity
and longevity
The same engineering skill and manufacturing ability
that have secured the success of El-Menco Resistors are
behind the El-Menco Condensers.
El-Menco Condensers will be made
capacities :
00005 >ifd.
.0001 ;

in the following

0003 Mfd. 0025 Mfd.
.001 % .003

TONE—VOLUME—FIDELITY

with

GENERAL AMPLIFIERS

Model GA-20
Price (less tubes)—$225

This powerful three-stage amplifier uses one 227, two 226's
and two 250’s with two 281°s as rectifiers. Dual push-pull, self-
healing condensers in power supply. and the use of capacity
resistance filters in the grid and plate circuits of the tubes,
makes this device superior in lperformance and reliability. Usge
General Amplifiers for faithful Sound Projection.

Other amplifiers are described in our Bulletin RE-3, which
will be sent on request.

. In problems of power amplification, our engineering staff
is at your service,

.00015 0015 .005 -
00025 .002 - .006
Should any sizes other than above be required. they

will gladly be furnished upon request and prices queoted.

Electro-Motive Engineering Corp.
127-133 W. 17th St., New York

GENERAL AMPLIFIER CO.

27 COMMERCIAL AVE.

Makers of High Grade Power Amplifiers

CAMBRIDGE, MASS.
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SM

=« M Reduced Prices
Mark a New Era
O+« K onkidence

YES—
Something Happened

in Speakers
When the S-M Appeared

The new S-M speaker is fast
becoming as famous an audio
product as Silver-Marshall’s
immensely popular Clough-
system audio transformers. So
accurately designed is this new
speaker unit that it eliminates
all objectionable hum as well
as “drummy”’ tones, and brings
out both low and high pitches
with a fidelity hitherto un-
obtainable. Two types: 851 for
110-volt d.c., $29.10 ner. 850,
for 50-60 cycle 105-120 wvolt
a.c. (using 1—'80 tube), $35.10
ner.

1

S-A1's monthly publication, The RADIOBUILDER, is mighty interesting
reading these days. Issue No. 12 (April, 1929) contained a forecast of
band selector tuning as it will characterize 1930 receivers; also a timely

of the *"

Station appointment.

ge” audio trend. If you are not getting the RADIO-
BUILDER, be sure to send the coupon—and send it anyway for the new
SM April catalog, containing new low S-M list prices, which are net.
Authorized S-M Service Stations have made money this season, and still
bigger opportunities are opening up for them. Ask wus about the Service

SILVER-MARSHALL, Inc.

6407 West 65th St., Chicago, U. S. A.

FOR a long time Silver-Marshall has felt that
the “list price” method of pricing prevalent
in the radio parts business was not conducive
to public confidence, and that it should be
discarded in favor of an honest and straight-
forward policy. The situationp today is that
fully 959, of all radio parts sold go to pro-
fessional setbuilders, service men or experi-
menters with commercial connections, who
buy at a fictitious “list”’ price less a discount,
usually about $0%,. As this discount is available
thru, actually, millions of mail order and
jobber catalogues, to any and every buyer, the
list price is indeed fictitious, and serves no
purpose except to destroy confidence.

For this reason Silver-Marshall, as America’s
largest parts manufacturer, believes that the
time has come to *“clean house” in the in-
dustry—alone if necessary. Therefore, effective
April 15th, all S-M list prices were reduced
407, so that the new list prices are now about
the net prices available to all. No “dollars and
cents” change is made—an outworn fiction
only is discarded. Henceforth, the professional
setbuilder and service man will never be
embarrassed when, after selling a set, he is
confronted by his customer with a net price
catalog. There will be only one selling price
on S-M apparatus—the new “netlist,” at
which consumers, setbuilders, and pro-
fessional setbuilders can all buy.

This change is intended to, and will, protect
service stations and professionals, who, buying
parts at the same prices their customers obtain,
have their profits insured by a fair and gener-
ous differential (to cover their labor) between
the cost of parts to their customers and the
cost of factory wired sets.

S-M believes that this frank and open policy
will insure confidence among those it is
designed to protect and help—the consumer,
the setbuilder, the service station and jobbers,
for it protects the professional from cut-price
competitian, consequently makes selling eas-
ier, and inspires confidence, not mistrust, in
his customer.

S-M Power
Amplifiers With
Clough-SystemTone

Operating entirely from the a.c.
light socket, and using the famous
S-M Clough-system audio transforn.
ers, these amplifiers give the very
finest reproduction at  auditorium-
volume obtiinable on the market
today.

S-M 690, to reach 2000 or more
people, has three srages (last two
push-pull); supplies 6 to 12 or more
dynamic speakers. Fading control on
panel, and three-point switch for
record—microphone—radio input se-
lection. Uses 1—'27, 2—'26. 2—'50,
and 2—'81 tubes. Price, less tubes,
$147, net.

S-M 679, to reach 1000 or more
people, has two stages: supplies 2 to
4 or more dynamic speakers. Binding
posts for microphone—radio—record
pickup input. Uses t—'26, 1—'50,
2—'81 tubes. Price less tubes, $81, net.

S-M  “PA” type amplifiers are
available for all larger experimental
installations at surprisingly reduced
prices, as shown in our new April
tSth catalog.

following
50c

Silver-Marshall, Inc.
6407 W.65th S1., Chicago, U.S. A,

. Please send me, free, the new April S-M Cai-

alog; aiso sample copy of the RADIOBUILDER.

For enclosed . . in stamps, vend me the
Next 12 issues of The Radiobuilder
$1.00 Next 25 issues of The Radiobuiider
S.M DATA SHEETS asfollows, at 2¢ each:
No. 1 .670B. 670ABC Reservoir Power Unita
No. 2. 685 Public Address Unipac
.No. 3. 730. 731, 732 ''Round-the-World"' Short

Wave Sets
No. 4. 223, 225. 226, 256. 251 Audio Trans-

ers

-No 5.720 Screen Grid Six Receiver

No .6. 740" Coast-to-Coast™" Screen Grid Four

No. 7.675ABC High-Voitage Power Supply and
676 Dynamic Speaker Amplifier

.No. 8. Sargent-Rayment Seven

No. 9. 678PD Phonograph Amplifier

.No. 10. 720AC All-Electric Screen-Grid Six.

.No. 12. 669 Power Unit (for 720AC)

Name.

Address

| =
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Speed up production
.with SHAKEPROOF

Lock Washers

IXTEEN teeth of hardened stcel
bite into the nut and into the
work—it takes real force to loosen

their hold —vibration can’t do it.
The modern product is equipped
with this modern lock washer—on
the production line of over 150
different types of industries, they
are specding up production—sav-
ing time —cuding cost. Whatever
your product, there is a place where
Shakeproof can save you time and
money, too. Send the attached
coupon for sampies. Test them in
your own job.

SHAKEPROOF LOCK WASHER
COMPANY
(Division of Illinois Tool Works)

2509 North Kecler Ave. -:- Chicago, Illinois

\z 7

Type 11 External Type 12 Internal Type 20 Termiinal
U. S.Patents1,419,564;1,604,122;1,697.954. Otherpatentspending. Foreignpatents.

FREE SHOP TEST SAMPLES

Shakeproofl Lack Washer Co., 2509 N. Keeler Ave., Chicago, Ill.

Please send me samples of
) Shakeproof Lock Washers to fit bolt size
[J Shakeproof Locking Terminals, size

Firm Name
Address Town _ State

By B

Radio Engincering. May, 1929

| TISSUES|

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 Insulating Tissue which separate the
layers of meial foil. A pinhole or a speck
of metal in the Condenser Tissue means
a breakdown of the Condenser, with the
entire set put out of commission.

(CONDENSER

DEXSTAR Condenser Paper is regarded
by Radio experts as being the highest
grade Insulating Tissue ever made—the
freest from defects, the most uniform in
quality, the most lasting under exactin
and unusual requirements. DEXSTA
Condenser Tissue is the specialized prod-
uct of a paper mill which has excelled
in Tissue Paper production for three
generations.

RADIO designers and builders should
have the assurance that Condensers swhich
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.

C. H. DEXTER & SONS, INC.

Makers of Highest Grade Thin Papers
WINDSOR LOCKS, CONN.

WiLrLiaMs Press, INC.,, NEW YORK—ALBANY
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A New Tube + Transformer

once more

Establish a Brand, New Standard

No. 994 for use with
the new UX 245 Tube

Refinement now begins. UX 245 Tubes

are perfected. In the Dongan laboratories

Remember when the UX 250 Tubes came
out? What a tremendous leap Radio

made.

From rasping, indecipherable noise to
soft, human reality. Radio critics took a
new lease on life; cynics who scoffed at
radio became fans over night; and a few
set manufacturers, who were first to grasp
the significance of the new Volumn-Tone
standard, became leaders in their industry.

engineers have worked, urged on by their
own enthusiasm, to develop exactly the
right Power Amplifier Transformer as a
necessary companion piece to the new
Tube. No. 994 Transformer is the
answer. It synchronizes with the Tube—
with resulting Power and Purity of Tone
that delight the most demanding.

The Finest Type of Power Amplifier

wien UX 245 Tubes ...

No. 994—Power Amplifier Transformer. ... .. ... ... ... ... ... ... ... .. $12.00
No. 2189—Push Pull Output Transformer. .. ... ... ... ... ... ... $12.00
No. 3107—Straight Output Transformer.. ............. ... . ... ... .. ...... $12.00

Two Secondary Windings, one for Magnetic type Speaker and the
other for Dynamic type Speaker.

D-946—Standard Condenser Unit. . ............. ... i $22.50
This Condenser Unit is also designed especially for use with No. 994
Transformer for Power Amplification.

No. 5554—Double Choke, use in Filter Circuit. .. ... ... ............ ... $11.00

These Dongan Parts are available now. Equip your receiver with this
new amplifier—and enjoy still another of Radio’s greatest advancements.

Send check or money order. Further details on request.

DONGAN ELECTRIC MANUFACTURING COMPANY
2995-3001 Franklin St.,
DETROIT, MICHIGAN
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Radio parts of Bakelite Molded.

Made by Pilot Electric Mfg. Co., Brooklyn, N. Y.

Moisture-proof transformer housing

I N most parts of the world, the aver-
age humidity is sufficient—when
absorbed in the coils—to create low-
resistance paths to the high voltages
now used. To guard against this in-
terference, a transiormer housing of
Bakelite Molded, providing high in-
sulation value and superior adapt-
ability to sealing requirements, has
been adopted to replace the metal one
formerly used on Pilot transformers.

A multiple-cavity mold forms nine
complete Bakelite Molded housings in
a single press operation. Unlike metal
parts, these require no finishing nor
enamelling, and the smooth lustrous
surface acquired in the mold does not
corrode, rust or discolor. The use of

BAKELITE C

247 Park Avenue, New York, N. Y.
BAKELITE CORP. OF CANADA, LTD.

_BAK]

Rl

THE MATERIAL OF

‘The registered Trade Mark and Symbol shown ab
manufactured by Bakelite Corporation Under the ca
qQuantity It symbolizes the infinite number of pri

www americanradiohistorv-com

economically formed of Bakelite Molded

Bakelite Molded also made possible
the production of a housing of im-
proved and more attractive design.

Bakelite Molded, in a rich green color,
is also used for handles to identify the
short wave coils. Other Pilot parts of
this material in the standard black are:
a short wave coil form, resistograd
housings and a rheostat knob with a
friction-tight metal bushing firmly
embedded.

Bakelite Engineering Service

Intimate knowledge of thousands of varied
applications of Bakelite Materials combined
with eighteen years’ experience in the de-
velopment of phenol resinoids for radio uses
provides a valuable background for the co-
operation offered by our engineers and re-
search laboratories.

ORPORATION

Chicago Office: 635 W. 22nd Street
163 Dufferin St., Toronto, Ontario, Canada

LIT

U. §. PAT. OFF.

ove may be used only on products made from materals
pital B is the numencal sign for infinity. or unlimited

esent and future uses of Bakelite Corporation’s products.™

A THOUSAND USES



www.americanradiohistory.com

