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INSULATI ON

ccivia.
FABRICATED

ORMICA is dependable, uniform, high
quality material made in numerous grades
and shapes to meet all of the requirements

The largest producing and fabricating equip-
ment in the industry is available to give
prompt service.

Location near the center of industry makes

of the electrical and radio industries.

For 18 years it has been a standard material
in the field—used by some of the leading
American technical organizations.

®

quick delivery possible over the shortest
average haul.

THE FORMICA INSULATION CO.
4638 Spring Grove Avenue,
Cincinnati, Ohio
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Metallized Filament

this company’s greatest
contribution to the radio
and vacuum tube industries

since the introduction of

1(R)C

RESISTORS

Engineering data supplied on request.
INTERNATIONAL RESISTANCE COMPANY, PHILADELPHIA

Also makers of Precision Wire Wound Resistors
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THE TUBE T WAS the actual experi- ECHO HI. use of super-sensitive
AND COM- ments of G. O. Squier and E.  SIGNALS radio signal indicating re-
MUNICATION R. Cram, in 1910, over a wire corders has made possible fur-

of the Postal Telegraph-Cable

Company between Baltimore,
Maryland, and New York, that attracted the
attention of communication engineers to the pos-
sibilities of “wired wireless" or “carrier curreat”
signaling. A year later the four U. S. patents
issued to General Squier covering his develop-
ments were dedicated by him to the American
public.

It was not until the close of the War that the
full potentialities of the vacuum tube became
available for other than war needs. It will be
recalled that it was just before the War started
that the regenerative and amplifying qualities of
the tube were discovered.

With oscillating and amplifying tubes at hand
the principles of Squier’s superposed circuits
became applicable on a commercial scale. In
1920 practical demonstrations of Squier's wired
wireless system were made on telegraph lines of
the New York Central Railroad.

Also, the American Telephone and Telegraph
Company made extensive use of the system on its
lines throughout the country; adding many refine-
ments and perfecting the details of operation.

The two American large telegraph companies
so far have not made much use of carrier current
signaling over their own wires; relying mainly
upon multiplex printing telegraph operation. In
Canada, however, the Canadian National Tele-
graphs have installed an extensive system of car-
riec current signaling. It is reported also that
the opposition Canadian company, the C.P.R.
Telegraphs, contemnplates similar use of a carrier
current system.

The interesting paper read recently by Major
Steele before the Radio Club of America, New
York, and published in this issue of Rapio ENGr.
NEERING, presents the subject in a manner in-
telligible to engineers familiar with vacuum tube
circuits.

The wide application of the vacuum tube in
wire telcgraph and wire telephone services murks
the drawing together of the engineering of radio
and wire line practice. The communication engi-
neer of the present and the future must of neces-
sity keep abreast of advancement in the technic
-of vacuum tubes and their related circuits.

ther study of the so-called echo

signals.  Occasionally investi-
gators who have stable reputations as scientists
are quoted in the daily press as having reported
reception of vagrant, unidentifiable radio signals,
which, because of their characteristics, are be-
lieved to have originated at organized radio
transmitters.  These experiences are aside from
the data gathered in regard to signals which "go
all the way around" the carth, and those which
“go around both ways,”

Radio transmission phenomena involve a large
number of complex considerations.  ln the case
of broadcast recoption with average broadcast
receivers, transmitting antanna wates, and milli-
volts per metor in the receiving antenna or loop,
continue as the practical, if rough, {actors of every
day caleulation.  All of the remaining factors
which have a benving upon distance, and wpon con-
tinuity of reception from given transmitters may
continue of little coneern in the broadeast field so
long as increased power in transmitting antennas
serves to override their effeets upon transmission
and reception,

Engincers concerned with the problems of long
distance short-wave rudio working cannot dismiss
the meteorologien] factors of transmission. Thus,
throughout the wotld much is being learned about
governing fnctors other than kilowatts in the
transmitting antenna,

P. Q. PMedersen, in Denmark, continues to ob-
serve and to report the results of his investiga-
tions. Recently M'eclerson noted that a test signal
was not vecoived at observing station until 19
scconds had clapsed. Still another did not reg-
ister until 260 seconds had passed. This phe-
nomenon fs nsyociated with upper reflecting sur-
faces. A aigonl circles the earth in about one-
seventh second, A signal traveling to the sun and
back would require seventeen minutes; to ynars
and back about six minutes and to the Moon and
back, two and two-thirds seconds.  As convex sur-
faces would not be viewed as effective reflectors
the thoughe is presented that beyond the Kennelly-
Heaviside layer there are one or more concave
reflecting shells that are due for further study.

Ogo'najwmcc(;

Editor.
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“It is evident that fastenings made with Self-tupping
much better
say authorities of the COLLEGE OF ENGINEERING OF N. Y. U. after tests.

will resist vibration

OR weeks scientists of the College of Fngineering
of New York University studied the holding power
of fastening devices. By unbiased tests they were (o de-
taxraine whether Self-tapping Screws, noted for econ-
omy i assembly work, have greater or less holding
pawer than the fastening devices they vsually replace.

Purtloular attention was given to the eflect of vibration,
fou 1y 13 the chief causc of fastening failure. The spe-
clally sonsivseted vibrating machine, shown above,
wag rin wore than a hundred hours under close obser-
vauou. 'anre (e stspccimens were snl)jcctcd 10 the vibra-
tiop—eagh zpecimien containing two sizes of Sclflap.
pm-' Serews, and an equal mumber of the equivalem
sizes of g urh_uu(, sexews, the most common aliernative
meaons of {azicning.

Screws

than machine screws”’

Early in tbe test the majority of the fastenings made
with machine screws failed. Yet not a single Self-tup-
ping Screw loosened. The report of the authorities
couducting the test states:— It is evident that Parker-
Kalon Hardened Self-tapping Screws will resist vibra-
tionmuch better than the conventional machinescrew”.

Detailed information developed from the extensive
tests made at N. Y. U. of the comparative strength of
fastening devices under stresses of viheation, tension
and shear will bhe found in the booklet offered here.
The coupon brings it, free; with another helpful hook-
let showing the large savings pained on metal assein-
blies through the use of these unique Screws that
eliminate tapping, fumbling with bolts nnd nuts aud
other fastening difficulties.

PARKER-KALON CORPORATION

of agsciblics warde with Self-tapping Screws.

luwnn vemrun

b " srBmacrn
B et

4 n-yuun-

Addresse---.

Dept. L, 180-198 Varick Street, New York, N. Y.
Senel e [ree hooklets on the Sccurityand Econony

Nare and Connnmeammne e e me e e

PARKER-KALON

HARDENED

Self-tapping Screws

2% N U.5. AND FOREIGH COUNTRIES

“Distributors Serve Industry Economically™

www americanradiohistorv com
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Smooth, Noiseless

The new Frost-Radio No. 20 Series Wice-Wound Volume Con-
trols are the result of eleven years of manufacturing experience
and research, and represent the very highest development we
bave yet seen in rmooth, noiseless action. The high degree of
perfection wu have achieved is duc to the new Frost-Radio
* variable cuntacting member. (#¢ found that over 959, of noisy
wirc-wound volume controls owed their imperfect operation to poor
contacking between the muvable contactor and the resistance element.)
The variable contactor used in our No. 20 Series makes two
separate and distinct contacts with the resistance element.
‘These contacts are not poins contaces, but

noise. A study of thecontacting runners of the No. 20 Series Con-
trols will reveal that they are pulled along their raceways with
an action sunilar to drawing a sled. This action is reversible,
50 thot the runners are never pushed. As the spring tension is
applicd nidway between the two runners, equalization of
l:ressure is automatically effected by the compression type
helical spring. Further study will show that by contacting on
the snside of the strip these runners have an area ia contact
with the wire that is many times greater than is possible when
contacting on the cdge of the strip in the conventional manner.

'fhis enables us to reduce the contact pres-

line contacts, and there are fwo of them,
each of which is 3/32" in length, or a total
line contact of 3/16”. This is accomplished
by having the contactor made in the form
o{n shoe with two runners, each 3/32" in
width, The raceway for one of these runners
is just below the top of the resistance steip
—for the other just above the bottoim of the
strip. As the runners are in vertical align-
meant with each other both can make
contact with the same turn of wire simul-
taneously. However, when such a condi-
tion exists and the arm is moved slightly,
one runncr, due to the pitch of the winding,
makes contact with the next turn of wire
one-half turn ahead of thé other runner.
It will be seen that this cuts down the
resistance steps to one-half the resistance of
one turn of wire, giving the same resule as
though the winding strip contained twice
as many turns ol wire. fc will be obvious

PRACTICAL experiment-
ing with this new type
of unit, illustrated in detail
“on the opposite page, be-
gan carly in 1930 and tests
have been carried on con-
tinueusly for more than
twelve months in order to
thoroughly prove-in the
principles involved in jts
design and construction.

sure per square inch of area to a mere frac-
tion of what has been past practice, and at
the same time utilize 2 contact pressure
several times greater than that employed
in old style rheostats. This reduces the dan-
ger of curting and scoring between the con-
tactor and wires to a negligible quantity,
and at the same time attains a lower contact
resistance than has ever before been possible in
commercial units of this class.

Dirt, fragments of metal, or other foreign
bodies on the raceway of one runner cannot
prevent the other runner from making posi-
ttve contact with the element less than one-
half a turn of wire away from the point where
the contact is impaired, insuring against a
high resistance or broken contact with the
resistance clement. As a matter of fact, our
thousands of tests have proved that this
type of contactor affords a noiseless volume
control even when the winding is fouled

that as the contactor travels from turn to
turnofthewinding, thesmallertheresistance
steps are, the more noiseless will be the operation of the cantrol,
Every fraction of an inch thar can be added to the effective
length of the resistance element improves both the quality and
the durability of the control, as it then becomes possible o
employ more turns and larger wire. 1o obtain
the mavinom nwmber of turns of wire on our
strips we urilive die snllese possible spac-
ing between turns chat will give the required
resistince value, For example, on a strip
wound with .002° wire, there is but one ten-
thousandth af an inch between turns, Such a
strip has 466 turns of wire per linear inch of
wound strip. With the cunventional type of
contactor, variations in the height of the
adjacent turns of wire no greater
than five ten-thousandths of an
inch higher or lower than adjoin-
ing turns will produce serious

No. 20 Series
Single Control

No 20 Serics Single
Cantrol with A. C. Switch

withA.C.Sutch

No. 20 Series
Tandem Ut

with dirt, dust, etc., sufficient to render any
of the conventional types of volume controls
noisy and unusable. Fatigue tests show that our No. 20 Series
Controls can be depended upon for 1,000,000 complete rotating
operations without trouble of any kind deocloping.

Qur No. 20 Series Controls are completely enclosed in dust-
proof cases to exclude all foreign substances from the resistance
clement chamber. Extreme care is taken to keep these foreign
substances from getting into the resistance chamber during
manufacture.

The high resin-content bakelite strip used in_Frost-Radio
No. 20 Scries is made especially for our own use. This, plus ouc
lubricating system which entirely surrounds the strip and all
insulations with a neutral oil filin, positively insures against
loosc wires or changes in dimensions of the insulated parts.
Shaft marerial is needle bar steel ground to plus or minus
.0005", rotating in a sreamed brass journal. Our new construc-
tion entirely eliminates end thruse, a frequent cause of me-
chanical roughness in_some rheostats. A. 2: switches may be
mounted on either single controls or tandem units at any
desired angle from the soldering terminals. These switches
occupy less than half the usual number of degrees of move-
ment, giving an increased length of effective resistance elewnent.
Separation of driving atms in tandem units reduces capacitance
to a negligible quantity, while our driving coupler used in these
units provides universal joint action and thus eliminates bind-
ing and rough running.

e nvite engineers lo send ws specifications,
upon receipt of swhich we sl gladly send
samples for experimental and test purposes.

www americanradiohistorv com
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CHICAGO TELEPHONE SUPPLY CO.

HINRBERT H. FROST, Inc.
SALES DIVISION

General Offices ELKHART, INDIANA and Plaw
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l his Business
of Tolerances

I HE production of more than
twenty million volume controls for radio reception has
given us many interesting facts and has helped to dispel a

number of obviously erroneous theories and contentions.

Even though it is possible to build a receiver that
could split a kilocycle, it would be impractical for public

use. The tolerances would be too small . . . too exacting.

Mass production of radio makes such precision engi-
neering impractical . . . even: laboratory models cannot

aspire to such standards. *

.

"Given a standard radio of undeviating exactness,
unaffected by temperature, humidity, and the stray atmo-

' spheric and mechanical inductances that are all about us,
it would be possible to build a volume control definitely

suited to that one and only receiver.

But to make this one control fit into a million sets is
an obviously different matter. Yet CENTRALAB has
been successfully meeting the requirements of set manu.

facturers whose control demands run into millions.

Our knowledge of the tolerances required is backed,
as we have mentioned above, by this unparalleled

\ performance.
CENTRAL RADIO LABORATORIES
928 Keceefe Ave., Milwaukee, Wis.
Encloscd find 25¢ (ocr_which 3cnd at ence
your ncw VOLUME CONTROL GUIDE.
NBTTCs a0 e it 18 ayios, 8 b 4 B
JADAress. a0 tontnas o § 8 Brel
Ol vvsomrnss v, States g CENTRAL RADIO LABORATORIES
PAAANPANNNAAPPAAAINS NS .
e 928 Keefe Ave. Milwaukee

Wwaann amaricamradinhictorny oo
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THE O. K. THAT CAME
INSTANTLY

When the production departa
ment of a leading radio manu-
facturer recently made up a
large requisition for coils, the

engineering department unhesi=

tatingly specified Inca coils.

The reason was perfectly simple
. . . the engincers knew from ex=
perience that the electrical and
physical characteristics of Inca
coils can be relied upon,

Present day Inca quality takes its
root in the same spirit of copper
craft which brought undying fame
to the prehistoric Inca of old Peru.

Today, Inca stands for continuous
improvement . . . for absolute de-
pendability. What better founs
dation on which to base the O.K.

of modern Radio Engineering?

The Peruvian Cuipu is pers
haps the oldest form of
recording krrown to archae-
ologists and historians. The
position of each knot, the
color of each strand, had
its particular signifi=
cance to the Incas. The
Quipu was used largely as
a system of bookkeeping in
recording the amount or
grain, or cloth, or the num-
bers of animals owned by

A S
A MANLUFACTURING DIVISION

of NATIONAL ELECTRIC

e s Eastern Clfce: 233 Broadway,  ppODUCTS CORPORATION

best in copper Western Clfice: 1547 Venice
Blvd., o5 Angeles, Calif, FORT WAYNE, INDIANA

wire products.

www americanradiohistorv com
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Every branch of the radio industry will be at Chicago
during the week of June 8th, This will be the Jargest
gathering and biggest annual event of the industry.

Thirty thausand (30,000) square feet of radio exhibits
in Grand Ball Room and Exhibition Hall of Stevens
Hotel,

ADMISSION TO THE TRADE ONLY. NO V4.
CANT BOOTHS—ALL EXHIBITORS REQUIRED
TO SHOW CURRENT MERCHANDISE. The newest
and latest receiving set models and accessories will be
displayed and demonstrated at the show and in hotel
demonstration rooms, for the trade ta see what the
manufacturers offer for the coming season.

25,000 radio rrznufacturers, jobbers and dealers ex-
pected to attend.

Reduced railroad rates—special trains.

trade about May 1st.

Bntertainment galore for visitors—Make a trip to Chicago
for business and vacation combined.

Apply now direct to hotels for room ceservations.

Invitation credeatials for the trade show will be mailed to the

St B

BiacKsTon
HeTEL

RMA 7rade Sho

AND 71H ANNUAL RMA CONVENTION

CHICAGO
JUNE 87012~

EVERYBODY WILL BE THERE

Official hotels—Stevens Hotel (headquarters), Black.
stone, Congrens and Awditorium Hotels, all within
short walking distance an Michigan Avenue.

INDUSTRIES AND EXHIBITIONS

Radio industrivs, Junc 8.12—RMA, National Federa-
tion of Radio Assuciutions and Radio Wholesalers
Association.

Music Industey Convention and Show-—]June 15-17.

Institute of Radio Engineers Annual Convention—
June 3-6.

Annual national “Furniture Mact” with 25,000 furni-
ture buyers, jobbers, dealers and manufacturees—
Jume 1-15.

www americanradiohistorv com
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DUBILIER
CONDENSER
CORPORATION

4377 Bronx Boulevard,
New York City

Page |1

Announcing

DUBILIER
ELECTROLYTIC
CONDENSERS

® |n meeting the demand of the radio industry for
inexpensive capacity, Dubilier engineers have devel-
oped the Dubilier Hi-Mike Condenser—a refined
semi-dry high-voltage electrolytic condenser with
these outstanding - characteristics:

I. Aluminum can 4/, by 134 inches, interchangeable
with other standard electrolytic units.

2. Available in upright and inverted types.

Standard capacity of 8 mid., with highest per-
centage of effective capacity.

4. Working voltage conservatively rated at 400, peak
of 430, or more than ample for — 80 type rectifier

circuits.

5. Fully self-healing, reforming faster than any other
electrolytic condenser.

6. Lower leakage at high voltages than any other elec-
trolytic condenser,

7. Life expectancy in excess of requirements of usual
radio assembly.

8. Compact, clean, non-spillable, efficient, inexpensive,
self-healing, reliable.

Thus the Dubilier organization brings two years of
research and engineering development on electrolytic
condensers to a practical conclusion. The results are
available to you in meeting your condenser require-
ments. May we present complete details and samples?

wwWwW americanradiohistorv com
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YOU WOULDNT TOLERATE
N A LEAKY ROOF

How do your customers

feel about /ea/<y insulation ¢

OF course the insulation in your product was supposedly
good when it left your @ plant. (So was your  roof when it
was put on.) But if it is unreliable, falls down under use, leaks
—you lose customers. » » » That's the reason an increasing
number of manufacturers are turning to Synthane Eﬂ Laminated
Bakelite. They know that it’s reliable, that it stands up — that
it makes % reliable products and in turn, satisfied customers.
» » » Jo addition to high dielectric strength, Synthane has
many other superior features, both electrical and physical
which we will gladly explain to you. It is made only of
the finest materials @ which in turn give you only the best
results. » » » Your customers will not tolgrat;e leaky insulation
any more than you would tolerate a leaky roof. Be sure —

EgY'NTHANE] use Synthane. Generous samples for testing % sent on
Laminated Bakelite

request. Synthane Corporation, Oaks, Pennsylvania.

%

NEW YORK :+ CHICAGO - PHILADELPHIA - DAYTON . LOS ANGELES - SAN FRANCISCO

www americanradiohics#@rv com
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eating up your profits?

RODUCT development is costly — so coslly

that many set manufaclurers hove con-
cluded thot fo sirive for “something different”
in speckers is o needless duplicotion of effort
involving wosted maoteriols ond high costs. It
feeds upon your profits — profils thot come
hord in o price morket.

This is on era of speciolists. Rolo dedicotes its
whole plont and facilities to the design ond
manufocture of one product: radio speakers.
In o Rola speaker you obtoin the experience
of men whose whole bockground is o history
of the tolking unit, whose whole time is con-
secroted to the development of it, whose daily
contoct is with the peculiar problems of many
monufacturers. Continuing costly experimen-

ROLA

SPEAKERS

for better
Radio Reception

TREBLE

BASS

totion on speakers is to compete with these
finely organized, efficient ond relioble facili-
ties. You cannot afford to do this.

In o Rola speaker you have a unit that hos con-
vincingly proved its economies ond unequaled
tone quolilies. A number of outstonding radio
monufocturers use Rola speckers. They secure
“that something differeni” ot less cost thon
they could produce a specker unit themselves.
They sove the experimenicl expensel

Your profit margin con be widened by relying
on specialists. Rola is equipped to hondle your
speaker without needless experimentotion. A
request will bring o representative or descrip-
tive literoture—whichever your letter indicotes.

THE ROLA COMPANY
2570 Superior Avenue
Cleveland, Ohio

Manutacturers of Loud Speaker Uaits for
Mentel, Automobile ond Console Sels.
‘ Alsa high power Lovd Speakers for Public

Address Systems and Talking Pictures.

www americanradiohistorv com
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Rich coil experience

Rich wire experience

Unite for your Benefit

Under General Cable, the wire
and cable making experience of
many manufacturers is united to
form a fund of wire knowledge
that is unique. Every improved
process or material known to any
of the organizations affiliated
in General Cable is used by all.
To this fundamental advantage in
the making of wire is added the
combined experience of Dudlo,
Rome and others in the produc-
tion of coils.

Beginning with the copper bar,
and ending with the final test,
inspection and packing of the

finished cails, every step repre-
sents highly developed present-
day technique. There it daes not
rest. Far leadership can not rest,
and continve to be leadership.
Therefore, in well-equipped lab-
oratories every ‘physical, chemi-
cal and electrical factor that ap-
plies to coils is subject to further

scientific search for improvement

or economy.

Coils purchased from General
Cable carry with them the assur-
ance that you have the best that
science, skill and extensive man-

ufacturing facilities can produce.

GENERAL CABLE CORPORATION

EXECUTIVE OFFICES: 420 LEXINGTON AVENUE, NEW YORK OFFICES IN PRINCIPAL CITIES

N
\Y,
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www.americanradiohistory.com

MARCH, 1931 Page I5

The ELKON

Non-Aqueous

Hi-Voli

Condenser-

OUTSTANDING
CHARACTERISTICS
1 High Working Vonagt;: 450
volts—withstands  without
injury transient peaks in excess

of 575 volts.
. Absolutely Dry: A condenser
from avhich all awater is

eliminated.
3 Low Leakage: Novmal ruted
leakage 0.1 mil per mfd.
(After opevuting short period
theleakage is 0.025 mils permfd.)

4 Impervious to law Tempera-
tures: Operates efficiently
front minus 40° F to 150° F.
5 Long Life: Torcduce replace-
ments and interrupted serv-
ice periods to ¢ minimum.
6 Self Healing: Trunusient preaks
in excess of 575 volts do not
injure the Elkon condenser.
7 Compactness:  Smallest  cu-
bical volime perv microfarad
of any condenser on the market.

SMALLY
Typicol can size
16 M. Condenver,

44N 2x 15"

450

Working Volts
Any Combination
of Capacities. Wid
Variety of Can Sizes)
Greatest Filtering
Capacity of Any Electro-
lytic Condenser—

Samples built to your specifications will
be sent to all recognized manufacturers.

Boakl:t with complete
dativepon reguest,

Maximum Filtering: Due to
loww powey factor, the Elkon
condenser huas the greutest
filteying action of any electro-
Iytic condenser on the market.
Stability in Operation: To

9 grard against mechanical
and clectrical variation that
would affece action of the
Send for booklet giving complete technical circuit,

data and general description. Low Cost Per Microfarad

10 Per Voltage Rating: A

ELKON DIVISION
P. R. MALLORY & CO., Incorporated
Indianapolis, Indiana

lurge safety factor in volt rat-
ing for the sume cost as
lower voltage condensers.

Standard Can Sizes and Their Microfarad Capacities
Vertical and Horizontal Cans
MFD Total MFD Total MFD Total
Capacity of Capacity Can Size Capaclty of Capaclty Can Size Capacity of Capacity Can Size
Sectlons MFDs Sections N{PFQs Sections MEFEDs
1 1 23 x1x W 6 6 4y, x 1Y% x 3 4-8-12 24 4y x 2l x 134
%2 2 Zaéxl;;gx:’/;/ 8 8 41//,(2!3/?/1
e 4 2% x 1% x 11, 88 16 4 x2x1
222 6 2% x 134 x 2 8-8-8 24 41, x 2V x 13 ROUND CANS
2222 8 2 x15%x 2y | 8888 32 4 x3x2 4 4 1% dia x 2%
:4 g 4:/4x1x1 2-4-8 14 41/4x2x1;//; 8 8 1% dia x 414
: aax2x1 2.88 18 4 x2x 13 S 1
4-4-4 22 AGaivxay| sels 26 4vx2vx1y | S8 ¥  Eg oAl
4444 16 4 x2x13 | 20 20 4lfx2x1Y, 8838 24 3diax 4y
5 5 Yax 1% x Y 30 30 44 x2x2 8.8-6-8 32 3 dia x 41

— A CONDENSER FOR ALL POWER PACK ASSEMBLIES —

WwWAWW americanradiohistorv com
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A new
policy

THE Scovill Manufacturing Co. announces a line
of high-grade variable condensers in standard
capacities, for prompt delivery in moderate

quantities, moderately priced. » » » »

SCOVILL MANUFACTURING CO.

WATERBURY CONNECTICUT
New York Philadelphin Hoxton Providence
Chicago Detroit Akron Cincinnati
Atlanta San rancinco l.os Angeles

In Europe: The Hague, Holland

ovill™
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Loose connections and their consequences are

avoided by ERIE RESISTOR construction

The leads on ERIE RESISTORS are welded to the resistor and
form a permanent connection which is not affected by heat and
cold. This feature prevents loose connections and their con-

sequences.

Users of resistors will find that ERIE RESISTORS deliver unusual

performance by reason of the skill and care used in their
manufacture. ‘

Inspection methods insure uniformity of resistance values—ERIE
RESISTORS are noiseless and will pass every test of your
engineers.

May we send you samples and prices?

KIE RINIMNIORS

Erie Resistor Corporation. [rie, Pa.
In the Center of the Radio /na'usfrl/

www americanradiohistorv com
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By AUSTIN C, LESCARBOURA

ELECTRICAL

TRANSCRIPTIONS

ITH our leading networks
now interested in the possibilities of electrical transcriptions
or recorded programs, it begins to look as though we inust
take them —the transcriptions, of course, not the networks—
seriously.

Technically, the electrical transcription is almost the equal
of the direct pickup feature, and usually as good, or even
better, than the feature transmitted over wire lines to asso-
ciated stations. Even the highly trained car has difficulty in
distinguishing between the recorded program and the original
program feature. However, so far as the public is con-
cerned, the idea of a recorded program appears to be most
displeasing, so that the electrical transcription sponsors have
quite a job on their hands by way of gaining public accept-
ance. Little wonder that they are excrting pressure on the
Federal Radio Commission to have the announcement, ‘“This
is an electrical transcription,” dropped from the broad-
casting patter,

As we see the picture, -electrical transcriptions have a
definite place in the broadcasting setup, but only for the
time being. We expect them to be replaced in the near
future by sound-on-film records, particularly since many
broadcasting stations are certain to have radio television
supplements within the next two years. And when that

happens, the stations will be provided with modified film

projectors or pickups for handling combined pictures and
sounds for the complete recorded sponsored program.
Admitting that many slations are now equipped with 33%
r.p.m. turntables for electrical transcriplions, we still believe
that the big records are but teinporary improvisions.

A

THOSE MEXICAN
STATIONS

NTIL recently we Amuricans
have enjoyed comparative isolation in our radio afiairs quite
as well as in other directions. We have had little sympathy
with the interference and embarrassing exchange of propa-
ganda indulged in by the closely packed peoples of Europe.
Thousands of miles separating us from Lurope, together
with friendly agreements with our Canadian friends, and
the neighbors to the south, have allowed us a virtually
American ether. But things have changed of late. The
sudden activity of our Mexican {riends has introduced a
degree of interference which promises to prove troublesome.

Mexico today has a dozen or more broadcasting stations.
Several are of 5 and 10 kilowatts. There is talk of 50 kilo-
watt stations. Some of our disgruntled broadcasters, unable
to secure the power which they desire, have thrcatencd to
cross the Rio Grande and become Mexican. Many of our
stations are experiencing interference from these Mexican
broadcasters, whose signals cover every part of our country
at present.

Before this matter gets too far, some constructive pro-
gram is essential. Just as we have dealt with our Canadian
neighbors in a f{riendly manner, so we must deal with our
Mexican neighbors. Also, we are going to find it necessary
to assign a few exclusive frequencies to those Mexican sta-
tions within the present broadcast band, for otherwise we
are going to have an interference mess. Furthermore, we
must hasten with our frequency synchronization technique,
for otherwise we are going to have entirely too much inter-
ference among the limited wavelengths,

And don't forget, there are many other countries in I
America which may yet want a place in the Ame
ether. Hence a big engincering problem, as well as a d
matic one, faces us now.

A

BROADCASTING
GOES WORLD.

WIDE UITE aside from the
Jeet niatler, the broadeast from Station HVJ, Vatican
Rome, an VFebruary 12th, was a revelation to the techs
as well as lay radio audience. In signal strength, abs
of fading aml good modulation, this station, designed
installed under the supervision of Scuatore Gugli
Marconi himsell, lcaves little to Le desired. With a pe
rating of 10,000 watts, it is apparently capable of reac
most parts of the world with sufficient signal strength
satisfactory direct reception by short-wave fans, and
rehroadeasting purposes.

One thing is cerlain: We are on the eve of internati
broadcasting as a regular thing. Short-wave receivers
going to become papular. Many of our broadcast liste
are going to isist on receiving their own short-wave
grams at will rather than depend on the rebroadcas
activities of the networks.  And very soon the various nat
of the world arc going to find it impossible to feed t
people the usunl censored news of doings abroad, since t
people will pick up their own uncensored news from aby

This internaticnal broadeasting matter is a serious |
to diplumney.  Peiples are going to get to know one ano
better than ever befure, Better education than ever be
will be necessary 1o train people to withstand the di
propiganls of Commmism and Facism coming via ra
The world foram is at hand.

A

/ \ MARKED revival in r.

television activities doring the past month. Showman
is al last entering into the development of this new radio
From Chicago comes word of real television plays, wit
combination of direct pickup scanners permitting of «cl
ups, half lengths and Jong shots, fading irom one to
other in rapid succession, thereby providing some of
flexibility which has scrveidl to make the motion pic
presentation su popular.  In the New York metropol
areia, one slativn is now on the air with rcal progra
jncluding  singers, soloists, musical ensembles, lectur
public men, and so on, who may be seen as well as he
From Boston comes word of a brisk sale of television eq
ment throngh a chain store, so that the local televi:
progriams may be enjoyed.

Although it has been stated and reiterated time and ag
that television is two or three years away, so far as ev
duy use is concerned, we reaffirm our belief that i
about to break. We have good reasons to believe that
leaders of our industry, in patents, production facilities
broadcasting activilies, will join the television workers v
practical television by this coming fall. Beforc the enc
the year, we shall have radio television programs f{
coast to coast, television equipment on sale for home use
least 50,000 Inokers-in as a starter, and a revived r
industry based on television.

TELEVISION
CONSCIOUS

MARCH, 1931
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Look for
Practical

Quick Heaters

A radio set should start up in a few
seconds. But are you willing to pay the
usual price of short tube life and uncer-
tain performance? De Forest enginears
have eliminated the gamble by unique
design:

1. Full-langthcathode sleeve, minimizing hum and
crackle. One-thirtieth usual hum level.

2. Notched insulator {potent applied far)
reducing bulk yet retaining twin-hole Insu-
lotar odvantoges.

3. Special hoir-pin flioment for neutralized A. C.
field. Lower operating temperature thon coiled
type with freedom from britteness,

4. Filament supported at twelve points. Cannot
vibrate to cause microphonic noises. Cannot
short circuit.

These and many other advanced feo-
tures found in every typeof.fresh De Forest
Audion, insure the 1931 performance of
the 1931 rodio sets.

This is the third of o series 6f debunking
messoges degling with 1931 rodic tube
feotures, Would you like the enfire
stary at this time®

DE FOREST RADIO io.; PASSAIC, N. J.

Page 19
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RADIO ENGINEERIN

G=-E MINIATURE
INSTRUMENTS

You will find a high-quality, miniature instrument of any
rating in General Electric’s new line. It’s complete!

Ammeters range from 1 to 3000 amperes . .. milliam-
meters, from 0.5 to 750 milliampercs . . . microammeters,
from 75 to 750 microamperes . . . voltmeters, from
1 to 3000 volts . .. and millivolimeters from 10 to 750
millivolts. Thermal instruments in all ratings. Voltmeters
with resistances as high us 4000 ohms per volt.

They are available for altcroating and direct current . ..
in two sizes, 214 and 3!4 inches, for panel mounting.
There’s a neat, little portuble combination, too, a high-
resistance voltmeter for alternating and direct current.

Write to the nearest G-E eanlcs office or to General
Electric Company, Schenectudy, N. Y. Ask for a copy
of GEA-1239, which gives complcte data for selecting
and ordering.

GENERAL
ELECTRIC .

Join us in the General Eloctric program, breadcast every Saturday cvening vn ¢ nation-wide N.B.C. neus

wwWwW americanradiohistorv com
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1aS
etector

VQFIOGCI
By J.R. NELsON

T is well known that detector over-

loading occurs when the input volt-

age exceeds a vertan valne, The

overloading manifests itself on a
listening test by the power autput level
withiey remaiming constant ov falling off
i the detector input voltaye is mereased
ind also by a change of qualhity. The
harmonic content increases rapidly as
the wverloading point 15 rcached and at
pome point the fundamental is lost al-
tugether as will be shown later  Detec-
tn overloading acts in the same manner
when power output measurements are
bemyg taken.  ‘L'he shape of the power
output curves (or various percentages

vl modulation are different and the’

reasons  for  this  difference  will  be

apparent later.

Effect of Overloading, Important

Vcry littke has been done on the
Weory of deteclor overloading. This
Jieglect has not been due to its lack o
Thipurtance as the overload character-
k&\ are one of the important [eatures
“of u receiver «s is well known by any-
one operating a receiver having poor
uverload charzctenstics. Like all other
conditions detector overloading char-
acteristics way be niproved by a knowl-

A

The Overload Characteris-

tics of Radio Receivers are

of Importance in Receiver
Design.

edge of the factors causing this over-
loading. The reasons {for detector
overloading will be found from experi-
mentally determined tube curves. The
theory derived will be applied by calcu-
lating some power curves which will be
compared with the measured curves.

The case of most practical interest
today is that of the so-called linear
detector which utilizes input voltage of
the order of volts instead of tenths or
himdredths of a volt as was the case
with the previous small signal detectors.
The ahove case only will be considered
here. Small signal theory becomes very
difficult to apply when the input voltage
is of 1he order of volts so that the
detector theory will be stucied by neans
of certain easily measured tube char-
acteristics.

The wethod used here consists of
first fmcling experimentally the relation
between the power output aud the sndio-
frequency voliage introduced in  an
external dclector plate circuit of the
receiver under consideration.  The
rectificarion diagram or the velation
between the detecior inpin voltage and
the rectified output are found next, The
audio-frequency voliage in the external
detector plate circuit for various carrier
voltages and percentages of moduiation
may be computed from these rectifica-
tion diagrams. The power output for
the given conditions may then be found
from the relation between the external
detector plate audio-frequency voltage
and the power output relations of the
receiver.

Fig. 1 shows the schematic diagram
of the circuit connections used to deter-
mute the refation between the power
output and the audio-frequency voltage.
This method may be applied to any
particular audio amplifier. The detector
tube is removed and the input vohage
is apphed directly across the resistance,
R. [i is to be noted, except as to fre-
gquency discrinnnation, the value of R
makes no difference as tlie power output
15 found for the actual voltage in the
detector plate which valve of voltage is
found f{rom the rectification diagram.
In case a transformer is used a rvesist-
ance must be used n series with the
primary to smulate the tube resistance.
A divect current should also be sent
through the primary. In this case the
relation wil) be between the voliage
mtroduced internally in the detector and

21
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the power ontput. TIf the frenquency
used is around 4oo cycles, it may be
assumed that this voltage is the same as
the external voltage. An exact analysis
is somewhat complicated and will be
bevond the scope of this article, but
approximate results may be obtained as
explained by assuming that the voltage
introduced is the same as the external
voltage.

TFig. 2 shows the results obtained
from an amplifier using resistance coup-
ling between the detector and Arst
audio tube which tube is transformer
coupled to the push-pull stage by means
of a transformer liaving a 3 to 1 overall
ratio. The output uses two 245 tuhes
in push-pull.  The output is approxi-
mately proportional to the square of the
ioput voltage up to about four watts
after which it decreases slowly with
increasing input voltage. The output
reaches a waximum of about 7.0 waits
but normally only 3 to 4 watts could be
used hecause ol distortion.

Characteristics of 227 Tube

Fig. 3 shows the Ip-Eb characteristic
curves of an Fvercady Raytheon 227
tube with various inpul  voltages
impressed on the grid of the tube. An
8,000 ohm resistor was used in scries
with the cathode to obtain bias from the
tube, the grid being counected to the
other side of the resistor. The resistor
was by-passed with a 4 mf. condenser
for the input frequency; in this case
6o cycles. The current is plotred versus
the voltage supplied to the tube and
resistor in sevies. The curves for small
input signal voltages are about as would
be expected. The curves for higher
wnput voltage, however, nse very steeply
and do not pass through the origin.
The reason for this is that in addition
to the d-c. plate supp!y theve is also a
d-c. drop acvoss the cathodc resistor due
to grid curvent

If there is 10 a-c. voltage on the grid
there will be no hias on the tube until
plate current starts. If an a-¢ signal
is impressed on the grid of the tube,

24
clrcuit for test.
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EXTERNAL DETECTOR PLRTE VOLTAGE

current will flow during the positive
cycle provided there is no bias. This
current will cause the grid to becomne
negative. The tine constant of the by-
pass condenser and resistor is of such
value that the condenser will hold a con-
siderable portion of its charge over the
whole cycle. The grid thus has a
negative bias due to its own current.
The drop across the cathode resistor is
also applied between the plate and
cathode which makes tie plaie negative

with respect to the cathode thus oppos-.

ing the applied B voliage. Conse-
quently, no current can be drawn by the
plate even when the grid is positive until
the applied B vollage is greater than
the drop acvoss the bias resistoi.  As
soon as the plate becomes positive it will
draw a large current during the positive
excursions of the grid which curvent
will increase rapidly with increased B
potential. The total current that is the
sum of the plate and grid currents re-
miins practically constant at least frowu
1 to 1.§ ma. as the drop across the bias
ryesistor remains constant within this
range.

A 140,0c0 olim load live 15 shawn

drawn in from 163 volis which condi-
tion was used in a receiver, The rechi-
fied voltage curve is shown platied for

RADIO ENGINEERING

existing across the external plate resis-
tor. The external audio-freguency volt-
age across the plale rcsistor may be
found from this curve for any carrier
voltage and any percentage modulation
as will be shown below. Ii is to be
noted that this curve fvst increases;
veaciies a maximum and then begins to
decrease.  The rectified voltage is
shown increasing from 65.5 volts. In
reality this curve ‘o the right of 6335
valts is a continuation of the curve io
the left and ii shown in its true con-
dition the portion would ¢ negative.
As far as we ave concerned here the
sign ntakes no difference. It will be
necessary in finding the audio-frequency
voltages as explained below to imagine
this curve extended as a continuation
of the curve to the leit of 65.5 volts
which will cause no difficulty The
r¢asons for devector overloading at
various pereentages of modulation are
explained by the shape of the rectifica-
tion curves as will be shown.
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CRARRIER VOLTAGE

Operating Yoltage

The location of the operating voltage
foi any given carrier may be found by
the intersection of the [b-Eb curve for
that ca-rier voltage will: the load line
curve. If a carvier voltage is modi: ate:d
100 per cent its peax value will vary
betwveen the projections of the inter-
sections of the IB-Eb curves for 2z E
and O with the load line. This will be
the total change which is two times the
value of a sine wave. Consequently, the
rans. value of output is the voltage
hetween the two projections or in the
case of the rectification curve the value
for 2E divided 22 The output for
any other modulation is found in the
same manner as for example, the runs.
value of ontput voltage for a casrier
modulated 5o per cent is the difference
3/2 E and 1/2 E on the rectification
curve chivided by 22, An example
will make the procedure clear. Assume
a 6 volt carvicr wodulated 30 per cot.
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Fia. 3, Characterlstics af 227 tube.

Flg. & Overload characteristic.

It the modulation is 33.3 per cent volt- in Fig. § B. Tt is to be noted 15 per readings for ratios of 3, 4, 5, etc. are
afe will vary between the values for 4 cent modulation overloads at a slightly  found with these curves and the results
el 8 volts which i 20.2 volts. The larger value of carrier voltage than are plotted in Fig. 6 for 3o per cent
rons. value will be 20/2\/2 or 7.1 volts.  does the 30 per cent curve but the modulation. The caleulated curve for

The value for 30 per cent modulation

points are close enough together to take 15 per cent was found in exactly the

will be 30/33.3 x 7.1 or 646 volis. the point of detector overloading volt-  same manner, the voltage giving .08
Similarly, the audio-frequency voltage 3age as that given by a small percentage  watt, being 1.8 volts for 15 per cent

may be calculated for other carrier ©0f modulation.

modulation.  This curve is shown

vollages. Fig. 5 A shows the audio- ‘[he power output may e calculated plotted in Ilig. 6 by the dashed curve
(raquency voltage plotied against volt-  from the audio-frequency output voltage ~marked 15 per cent.
uge for 30 per cent modulation. It is curves of Fig. 5 and power output curve The power output using exactly the

1o be noted that when the carrier voltage of Fig. 6. In the measurenients .08 of same conditions was then measured for
I 14 volts the rectificd output falls off a watt was the smallest unit of power both 30 and 15 per cent modulation.
un cither side so that the fundamental measured so that the detector plate The carrier voltage giving .08 watt was
would be lost and the output would con-  audio-frequency required for this power taken as unity. The power output for
nisl entirely of distortional components.  output, .66 volt for 30 per cent modula-  twice this voltage was then plotted as
‘I'he output at this point decreases with  tion, was arbitrarily takcn 23 the unit  that given by the ratio of two, etc. In
u decrease of modulation and in the voliage in plotting both the calculated other words, both the measured and
limit would give no output because the and measured power output curves. caleulated are plotted in ratios so that
gurve changes in direction of curvature. From Fig. § we find that 1.3 volts shapes should be alike and the curves
The audio-frequency voltage in this carrier gives .66 volt for 30 per cent can be compared directly which is the
riunge cannot be conveniently caleulated  modulation. This is plotted as one in  fcature desired here. The measured
w6 that it has been flled in to fit the the dashed caleulated curve. (Fig. 6.) results are shown plotted by full lines
shape of the curve. The audio-frequency voltage given by of Fig. 6. The agreement is good until

The A-F. Voltage

2 x 1.3 volts input is then found and the the ratio of 20 15 reached after which
power output corresponding to this the measured begins to decrease and

The audio-frequency voltage for 135 voltage is found from Fig. 2. This the calculated begins to increase. The
per cent modulation was calculated in  value is then plotted for a ratio of two  decrease in the measured curve is due
Similarly the other to either the detector or amplifier over-

the same manner and is shown plotted  units in .ig. 6.

Fig. 7. |p-Eb characteristics when 25,000-chm cathodao
ragistor used.
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loading so badly. that the waveform is
flattened out. The agreement is, how-
ever, good enough to confirm the theury
advanced.

The overload characteristics are not
very good. The detector overloads
even at 30 per cent modulation before it
delivers enough voltage to overload the
power tube or to flattcu out the power
output curve. It delivers move than
enough voltage to give the rated value
of 3.2 watts but the detector should
overload the power stage befare il over-
loads. The volume Sor a low value of
percentage of modulation would reach a
sharp peak and {all off rapidly, which is
very noliceable in operation.

Conditions may be improved by using
a larger cathode resistor. Fig. 7 shows
the Ip-Eb characteristic curves when a
25,000 ohm cathode resistor is used in
place of the 8,000 ohm resisior, the
supply voltage remaining the same.
The rectifed vollage curves for a
110,000 and 140,000 olin resislor ave

shown plotted in Fig. ¢ B and C. The
level is considerably higlier than for the
8,000 ohm resistor.

The audio-frequency voltage for 30
per cent modulation using a 140,000
ohm resistor is shown plotted 1n [Fig.
5-C. There is considerably more audio
output voltage. The calculated power
output curve is shown plotted in Fig. 8
by the dotted lines and the mcasured
curve is shown plotted by the full lines.
The agreement is fairly close, aithongh
the measured is somewhat higher. It is
seen that these curves are FAatter than
the curves of Fig. 6, and that the
detector delivers enough voltage to over-
load the power stage. The overloading
would not cause such a sudden dropping
off in volume [or this condition as it
would when an 8,000 ohm resistor werc
used.

The remedy for the output falling off
sharply is quite casily {found from the
vesults.  Refer to Fig. 2z and it i
cvident that the output increases slowly

RADIO ENGINEERING

after the external detector plate voltage
reaches 10 volts. If the audio-frequency
vollage is greater than 10 volts, the
power varies httle with reasonable
changes in detector output voltage.
The higher the detector output voltage
the flatter the output curve will be so
that the dropping off of power with an
increase of radio-frequency voltage will
be less noticeable. Of course, at the
same time the quality will be improved
by increasing the detector output voltage.

Ln practice it would not be necessary
to repeat all the above steps in investi-
gating circuit constants for a detector.
Several rectifcation curves for various
combinations of plate and catliode
resistors would give enough informa-
tion ta chioose the circuit constants giv-
ing the best overload conditions for a
given B supply voltage. There is some
loss in sensitivity in choosing a high
value ol bias resistor but the better
overload characleristics more than off-
set this decrease of sensitivity.

New Combination Radio Equip-
ment for Yachts and Cruisers

TRIAD marine radio, combin-
ing a broadcast receiver, posi-
tion finder and compass in onc
apparatus, was recently devel-

oped in secrct by the Pioneer Instru-
ment Company, a division of the Ben-
dix Aviation Corporation, and was
shown for the first time at the
twenty-sixth annual motor boat show
at Grand Central Palace in New York
City, lanuary i6-24.

Tests on each part and of the entire
apparatus took place for days hefore
the show, and it was not until the
opening day that the radio was an-
nounced and its operation explained.
The apparatus includes a loop antenna,
antenna control wheel, receiver and
speaker, and is mounted on a cruiser
bridge in the Pioneer exhibit, wherc
with the recently perfected straightway
coinpass, it is attracting considerable
attention. The Pioneer Company dc-
veloped the famous earth-inductor
compass, used by Coloncl Charles A.
Lindbergh on his transatlantic flight.

The new triad radio, in ad:ition to
program hroadcasting, will receive all

'S

Secretly Developed Appa-

ratus Combines BroaJ)casf

Receiver, Position Finder
and Compass.

signals to 1,200 meters. This includces
all marine and commercial commmunica-
tions as well as SOS signals, storm
warnings, half-hourly weather reports,
light house beacons and radio compass
signals.

When used as.a position finder, the
radto gives the yachtsman all the advin-
tages of the facilities offered by the
government to assist large boats ta
ascertain their position by vadio. In
the case of the triad, however, many
other transmitting stations can be usetl,
as any radic broadcasting station is a
possible source of obtaining the posi-
tion of the boat.

The method of determining position
by radio is very simple. By sctting
the selector dial and rotating the loop
antenna, any (ransmitting station the
location of which is known is tuned
in, When the signal or program of
this station is received with minimum
intensity, its position in rclation to the
boat is determined by noting the com-
pass rcading. Another slalion at least
30 degrees removed from the first is
then tuned in and another compass
veading is taken. By plotting on a
chart the position lines obtained [rom
these stations, the position of the boat
iy accurately determined.

Visual Indicator Employed

Because of the inability of the human
ear to determine with any great de-

waanar amaricanradiahictary. com

gree of accuracy the point of absolute
minimum volwne of sound, the triad
is cyipped with means of determining
this  visually.  This consists of an
aceurale  clectvic  meter  which  wilt
show within a degree the point of
winimum  ceception which is used in
determining  position.  This  visual
indicator - will pick up and indicate
raclio  signals too indistinct to be
andible.

Ihe antenna loop, set like a huge
douglmut on the roof of the cruiser
bridge, is placed in the proper relation
to the radio compass station and the
boat is steered to keep the indication
of the visual meter at a mmimum read-
ing. By maintainiug this heading, the
boat will be safely and accurately
guided to its objective. Should a radio
broadcasting station he  sufficiently
close to the line ol the dcsired course,
its transmitting wave may be used to
steer by in the same manner as a radio
compass lransmiiter.

It is essential that a compass, such
as the straightway, be used 1f greal
accuracy of position finding is desired.
Accurate compensation of the compass
i very necessary.

There are many radio compass sta-
tions cstablished thronghout the navi-
gable waters bordering he United
States. Entrances to all important hiar-
bors are equipped with rilio compass
stations and also many light-liouses
and light-ships are also so equipped.
Once the position of a boat has been
determined, »t 1s possible to use the in-
strument as a radio compass and make
use of these facilities.
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Design Tests
for Amplifiers

and Comp|ete

Radio Receivers

By SyLvaN HArris

HE system of transinission wunits
is rapidly Aunding an almost uni-
versal application in expressing
the results of measurements or
lests made upon radio apparatus such
ua amplifiers or complete receivers.
llowever, the application of this sys-
lem by engineers is often quite inac-
curate, and m many cases, totally in-
vorrect. The indiseriminate usc of the
syslem  quite often jeads to serious
nlisconceptions concerning the quality
of transmission of pieces of apparatus,
anmiplifiess, or sections of lines,

I‘'or these reasons, among others, it
iv felt that a brief discussion of this
nystem, with special regard to its appli-
vilion to radio receiver measurcmants,
will be in order. The system of
transmission units has been used for
tfjuite a few years in the telephone in-
tustry, and was devised for the pur-
pose of expressing ‘the grade of trans-
migsion of sections of lines or of
picces of apparatus inscrted in the
lines, so that by performing a simple
nrithmetical addition the grade of trans-
iission of the whole line may be
t|uickly obtained.

Thus, in a certain transmission line,
cimsisting of several sections, A, B, C,
13, the current, voltage or power at the
lerminus of each section is attenuated
from section to section. By knowing,

* Recewved by the Bditor November 10, 1930.

A

An Engineering Discussion
of the Application of the
System of Transmission
Units to Various Circuit
Measurements

either through measurement or caleula-
tion, the attenuation of each scction,
the total attenuation of the line is
equal to the product of the attenuation
factors of the several sections. Or, if
the separate attenuations are cxpresscd
logarithmically, the total attenuation to
the sum of the separate values.

This part of the problem, at least in
its general aspects, is quite readily
understood. But there next arises the
question as to the pcrformance of a
given section of a line when it is re-
moved from the original line and in-
serted in another line. To put this in
language which is more familiar to the
radio engineer, let 1t be supposed rhat
the “gain” of a certain amplifier when
joined to a certain loudspeaker has a
certain value. Will it have the same
value when it is connected to another
loudspeaker of diflerent character-
istics ?

It is obvious that it will not. For,
taling the extreme cases, the power
delivered by the amplifier to the
speaker will be zero when the speaker
impedance is either zero or infinite.
And, for all values of speaker imped-
ance between zero and infinity the
power delivered hy the amplifier will
have any value between zcro and a cer-
tain maximum. Consequently it be-
comes necessary to express the per-
formance of an amplifier or section of
transmission line in such a way that
the number which is vscd to express its
performance is determined solely by
the amplifier or section, independently
of the apparatus to which it is con-
nected. This can be done by compar-
ing the performance of the amplifier
or section of liue with the performance
of an ideal transformer connected in
place of it. The ideal transformer
must have the optimum turn ratio

wWwWwW americanradiohictess com
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so that no loss of power attends -the
insertion of the transformer into the
circuit.

The effect of the ideal transformer
can be more easily visualized by first
considering the simple series circuit of
Fig. 1. This shows a generator of
voltage V and intermal vesistamnce ry,
delivering power to a load v The
current in the load and the power de-
livered to it are given by

vV, V!
Py=—— (1)

1'1+Ty ( (e 2 £ ) :
It can easily be shown that the maxi-
mum amount of power will be deliv-
eved to the load when 1, is made equal
to r,. In such case the expression for
P: reduces to

1=

A\
(2)

4Ty

It must be distinctly understood that
V, remaing constant, just as we assume
a constant voltage deliveved by a tele-
phone transmitter, or a constant field
strength at the antenna conmected to a
radio ruceiver, or a certain constant
voltage delivered by the detector to the
audio amplifier.

Now, (1) expresses the power deliv-

P, max =

r2

E &2
FIG.2

¢red to the load under actual condi-
tions, while (2) expresses the power
delivered under ideal conditions. Con-
sequently, the ratio of these expres-
sions will express the inferiority or
superiority of the actual circuit over

the ideal circuit. Thus
n
P2 -ﬂn__ 4r-, @
P;max. (nie)r (n+n)t
rz

Now, it will be noted that the frac-
tion in the denominator is the voltage
ratio, that is, the ratio of the voltage
delivered by the generator to the vol-
tage across the load terminals. That

is,
n4r, V,

=— (4)
T V:
whence
P (%) ()
me._4(V|) (' ®
The system of transmission units
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Zo Z;
T 3l
Vo Ve
{
FIG.6

expresses the ratio of two amounts of
power logarithmically. The logarithm
of (5) exypresses the transmission loss
in “bels”  “Lhis unil is, as a rule, too
large ‘or convenience, so the decibel,
having a value r/1oth of the bel, is
generally used.  Then the loss in deci-
bels is given by

L=10log 1:’%-“"

=6.02+20 log (?) +10 log (:_:) ®
],

Equation (6) represents how much
lower the power level at the load, ex-
pressed in decibels, is, than it would
be if the impedances were matched
and the load were receiving the maxi-
mum amount of power. Another way
of looking at it is, that (6) represents
how much improvement can be made
in the power [evel at the load by equal-
izing the impedances.

Now, suppose that, instead of con-
necting r, directly to r,, an ideal trans-
former having the optimum turn ratio
is interposed between them. This
transformer has the following char-
acreristics:

7|=r| 7|= Ty

b ¢ fn
i =
.
turn-satio =g — v r_: 09}

Zi and Z, are the primary and secon-
dary transformer impedances, F. is
the voltage applied to the priwnry and
E, is the induced voltage in the sic-
ondary.

In Fig. 2 the voltage E: is the same
as Vi The voltage E: is half of V,
and the ratio of E: to E, is as given
above. Then, the power in the load is
given by

p Y2 _ B2
I; re
e
_re(8) e
T
=(ny_¥v:
Vi) = 4n, (8)
n

Now, it will be noted that this ex-
pression is identical with (2). It is
therefore clear that by inserting an
ideal transformer having the optinium
turn ratio inlo the circuit, the same
eflect is created as when the imped-
ances are made equal to each other.
Hence the term, “impedance matching
transformer.” In other words, if we
start with circuit 1, the power suppliel

to the load being P: on inserting an
ideal transformer the power in the
load will increase to Pamax. The loss
in the circuit of Fig. 1, expressed in
decibels, is given by (6) and is known
as the transformer loss. 7This is the
loss which is due to the impedance
“mis-match” between the source of
power and the Joad. The expression
(3), from which (6) was derived, is
the squarc af what is known as the
reficction faclor, ‘Thus, the reflection
factor cxisting hetween the two im-
pedances ry, and ry, i
Vinn o
Fbra
Fig. 3 shows the graph of (3), (5)
and (6), all of which are identical.
Now let us consider whether (G)

100

TT T

3

°

o

ABSOLUTE RATID OF IMPEDAMCES <= Rfp

Fig. 3. Transformer loss curve.

howing galn obtained by insert.
ing idanl \raneformer at junotion
of two alrcults whoao impedances
are Z. and Z,.

can be applicd to a complicated seetion of
a transmission line, or to an waplifier.
So fur we live considered only & sim-
ple serits cireuit such as shown in Fig,
1. Now consider Vg, 4. A genera-
tor whose voltage is Vo and whose iu-
ternal impedance is Za, feeds into a
network whose input impedance is Z,.
This network delivers power 1o i load

RADIO" ENGINEERING

output, V, so that the voltage ratio
(or amplification) is Vy/V.. The cur-
rent delivered by the generator is I,
and the current in the load is T,.
-t is evident that the power delivered
to the load is given by
DPo=nls? (10)
The “transfer admittance” of the net-
work may be defined as the ratio of the
current leaving the network to the vol-
tage impressed on its input, or

I
I¥l=4: (1)
The vertical bars enclosing a quantity

indicate that the absolute value of this
quantity is meant. This can be written

as
L%";_ K
Vi 5 ‘@ (12)

in which k is the voltage ratio (or am-
plification).
Solving this for “. and substituting
in (10), the power in the load is
YA k @
=3Tg I—ZLFI"LIP l—Zq:' Veé (1-))
1{ now, we substitute for the network
an ideal wansformer having the opti-
nunn luen ratio, making the circuit
that of 1ig. 5, the power delivered to
the load will be
'
lu' - ——e
41
Taking the ratio of (13) to (14), and
expressing it in decibels we obtain as
the loss (or the gain, since if the loss
tirns out negative it may be inter-
preted as a gain) of the nelwork the
expression
1,=6.02+20 log k+10 log ™+20 log cosd:

/11 r’

+10lg i s

This may Jook rather formidable at
first, but due to the way in which the
termis are grouped the significance of
cuch can easily be understood. For ex-
imple, the first three terms are similar
in form to those in (6), expressing
the loss due to the mis-match of termi-
nating impedances. The fourth term
represents another loss due to the re-
actance of the load impedance. The
last term represents thal f{raction of
the generator voltage which is imn-
presscd on the input terminals of the
network, since there is a drop in vol-
tage in the internal impedance Z.

For the particular case where the
network of l7ig. 4 is an amplifier, the

P

(14)

impedimee 7, The voltage at the  input to the amplifier 15 usually a
input of the network ix V,, and at the  transformer (see Fig. 6). Moreover,
lo?-o 2211 2o
v s
GENERAL
Vo W NETWORK OR Vo 2
AMPLIFIER : 2
gl 1] 1 h
F1G.4
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the terminatine impedances Z, and Z
nre almost pure resistances. Due to the
fuct that the transformer works into the
Infinite input impedance of a vacuum
tube, the primary impedance of the
transformer is very large compared with
/. which is often the r, of the detector
tuhe of a radiu receiver. Under such
vonditions the tast term of (15) becomes
negligible. Due to the nomn-reactive
character of the load impedance the
fourth term is also zero, whence the
expression for the gain of the ampli-
lier is simply

T
6.02}20 log k410 log — (16)
rs
I'hus, in making measurements of the
guin of an amplifier, Z, is tlie r, of the
detector tube and Z. is the resistance
of the voice coil of the loudspeaker.
The voltage ratio Vi/V, is measured,
und the gain is computed by (16). Tt
hust not be forgotten to acd in the 602
decibels, which are often noglected by
cxperimenters.

In cases where the input impedance
of the network is not [argc compared
with Z, it is necessary to compute the
lust term of (15). This can be done
with the aid of the vector diagram of

l5ig 7. The angle A of the oblique
triangle is
s— 3 +%- =
—8

where 8 == 9; — S
Solving the oblique triangle
lZo + Z|'== 2¢ + 8% 5 Yzau cosfB
in which Z,=z and Z,=z, Thcrefore,

1
V) P =
rzn 1+ (5) +2(3) 8 ap
The angles @, and ¢, arethe phase an-
gles of Z, and and Z, Note that when
2, is large compared with z,, this re-
duces to unity, the logarithm of which
is zero, as mentioned before.

The necessity for determining the
gain of an amplifier by the method de-
scribed above can be scen from the
following case. Suppose the gain of
an amplifier, measured by this method,
is found to be so many decibels. This
i= the gain that the amplifier has when
there is no reflection loss between the

terminating impedances, that is, when
the terminating impedances are equal.
Now, when the amplifier is inserted
between impedances which differ, a re-
flection loss occurs which may be ob-
tained from the curve of Fig. 3. In
addition to this, thore may be other re-
flection loss due to mis-match at the
input and output of the amplifier. For
example, referring to Fig. 8, from the
measured gain of the amplifier mus® be
deducted the reflection losses ocenr-
ring between 1, and 1, between
o and 1, and between r; and ry, in
order to obtain the actual gain of the
amplifier in the circuit. If r, and 1,
are matched, and also ry and rs;, the
only veilection loss that remains is that
between r, and ro. Thus, the perform-
ance o° an amplifier whose gain is
known with reierence to the ideal cir-
cuit can be determined for any circuit
simply by correcting for the mis-
matches which occur,

In obtaining fidelity curves of am-,

plifiers, or of complete radio receiv-
ers, it is not always necessary to know
the actual magnitude of the gain, but
simply the variation of the gain with
reference to the gain which is obtained

Fo

AMPLIFIER
TN e e

WAV

FIG.8

at a given S-equency. Jor ‘example,
assume a sigmal impressed upon the 1n-
put terminals of a radio rectiver. The
carrier ‘rcquency and percentag:: mo:l-
ulation are held constant, while the
moduli tingy ‘rojuency is varied. 'vhe
signal voltage imp-cssed on the input
of the dutector tube is necessarily con-
stant, avoiding a difficu'ty wuich would
be introduced duc to the square law of
the detector if the signal at its input
weore permitted to vary. The power
input to a resistance load representing
the voice coil resistance is measured
far various frequencies of modulation.
‘I'hus, if P, represents the power in
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thc voice coil at a modulation fre-
quency of 400 cycles, and 1’ is the
power at any other frequency, the ex-
pression 10 log Pe/Puo represents the
variation of power in the load with
reference to the power level at 400
cycles. The mecasurciments may be ob-
tained by simply measuring the voltage
or current in the load. The equiva-
lent expressions are

20 loxl% 20 Iogll—;

since the power is proportional to the
square of either the current or the vol-
tage. In making such measurements,
it is necessary to have calibrated in-
struments, either thermocouples or
calibrated vacuum tube voltmeters, and
where many such curves are required
the process may become quite tedious,
on account of Having to consul’ the
calibration curves, or checking the cal-
ibrations.

The work may be considerably sim-
plifed by using a thermocouple r.
series with a resistance which is large
compared with the load resistance, as
indicated in Fig. 9. The value of
R need not be known, nor is a calibra-
tion curve of the thermocouple re-
quired. The power in the load is
given by E/r. The current through
+he thermocouple is proportional to
E, whence the power in the load is
proportional to the current in the
thermocouple. This, in turn, is pro-
portional to the square of the meter
deflection. Thus we have

P « B!
E? & DPrq.
P«
vhere 8§ represents the meter indi-
cation. It is evident then that the
power in the load is directly propor-
tional to the meter reading. The vari-
ation of power in the load may then
be directly determined by taking the
ratio of the meter reading at any fre-
quency to the meter reading at 400
cyeles, and then obtaining 10 times the
logarithm of this ratio. It is often
necessary to make many measure-
ments of power output of the power
amplifier tubes. This problem may be
simiplified by wusing the arrangement
(Concluded on page 34)

:
ol

FIG.9

L

B- B8+
FIG. {0
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Accuracy of

Measuring Instruments

By A. ].

ONSTANCY of calibration is
one of the requisites of a
good meter. There are vari-
ous factors governing this,
such as perinanency of magnetic
flux, quality and temper of springs
used, freedom {from outside-of-meter
disturbances, good joints in the clectri-
cal circuit, variable
temperatures changing
both the electrical re-
sistance of the circuit
and also the actual
linear dimensions of
the pivot settings on
the movement itself,
but perhaps a fcature
which has not been pre-
viously emphasized on
account of difficulties of
construction, is the
actual position taken by
the pivots upon which
the movement turns. Fig. 1.
It is not the purpose
of this article to apply this reasoning
to meters of the vertical type as these
are usually hung in a fixed position
when calibrated and used in a similar
position only, but when meters are in-
tended for portable use or for hori-
zontal use, such as in test sets, the
meter can not be guarantced to be
placed in cxactly the same relative
position or level as when originally
calibrated. It is lierc where pusition
of pivots within their jeweled bear-
ings is of vital importance. Any other
position taken by the movement other
than that in which it was calibrated
will very obviously affect the con-
stancy of calibration.

* President, Rowson Electrical Instrument Co.

A

Modern instruments are

provided with improved

method of movement
pivoting

LusH*

Four diffevenit  methods  of  pivot
mounting iare shown in the illustrations,
Figs. 1, 2and 3 show the older methods,
Figs. 1 and 2 can be relied upon where
there 15 a strong control necessitating a
strong spring which i turn tends to
hold the maovenent i i delinite poxi-
tion, bhut this is not the ease where high

= 2
(= -

= 3= «3> iom WS-
1!
7 7/ :

Fige Figa.

sensitivity is desired say balow r o
full scale. Reference to Fig. 1 will
show the lowar pivot which supports
the weight of the movenent te he rvest-
ing on its extreme tp and in contict
with the apex of the jewel hearing
which is of course as it should he, but
observe the unstable position of the top
pivot which merely acts as a guide. On
account of the impossibility of tighten-
ing the top jewel to bring pivot to apex
of heaving this pivot is liable to wobble
around within the aren of loose fitting
of pivot to jewel  This can not be
avoided, as, should the jewel be tight-
eoed very undesirable friction would
immediately appear.  Furthermore, a
feature which is somectimes lost sight
of is the lincar expansion and contrac-
tion of the whole moving coil which of
course includes the dimensions between
pivots, due to changes in temperature.
This latter condition has heen the cause
of trouble in the past evidenced by the
movement sticking when meters have
been used at varying temperatures. To
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avoid this entails loosening the fit of
pivots to jewcls. One more feature
must be considered; that of total fric-
tional moment which may be considered
in stmple form as =24 uWr where u
is the coeflicient of friction for the ma-
terials used, W the weight and r the
radius of surface comtact. Wlile the
lower pivot carries the greater portion
of the weight, r is at the lowest value
possible as the movement is resting on
the cxtreme point of pivot, the only
measurable surface being due to the
crushing effect of the movement weight
(a4 good hard pivot and high quality
well polished jewel will reduce this to
a mininmum).  The upper pivot, how-
cver, while only carrying a small por-
tion of the weight, has an enormously
larger “r" rolling around within its
loose area of contact. Hence in order
to overconie frictional trouble a much
stronger control is necessary. ‘This is
usually attained at the expense of
cleavances within the gap in which the
movement turns with its detrimental
feature of causing sticking of move-
nient on sides of gap or on minute
particles of dust, but if
given the larger clear-
ances movement would
casily ride over with-
out touching.

The above remarks
apply equally to the
movement shown in
Fig. 2, with the excep-
tion that in this case
the top pivot carries
most of the weight and
the bottom pivot
wobbles around.

Fig. 3 shows the
single pivot movement
which eliminates the
loose fitting second pivot feature and in-
cludes the addition of its adaptability to
clamping for transit, which, by lifting
the weight of the movement relicves the
pressure between pivot and jewel. Al
clamiping has for its aim the protection
of pivots from damage while being
shipped.  So called electrical clamping
which is a device for short circuiting the
moving coil, will not take care of this
as it protects only the pointer from
bending due to excessive slamming, the
weight of the movement being still car-
ried by the pivots.

Some time ago the writer was con-
fronted with the problem of developing
a ligh sensitivity electrostatic volt-
meter.  Anyone familiar with this type
of meter will recognize that every one
of the above remarks play a very im-
portant part therein. In line with this
he devised a means of eliminating the
detrimental features while still retain-
ing the valuable clamping feature. A
single pivot movement was out of the

(Concluded on page 30)
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Individual Radio

at Last

“SINGING” and ‘““tatking”
radio pillow for wvse in hos-
pitals and Pullman cars has
just heen developed by the
ugineering Products Division of the
RCA-Victor Company, Inc.

The radio pillow is of regulation
hospilal  size, and is made of spe-
vially selected sponge rubber in which
. sensitive radio reproducing unit is
vacealed, It is so0 comstructed that
nlthough the sound penmneates the pil-
low it cannot be heard except by rest-
g the head on the pillow. The RCA
culio pillow was designed especially
for use in hospitals 1o replace ordinary
carphones which hecome irksonme and

1

A

Not Only in Hospitals, Pufiman
Cars, and on Shipboard, but may
be the answer to Family Disputes
in Regard to Preferred Programs.

chafe when worn for any length of
time. The loudspeaker is often im-
practicable too, because the radio pro-
grams may be disturbing to other
patients in various stages of illness.
The new pilow, according to its

Page 29

sponsors, may be sterilized like an
ordinary pillow, and the pillow-cases
changed at will. The patient lies in
aonatural veelining or sitting-op posi-
tion to hear the radio progrions. A
conecting cord  af ample length s
plugged o the centrabized radio re-
ceiving svstem.

The engineers who developed  this
latest deviee, expect new applicitions
to stugpest themgelves conlinnally, For
instance, il iz pointed out thag the
radio pillow may he nged to relicyé the
tedium of lang travelling in the Fall-
man cars, or to divert sein travelers
vesting in steamer chiaivs ar berihs,

| =

individual radio
receiver,

TR

Federal Radio Commission lssues New Orders

FFECTIVE March 1, 1931, Gen-

eral Order No. 103, of the Federal

Radio Commission, goes into

effect  This order contains the
following provisions:

Section 1. The Broadcasting Day.
That period ol time betwuen six o'clock,
am,, and twelve o'clock midmght shall
conshitute  a  broadeasting day; the
period between six o'clock aun,, and
local sunset to be designated as daytime
and  that between local sunset and
twelve o'clock midnight as nighttme.
The nionvihly average sunset at all lo-
cations will he specified by the Federal
Radio Conmmssion and the references
herein made to times shall be taken as
referving to local standard time unless
utherwise ordered. In determining the
quota value of a given assignment or
in the computation of time division the
average time of local sunset shall be
taken to be six o’clock p.m., and one
hour of nighttime operation shall be
vousidered as the equivalent «f two
hours of daytune operation.

Section 2. The Test ar Ewpertmentod
Period.  ‘I'hat period of tnne between
nwelve o'clock midimght and six o'clock

a.m., local time, shall constitute the test
or experimental period and may be used
for this purpose by any regularly
licensed broadcasting station on its as-
signed f{requency and with its anthov-
ized power; provided, however, that no
interference is caused with other sta-
tions maintaining a regular operating
schedule during al) or any part of suid
time.

Section 3 Unlimited Time Statrons.
All broadcasting stations now or here-
inafter licensed to operate without limit
as to time may operate on any sch:edule
of hours that mcuts their requirenents
whether durimg the broadcasting day or
test or experimental period; provided,
however, that from and after the st
day of May, 1931, no licenses author-
izing unlimited Lours of operation will
be issued to broadcasting stations
which are not on said date and do not
continuously thereafter maintain  a
minimum regular opurating schedule of
twelve hours per broadcasting day; at
least three hours of which shuil be be-
tween six o'clock pm., and uwelve
o'clock midinght local time. In all
cases where the minimum regular
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operating schedule herein provided i:
not adhered to, such stations may after
hearing be required to share time-with
othey stations or be reduced to part-
time stations,

Scction 4. Stations Sharing Time
{a) In all cases where broadcasting sta-
tions are licensed to share time they
shall not operate simultaneously at any
tinte, either day or night, unless spe-
cifically authorized to do so by the
terms of their licenses.

(b) In all cases where broadcasting
stations arc licensed to share time and
specified hours of operation are dusig
nated in the license, that schedule <hall
be adhered to uuti! otherwise arderyd
by the Comnission or deviation theri-
from is permitted pursuant to paragriph
(d) of this section.

(¢) In all cases where broadeastiig
stations are requived to shard tinw: anil
the specific hours of operation are nn:
designated in the license, the licaieps
of such stations shall endeavar ta pench
an agreement as to a definite weluxlnle
of periods of time to he u=wil hy vich
of them and if successful @uch of suid
stations shall reduce said agrecment to
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writing and file the same in triplicate
with the Commission with each appli-
cation for renewal of license. If and
when such writlen agreements are
properly filed in conformity with this
order, the file mark of the Commission
shall be affixed thereto, ane copy shall
be retained by the Commission, one
copy shall be forwarded to the Radio
Division of the Department of Comn-
merce, and one copy shall be returned
to the licensee of said slation to be
posted with its license and considered
as a part thereof. [f the license
specifies a definite proportionate time
division the agreement shall maintain
*his proportion. In cases no propor-
tionate time division is specified, the
stations will agree upon a division of
time. Nothing contained in this ovder
shall be construed as authorizing or
permitting the simultaneous operation
of such stations unless specifically
authorized to do so by the terms of
their licenses. ’

(d) In all cases enumerated in Para-
graphs (b) and (c) hercof, departure
from the regular operating schedule
will be permitied only in cases where
an agreement to that effect is reduced
to writing, signed by the stations
affected thereby, and filed in triplicate
with the Comumission prior to the time
of said departure; provided, lowever,
that in cases where time is of the
essence the actual departure in the
uperating schedule may, after appropri-
ate notice to the Commission and to
the Radio Division of the Department
of Commerce, precede the actual filing
of the ritten agreement with the
Commission; and provided further that
nothing Jierein contained shall be taken
as authorizing any simultaneous opura-
tion not specifically authorized in the
licensees of the stations affected.

(e) In all cases enumerated in Para-
graph (c) hereof where the station
licensees are unable to reach an agree-
ment as to a definite schedule of periods
of time to be used by each of them, the
Compmission shall be so notified by the
{ling of a statement to that cifect with
the application for renewal of license.
Upon receipt of such statement the
Commiission will designate the applic:-
tions for hearing and pending such
hearing the operating schedule pre-
viously adhered to shall remain in f-lt
force and effect.

Section §. Limited Time and Doy
Stations. (a) Ia all cases where a
broadcasting station is licensed to
operate limited time or during daytime
it shall not operat- simultaneously with
any other station assigned to thal fre-
quency at any time unless specifically
authorized to do so by the termns of its
license.

(b) In all cases where a broadcast-
ing station is licensed to operate with
limited hours and required to cease

opuration at the time of sunset at some
point within the United States, the
license will provide the hour of the day
during each month of the license period
when said station shall cease operation.

(c) In all cases where limited time
stations aruv licensed to resume opera-
tion at the time the unl‘mited time sta-
tion on the same channel ceases opera-
tion, the licensee of said limited time
station shall file in triplicate with the
Commission a copy of its rcgular
operaling schedule, signed and approved
by the licensee of the unlimited time
station. Upon receipt of such operat-
ing schedule, properly executed, the
Commission will affix its file mark, re-
tain one copy, forward one copy to thc
Radio Division of the Department of
Commerce, and return one copy to tic
licensee of the litnited time station hl-
ing the same who shall cause it to be
posted with and considered as a part
of the station license. Departure from
said operating schedule may be had only
by compliance with the provisions of
Paragraph (d) of Section 4 with re-
spect Lo such departures by stutions
sharing time

Section 6. Reducing Power at Sun-
set. In all cases where a broadeasting
station is licensed Lo operate with
more power during daytime operation
than for nighttime operation and the
licensee is required to recuce tlie power
of the station at the time of sunset, the
license issued to said station will specily
the hour of the day during each month
of the license period at which said sta-
tion is required to reduce its power.

Section 7. Part-Time Stations. Any
broadcasting station other than a day
or a limited time. station which is
licensed to operate part-time on a
channel where the entire available
broadcasting time (i. e., the broadcast-
ing day) has not been designated for
the use of any other station or stations,
may operate temporarily and until the
further order ol the Commission upon
all or any part of the time not so desig-
nated: provided, however, that where
two ov more part-time stations are
ciigible to operate on said undesignated
time, they shall comply with the pro-
visions of 1'aragraph (c¢) of Section
4 with respect to the regular operating
schedule of stations sharing time,

Section 8. Violations (a) In all
cases where a licensee is required by
the terms of this order to file any docu-
ment pertaning to its operating sched-
ule at the time of its application for a
license, the failure to file such a docu-
ment shall be considered as a defect in
the application for license within the
meaning of Section 1 of sub-title B
of “Practice and Procedure before the
Federal Radio Commission” adopted by
General Order No. 93.

(b) In all cases where a station licen-
see is required to prepare and file a
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regular operating schedule, any devia-
tion or departure from sucl schedule,
except as herein authorized, shall be
consider=] as a violation of a material
term of the license an:' of this orde:.

(c) In all cases wher: the specific
hours of operation a-. fixed in the
licinse, any deviation or departure
therefrom, except as herein authorized,
shall Le considered as a violation of a
material term of the license and of this
order.

(d) Unless specifically authorized to
do so by the tecrms ¢f their licenses, no
stations operating on the sume fre-
quency assignments shali Le permitted
to opcrate simultaneously. Any unau-
thorized simultaneous operatior shall be
considercd as a violalion of a material
terit of the station license and of this
order without regard to any under-
standir.iz or agreement as betwecn the
stations affected thereby.

ACCURACY OF MEASURING
INSTRUMENTS
(Concivded from page 28)

questicn on account of the possible side-
ways or oscillating motion which is not
a scerious objection on that type of
movement, as the pivot being in the
center of a spherical magnetie field, all
parts of the deflection coil remain at
cqual radii distances in the field at a’l
times. Tle principle of balancing the
whole of the movemnent weight on one
ccntral pivot was retained, with another
pivot added to act as a guide which,
however, would at all times be in ron-
tact at its extreme point with the apex
of the jewel bearing. This latter fea
ture being attained by supporting the
jewel on a very resilient but weak spring
incapable of supporting the weight of
moveinent. On account of special con-
struction this spring could not move
in a lateral direction being limited up-
wards by the pivot and downwards
slightly below the hanging point of
pivot by a solid stop thereby eliminating
the possibility of jumping out of reach
of the pivot. As both pivots were in
the same direction or downwards this
permitted design of a clamping device
similar to that used on the single pivot
movements. When unclamped, relative
position of pivots in both bearings was
maintained as both pivots were in in-
timate contact with the apex of their
jewel bearings thereby removing any
possibility of calibration error due to
a variable change of position of moving
element. Later the same principle was
applied to the Rawson fluxmeter and
then to the regular line of micro and
milliammeters, where it has lent itself
to removing the up and down motion
characteristic of the single pivot move-
ment.

Fig. 4 shows the latest arrange-
ment of this development on the stand-
ard Rawson microammeter movement.
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World Market
for Radio Equipment

FLECTIVITY is a2 primary
requisite in radio sets designed
for use in Europe, according to
Tawrence D. Batson in an

nalysis  of  world  markets  for
idio cquipment which the Commerce
Departiment has just released. Jn the
United States, Mr. Batson points out,
the system of chain  broadcasting
whereby identical programs are broad-
ary by large stalions in various parts
of the country makes this attribute of
loecer importance.  In LEurope, on the
giher hand, there is little or no chain
broadeasting; the large broadcasting
intions enjoy absolutely clear channels
anil the radio fan is able 1o cheose s
puteriainment from a wide field of
programs coming from many different
gomtries,
\More
radio  sets,

than  twenty-four million
representing a value of
approximately  one-and-a-half  billion
dollars, are in use throughout the
world today, Mr. Batson's report re-
veals.  Forty-five per cent of the
world total, or 10.500,000 sets, with a
vijue of $676,000,000, are in the

United States. The total investment
in  Dbroadcasting stations throughout
the world is estimated in the neighbor-
hood of $29,000,000, of which one-half

is rveprescnied DLy stations in this
country.
Socket-power sets account for 32

per cent of the totzl nurnber in ust in
North America, for about one-half ot
the sets in J<urope, and one-quarter of
those in South America. Crystal sets
are fewest in North and South Asmer-
ica, representing I and 2 petr ceout re-
spectivelv, and highest in Russ'a and
Turkey wheve the ratio is around 20
per cenl.

In the majority of countries outside
of the United States and Canada, the
cost of broadcasting is paid by a sys-
termy of license fees levied on the radio
scts in use. These fees vange from as
low as 39 cents in France to as high
as $44 per sct in Turkey. The average
hicense fee, however, runs between 33
and $4. As theve ave approximately
r1 million radio sets in Europe, it is
appavent that the amount paid yeavly
by razdio fans in that atea 1s between
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forty and  forty-five milhon doVars.
Acvcording to Mr. Batson, there is a
dehnite trend 1 some foreign coun
trigs toward adopting the Amevicin
system of a sponsored program. Most
Lorveign conntries, however, prefer to
vetain the license fee system, having
a prejudice against mixing advertising
with radio entertainmient.

Relerrving to the type of foreign
broadeasting  programs, the report
shows that a sort o “universal” pro-
gram has been adopled semilar to that
used in the United States, consisting
of nusic, addresses, and in(ormative
talks. Fwven sports aml news events
are now put on the aiv hy loveizn sta-
tions, although not 1o the exicut pre-
vailing in this country.

American racios, according to Mr.
Taison, arve genevally vegurded as
superior to tae great majority ol
foreign makes. Jn Euvepean mianu-
Zactuving countries, his report shows,
most of the sets in use are of domestic
origin.  After the United States,
England and Germany have made the
greatest advance in radio development
and each has built up a substantial
exporl trade in radio sets and equip-
ment.

The United States today is the
world’s largest exporier ol radios and
during the last threc years has made
striking gains in this held. Foreign
sales vose from something more than
$9,000,000 In 1927 to $12,000,000 in
1928, while the export hgure for 1929
was niore than $23,000,000.

One Hundred Percent Tubes On|y Go to Dealers

A

The protograph here repro-
duced shows the dump-heap
accumulation of tubes in the
rear of the manufacturing plant
of the Sylvania Products Com-
pany, Emporium, Penna. In
the process of test all tubes
which do not meet the exact-
ing specifications of the Syl-
vania Company, automatically
become rejects and find their
way to the dump, where they
are destroyed.

v
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What Shall We Do
for 1931 Sets?

By Ausrtin C. LESCARBOURA
Mem. ILR.E. Mem. A.l.E.E.

HAT shall we use for talk-
ing points during the 1931
radio scason? Last year we
featured tone control, the
year before the screen-grid tube, and
two years ago the foolproof a-c. sct.
While trade and industvy await the
radio stylist’s decision, it may be well
to look around the laboratories and
sece just what is availuble Ly way of
innovations and refinements.

It is rather doubtful that any radical
innovation will be sprung on the vadio
industry, There may he important de-
velopments under way in the labora-
tories.  We know of highly significant
superheterodyne developments in the
making, of better detector circuits, of
tuned audio systems, and of sharper
tuning systemns permitting of dividing
the broadcast band into five times as
many channels. However, there is little
danger of any monkey-wrench being
thrown into the radio works for the
reason that the industry is strongly in-
trenched behind standardization.  No
onc daves upsct the apple-cart, although
logical improvements and refinements
are very much in vogue.

New Development in Tube Art

First of all, let us consider tube pos-
sibilities as the basis for 1931 radio
styles. The outstanding development
now in sight is a duo-gain or high-low
gain screen-grid tube.  This tube in-
corporates a split control grid which
permits it to function automatically as
a high or low gain tube according to
the signal strength.  In radio reception
terms, this new tube permits of excep-

A

Betterment of Yacuum Tubes
Will Be Taken Advantage
of This Year

tionally high gain for maximum sensi-
tivity in conjunction with weak signals,
while awtomatically lowering the gain
wlhen powerful signals are to be
handled, theveby overcoming the present
overloading tending in highly sensitive
circnits,  ‘The tube will also make for
greater selectivity in tuned v-f, circuits,
thereby eliminating the usual pre-
selector circuits.

Alveady we have available the high-
ain screen-grid tube, which provides
approximately twice the gain of the
usual -24 type. This tube has met with
immiediate favor in midget sets, where
greater  sensitivity s {requently re-
quired. It is evident that the high-gain
sereen-grid tube witl become the stand-
ard tvpe in e, with greater efficiency
tor the usual sereen-grid sct.

Jhere are several heater lypes in the
Juhoratories for use on t1o volts d-c.
or a-¢., 32z volts d-c. as in the usual
isolated power plant held, and 6 volts
d-v. as in automobile radio work. The
—30 series of 2-volt tubes, iutroduced
carly last yeur, is bound to come into
weneril use, particularly with new bat-
tery sets which will be introduced for
use in homes beyond electric service.

The Pentode Tube

The pentode whichh has been the
object of more tatk than action, may
come iuto use, particularly in midget
sets.  Aside fvom the r-i. pentode in-
troduced some time ago, there is prom-
ise of an a-f. pentode capable of real
output with minimum of equipment and
cost. Certainly in the struggle to
achieve still lower prices without sacri-
ficing performance standards, the pen-
tode is a most attractive proposition to
designers of midget sets.

‘I'he coming season will sce the con-
tinuation of the hattle between midget
and standard sets. It is estimated by
those “in the know” that the midget
sets will total two-thirds of all sets sold.

wwwW americanradiohistorv com
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Television attains the merchandising
stage—typical kit of parts for assem-
bling a radiovisor,

but we are frankly doubtiul of that
prophecy. It seems to us that during
the past month or two, the tide has defi-
nitely swung away from midget sets.
Qf course this may be due in part to
the slashing of prices ou standard sets,
but even so, more standard sets in pro-
portion are being sold now even at full
list prices than was the case a few
months back.

No doubt the midget sets will be
vastly improved, In many laboratories
the techniciuns are hard at work ou
ways and means of Lrimming costs,
New power packs have been developed
in which the components and costs are
reduced to new levels ol economy. ‘The
Loitin-White direct-coupling audio am-
plifier and variations thereof will come
into greater use. [niportant loudspeaker
developments will tend to eurich the
tone oi the diminutive loudspeaker of
the midget.

The pace forced upon the standard
sct by the midget will result in marked
improvements in higher priced sets.
Tone quality is the initial point of at-
tack. Ilerc is where the standard sct
can out-perform the midget sct in the
most obvious manner from the average
buyer's standpoint. Loudspeaker de-
signers have been hard at work on tone
improvements, cspecially in the matter
of better diaphragms. Recently, some
important work has been done on spe-
cial paper diaphragms with odd rim
patterns to provide remarkable flex-
ing  properties,  These paper dia-
phragms are less costly than anything
vet employed, entirely self-contained so
as to ecliminate costly wmounting or
wasking, yet provide the finest tone
quality vet attained.  The impregnated
cioth diaphragins have also been im-
proved, but their costs are apt to prove
excessive in view of the low list prices
that are certain to obtain.
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Combination Sets

There is every indication that the
coanbmation phonograph-radio set will
L wmost popular.  After all, the phono-
poaph feature does not add greatly to
the rust oF the console set and yet has

int praer sales appeal than the plain
cadin et The recent introduction of
tha home vecording feature, which is
Lwseil an the avatlability of the phono-

vaplieradio combination, gives new life
1o 1ht gombination set.  The fact that
the home recording feature may be em-
pluved 1or recording either home talent,
thrangh a microphone, or any desired
fdio program, makes the combination
g 1ar more attractive than ever hefore.
It s freely predicted that combination
o1 selling from $116 to $149 will be
popular this coming season.  The spe-
el yecords for home recording will
b aenlable in a range of sizes, selling
fiag as dittle as 20 cents cach.

Automobile Radio

I seeking a greater volume of busi-
P10 30 s to compensate for the decline
i pules dollars due to lower priced
jutts, the automobile set loonis up as a
tong possibility.  Rumor has it that
i least one company is to have an auto-
nwhile radio set selling for $65 o1 less,
sluch  makes  this radio  application
ivasible. A year ago, an automobile
vaddio: set sold for better than $r1o00.
Sew design, together with special tubes,
Il tend to make automobile radio
penctical, while a low list price will
innke it popular.
=1l another means of increasing the
nles figures may be forthcoming in the
ioem ol so-called individual radiv sets.
weently, one manufacturer has intro-
el o two-tube a-c, set for headphone
A eation, which provides private recep-
tion for any individual, Such a set is
yroving quite popular, since it can be
mployed in the home as a receiver scp-

with two
tubes, fully a-c. operated, provided
with headphones.

The individual receiver

arate from that oi the houschold, ©
school, in the hotel, for the hospital,
ou trips, in the oftice, and so on. There
is real need for the individual receivers,
now that the radio habit is so firmly
instilled in most of us. Tt is just a mat
ter of price, and with $23 alveady at-
tained, the industry is quite likely to
go iar below that figure in gaining pub-
lc acceptance for the individual re-
ceiver idea.

There may be a serious attempt made
10 build up a line ot accessories for the
usual radio set. [Home recording, ve-
mote loudspeakers and home talkies are
logical accessories for which the set
designer may provide the necessary
jacks and switches. This would he a
boon to the radio trade which, since
the advent of the self-contained radio
set, has gained simplicity of initial sell-
ing only at a sacrifice of those repeat
sales that would accrue through proper
provision for accessories.

Home Talkies

ITome talkies are an immediate possi-
bility, since the developiient work on the
film-disc type has been completed. \While
most of the offerings are designed
arotmd the usnal claborate 16 millimeter
filin projector, with a suitable flexible-
shaft-driven disc turntable added, some
interesting work has been done in con-
junction with a motor-driven turotable
driving a very much simplified project-
ing mechanism by mecans of flexible
shafting, or just the reverse of the
usual projector with a turntahle acces-
sory. Certainly costs are going to be
greatly reduced in this field, for radio
mannfacturers are going to provide
complete home talkic equipment at but
a fraction of the costs that have here-
tofore obtained in the home movie field.
The usual radio set will be emploved, of
course, for the sound reproducing end.
Somd-on-film honie talkies, represent-
ing the ultimate ideal, arve still a long
way from realization. Engineers have
found it impractical so far to crowd
satisfactory sound records on the di-
minutive r6-millimeter filni, 400 Leet of
which is equivalent to 1000 feet of
standard film.

Iast season we had tone control.
There are cvidences that the industry
may go further in the matter of tone
control. The writer has recently en-
joyed a demonstration of the tone con-
trol method developed by a well-known
radio worker. [n a power. amplifier in-
cluding this systemw, the operator has a
variety of control knobs covering more
or less bass, more or less treble, gain,
and even variable scratch filtering in
the case of phonographic reproduction.
It is possible to obtain any desived re-
production with stich a control board,
thereby fitting the loudspeaker rendi-
tion to room acoustics, sclection and
personal tastes. [t is quite possible that
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some of the finer offerings will include
x more claborate tone control of this
general natuve.

Automatic line voltage regulation is
receiving  considerable  attention  just
now, since no little grief has been «en-
comntered i many scctions of the coun-
try regarding fluctuating line voltages.
The antomatic line volitage control is
in reality nothing more than a suitable
form of ballast or sclf-udjusting resist-

New Columaire radioc reecelver of
westinghouse.

ance i the primary circuit of the
power-pick  transformer, which serves
to keep the applied voltage within the
varrow limits specified by set and tube
manutactuvers for hest vesults. So far
as production costs are concerned, the
automatic line voltage regulator is
simply an additional socket on the chas-
sis, to take the ballast. Meanwhile, this
sockel coes away with the usual tapped
primary winding, so that the cost is
more than cancelled by the saving. The
ballast is added to the tube equipment.

The hig feature of 1931 radio prod-
ucts will be new low prices. The Amer-
ican public will be price conscious about
all luxuries quite as well as necessities,
and will buy only at a bargain figure.
1ence set designers must work to lower
prices, which means no litile ingenuity
not ouly on their part but also on the
part of component manufacturers.
Many corners are being trimmed on
components, so as to meet the close
prices indicated by set mamifacturers.
In the matter of filter condensers, for
example, the industry is going electro-
Iytic.  Paper condensers will be spar-
ingly used in the larger capacities.
Comipact, standardized, inexpensive
metal cartridges, containing electrolytic
condensers, are now available at onc-
fifth the price of paper condensers for
a given capacity. Wire-wound resistors
are beifg rcplaced by non-wire resis-
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ors frequently mounted in gangs, at a
fraction of the cost of former voltage-
dividers. And likewise with other
components.

Automatic Time Switch

One refinement which has not yet
been introduced in standard sets is the
automatic time switch. In its simplest
form, it necd be nothing more tran a
switch that will automatically turn off
the radio set after a given time, so that
the family, leaving the radio turned on
for the purpose of being lulled to sleep,
may be sure that the sel will be auto-
matically turned off. Such time
switches are now available for as little
as $2.50 list, or probably $1 or less in
quantitics.  Elaborate time switches
capable of turning sets off and on at
specified times are also available. It
is not unlikely that some radio sel man-
ufacturer may decide to have a time
switch feature including the automatic
selection of desired programs, so that
an cntire evening of selected entertain-
ment from different stations may be en-
joyed without touching the tuning con-
teols of the sel, This feature is even

RADIO MANUFACTURERS FROM
ENGLAND VISIT U. s,

HF. following prominent British

radio manufacturers arrived in New
York on the Aquitania on Iebruary
25, R. Milward Tllis, chairman of the
Radio Manufacturers Association of
London; T. A. W. Robinson, managing
director of Pye Ltd., Cambridge, Eng-
land; C. O. Stanley, sales and publicity
consultant to several of the largest
European concerns including Philips
of Eindhoven, Holland.

The visitors are making their head-
quarters at the Ambassador Hotel, New

York.
A

HERE IS WHERE THE MONEY
WENT
There were 7,002,000 electric refrig-
erators sold in the United States in
1930, of which seven hundred seventy
thousand were household equipments,

A

DESIGN TESTS FOR AMPLIFIERS
AND COMPLETE RADIO RECEIVERS

(Concluded from page 29)

shown in Fig. ro. The secondary of
the output transformer is opened, so
that the transformer presents an enor-
mous impedance to the tubes. Be-
tween the plates of the tubes there is
connected a resistance R, of such
value as to match the tube impedance,

more desirable than the remote control
feature alveady in use and promising to
gain ground this coming season in the
more elaborate offerings.

As for cabinets, it may be well for
the induslry to gect away from the con-
sole cabinet design which js essentially
a radio job. In its present saving mood,
the public may be more willing to con-
sider a dual purpose radio cabinet which
is at once a desk or table or bookcase
quite as well as a radio set, A year or
two ago, the public could buy a radio
set plus some other piece of furniture.
TBut in these times of economy only one
piece of furniture can be boughe, and
whatever radio set serves both junc-
tions may be that much more desirable.
It is to be hoped that our radio stylists
will give some thought to cabinet de-
sign, getting away from the usual con-
sole cabinet which has qutlived its orig-
inal attractiveness.

Television

Television is a 1931 sales possibility.
Despite what some would have us be-
lieve as to the insignificance of present
television tcchnique, the fact remains

P oo

or twice as great. If we are using 24§
tubes, and are interested in the maxi-
mum power output, R is 4000 ohms; if
we are interested in the maximum -
distorted power outpul R is 80ooo ohms.

The resistance r is to be very large
compared with R. In other words,
the resistance r and the T.G. conmsti-
tute a voltmeter. The calibration curve
of the T.G. is a parabola; that is, the
T.G. is a square law device. The rela-
tion existing between the meter deRec-
tion and the current in the couple is
given by d=-kI* where k is a con-
stant, The value of k can bhe deter-
mined by inserting in this relation the
value of the current for any given
meter indication, obtained from the
calibration curve of the T.G. Then
we have the following relations:

E2

P=3
Sap e
R R

A3) _ ()

P is the power supplied by the tubes,
1. is the current in the thermocouple,
and 4 is the meter indication. Note
that the powcr is directly proportional
to the meter reading.

This means that if the proper values
are chosen the instrument can be used
as a direct reading wattmeter. For
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that television is ready for the markef,
at Jeast in its appeal to the experi-

menter, Already therc are radiovisor
and television receiver kits on the
market. One Boston manufacturer of

television equipment has started mer-
chandising television equipment through
the Kresge chain siores with fair suc
cess. Another manufacturer is ready
to go after the mail order and jobbing
trade with a complete line of ready-to-
use equipment, kits and parts. How-
ever, television does not enter into tha
regular calculations of the average set
manufacturer, since it will havc no par-
ticulur influence on his business. Tele-
vision will bc kept as an entirely sepa-
rate development and merchandising
proposition for a long time to coms,
although the more progressive set man-
ufacturers will certainly find it to their
advantage to Eet in on some of the
television business in the very near
future.

There is plenty to draw upon in pro-

Dev

Art

w— 00

viding our 1931 radio sets with a fresh-
ness and appeal that will coax a tight-

fisted public to invest its money in new r'

radio equipment, {o be sure.
]

example, suppose a thermocouple isl

used, which gives full scale deflection
with a current of 2.5 milliamperes
passing through it. Suppose also the
scale is graduated uniformly from

The i
servie
bring

zero to 200. The value of k is then
200/ (2.5x10-3)" or 32x10. Sup-
posc also that R is 4000 ohms and that
it is desired to measure powers up to
20 watts. Then the value of r required
is
PRk [20x4000 x32 x10¢
=N Y T 20
=113200

In order 10 be exact, the resistance of
the T.G. itself should be deducted from
this. In the present case it was §5o0
ohms, which makes the required value
of r equal to 112,650 ohms. A read-
ing of 200 on the scale then meant 20
watts; a reading of I00 meant 10
watts, and so on. Note in Fig. 1o, the
large blocking condenser, required to
keep direct current from the B supply
out of the thermocouple,
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ANTENNAS

In the April issue of Rap1o
ENGINEERING will appear an
instructive article on radio
antennas, dealing with design
and with transmission require-
ments.
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Developments in the

Art of Telegraphy'

By R. B. STEELE *

T

The introduction of carrier current signaling in modern

service by the large commercial telegraph companies,

brings vacuum tube engineering and communication
engineering closer together

E speak today of ‘he niany
inventions brought about by
man’s insatiable desire for
specd, for speed in making
1! 5, {or speed in doing things—for
} 1 getting from one place to an-
Jir, for speed in collecting and dis-
tiilng information.  History tells us
it thiz desire for speed is not new
aril that it is this desive, existing even
vivie the days of written records, that
ponsible for telegraphic communi-
hilan

I'ha earliest legends tell us of the dis-
“hution of information by word-of-
sitil, first in the form of what we
i torday  rumors and  later, when
-« definite requirements arose, in the
it of defimte messages conveyed by
leiinticly appointed messengers. These
W osrers were first on foot, but later
it the interests of speed were mounted.
a0 came the day of the \ritten mes-
which could be handed from one
Ninanger to another and relays of
Prednengers were used. But, even a ve-
leyelmessage carried in the fastest pos-
nanmer was too slow and sowme
i}y communication engineer, if we
iy term him such, conceived the idea
L onveying messages by imeans of sig-
Virerented hefore the Radio Club of Awerico,

cr 10, 1930.

* gt Chinf engineer, Cawodian  Natiowgl
4 fhe,

e e

nal fires and columns of smoke which
could be observed from a distance. Sig-
nals so conveyed were infinitely faster
than the best mounted messenger and
this scheme of signaling by means of
fires may be considered to be the first
telegraph.

Signal fires took™ time to bLuild, how-
ever, and the wumber of signals tha:
could be conveyed by this means was
limited. Other schemes were worked
out in the attempt to increase the speed,
flexibility and celiability of these eavly
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telegraph  svstems and these schemes
ranged all the way from groups of char-
acters or letters, set up on high points
where they could be obzerved from a
distance, to light signale, Bags and pe
cultir windwmills with adjustable arns.

One of the cartiest telegraphs of
which we have now a direct xeprésen
tative, was 1 system of flag migitals in.
troduced-about the niddle of the seven-
teeath century by the Duke of Yorlk
(afterwards lames |1 of Englandy whi
was at that time admival of the iy
lish fleet. This scheme was introduced
for the purpose of divecting the mu
nocuvres of the fleet and modilicatiems
of it are still m use in practically all
nawvics wm the world.

Chappé's Telegraph

Ore of e most successful of the
telegvaph systems of the pre-electricu
era made use of a nmechameal device
conceived and huilt by two French col-
lege boys. The hoys, Claude and Ignace
Chappé weve atiending a college at
whicli they lived and studied in diffevent
huildings and where the rules forbade
cominutication between the reswdents in
these difierent buildings. As college
boys do even today, they resented this
restriction and set about finding a way
of gething around the vule. Their ef-
forls resulted in the constvuction in
1734 of a signaling device consisting of
a horizontal arm mounted on the top of
a pole and equipped with two nmovable
anus, one of these hinged to cach end
of the horizontal arm in such manmner
that the two movable arms could be set
at vavious angles with respect to each
other and to thie horizontal arm. With
this device the brothers were able 10
make nearly zoo distinct sigrals and by
means of two of these devices, each so
displayed as to be visible to the other
building, and a pre-arranged code, they
were al¢ to carry on conversations.

This telegvaph system of the Chappé
bruthers was so successful that about
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1794 the French government adapted 1t
and retained Claude Chappé as chief
telegraph enginecr to set up an exten-
sive system of these semaphore stations.
A modification of this semaphare sig-
naling device is in use along many rail-
way tracks today foi conveying a sim-
ple set of signals to the locomotive
drivers.

It is estimated that signals could be
made at the rate of about 2 Lo § words
per minule using cither the flag system
of the Duke of York or the seinaphore
device of the Chappé brothers, and since
@ code wis used with both of these de-

vices any desired message could be

transmitted.  But they, in common with
all the other schemes of the pre-electri-
cal cra, depended upon good weather
conditions, or good visibility for their
successful operation and the distance
over which signals could be sent was
limited to the distance the human eye,
aided by a telescope, could see, unless
relaying was resorted to, which materi-
ally reduces the speed at which a mes-
sage can be transmitted.

About 1729 a discovery rilative to
electricily, was made which diverted the
efforts of scicntists from the develop-
ment of mechanical or visual telegraph
systems (o telegraph syslems making use
of the force electricity. The first elec-
tric telegraph system was proposed in
1753.  This system which will be de-
scribed later was impractical and, rec-
ords indicate, was never tried out. The
first practical electric telegraph scheme
was proposed about 18z0. You will
note that even at the time the Chappe
brothers weve introducting their visual
system, the development work an the
electric telegraph was taking place.

Stephen Gray
The progress of the development of
the electric telegraph binged upon a
number  of  discoveries. In 1729,
Stephen Gray discovered thar the in-
Nuence of electrictty could be conveyed

[ HFRTTLTRA T =T

Fig.3. Panels for
carrier system.
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10 a distant point by means of an in-
sulated wire. Between 1767 and 1800
scientists including Galvani and Volta
discovered (he phenomenon connected
with the voitaic pile and constructed this
device for providing a sustained sourcc
of electrical energy. In 1805 Ro-
magnesi discovered thal a wire carry-
ing an electric current is capable of
deflecting a magnetic needle. In 1320
Schweigger discovered that if a coil
of several turns of wvire carrying a cur-
rent is placed around the magnetic
necdle (he duflecting force is increased.
In 1825 Sturgeon discoveved that a bar
of soft iron was rendered temporarily
magnetic if surrounded by a coil of wise
through which an electric current was
passing. About 1830 Joseph llenry
worked out the design for electromag-
nets suitable {or responding to currents
received over telegraph lines and about
1833 Gauss and Weber discovired thal
they could transmit telegraph signals
over a line making use of induced cur-
rents produced by the motion of a coil
of wire surrounding a bar imagnet.
These are probably the fundamental dis-
coverivs upon which our present electrt-
cal communication is based.

At the time of Stephen Gray's discov-
ery, static electricity, together with the
means of generaling it and of detectitg
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Modulation and demodulation.
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its presence was known. The generalt-
ing device was the electrophorus and
the detecting device was the electro-
scope. It was perfectly natural, there-
fore, that the first proposal for an elec-
tric telegraph should make use of such
electricity for the operating energy and
of the clectroscope for the indicating
instrument. The proposal was made by
Charles Morrison of Renfrew, Scot-
land, in 1753. Morrison's scheme inade
use of one line wire for each char-
acter to be transmitied, 26 wires in all,
the transinitting operator clectrilying
the wire associated with a particular
character and the receiving operator
knowing the character being sent by the
response of a partculac eleclroscope.
It is estimated that messages could be
transmitted over this systemn al the rate
of about 6 words per minute, which is
a speed of about 2/10 words per minute
per wire.

Morrison's scheme was followed by a
series of sinilar schemes proposed by
other scientists. These scuemes made
use eith¢r of the electrophorus and the
electroscope, or, late:, when the devices
became available, of the voltaic pile and
the galvanoscope or galvanomerer and
still later of the dynameo electric ma-
chine and the eleciromagnet. Many of
these schemes were quite interesting and
some of them involved rather novel
features. Tune will not permt of a
complete description, but T will point
out the important features of some of
these proposed schees.

Ronalds' Dial Telegraph

In 1816, Ronalds proposed a scheme
making use of a dial at each ol the two
stations, the dials rotating in syachron-
ism and exposimg to view, one at a time,
a hist of characters required for the
transmission of a message. The dals
were rotated once a second but other
hmitations of the system held the trans-
mission speed down (o the rate of about
5 words a minute, which however, was
over oane line wire. This was the hrst
scheine proposed making use of he
synchronous opevation of umts at the

MARCH,

1" o
Jialvanowe
;

' llllll
win
(R}
nise P h
1 1he
[ Ju
tatlae M
10
yateen
the 99 w
Was imly
j§ vire,
In 183
iph sl
fmpr
vhlilin
! J.Ic
line
ipped
fre¢en
i 1

Hure ¢

m the


www.americanradiohistory.com

INEERING

he generat-
phorus and
‘he electro-
ural, there-
for an elec-
use of such
energy and
+indicating
‘as made by
frew, Scot-
cheme nade
each char-
wvires in all,
electrifying
L particular
'g operator
- sent by the
:lectroscope.
es could be
) at the rate
te, which is
3 per minute

lowed by a
proposed by
nemes made
wus and the
t the devices
taic pile and
1ometer and
electric wma-
t. Many of
evesting and
-ather novel
permit of a
1 will point
of some of

jraph
ed a scheme
v ot the two
in synchvon-
e at a time,
ved for the
The dials
id Lut other
‘et the tvans-
rate of about
owever, was
was the first
use of the
units ar the

B

MARCH,

1931

el

Fig. 4. Campoaite set.

wo Atations.  In 1820, Ampere pro-
{ning svstem quite similar to that of
furrison's, requiving one wire for each
[tier of the alphabet, but making use
0l 112 then available voltaic pile and the
alvinoscope.  The uotable feature of
Vigpere's scheme was the use of a
1 wusantting keyboard, consisting of a
winbier or keys, one [or cach character
te L cransmitted, arvanged in the same
as the keys on a piano. DBecause
if the keyboard and the faster operat-
fur equipment used, Ampere was able to
«iter Morrison's speed and to handle
Lout 10 words per ainute over his
tem.  However, since Ampere used
6 wires, the speed of transmission
a0 ouly about 4/10 words per minute
por wire.
In 1832, Schilling proposed a tele-
raph scheme which with modifications
ul improvements is still in use today.
thiling’s scheme made use of the vol-
pile and the galvanoscope. A sin
l'ne wire was proposed and was
ulpped with a single galvanoscope at
ccceiving end.  Signals were han-
il by means of a code and the novel
tntyre of Schitling’s systeni is that it
ghele nse of current reversals, the cur-
tept owing fvst in one direction and
i in the other over the line wire to
s the signals. With the codes then
ayvnilable it is doubtiul whether mes-
stizes were handled over Schilling's sys-
fom at speeds greater than about 10
[« pey minute, but this was over
arth line wire and was, therefore, quite
. wtep Yorward.  Such polarized signals
are éniloyed in most of our present-day
fich speed telegraph systems.  In 1831,
Lonry was able to construct some elec-
touingnets, based on Sturgeon’s discov-
ol a few years previous, and o him
wloubledly belongs the credit for set-
thi np the first system making use of
i clecivo magnetic necenvmg device.
Henry's telegraph receiver looked much
l{ue 0 present-day single acting bell and
ftrarally rang out the signals when con-
scted to the end of a relatively long
Jaboratory line.

ahiner

Morse's Invention

Jn 1837, Morvse patented a forur of
self-recording, cleciromagnetic tele-
gvaph and because of the publicity his
invention veceived he became known as
the “Father” of the telcgraph. Morse's
oviginal transmitter consisted of a set
of blocks beaviug various numbers of
projections on one surface and a com-
tact making device through which the
blocks were passed 1o open and close
the circuit. His oviginal vecording re-
ceiver consisted of a pedulum, bearing
a pen at the lower end, and so sus-
pended with velation to an electromag-
net that when the magnet was energized
the pendulum moved. A strip of paper
was passed under the pun by means of
a clockwork mechanism and the strokes
of the pen recovded the signals on the
paper as the pendulium moved. Morvse
proposed the use of a munbered vocabu-
lary in connection with his instruments
to serve in interpreting the signals ve-
corded on the tape.

To assist with the work ot patenting
Eis invenuion, Morse entered into an
agreement with Alfred Vail and two
others by which they were to share the
expense and lahor and likewise the re-
turns on the invention. Vail took hold
of the telegraph and in short ovder so
improved Morse's instruments that they
are still in use today for the manual
transmission of the Morse code with
only minor changes and refineinents in
design.  Vail was also responsible for
the improved code known as the Ameri-
can Morse code. With this code and
the telegraph systemt set up by Morse
and Vail, it is probable that good op-
erators could handle messages at the
rate of 20 10 23 words per ininute using
a single line wire. Suhsequent improve-
ments have increased this speed to ap-
proxitately 35 words per minute.

In England, Schilling’s telegraph sys-
tem was later improved by Cooke and
Wheatstone and became the standard
telegraph system of the Continent. A
somewhat diffevent code was used with
it, the Continental eode, and it is capa-
ble of transmitting messages at the rate
of approximately 20 to 30 words per
minute.

Early in his experience with trans-
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mission over a line coemt, Morse dis-
covered that satisfactovy transinission
conld be obtained only aver lines of
himited length and that if a longer civ-
coit was to he worked sorme means of
repeafing signals from one scction of
the line W another had to he devised.
Such a repeater, tiday known as the
single ling repeater, was fivat used by
Morse 1 3838 This was a crude de-
vice and vequived thie atiearion of an
opetatoy whose duty il was 10 throw
a switch which reversed the diveciion
of the repeater wnd penuiticd the re-

ceiving operator to 1alk hack (o the
sending  operator.  This  mechanical
switch was not elimindied il abont

1855 when a scheme of relays was
worked out, which permitted tyansmis-
sion of telegraph signals i either dirée-
tion throngh one of these repeaters.
This repeatev s important mair!y i
cause it eliminates the manual velaying
of messages at the end of eaeh seciion
of line. Manual relaying seriously de-
lays the tvansmission of a riessage,
multiplying the szime required fur the
initial transmission by the number of
line sections, or, to provide 2 coacrete
exainple, effectively reducing the rate
of transmission frowm 25 to 8 words per
minute on a message handled at two
relay points.

Duplex Telegraphy

A very important step in telegraphy
was the employment of one line wire
to convey more than one message at a
time. A sofution ol the problem of
transmithing  two messages  simmltane-
ously, one in each direction, was attemp-
ted by Dr. Wm. Gintl, of Vienna, in
1353, and later by several others. None
of the methods proposcd were satisiac-
tory hecause they all left out of account
the electrostatic capacity of the line. It
remained for ]J. B. Stearns, of Boston,
to take this feature into account and
arrvive at the correct solution, in 1871,
The balancing scheimme used by Stearns
1o tukc cave of the line capacity is
still used today on land line telegrapn
circuits.  The duplex set effectively
doubles the speed of transnission of a
circuit  since it permits the simul-
taneous transnnission of two messages.
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The Quadruplex

Next the problem of sending two
messages i each direction was worked
out. This involves the simultancous
transsission o two messages in the
same divection, Dre. Gind also tackted
this problem, in 1853, bnt without
marked success. The fivst suceessful
wethod was worked out by Edison in
1874 and his method, with some modifi-
cations, is still nsed. Jon 1876, Gerrit
Smith of the Western Union Telegraph
Company inventedd a system and his
schemie heemne known as the Western
Union standard quadruplex.  The quad-
ruplex cficctively multiplies the trans-
mission  speed over the line by four
since it permits the simultaneous trans-
mission ol fuur messages, two in each
dircction.

Ouidruplex systems, however, have
iaults and are noted for their erratic
action  in times of Dbad weather.
This fact, together with an urge for
still greater speed of handling messages
uver he telegraph lines led experimen-
ters to work along the lines proposed
by Moses G. Farmer, of Salem,
Mass., in 1852, Iarmer’s scheme inade
use of a commmtator arrangement
which connected the line circuit suc-
cessively to a nwnber of local circuits
and later becaine known as a multiplex.
A similar and much improved scheme
was proposed by P. B. Delany, in
America, ahout 1888. Delany’s schewe,
making use of brnshes rotating syn-
chronously over the faces of commu-
tators at cach of the two ends of the
line, permitted as wany as six operators
to transmit messages simultancously in
cach dirvection. [f each of these opera-
tors worked at a specd of 30 words per
nunute the system wis cipable of trans-
mitling 180 words per :minute iu each
dirvection, or a total of 360 words per
minute over a sivgle ware. To attaiu
this speed, however, 24 operators
experienced in the Morse code were
required, 6 sending and 6 receiving at
each end of the circuit.

Printing Telegraphs

Sometime ailer Morse patented lus
telegraph, a cifferem type of telegraph
system was brought out which per-

Fig. 7. Volce frequency lelegraph

system.

mitted an operator to type the message
on a keyboard and provided for the
reception of the message at the other
end by actually printing or typing it
out on a tape or a sheet of paper.
These systemns were known as print-
ing telegraph systems because of the
particular method of recording the
message at the receiving end of the cir-
cuit. The first of these printing tele-
graphs was patented in 1246 by Royal
E. House of Vermont. This system
was first introcduced commmercially be-
tween New York and Philadelphia in
March 1849, and could handle messages
at the rate of abow 43 words per
minute  This speed was obtained over
a single line wire, but transmissioin was
effected in only one direction. A num-
ber of other priming telegraphs were
brought forth, wl similar o that of
Housc, but in 875 Phelps introduced
an innovation in printing tlelegraph
scherres which consisted of the inclu-
sion of an electric motor in the printer
itself to operate printing mecharism.
This electric motor replaced clockwork
mechauisms of earlier mmodels and our
most modern present-day printing tele-
graphs make use of a similav electric
motor for the operation of the printer
mechanism.

Multiplex Telegraphs

In 1900 a [renchman, PBaudot,
brought out what was termed a nulti-
plex printing telegraph system:. Bau-
dot's suhctre made use of the printing
telegraph, of the multiplex proposed by
Farmer aud of the duplex, thereby per-
mitting the simultaneous operation of
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six printers in each direction over a
common line wire. The printer itself
differed little from oth.r models, but
the keyboard was a sinple aflair mak-
ing use of only a few keys and requir-
ing the knowledge of a code on the
part of the transmitting operator, The
printers wese capable of operating at a
speed of 30 words per minute and at
this spe€d a total of 360 words per
minute could be hanaled over this sys-
tem. The Baudot sysiem iwas little

improvement over the Delany system

as both required operators having the
knowledge of their respecuve codes.

Baudot's system was really the fore-
rumer of our present-day high speed
multiplex telegrapli systemns, which
however, as used in the plant of the
Canadian National Telegraphs makes
use oi somewhat different equipment.
Our multiplex system may be said to
be based on the multiplex introduced
in 1888 by Delany and consists of
a four channel multiplex circuit
operated in conjunction with 8 start-stop

Morkvum printers, 4 working in
each direcion. The Morkrmm printer
is one of the more modern of the

printing telegraplis. Approximately so
words per minute can he handled over
each printer circuit and this provides
a transimssion speed of 200 words per
minute in each direclion or 400 words
pev minute for the system and does not
require operators trained in the Morse
or Baudot code.

Carrier Current Telegraphs

We have discussed the various
ilevelopinent phases of 1lie electromag-
netic tefegraph and have endeavored
to describe some of the modern, high
speed forms of the 1clegvaph. The
telegraph equipment so far described is
known as direct-turrent equipment be-
cause of the fact thar it inakes use of
direct-current line signals. In addition
to the hand speed Morse circuils and
the high speed printer and nultiplex
circuits, we have in the plant of the
Canadian National Telegraphs several
types of carrier telegraph systems.

The carrier telegraph system is a re-
sult of discoveries made aboul 1886 by
Elisha Gray, Bell, Edison and others
A simiple experiment in physics consists
of the setting up of three tuning-forks
a short distance apart on a table or
bench. Two of these tuming-forks are
adjusted to exactly the same frequency.
We will call these forks A and B,
The third tuning-fork, C, is of some
different frequency, not a harmonic ot
the frequency of forks A and B. Now
il fork A is made to vibrate, in a
few seconds fork B will of its own
accord start vibrating in response to
the impulses received through the air
fromm fork A. Fork C being of a
different frequency reu-ains in a non-
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vibyating condition.  Gray used in his
luemonle  telegraph, the first carrier
nlegeaph  system,  this  principle  of
aynpthetic vibration of tuned reeds
i lrkw, At the transmitting end of
Jita syatem he sct up three vibrating
Totha ench equipped with a contact to
wpny e close - circuit carrying an
obw e cnrrent. Electric currents in-
tenupted  at the three different fre-
sueheles of these tuning-forks were
ionnamibtted over the line to the receiv-
iig end where the signal impulses were
wnde e pperate on similar tuning-forks
a ithetl reeds through electro magnets.
Dibyionly  the receiving fork in any
jitietthnr channel would respond only
e hnpulses from its particular sending
tink ot the distant end and telegraph
siynnls impressed on the carrier cur-
venis  penerated by the tuning-forks
contld thus be transmitted over a line
clvilt. Tuned reeds were used at the
veceiving end in place of tuning-forks
hecause of the more rapid response of
the geeds,  Tven with the reeds, how-
vvil, (his system was sluggish and
siynaling was at a low rate of speed.

Aot 1Rg2  several  investigators,
1'upin, Mutin and Leblane, and John
Ul Idependently invented about the
antiie e the electrical method of
selmctlon of carrier frequencies. These
Iyveatlgutors conceived the 1dea of
walng funed cirenits, including capacity
sl huduclance, providing two tuned
eheitlin (or each channel, one at the
teanatltting end and one at the re-
velving end. The toned circuit at the
Loatsiitling end prevented the trans-
wisston of all frequencies, except the
el {requency, to the line and the
v b the receiving end prevented
the reception of all frequencies, except
e ¢hannel frequency by the channel
teerbvlug circuit.

[n 1804, John Stone, at.that time
with the American Telephone and Tele-
winph Company, started development
wiurk which, with later contributions
winde by others, resulted in the instal-
Iation In 1917 of a four channel experi-
wientnl cnvrier telegraph system. This
waperiniental system was operated be-
twean Chicago, 111, and Maumee, Ohio.
Iwo yenrs later, in 1919, the first
viinercial  carrier  telegraph  system
wis pliieed in service, a 10 cliannel sys-
184, between Pittsburgh and Chicago.

Mujor General G. O. Squier, of the
I'ulted States Signal Coups, in 1910,
eatilal on  experiments with carrier
vinients,  Using high frequencies or
hegoencies in the radio range and
uslig inrgely radio equipment he suc-
visnfully operated carrier systems over
telutively short telephone lines.

Suee the installation of the first
@nnmercial carrier telegraph system by
the American Telephone and Telegraph
Cumpany in 1919 a considerable amount
uf dovelopment work has been done

with the result that today there arc
several types of highly efficient carrier
telegraph systems available for use.

In the plant of the Canadian National
Telegraphs there are two types ot
carrier telegraph systems, one a 10
channel system and the other a 12
channel system. The 10 channel sys-
tein makes use of alternating currents
of frequencies ranging from 3,000 to
10,000 cycles and provides 10 two-way
telegraph channels over one pair of line
wires. The second or 12 channel sys-
tem, makes use of alternating currents
in the range 400 to 2,300 cycles. This
system requires for its operation two
pairs of line wires and on these two
pair of wires provides 12 two-way
telegraph channels.

You will observe that one of these
systems makes use of very much higher
frequencies than does the other. The
alternating currents, or carrier cur-
rents as we call them, used on the line
wires are quite small and requnire for
their successful transinission specially
constructed line circuits. The require-
nients in connection with line facilities
for use with carrier telegraph systems
become more severe as migher carrier
frequencies are used. The linc require-
ments of the 10 channel system, theve-
fore, are much nore severe because of
the high frequencies used than are the
line requirements of the 12 channet sys-
tem and for this reason we can afford
to use the twe line circuit to obtain
the equivalent of 6 two-way channels
per line pair with the tower frequency
carrier currents.

The Canadian National ~'elegraphs
is now installirg and expecis to place
into operation shortly a third type of
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carrier telegraph system using still
higher carrier frequencies than does
the 10 channel systein and this system
is expected to provide 24 two-way tele-
graph channels on one parr ot line
wires.

Combined Telagraph and Telophone

A feature of these carrier systems
not. previously mentioned is that their
operation on the line wires does not
prevent the use of these same line wires
for other services. We are now ob-
taining a voice telephone circuit and
two direct-current telegraph circuits
of the simple Morse type from the
sanie pair of line wires that is used to
handle the carrier currents of the 10
channel system. The same additional
communication facilities will be obtain-
able from the pair of line wires used
i connection with our 24 channel sys-
tem. Because of the carrier frequencies
used by the 12 channe! system, a tele-
phone circuit cannot be operated over
the samne line wires, but one direct-cur-
rent telegraph circuit can bhe operated
over each line wire making a total of
12 two-way carrier telegraph channels
and 4 two-way direct-current telegraph
channels obtainable from the 4 line
wires.

The carrier telegraph systems pro-
xide a transrission circuit for tele-
graph signals equivalent to that pro-
vided by a high grade copper wire
circuit.  Lach one of the telegraph
channels is, thercfore, capable of
handling the signals of one of the high
speed automatic telegraph systemis and
we are working today four-channel

AR RN
Fig. 8. Equipment
for one terminal of °
24.channel system.
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nltiplexes operating at overall speeds
of 400 words per minute on many of
the carricr lelegraph channels, Now,
il we cquip cach of the two line wires
of a pair with a four-channcl multi-
plex, the total signal speed obtainable
over the pair would be 800 words per
minute.  On the other hand, if we equip
this pair with a 10 channel carrier sys-
tomr we can operate the line wires
themselves to obtain a  transinission
rile of 120 words per minute and by
operating a four-channel multiplex on
cach carrier channel we can obtain a
tolal of 4,000 words per sminute over
the carrier sysiem, which makes a total
of 4,120 words per munute tor the pair
of line wires or 2,060 words per minute
per wire This appears 10 me to he
quite an appreciable increase in trans-
mission speed over the five words per
winute possible with the flag signals or
the Chappé semaphore described in the
first part of this paper. The use of the
24 channel carvier telegraph system
will provide an even greater speed. No
one knows when we will cease our
endeavour to obtain still higher speeds
of communication, but you may rest
assured that we have by no means
reached the limit, and the near future
will see further improvements in tele-
graph service making for still greater
specd in handling messages.

These amazing increases n the speed
of handling telegraph wiessages, brought
about by the nse oi the carrier tele-
graph, may make one wonder, perhaps,
as 1o just what this carvier telegrapl is.
We have alceady indicated in describing
the experiments of Elisha Gray, the
general idea upun which the carrier
system is based.

The 10 channel carrier telegraph
systen referred to previously is known
as the Type B, ot high frequency,
carrier telegraph system. It consists
of ro individual transmitling and 10 in-
dividual receiving circuits at each end
of the line and for the transmission
of signals over the 10 {wo-way chamels

twenty diffevent carrier {requencies are
provided. The use of twenty fre-
quencics is necessary in order to per-
mit of the separation by means of
tuved circuits of the frequencies used
by the 2 ome-way carrier circuits mak-
ing up a single carrvier channel. The
clements of one terminal of a single
carrier channel are shown in Fig. 1.
We see from this figure that the sub-

* scriber is provided with two loops. One

of these, the sending loop, contains a
telegraph key and a sounder, and the
other, the receiving loop, contains only
a sounder. We note that when the
subscriber operates (he telegraph key
in his sending loop a retay connected
in the Joop is actuated by the loop
signals. The comacts of this relay are
connected in series with a modulating
circuit bridged across the input of an
amplifier tube. A vacuum tube oscil-
lator adjusted to work at the carrier
frequency of the particular ehanncl
supplies carrier current through a gain
control device to this same amplifier
tube. The operation of the nadulating
circuit serves to open and close what
is in effect a short circnt across the
mput of the amplifier and in so doing
either permits carrier current to flow
through the amplifier to the line circuit
or reduces the carrier current reaching
the tme circuit through the amphlicr
approxinately to zero. The modulating
device, following the signals made with
the tclegraph key by the subscriber,
transmits to the line long and shori
impulses of carrier current to corre-
spond with the signals made with the
telegraph key. This modulated carrier
current is transmitted through a send-
ing tuned circuit and through a line
transformer 10 the hne. The other
nine transmitting circuits of a terminal
are connected in parallel whb tins
transmitting  circuit to the sonding
winding of the line wansforn:cr,
Carrier cunrrents being received from
the distant end pass from the line
through the line translormer 1o the 10
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receiving circwits of the terminal con-
nected in  parallel wilh each other.
Fach receiving circuit is providedswith
a tuned circuit wlich permits of the
passage through its networks of the
cavrier {requency to which it is tuned,
but offers resistance to the passage
thirough its networks of carrier currents
of all other channel frequencies. The
receiving tuned circuit functions, there-
fore, to select the carrier curremt of a
particular channel. This channel car-
rier current, having been separated
fromi the nine other channel carrier
currents on the line, passes through a
two stage vacuum tube amplifier pro-
vided with a gain control. From the
amplifice the incoming carrier signals
are passed 10 the rectifier or detector
tube in which they are changed from
allernating to direct-current signals
such as can be used to operate a relay.
The reclified carrier signals are ol =z
Jow current value, a value of the order
of 5 milhamperes, and this small cur-
reut is used to operate a receiving relay
which in turn repeats much sironger
direct-current telegraph signals to the
receiving loop where they operate the
sounder in the subscriber’s office. The
current in e receiving loop is of he
order of 60 milliamperes.

A carrier telegraph channel provided
with two loops as shown m Fig. 1 is
known as a full duplex channel ani
permits of the simultaneous transmis-
sion of a message in each direction.
Meaus are provided in the direct-cur-
rent telcgraph circuits of each carrier
panel for so conuecting the sending
and receiving relays together, that the
receiving loop to the subscriber’s office
may be dispensed with and signals bLoth
transwnitted and received over one loop,
Such a circuit arrangement provides a
half Juplex chanuel aund provides for
the transimission ol only oune ‘message
or for the transmission in only one
direction at a time. Certain classes of
telegraph service nake such a connec-
tion desiraive.

Modulation and Demodulation

We have discussed briefly the opera-
tion involved in niodulation and de-
modulation in a carrier telegraph
channel. Reference to l7ig. 2 will per-
haps make this explanation somewhgt
clearer, for this figure shows the direct-
current signals made in the transmit-
ting loop by'the operation of the tele-
graph key, shows the unmodulated
oulput of the oscillator and shows the
carrier current, modulated by the dircct-
current sending loop signals, as trans-
mitied 10 the line.

Similar medulated carrier signals:
arrive with usuaily small chauges in
the envelope at the receiving terminal
and are selected by means of a particu-
lar receiving tuned circuit, amplified 1o
a value governed by tho gain control
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davice il npplied to the grid of the
reciittor (uhe.  Fig. 2 shows the pulsat-
Ing curvent derived from the rectifier
winl shows the rectified current signals
yenshing the sensitive receiving relay
alier  pumning through an elementary
Misy cimmected Dhetween the rectifier
wul the reluy. The figure also shows
ihe sighnls repeated into the receiving
hwp. You will note, by comparison,
that the wrignals made in the sending
b nppenr to be received without
vhange In the receiving loop at the dis-
st el of the circuit. Unfortunately
thia le 11 very rare occurreace owing
i the fnet that the wave shape of the
Meeet eurrent signals is affected by the
inductnner of relays and other pieces
wl equipment connected into either ot
the fwaps and owing to the fact that the
sy ulape of the modulated carrier signal
wuleigoes changes in its transmission
ooy e line  cirevit due to the
havacteristies of the Jine and to the
wsaetive of various filter networks in
thn e civcuit.  An accelerating or
lins covrecting device is, iowever, pro-
videdd 0 each receiving circuit of the
limisnel which, functioning in conjunc-
vhete with the rectified current signals,
ivinds to counter-balance somewnat the
¢fluet ol the. sending loop and the line
chinit on the signals.

['lyure 3 shows operating panels in-
nullml nt Montreal.

Filter Networks

\s Indicated, other services besides
o varvler telegraph  system can  be
ppetated over the same pair of line
wites  This s so, providing the van-
e lvpes of service lie in different
vaigpes in the  frequency  spectrun.
When wuch is the case these various
seivices can be separated at teyminals
wnd gt repeater points by the use of
flier networks.  1f, for mstance, we
ae lo operate two direct-current tele-
ginph civcuits, one on each line wire,
al the sime time that we are operating
the enrvier, a composite set is required
al enell point where it becomes neces-
anly lo scparate the line currents of
it two kinds of telegraph. The
vamposite set is shown in Fig, 4. In
lda figure, we have endeavoured to
swiw graphically the manner in which
the two kinds of signals are separated,
the  dlirect-current  signals  passing
tnauwgh one branch, the low-pass side
al the composite set, and the higher
frequency or alternating-current signals
pisalng through the other branch or
Ligli-pnss  side of the coinposiie.
Mdlarly, if on the same line with the
vaitler und the d..c. telegraph we are
1o opurute a voice telephone circuit,
the volce currents are separated from
the enrrier currents by means of what
usmy be termed high frequency com-

posite sets. Such a composite set will
consist of two filters, a high-pass and
a low-pass hlter connected in parallel
either to the line, when no d-c. tele-
graph is being used, or to the high-
pass side of thc composite set when
this set is installed. The use of such
a high frequency composite set s
shown in Fig. 5.

Line Circuits

As indicated, carrier telegraph sys-
tems require somcwhat special line
circuits. The every-day d-c. telegraph
circuit makes use of a single line wire
and uses the ground for a return patt.
The line currents used by the carrier
telegraph system are of a very low
value and if an attempt was made to
operate a carrier system on a ground
return circuit the interference reaching
the carrier receiving circvits would be
such as to prevent the operation of the
system. It is necessary, therefore, to
provide a metallic circuit or a pair of
wires on which to operate a carrier
currert system and it is further neces-
sary to transpose or .nterchange at
intervals the positions of the two line
wires with respect to the other wires
on the same pole line. This transpos-
ing is done merely by shifting the line
wire from ome pin position to that of
its mate at the same time shifting the
mate to the pin position of the first
wire. This transposing so arranges
the two wires of the pair that interfer-
ing currents picked up along any one
section oy sections tend to neutralize
themselves so far as the termninal equip-
nent of the circuit is concurned. The
higher the frequencies used by a carrier
system, the more fregquently must these
transpositions be made to secure satis-
factory operation and freedom from
cross-talk  and  forvign  interfering
currents.

Becausc the line currents used by a
carrier system are very small in value
and because there is a practical limit
o the sensitivity that may be built into
a carrier receiving circuit, the length
of line over which carvier transmission
can be effected between two terminals
is limited, unless we in-fall some inter-
mediate means of amplifying or rein-
forcing the line currents. .n connection

with the ten channel carrier telegraph -

system, use is made of vacuum tube
amplifiers spaced at distances of be-
tween 150 and 300 miles along the line
to extend the range of the system and
Yy the use of such amplifiers we are
able to operate a system with the termi-
nals approximately (,200 miles apart.
This is not the maxunum operating
limit, but happens to be the longest dis-
tance between terminals of any carrier
system in the plant of the Canadian
National Telegraphs.

www-americanradiohistorv com

Fig. 10.
five two-way telegraph chanpels.

Terminal equilpment for

Repeaters

We have not as yet found repeaters
which will amplify all frequencies in
the range, zero to 10,000 cycles and
for this reason it becomes necessary at
each ome of the repeater points to
separate the line currents of the vari-
ous types of systems operating on a
pair of wires. This is done by means
of composite sets and high frequency
composite sets, as it was at the terini-
nals, and once the various line currents
are separated, those for each kind of
communication service are amplified or
repeated by means of equipment espe-
cially suited to the particular line cur-
rents. 1 have told you that the ten
channel carrier telegraph system makes
use of twenty different carrier current
frequencies, ten of these being used in
each direction. In order to provide a
two-way repeater for the carrier cur-
rent some means of separating  the
carrier currents traveling in the two
directions must be devised. TFilters are
used for this purpose; a group or pair
of what are termed directional filters,
one a high-pass and the other a low-
pass. A pair of these directional
filters is connected to each side of the
carrier amplifier equipment and these
filters separate the two groups,of carrier
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currents traveling in opposite direc-
tions permitting the amplification of
the group traveling in each direction
by means of a separate amplifier. The
connections at such a repeater point are
shown in Fig. 6 for a repeater station
at  which  direct-current telegraph
signals and voice telephone line cur-
rents, as well as the carricr currents,
are amplificd. You will note that an
equalizer is included ahead of each
carrier amplifier in this figure. This
is necessary because of the fact that
while the frequency characteristic of
the amplifier is practically flat the fre-
fquency characteristic of a section of
line is not, and the equalizers arc in-
stalled in an attempt to provide an
equal  transmission equivalent from
terminal ta terminal on a carrier tele-
graph system for 2ll the carrier fre-
quencies of either frequency group.

Voice Frequency Carrier Telegraph

In addition to the ten channet carrier
telegraph system making use of a pair
of linc wires | have mentioned a 12
channel carrier telegraph system mak-
ing use of a diffcrent portion of the
frequency spectrum and.requiring for
its operation two pairs ol line wires.
This particular system was really
designed for operation over long cahle
circuits where a quad or group of four
wires is available for each telephone
or carrier telegraph circuit. Because of
the f{requency characteristic of cables
which dJoes not permit of the transmis-
sion of high frequencies unless loading
is resorted to, the frequencies of this
system were kept as low as possible and
arc, therefore, in the voice range. Te-
cause a quad, or group ot tour wires,
was available which would provide two
distinct transnussion circuils, one lo be
used in cach direction, it was not neces-

SYNCHRONIZATION OF BROAD-
CASTING NEAR REALIZATION

HE Federal Radio Commission’s ap-

proval of the plan evolved by the
National Broadcasting Company,
WTIC, Ilartford, and WBAL, Baliti-
more, for synchronizing transmitters
on the same wavelength was the signal
to begin initnediate construction of the
necessary apparatus, according to C. W.
Horn, general ungineer for NBC.

“We hope ta have synchronization on
an opcrating basis within 3 few
nionths,” Mr. llorn announces. “Our
experimental tests have proved defin-
itely that the operation of two or
more. broadcast transmitters on a single
wavelength is beyond the lahoratory
stage. Engineers fromi the RCA-Vic-
tor Company already have visited Hart-
ford and, Baltimore, have studied the

sary to use different frequencies for
transmission in the two directions. The
system, therefore, makes use of the
same frequencies in one direction as it
does in the other. We have no very
long cable circuits in the plant of the
Canadian National Telegraphs, but be-
cause this system may be used on
practically any apen wire pairs suitable
for telephone service and hecause it
may readily be modulated onto the
channels of any one of a number of
types of carrier currcnt systems, it is
useful. Two systems are in operation
over open \ire lines and the 24 channel
system to which 1 referred will make
use of two of these 12 channel systems
modulated onto the channels of still
another carrier current system. Fig, 7
shows, in diagrammatic form, one com-
plete transmission circuit of a 12
channel or voice frequency carrier tele-
graph system. The transmission circuit
in the opposite direction makes use of
identical equipment and of an identical
linc circuit. For convenience in operat-
ing, the sending and receiving equip-
mentl of each channel is assembled as
a channe! unit although, unless the
channel is being operated as a half
duplex circuit the transmission circuits
of the 2 one-way circuits making up
the channel are entirely separate. Fig.
8 shows the equipment for oue terminal
of the 24 channel system. The rour
left-hand bays in this figure hold the
equipment for the high frequency car-
rier channels onio which the two 12
channel systems are modulated. The
next three bays hold the battery supply
and carrier current gencrating equip-
ment for the 12 channel systems while

-the cight right-hand bays, two groups

of three channel bays and one filter bay
each, hold the terminal equipment for

gt o

situation thoroughly, and compiled
their specifications for the special
equipment. Naw, with federal ap-
proval granted, this working applica-
tion of synchranization js only a mat-
ter of time.”

According to the terms of the peti-
tion approved by the Commission,
WTIC and WBAL will synchronize on
alternate days with one of NBC's key
stations in New York. WTIC will be
linked with WEAF, and WBAL will
coordinate its transmitter with WJZ,

This means thal the stations when
operating in synchronism, will use a
single broadcast channel

‘I'he immediate advantage of the syn-
chronizing plan about to be placed in
effect, Mr. Horn pointed out, is that it
will afford WBAL and WTIC full-
time broadcasting schedules in their re-

www americanradiohistorv com
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the 12 channel systems. This installa-
tion is in our Toronto office.

Because of the f{act that the voig
frequency carrier telegraph systen
makes use of carrier frequencies in th
voice range a telephone channel cannag
be operated on the same conductors, but
each of the pairs of line wires may he
equipped with composite sets and the
four line wires may be used for both
direct-current and carrier telegraph
purposes.

The description given and the figures
shown thus {ar cover the carrier cur-
rent and line equipment only. Power
obtained from storage battéries is used
lo operate the carrier current equip-
ment. In addition to the power, the
operation of the carrier current ani
other telegraph systems requires the
making of many diffcrent circuit connec-
tions between lines or subscribers loops
and the telegraph equipment. This is
done by means of patching cords at the
office switchboard. Tig. 9 shows the
switchboard installed in the Montreal
office. It has a capacity of 120 main
line wires.

Fig. 10 shows the terminal equipment
of still anaother carrier current tele-
graph systern recently installed in the
plant of the Canadian National Tele-
graphs. Tt provides 5 two-way channels,
uses frequencies in the range $,400 tu
12,800 cycles and can be used on cir-
cuits up to 450 niles in length. It is
intended for short haul use on routes
not requiring the facilities supplied by
a to channel carrier systein.

1 have attempted to discuss briefly
the historical background of the tele-
graph and have attempted to provide
a picture of the present-day high speed
direct-current and carrier current tele-
graph systems.

spective service areas.  Hitherto the
two stations have shared a wavelength,
and one of them wnecessarily has re-
mained silent every other day. When
synchronization goes * inte effect,
WBAL and WTIC will retain their
joint wavelength, using it as formerly;
but on alternate days, the “silent” sta-
tion will remain on the air by synchron-
izing with its key station in New York.

A

BOOK REVIEW
PRACTICAL RALDIO RIEPAIRING

MHINTS. By John F. Rider. Pub-

tished by Radio Treatise Company,

Iuc., New York. 260 payes.

In this new book Mr. Rider has as-
sembled a Jarge amount of radio circuit
information of real value to service-
men,

MARCH, 19
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Home Recording
to the Fore

By A. C. LESCARBOURA
Mem. LLR.EE. Mem. A|EE

M recording,  with  home
hroadeasting as a side line, will
fie widely Teatured in the 1931
fadis merchandising  activities.
Butltiu feature and as an acces-
1owill bulk large in the coming
poaton’s sules. Lt is a natural evolution.
Ul awamncering has been fully con-
15 i dhvect challenge to the
thae nvasion of the midget set into
[ ol dince it provides so much more
foncnent as to make tire saving of
[SSTRVIN ll:ll'(”_\' worth while.
Ihie twa great criticising heretofore
pasc bl agrainst radio ave threwn into
diseard by home recording. It has
oot dhilined that, unlike the phono-
aih, relio has not been selective in
B senne oi choosing definite programs,
(%Y i might choose between staiions,
Wt e choice was velmively limited in
dvom with that afforded by a fine
Jd library.  And it bas likewise
¢ cwed tat, unlike the piana or
i, cadio has aferded its owner no
# o catisiaction of seli-expression
I oeation in the progrant enjoyed,
Ahich has always been an umportant
theton in home entectainment.
[1oane recording, of course, pre-
apperes the inclusion of a modern elec-
type phonograph, preferably as a
Bailean festure of the radio set.  And
(e e reasonable, fov the trend is more
gl ore towards  combinabon  sets
woimlly in meeting the competition of
mulget radio sets. Home record-
ilierefore, by insisting on the
gl raph featuve, makes possible the
coprtitive enjoyment not only of usual
cocends, Inn also of fine vadio programs
Inh have been recorded by the set

1
(N1

i

ioadi, Also, home recording imakes
pentlile the recording of the voice,
wnpeal  wlfainments,  group  singing,

dialogue or any other accomplishnents
of the family circle. serving much the
same ‘‘remembrance” function as the
family kodal allaan,

Making Records in the Home

The howe-recording featwre is based
ob the simple principle ol reversing the
operation of the uswl clectromagnetic
pickup.  Tnstead of driving the pickup
by the action of a stylus or necdle Tol-
lowing the contoctions of the vecord
groove, thevehy gencrating the modu-
lated curvent that cventually drives the

A

Built-in home recording feature on
well-known combination console.

loudspeaker and reproduces vecorded
sounds, in howme recording the cleetvo-
wagnetic pickup s (ed amplified sound
values erther picked up by a microphone

or by the radio receiver itself. Under
the influence of the powerful input
current, the electromagnetic pickup

actuates a blunt point chromium plated
recording needle which engraves the
latent sound values wn a special vecord.
The metal records are prve-grooved. so
that the cutting stylus follows the spiral
gvoove and simply engraves the sidus
for the latent sounds.
Several radio sets

have already

New Built-In Feature or Accessory Strikes Powertul
Sales Note and Provides Radio Trade With Repeat
Sales ltem
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home

recording
equipment, using mechanical feeo for
tracking stylua.

Accessory type of

appeared on the market with home
recording as an integral feature, Tnas-
much as such sets are offered for loss
than $3co list, it becomes evident thit
this feature 15 not going to place com-
plete vaidio-phonograph combinalions i
a prohibicive price class.  The home
vecovder may be ser enther for  te
vecording of hame lalent ov for radia
programs,  In the Tormey instance, the
hand microphone i3 commected in o
corl, i blink recovd plyced on the G-
table with cotting stylos held just over
the begimving  oF the groove, after
which the turntable s started. The
pickup is weighted down with w special
weight  used only while recording.
When proper turntable speed is attaned,
the stylus is lowered to the starting
point on the record. The sounds to be
vecorded ace then divected into the
microphone until the end of the record
is veached.

For recording broadcast programs,
the desived progyam is tuned in ‘o
utmost clarity and tie greatest possible
undistorted volume, A blank recovd s
placed on the turntable, and the tuyn-
table started. When it atiains 2 steady
speed, the pickup with special vecording
needle is lowered to the beginning of
the vecord groove. The proper switch
1s operated <0 as to transfer the receiver
autput  from the norwmal Joudspeaker
function to the vecording circuit.
alihough the program may wsually be
hieard faintly during the recording.
Thus tle radio program is recorded.

Home Made Records Universal

The home recordings may be played
on any phonograph, either electrical or
muchanical, in the usual manner, except
that a special Abre needie is employed
m place of the ordinavy phonograph

(Concluded on page 46)
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R. M. A. Show

inittee have concluded ar-
rangemcuts with the Ste-
vens Hotel, Chicago, for the 1931 R.
M. A. Convention and Trade Show.

Plans and arrangemenls include the
following items:

(1) Exhibition privileges in the
Trade Show will be confined to R, M.
A. members in good standing.

(2) Exhibiting members are required
to show current radio merchandise or
e denied the privilege of having either
a hooth in the cxhibition halls or demon-
stration rooms.

Radio products only may be displayed
in the exhibition halls.

Exhibiting members are permitted to
exhibit radio products and products of
their own manufacture other than radio
producls in demonstration rooms, pro-
vided such products are offered for dis-
tribution through the jobber and dealer
channels represented by the Trade Show
altendance.

(3) Exhibition space for the Trade
Show will include the Stevens Jlotel
exhibition hall and in addition, the en-
tire Grand ball room. These two loca-
tions are directly connected by a stair-
way, with total exhibition space avail-
able of about 30,000 square fect.

(4) Due to the irregularity of the
size of the booths, all exhibit locations
will be rented at a unit price per booth,
which price is based upon approxi-
mately $2.00 pur square foot, and does
not include furniture, carpets or fix-
tures.

(s) If ecighty per cent or more of
the total trade show space is sold and
if in the opinion of the R, M. A. board
of directors, the show income in excess
of expense warrants such action, il is
the intention of the Association to re-
bate proportionately to exhibitors the
charge for space.

(6) The R. M. A. discourages lavish
decoration in exhibition hall booths be-
cause these cause additional cxpeuse
and competition which is distateful to
many exhibitors.

(7) Booth decorations constructed
within the spirit of the previous para-
graph inay be installed by the exhibitor
himself or upon an arrangement made
directly with the convention and ex-
hibit department of the Stevens Forel,
from which sketches and prices may be
obtained upon application.

HE R. M. A. Board of
Directors and Show Com-

A Radio Show That Deserves And Will

Have Country-Wide Support

(8) Individual telephone booths will
be provided by the convention and ex-
hibit dcpartment of the Stevens Hotel
upon an order with advance payment
of $10.00 attached. All telephone or-
ders must be placed before June 1, 1931.

(9) Any construction or other in-
cidental work of various trades required
by exhibitors will be performed by the
Stevens Hotel. Such orders also are to
be placid in advance.

(10) Assignment of demonstration
rooms in the Stevens Hotel, will be
made by the show management. For
the convenience of exhibitors and the
trade it is desired that exhibitors es-
tablish their demonstration rooms in the
Stevens Hotel, where the Association
will assist in arranging for a-c. power
and other facilities.

(11) Any exhibitor who reserves and
maintains demonstration rooms in the
hotels, other than the Stevens Hotel,
will be required to make their own ar-
rangements covering reservations and
services required. The R. M. A. wili
not make reservations or arrangemnents
in connection with demonstration rooms
outside of the Stevens Hotel. Hotel
demonstration rooms and all displays in
hotel rooms of radio or other products
are available only to members having
booth exhibits in the trade show.

(12) Closed business meetings of the

'R. M. A. will be limited to two in

number.  The time will be announced
at a later date. Failure on the part of
any member who is exhibiting in the
Trade Show 1o be represented at these
two closed mecetings, through either the
delegate or alternate will result in for-
feiture of J5000 deposit (paid with
show space application) to the Associa-
tion. No one will be admitted to the
above meetings after the announced time
of starting.

The Radio Show will continue from
June 8 to 12, inclusive, 1931. Special
trains will be run from various centers,
and reduced fares will be in effect.

The show committce is planning upon
an attendance of 23,000 persons during
the week,

The facilities of this show will con-
stitutc a new opportunity for manufac-
turers of radio equipment to join the
greal movement toward prosperity.

www americanradiohistorv com

Entertainment

Although Dbusiacss rather
than ballyhoo is the keynote
of the Annual Couvention and
Trade Show of the Radio Manutac-
turers Association at Chicago next
June, plenty of entertainment for the
25,000 visitors expected is being ar-
ranged under preliminary plans of the
convention committee. This is headed
by Leslie ¥. Muter of Chicago, chair-
man, and includes six other Chicagoans,
all promivent in the radio industry: J.
Clarke Coit, Henry C. Forster, A. S.
Wells, E. N. Rauland, Thos. A, White
and Harry Olson.

Prominent speakers are heing secured
for the several business scssions of the
association and other radio meetings
and plans being made for the proper
reception of the indusiry throng.

For the radio week of June 8th at
Chicago, Chairman Muter and his com-
mittee are also working on many enter-
tainment features. An informal stag
dinner with headline vaudeville talent
is being planned instead of the usual
formal banquet of the Radio Manufac-
turers Association.

Advertising Managers Group

For discussion and action on radio
advertising prohlems, the advertising
interests of the RMA will be organized.
The formalion of an advertising group
in the RMA, similar to the group
organizalion of receiving set, tube and
other manufacturers, for the considera-
tion of their special problems, was au-
thorized by the RMA board of direc-
tors. President Morris Metcalf of the
RMA appointed as chairman of the
new advertising group Paul S. Fllison
of the Brumswick' Radio Corporation
of New York City.

New RMA Directors

Two new directors, E. E. Shumaker,
president of RCA-Victor Company of
Camden, N, J., and Meade Brunet,
sales manager af RCA Radiotron Com-
pany of lJarrison, N. J.,, were clected
10 the RMA Doard to fill vacancies
caused by the resignations, respectively,
of J. L. Ray, formerly vice-president
and general sales manager of RCA-
Victor Company, and G. K. Throck-
morton, executive vice-president  of
E. T. Cuaningham, Inc.

MARCH,
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Television
for the

Experimenter

Ny C. BRADNER BROWN

VEL mintus of amateur television at
the present time is much the same
un that of amateur radio 20 years
ao,  Jt is difficult to obtain

alindbg i a reasonable price, and for
thin veanon, the experimenter is gene-
vally Trweed to reconstruct material on

haid  “I'hlw paper presents some of the
withot ‘s experiences and offers a few
hielgptol hiuty to the prospective experi-
kil

Il Hial picce of apparatus necessary
o4 w dulevinion set is a powerful short-
wave roceiving set.  The usual short-
wave aet st be revamped for use as
o wlivision receiver as regeneration is

el the prime features in a short-
@ave Teceiver.  Regeneration in the
vecrptlin of television signals causes
distuition wd for this reason the

vegr e ation cquipment should be re-
mevsnl e switch installed to uncouple
i when ased for television. An excel-
el acl winy be had by combining an

ot l, sercen-grid amplifier with the *

vrtlation wereen-grid detector feeding
e w yesistance-coupled audio stage.

The Amplifier

I lue next piece of apparatus to con-
st s wn amplifier. At least three
stagne 0f resistance-coupled audio must
he naed, ‘The audio system used by the
aitlun consists of three 227 type tubes
I w resiktiance-coupled amplifier feed-
o Lt 1 245 in the last stage. The
(ifapnd circuit is arranged with a
dutible pole double-throw switch so that
the flaments may be supplied with a-c.
fiom # transformer or d-c. from a
lmttoy, ‘Fhe direct current gives better
el but  soon drains the supply
bultery, hence the otlier supply.

F'he nelunl television set consists of
a tlise driven by a small series, uni-
voranl  nmotor  with the neon tube

¢ r;frr presented before A. . B, L. Bronech,
Vniversity of Kansas,

mounted on top of the motor. The neon
tube used is the small 110 volt model.
‘The disc was constructed from a large
size phonograph record having record-
ing grooves on one side only, On the
plain side, a spiral was. laid out and
divided into Go radial divisions, A
hole was boved where the radial lines
meet the spiral. Several discs were
constructed before one was secured in
which the holes were of the proper size.
The edges of the holes should overtap
sufficiently so that the space covered by
the holes in passing a certain spot
appears to be uniformly covered. If
the holes are too small, black lines will
appear across the picture between holes.
If the holes are too large, reproduction
will be blurred. Since receiving con-
ditions are none too good, many tele-
vision sets fail at the very start through
the use of a poorly constructed dise.
The driving motor used 1in these
experiments is a small 1/50 h.p. sertes-
universal. It is driven from the alter-
nating-current mains using a 100-watt
lamp in series with the motor. A zo00-
ohm rheostat across the armature gives
good control of the speed. This system
works very well except that "hunting”
causes the setting of the rheostat to be
shifted almost constantly. After experi-
menting with several intricate gover-
nors, the sinple expedient of mounting

L SCANNING. DISC
FLVWHEEL

MOTOR /

COMPRESSION
SPRING

Flg. 1. Dlsc drive.

a heavy disc on the motor shaft was
adopted.  Since the scanning disc is
mounted on the shaft, a double shafted
motor was obtained and the flywheel
mounted on the back end. The best
results were obtained from the system
shown in Fig. 1. In this system, the
disc floats free on the shaft, being
attached by the spring shown on the
end of the shaft. This allows a slight
movement with a ready storage of
eniergy to correct for changes in the
armature speed. A weight of aboul 5
pounds gives the best results.

It must be kept in mind that before
any experiments can be cdrried out, a
powerful and dependable signal must
be had. Careful construction of the
receiver and amplifier will eliminate go
per cent of the trouble usually en-
countered in television sets. It is pos-
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sible to obiain good results from
mediocre equipment when the sending
station is within 20 miles, It i5 a
different matter, however, when the
receiver 1s located from 500 to 1200
miles from the sending station.

It is necessary at the present time to
sclect the station giving the best signal
and construct the scanning disc to fit
the requirements for reception from this
station. This is due to the lack of uni-
formity in the sending equipment.
Thus 48, 50, and 6o lines are variously
used with 12, 16 and 20 frames a
second.

The operation of the equipment is
quite simple. The short-wave set is
tuned in on the signal which is easily
recognized by its characteristic buzz-
saw tone and maximum  volume
obtained. - The amplifier is started up
with alternating-current, having the
output switched over to the loudspeaker.
Whin the signal is coming through at
the maximum volume, the motor may
Le started up and the output turned into
the neon tube.

The motor speed 1s set approximately
with a speed counter and the smalt
square in {front of the neon tube
watched carcfully. The picture will
generally appear quite blurred and will
raove onto the screen from one side. If
an image is obtained, the Alaments
should be shifted to the direct-current
supply. This can be accomplished by
having a spring arranged to snap the
switch from a-c. to d-c. when a catch
is released. In general, this improves
the reception greatly. The a-c. type
heater tube was chosen because better
results can be obtained. Operation with
these tubes is much steadier.

Altermatinz-current disturbances
generally app:ar as black bands moving
in a vertical diraction while static dis-
turbances usually aflcct the entire image
to produce distortion. Musical impulses
show definite characteristics in a series
of curving bandr of Slack. It is inter-
esting to experiment with musical
impulses befor: trying to obtain images,
as strong signals are casily obtained
and the experimenter can learn much
of the action of his cquipment with
these signals.

VACUUM TUBES

HE April issue of Rapro Exci-

NEERING will conlain an up-to-the-
minute review of the subject of Vacuum
Tubes. livery engincer will want his
own copy of this issue, as it will be in
fact an April, 1931, book on vacuum
tube engineering.
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MAGNETIC NICKEL ALLOYS

AGNETIC alloys substantially

free from carbon and comprising
mainly iron and nickul are treated to
produce high and constant permeability
hy heating to a high temperature, ex.
goa® C. or over, until completely an-
nealed followed after cooling by a fur-
ther heating to a lower lemperature not
exceeding 700° C. but which is at least
50° in exciss of the magnetic change
point of the alloy and in the case of
alloys containing not 1nore than so per
cent nickel pruferably at least 100°
above the change point. The alloy is
preferably mechanically strained be-
tween the two heat trcatments. Up to
10 per cent of one or more of the fol-
lowing elements may be added to in-
crease the specific resistance of the al-
loy: manganese, chromium, copper,
molybdenum, tungsten, vanadium, alum-
inum or silicon, and alloys cuntaining
specified proportions of nickel, iron and
manganese; nickel, iron and chronium;
and nickel, iron, and copper are referred
to. In the manufacture of a loaded sig-
naling conductor wire or tape made
from 2 nickel-iron alloy may be an-
nealed by heating at about 9oo® C. for
15 minutes, cooled, wound on a copper
conductor, the winding producing the
desired straining of the alloy, and the
loaded cunductor then heated for about
4 minutes at a temperature at least 50°
above the change point and not exceed-
ing 700° C. but preferably above s00° C.
Garnett, H. J. and Randell, W. F.
British Patent 336,948. Appl. June 22,
1929. Isssued: December 17, 1930.

A

HOME RECORDING TO THE FORE
(Concluded from page 43)

needle since the metal disc is neces-
surily softer than the usual commercial
recordings.  When playing back the
record on the same machine on which
it was recorded, the recording weight is
removed from the pickup head.

"I’ hume recording accessory may be
venployed with any phonograph turn-
table and a riclio anplifer of sufficient
power. It comprises essentially a
recording head actuated by the radio
amplifier, i nticrophone and the neces-
siry swilching mechanism,  In some
designs o mechanical feed is employed
to track the stylus in the groove, reduc-
ing the lalter of this strain. An
elaborate {ced mechanisni is attached to
the shaft of the turmntable.

Home recording ix entirely prictical.
Several nanufucturers are already mer-
chandising combination scts with the
home-recording feature, while an cven
greater number of manufacturers are on
the market with home-recording acces-
sories for use with any existing radio
set and phonograph. It is the writer'’s

opinion that this season will see a
number of combination sets on the
market incorporating this feature, sell-
ing for $1rg to $160 and placing the
standard console once more on 2 pedestal
with the midget sets shrinking into
wisignificince.

Meanwhile, the specia) wetal discs are
available to anyone. One organization
is now licensing and selling thesc
records to distributors of the various
nianufacturers of homne recording cquip-
ment in four sizes, namely, 6-inch, 7%-
mcl, r1o-inch and 12-inch listing at 20
cents, 30 cents, 5o cents and 73 cents
respectively,  The discs play on any
phonograph with a fibre needle and will
reproduce indefinitely.

A

RCA LOSES APPEAL ON PATENT
POOLING CASE

HE United States Circuit Court of

Appeals at Philadelphia, on Feb. 13,
upheld the decision of the Umited States
District Court of Delaware agains( the
patent pooling agreements of {our great
electric, radio and telegraph and rele-
phoue compames.

The lower court had ruled that the
““patent pooling” pacts of Radio Corpo-
ration of America and its associales
violated the Clayton anti-trust law.

The Appellate courts action, which is
considered of far-reaching iinportance
in the radio industcy, was rendered in
a suit filed by the De Forest Radio
Company and several independent tube
manufacturing  corporations. They
claimed they were frozen out of the
tube inarket by the patent pool, which,
they said, was intended to give the
Radio Corporation a monopoly over the
sale of radio tubes to dealers and manu-
facturers to whom it sold its receiving
sets.

Under the pooling agreewments, it was
claimed, licensees of the Radio Corpo-
ration were obliged to use in the receiv-
ing sets only the tubes which were
manufactured by the Radio Corpora-
tion companies, thus virtually blocking
De Forest and the other independents
from selling their tubes to the Radio
Corporation’s licensees.

Judge Hugh M. Morris, who las re-
signed from the Delaware bench since
lie filed the decision, had ordervd an
injunction against the Radio Corpora-
tion, the only defendant in the suit, pro-
hibiting it from continuing the pooling
agreements aud thus ending the alleged
wionopoly.

His first decision granting a prelimi-
uvary injunction was carried lo the
Court of Appeals by the Radio Corpo-
ralion several months ago, but the
higher convt upheld Judge Morris.

When on final hearing on the matter
lie granted a final injunction the Ap-
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pellate Court again sustained him, and

in the latest decision, written by Judge
Buffington, senior member of the court,
he said there were now two questions:

first, whether the court should reverse

its former decision, and, second,
whether facts were developed on the
final hearing before Judge Morris (o
indicate that while the pooling agree-
ments may have been unlawful they
did not have the effect of giving Radio
Corporation a monopoly.

As to the frst proposition, Judge
Buffington said the higher court stood
on its previous decision, and, as to the
second, ‘“‘we are of opinion, without
here discussing the proofs tnade, that
there is nothing in them which would
lead us to the conclusion thal the ob-
jectionable contract has not resulted in
a monopaly.

With referenc: to this decision, the
Radio Corporation of America made
the following statement:

"“We shall apply as promptly as pos-
sible 1o the Supreme Court of the
United States for a writ of certiorari,
The clause to which the litigations was
directed, ax a watter f fact, has not
been in force since July, 1928. Never-
theless, the case raises important and
novel questions as to the rights ol an
owner of patents in the granting of
ticensvs. These questions have not yet
been passed upon by the Supreme
Court.”

A

MEMBERSHIP IN 1. R. E.

UBSCRIBERS to Rapio ENGINEER-

186G, wlio desire 10 procure member-
ship in the Institute of Radio Engineers,
may obtain apphcation forms by wri-
ting to Donald McNicol, Editor of
Raoio EGINEERING, 52 Vanderbilt Ave.,
New York

A

ONLY 13 OUT OF 1,500,000 WATTS
BROADCAST ARE USED

HQUGH American broadcasting

stations usc an aggregate of nearly
1,500,000 walls of power, an engineer-
ing professor of Massachusetts Institute
of Technology has estimated that the
power received by the average receiving
set’s antenna amounts 1o the equivalent
of the energy consumed by the common
housefly walking a distance of one foot
up a window pane,

Comes now an engineer of the Fed
eral Radio Commuission with a calcula-
tion showing that, with 3,500,000 radio
receiving sets in use in the United
States, their aggregate “consumption”
of broadcasting power amounts to only
13.6 watts. Al the rest of the broad-
cast energy is dissipated in space.

MAREH,

",

"
'""n ;:_,-"I
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R. H. MANSON  PRESIDENT,
INSTITUTE OF RADIO ENGINEERS

AY H. MANSON, a member of the

Board of Direction of the Institute
of Radio Fngincers (1928), and a mem-
ber of the A. I. E. E. since 1902, has
been chosen president of the Institute
of Radio Engineers, taking office at the
recent January meecting.

He was born at Bath, Maine, was
graduated from the University of
Maine in 1908, and received his dcgree
of E. E. from that institution in 1921.
From 1899 to 1900 he was employed in
the telcphone manufacturing depart-
ment and the electrical laboratory of
the Western Flectric Company in Chi-
cago; Wic uext four years were spent
in the engineering and sales dupart-
inems of the Kellogg Switchboard and
Supply Company, Chicago. Then for
a long period—until 1916—he was con-
nected with the Dean Electric Company
and its successor, the Garlord Manu-
facturing Company of Iilyria, Ohio,
where for four ycars his service was
as chief engineer. Since that date he
lius been with the Stromnberg-Carlson
Telephone Manufacturing Company,
Rochester, and is now its chief engineer
and one of its vice presidents,

During his afliliation with the manu-
facturing business, he has taken out
over fifty parents on inventions in tele-
phone, phonograph, and radio fields.
He has been active also in radio stand-
ardization work in the Radio Manufac-
tuerers Association. l'or several years,
he has been serving also as chairman
of the electro-acoustic subconmumiitee of
the I. R, E.

A

PHILIPPINE COMMUNICATION
FACILITIES IMPROVED DURING
1930

OMMUNICATION facilities in the
Philippine Islands were greatly im-
proved during 1930, and should stimu-
late business considerably when cther
basic economic conditions permit.
Radio communicaion had many
changes during the year, with the Mac-
kay Radio and ‘Lelegraph Coinpany
and the Radio Corporation entering the
Philippine field, and the Radio Corpo-
ration of the Philippines losing control
nf the nine provincial radio stations it
had been opurating hecause of the re-
fusal of the Philippine Government 10
rencw the franchise. The permanemn
status of 1hese nine stations will prob-
ably be determined by the next legisia-
wre.  The Bureau of Posts is now
operating 03 radio stations, of which 12
weve alded during 1930. The follow-
ing is a summary of radio stations in
the Philippines: U. S. Navy, one
official station; Mackay Radio and Tele-
graph Co., one transoccanic station;
Radio Corporation of the Plihppines,

one transoceanic station; Dollar Steam-
ship Co., one shore station; Bureau of
Posts, 63 domestic stations. The
Philippine budget for 1931 contains an
item of 246,000 pesos (about $123,000)
for operation of radio stations. (Trade
Commissioner E. D. Hester, Manila,
P. 1., 1/20/31.)
A

EDWARD GOODRICH ACHESON

Edward Goodrich Acheson, a pioneer
in the field of applied electricity and
best known for his production of
silicon carbide (“carborundum®). elcc-
tro-furnace graphite (Acheson-Graph-
ite) and a mecthod of colloidalizing
substances by the DeBocculation Pro-
cess, has been honored twice during the
past year with pcrmanent exhibits of
an educational and historical nature
which depict salienl incidents in con-
nection with his life and work.

The Acheson Exhibit at the Smith-

EOWARD GOODRICH ACHESON

sonian Institute, Washington, D. C,,
includes in addition 10 the various
medals awarded Dr. Acheson for his
accompishments  in  clectro-1hermics,
carly mcandesceut lump filaients fabri-
cated during Acheson’s association with
Edison at Mecenlo Park, a reproduction
of his first electric furnace, and original
paper on Lightning Arresters and a
Photographic Study of Self-Induction,
together with specimens of tungsten
wire and electrical resistors produced
with the aid ol colloidal graphite.

A collection of the various products
produced commercially by Dr. Acheson,
all of which were al some time manu-
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factured at Niagara Falls, makes up
the nucleus of the exlibit in his honor
now on view in the rooms of the
Niagara Falls Historical Society.

Aquadag Colloidal-Graphited Water
and OQildag Colloidal-Graphited Oil,
which represent but two of Dr,
Acheson’s many contributions 1o man-
kind, are well known to the radio in-_
dustry where they find utility in the
manufacture of tone controls, volume
controls, grid-leaks, tungsten wire,
“getters,” clamp-paste; photoelectric
cells, secondary-cmission retardants and
as lubricants.

A

LOG RECORDS AT BROADCAST
STATIONS

T a session of the Federal Radin
Commission held in Washington
on February 16, 1931, an order effec-
tive March 1, was issued directing that'
all broadcasting stations maintain twa
log records, as follows:
1. Program Log. This log shall con-
tain:

(a) An entry of all stations and call
announcements and the time
made.

An entry describing each pro-
gram broadcast with the time
beginning and ending. If
phonograph records or elec-
trical transcriptions are used
that fact shall be noted, to-
gether with the announcenient
made thereof.

2. Operating Log. This log shall con-

tain:

(a) An entry of the time the sla-
tion's carrier wave goes on the
the air and the time the sta-
tion's carrier wave is stopped.

(b) An eniry of the time the pro-
gram begins and ends.

(c) An entry of every interruption
of the carrier wave, its cause
and duration,

Au entry of each of the fol-
Jowing shall be made every
thirty minutes.

(1) Operating constants on
last radio stage (total plate
current and plae voltage) ;
antenna current.

(2) Frequency check.

(3) Temperatuce of
chamber (if used).

Thesc logs shall be kept by the per-
son or persons competcnt 1o do so, hav-

g actual knowledge or inforimavion of

the facts hercin required, who shall

sign the log when coming on duty and
again when going off duty. The logs
herein required shall be open to inspec-
tion at all reasonable times by Govern-
ment rardio inspectors and other per-
sons authorized to do so »y the Federal
Radio Commission.

(b)

(d)

crystal
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Now, for 1931 receivers,
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. This new Vuriable-Mu tube per-
mits distoronless operation with
signal input voliages approxi-
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: (total plate
e voltage) ;
it

k.

of crystal ARCTURUS RADJIO TUBE CO.
ed). Newark, N. J.

by the pey-
3 do so, hav- ' patent applications of

s N;-'v.lrc-ﬁ» Carporation
forination of

, who shall

o gy ;AIRCTTIUJ RUS
ey cerm:  RADIO TUBES

1 other per:
¢ the IFederal |

"Ihe TUBE with the LIFE-LIKE TONE”

© A. R.T. Co.. fu3)

Page 49

EROVOY

BUILT BETTER
CONDENSERS AND RESISTORS

Manufacturers of
The Most Complete
CONDENSER and
RESISTOR Line
in Radio

This interesting and belpful 40-page Manual and Cata-
Jogue containing a wealth of information on condensers
and cesistors and detailed electrical and mechanical data
on the complete line of Aetovex Condensers and
I Resistors.

Sent Free on Request

The Aecovox Research Worker is a frec monthly publi-

carion issued to keep radio engineers, experimenters and
secvicernen abreast of the Jatest developments in receiver
and power supply design, and especially with the proper
| use of condensets and tesistors. A request on the coupon
below will place yout name on the mailing list.

| Fill in and Mail the Coupon Below

AEROVOX WIRELESS CORP,,

70 Washington Street.

Lroollyn, N. Y.

Gonticmen :

, Plcase send me whihout chaege or abligation:

i ( ) Your 10.page Condenser and Resistor Manual and Catalogue.
( ) The Research Worker. ‘

Stroet. ..

Gty s mpbiis

AEROVOX WIRELESS CORP

1
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I. R. BAKER ADVANCED

Announcement of (he prowmotion of I. R.
Baker to manager of broadcast transmitter
sales of thc RCA-Victor Cumpuny, has just
becn made by Quinton Adaws, inanager of
the engincering products division of that
cmmpany,

Mr. Baker jained the RCAVictor Com-
pany Wwo years ago as a member of the
Lroz\(lc:ml trunsmitter  sales section.  Pre-
wiously, he had been engaged in broadeast
cransmitier development work for the Gen-
crat  Electric Company at  Schenectady,
where lie took part in the extensive experi-
mental work on high power radio transiis-
sion carricd on through station WGY. Mr.
Baker is a graduate of Gettysburgh Callege.

A
AEROYOX APPOINTMENT

The Acrovox Wireless Corparation
facturers of coodensers und resi
nounce the appointinent of .. H. Juckmanw,
2043 East 77th Strect, Cleveiand, Ohio, as
representative of the Acrovex line in the
Cleveland tetritory. Mr. ackman, formeriy
of Olio Carbon, is well known througheut
the cntire industry.

A
ARCO ELECTRICAL
CORPORATION

S. A. Lelman, president of the Arco
Electrical Corporation of Fort Wayne, In-
diana, announces the removal of the Chi-
cago plant’ to Niles, Michigan. Although
the machinery formerly in the Chicago plant
has just been moved to Niles, operation at
the new location has heen in effect for
several waeks with the new special niachines
for coil produrtion work.

The Avcw company is doing uontract work
for radio and elecwrical manuiacturers,
building coils, chuokes, Sransiormers aud
special windings (o specifications.

Y, A. Hudson. division munager, is in
chitrge of the Niles plant and (. MeL. Cole,
cliief engiacer, is in chaige of the engineer-
ing staft.  AMr. Lehman bas charge vl the
Fort Wayne plunt and the execotive ofRces.

Displag space has been acguired in the
new aterchandise wart in Chivago, where a
complete Jine of Arco products is continu-
ously on displuy in charge of a comipetent
coil engineer.

A
FANSTEEL NOW OFFERS
TUNGSTEN

Adjustiment of cerlain patenl restrictions
now permits Kansteel Products Company,
Inc., North Chicago, Illinois, to sell pure
tungsten metal in all commercial forms for
general purposes. |

This ¢ompany has manufactured tung-
sten since 1914, but has sold the pure metal
ouly in the form of finished electrical con-
tact points. However, they have produced
certatn  tungsten < molvhdenum,  tungsten -
tantatum and tungsten-copper alloys, as well
as purc molybdenum and tantalum, and arc
experienced in working these wetals and
drawing them into fine wire. Ouly slight
adaptations in the techninque and equipment
which Fansteel already has thus developed
were necessary 10 produce fine drawn wire
of pure tungsten,

Unusual purity and workability are char-
acleristic of Fanstecl wungsten. The metal
is refned from 1he Chincse ore (wolf-
ramitc), or other basic inaterials, 1o tung-
stic acid, which is converted to salt and

hack to acid three titmes in order to elimi-
nate impurities. The pure acid, after be-
ing sampled by the laboratery, is ignited to
oxide which 1s reduced in hydrogen fur-
naces 10 99.95 per cent tungsten powder.

This powder is presscd into bars under
pressures of several hundred tons, widd the
bars are converted into ingots by siuter-
ing, which consists of heating the bars elec-
trically in special furnaces from which all
oxygen is excluded.

Sintering, when carefully controllad,
starts A  regular metallic  erystal growth
which is continued by swaging the ingots
into rods of decrcasing diamcter and finally
drawing thew into wire theough drilled dia-
wmond dies. Ingots arc also rolled into
sheets f[or certiin purposes.

Pure tungsten is an interesting matcrial,
It bas the highest melting point of all
metals, It retains rigidity at higher tem-
peratures than any other wetal, It has the
lowest vapor pressure of all metals, and,
in the form af drawn wire, has greater
tensile strength than any other known mii-
terial.

A

SIMPLEX HAS GOQOD YEAR WITH
MIDGETS

At the annual meceting of The Simplex
Radio Company, Sandusky, Ohio, . C.
Maibohm, president, reported an increase of
240 per cent in net earnings for 1930 over
1929, the company's best previous year.

“Approximately three times as many radio
sets were sold as iu 1929 aud the company
atiributes its highly successful year almost
entirely to its foresight early i (he season
in sensing a public demand for the now
popular priced midget types and concen-
trating its major production activities on
an excellently cagineered and substantially
built small radio in three cabinet types
varying in price from $49.50 to $59.50, less
tuhes.

The following officers and dircctars were
re-clected: H. C. Maibohny, president amd
treasurer; J. M. Grusch, vice-president and
works manager, W. C. Cremean, vice-presi-
dent and chief e¢ngineer; R. J. Owmmert,
secretary; and M. DB. West, consulting
engineer.

A

C. J. HIRSCH TO FADA

Frank Andrea, president of the Fada
Radio Company with headquarters at Long
Island City, has announced the appointment
of Charles J. Hirsch 1o the staff of the
fFada-rescarch laboratories. In announcing
the news of this appoiauncnt, Mr. Andrea
stated, “As pioncer radio manufacturers,
cstablished in 1920, it has always been our
endeavor to keep pace with every new de-
velopment in the art of radio. These de-

velopnients and new  designs  are  thor-
oughly tested Dby our own Fada rescarch
laboratories.

“Charles J. Hirsch, latest addition to the
Fada staff is a graduate clectrieal engineer
with a wide experience in radio work. He
is holder of several patent applications on
radio and similar apparalus and cecently
has been engaged in research work with the
Radio Frequency Laboratories in Boonton,
New Jersey.

“Ile wys also associated with the 1lun-
mond Laboratones of Gloucester, Mass., in
rescarcli in  synchronizing apparatus for
facsimile transmission, short wave trans-
nission and airplane radio apparalus.

“Mr. Flirsch has also worked with the
Edison Laboratories in Qrange. N. J., on
reseacth pertaining to phonograph record-
ing apparatus.”
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DAVIS NEW HEAD OF PHILCO
BOARD

. lmportant changes in exccutive personnel,
including jhe addition of two new officers to
the compuny, were annaunced recently hy
the Philadelphia Storage Battery Company,
makers of Philco radios.

Edward Daws, president and one of the
founders of the company, has been elevated
to the position of chairman of the hoard of
directors, and Jamces M. Skinner. vice-
president and general iaoager, becomcs
president
. The two new officers are George E. Dem-
ing, Ucw _executive vice-president, and
Walter E. Holland, who becomes vice-presi
dent in charge of enginecring. Deming was
foruerly works smanager, and Hollaud was
chicl engineer. He is nationally known in
the indusiry for bis work as chairman of
the enginecring committee of the Radio
Manufacturers  Association, and far the
1echnical develapments he has sponsered and
inaegurated as Philco's chief engineer.

A
CENTRAL RADIO CORPORATION

A letter veceived from W. T. Bracken,
wxenera] manager, Ceuntral Radio Corpora-
tion. Beloit, Wis., reads:

“This_company has been advised thay
K. G. Dun and Corupany has issued a
special notice that Central Radio Corpora-
tion, North Wells Sureet, Chicago, has
flcd a voluntary petition in bankruptey.
‘I'hat company, we have been informed, is
a4 non-operating defunet concura, whieh
formerly had some conncetion with Moulded
Wood Products Company.

"On account of the name beiag identical
tD oufs, we are very anxious lo have every-
one undcestand that the Chicago company
is not and'never has been connected with
our eonmipany 1n any way. You can appre-
ciate the embarrassment that we would be
caused, should our supplicrs and customners
be misinformed on this matter.’”

A
KESTER SOLDER COMPANY
ELECTION

At 3 meeting of the board of directors
of the Kester Solder Co., Chicago, on Feh-
ruary 17, F. C. Engelhart was elccted presi
dent of _the company.

Mr. Engelbart has béen the directing
head of the company for twenty years, act-
ing in the pogitiou of general manager and
treasurer.  Under his guidance the com-
pany has grown from a small organization
to the present large and complete plant at
4201 Wrightwood, Chicago, and also a plant
in Newark, New Jersey.

It is further announced 1bat J. Al
Reitzel, formerly sales promotion manager,
has becn elected to the position of gen-
cral sales manager. Mr. Reitze) has had
a2 broad expcrience in sales and adverstis-
ing, bhaving occupied executive positions
with the Portland Cemcnt Assaciation and
other well known organizations.

A
FELT FEET FOR MIDGETS

Tbe T. R. Brawley Felt Co., lnc., 279
20th street, Brooklyn, N. Y.. manufacturcs
a conuplete line of felt feet for inidget radio
reccivers. Equipped with Brawley felt fect
receivers may =1fely be set down on pol-
ished surfaces without danger of scratches
or marks.

TAN
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YANTALUM ‘TUNGSTEN - MOLYBDENUM *CAESIUM* RUBIDIUM anp ALLOYS

« E find with the use of

Tantalum,” writes the
Gieneral Manager of National
ltudio Tube Company, “that
sur cost pet tube is lower
even though Tantalum costs
nore than some other ma-
lerials,

*“I'his material reduction in
cost is due to the fact that
I'untalum is such an efficient
‘getter,’ and serves 10 enhance
the quality of our product to such ap ex-
tent that our loss in gassy tubes is
negligible.

“Also, we are thankfu! for your Tun-
lalum Alloy spring wire which has al-
ready repaid s a thousand times by insur-

—National Radio Tube Company
Prominent Pacific Coast
Manufacturing Company

ing us against flabby fila-
rmments. Our engineers rec-
ommend the use of Tantalum
in all tubes where extremely
high vacuum is essential to
long life and perfect service.”

The findings of this com-
pany arc backed up by those
of other producers both here
and abroad who are turning
more and more to Tantalum
to solve technical difficulties,
improved quality and lower costs.

When you try Tantalum, you'll be sur-
prized at the ease with which it can be
stamped, formed, welded and cleaned.
It’a available in rod, sheet, and wire. May
we send you a sample?

Fansteel is your best source of supply also for pure Molybdenuin,
hardened Molybdenum alloys, photo-cell metals und salts. Anple

stocks for immedinte delivery.

Informution and prices on request.

FANSTEEL PRODUCTS COMPANY, INC.,

NORTH CHICAGO, ILLINOIS

www americanradiohistorv com
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“Projection
Engineering”
The Journal of the “Sound” Industries

Published monthly, and dealing with the man-
ufacture, engineering, service, installation and
operation of public address systems, central-
ized radio, theatre talkies, home talkies.
Covering the subjects of design, production,
materials, acoustics and the practical problems
encountered by field engineers, contractors
installation men and service men,

A.B.C.
PAID

CIRCULATION
OVER 9,000

in the

Electronic

or

«“Sound”

Industries

A PRESENT MARKET OF
PROVEN AVAILABILITY

Public Address
Sound Amplifiers
Sound Recording
Sound Pictures
Home Talkies
Visual Projection
Sound Reproducers
Acoustic Engineering
Automatic Music
Photo Tubes
Amplifier Tubes
Industrial Sound
Applications
Industrial Visual
Applications

Projection Engincering, with a paid A.B.C.
Circulation of over 9,000 engineers, execu-
tives, technicians, contractors, service and
installation men and projectionists, has the
largest paid circulation of any publication
among the new, radio associated, electronic
or “sound,” industries.

The editorial staff is headed by Donald Mc-
Nicol, past president of the I. R. E.

The subscription rate is $2.00 a year (no news-
stand circulation)—$3.00 for 2 years. (§3.00
yeatly in foreign countries.)

Published by the

Bryan Davis Publishing Co., Inc.
52 Vanderbilt Ave.
New York City

Cleveland Chicago

Los Angcles
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DE JUR-AMSCO

tenjamin 'rlee, anles manager of Dejur-
Liooweo Catparmtion, o§ Morton Street, New
st Uiy, mmmlacturers of varitors, vari-
Sbideneers el power rhcostats s
hte seml annual trip, during which
vl un smdio set wmanufacturers be-

+w Yark nnd the coast.
Dafni Amseo Corporation has just
| s lienlar deseribing n detail a new
called the varitor, a small fixed-
capacitor, designed to meet the

sipennnte ol the semi-variable or “fixed
5 capnrliors in meodern radio fre-
v o« sl auperhct circuits. The DeJur-

‘»!, L totponation will be glad to send a
.. 4 ahts clivular to anyone upon request.
A

VULCANIZED FIBRE

1wl Fitwe, as manufactured by the
vl Diantend Fibre Co., Newark

ih terognized by engineers an
ot managers everywhere as a ‘'gen-

1 grgeene anaterial, but it is doubtful if

L ihwe individoals who use this product
v 4. ta wome specific application, appre-

~ we o wule range of utility.

Vuloanienl Fibre, first produced in the

My divs uf tlie eleetrical industry, and the
4 abgovent of which has kept pace with
frequently locked upon
:trical insulater, when, as a

vty ol tad, it has found many important
~a 1u hwlunltics in no manner related to
e v bncival industry.

\ wb anbeeal Fibre is a hard, dense, bone-
she i bal, tough, pliahle and strong. ‘Trs
proan plivalend  strenpth,  high  dielectric
Scanth and adaptability to all machjn-
lup e dations  make it @ universal raw

il A
ALECTRAL MAGNET WIRE

Aeotinl magust wire, of enameled, cot-
1oy cinered, or sitk covered aluminum, for
padio vulle, accomplishies a distinet saving
be el walght, as will be evident upon full

usblevation of weight ratios for equal

dnctiviles, [t is reeommended as being
yovticularly dewirable for use in coil con-
stenarlans where the slightly increased di-
wonsbata ul thie Alectral eoil of equivalent
sngesve e does not jnvolve an undue in-
e i bten, It s recognized that in
woany bypee uf vail construciion the eco-
vesnden ol Alectent mny be offset by in-
cteael length of magnetic ¢irenil required
Lo the Jarger slmensions of the Alectral

.

"
Ihe avatlabllity of aluminum magnet wire
1 all comeseln) forms of covering and in

~

1NV DEVELOPMENE
ai> OF THE MONTES2

alt Lut the oxtremely fine sizes mow gives
coil engineers the opportunity of consider-
ing the possible advantages of Alectral
magnet wire in I's own coil construction
with the full assurance of a dependable
source of supply baving incomparable ex
perienee in magnet wire manufacture.

This product 15 offered by the General
Cable Corporation, 420 Lexington Avenue,
New York.

A

RADIO-PHONOGRAPH
COMBINATION

An entircly new automatic phonorraph
record-changimg device for use 1n nstru-
ments for the hoine, has just been an-
nounced by The Capehart Corporation of
Fort Wayne, Indiana. The new nicchanism
has Leen developed especially for manufac-
turers of radio-plionograph ceimbinations,
and will be available to the puilic in the
instruments of a number of leding makers
in their 1932 lines.

The new record changer embodies many
exclusive features, according to H. E. Cape-
hart, president of the corporation. Chiet
amiong its advantages are compactness and
positive, dependable operation. It will ae-
commodate  both 1o-inch and 12-inch
records. Naturally this compactness eoables
a complete radio-antomatic phonograph ¢om-
bination in a much smaller-gize cabinet
than has been possible heretofore. At the
same time, of course, tne unlt performs
eyually well in cabinets of the ordinary and
larger sizes.

In announcing the new unit Mr Capehart
¢2id that although it had enly recently been
presented, following exhaustive tests of 1ts
operation in the Capchart laboratories, the
mechanism has heen enthusiastically re-
ceived by radio manufacturers and distribu-
tors. Negotiations have already been com-
plected for its inclusion in  instruments
which will soon be presented to the trade
and public.

A

WIRE WOUND CONTROL UNIT

The illustration berewith is of a dual wire
wound control unit manufactured by The
Wirt Company, 5221-27 Creene Street,
Germantown, Pa. The resistance coils are
completely housed in a black bL:kelite casx
which proteets it from the outside elements

and it is practically noiseless. The diamcter
of this control is 1J4 inches and 1s one inch
deep.
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HIGH-VOLTAGE ELECTROLYTIC
CONDENSER

After two yeara of research and engineer-
ing development on electrolytic condenser
problems, the Dubjlier Condenser Carpora-
tion, 4177 Bronx Bivi, New VYork City,
announces the Dubilier Hi-Mike condenser
—a refined, semi-dry, high-valtage electro-
lytic condenser with ihe following out-
standing features: .

Aluminuin can 4% by 13§ inches, inter-
changeable with other siandard elecivolytic
units. Available in wpright and inverted
wounting types. Standard capacity of 8
w:fd., with exceptionally high percentage of

effective capacity. Working voltage con-
servativély rated at 4oo, with peak of 430.
or more than ample for reguiremcnts of sct
with -80 type rcctificr. This condenser is
fullv sclf-{\ealing‘ reforming rapidly and
has low lcakage at high voltaces. The lifc
expeclancy is in excess of requiremcnts of
tbe usunl radio assembly.

Duc to the numcrous refinements incor
porated in the new Dubilicr Hi-Mike con-
denser, the use of clectrolytic coundensers
in standard filter circuits makes for cco-
nomy without sacrificing practicability. The
unils are compact, clean, non-spitlahle aml,
duc to minimum lcakage, quute eflicient.
peoviding ample Altering action for 1nost
requirements. :

A

POWER SUPPLY PANELS

R. C. Powell & Co. Tuc, of 350 Madison
Avenue, New York City, has recently de
veloped a complete line of power supply
pancls ranging in capacily from n few hun-
dred watte required for sound systenis awd
broadcast studio equipnient tn a maximum
of 400 Kilowaus for high power iunstalin-
tions, including a varicty of designs for uxe
in medinm power broadcasting statlons. The
rectifiers cmploy merenry vapor tubes which
are particularly adapted for vacuum tube
equipment hecanse of the excellent voltage
segulation urder varying loud conditions.
They are designed for single and three
phase commercial line supply aml contain
built-in filler systems which deliver a vir-
tually pure d-c. output.
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A MUTUAL CONDUCTANCE
METER

The Weston Electrica! lostrument Cor-
poration, of Newark, N. J., has devcioped
a2 new instrument for the direct mcuasure-
ment of the mutual condutiance of radio
tubes baviog an  amplification factor be-
tween 3.5 and q2. and of all screen-grid
tubes.

The instrument is of the copper oxide
rectifier type with a 734 inch diameter casc
for flush mounting. A compensator mounted
in a _box approximately 3% by 7 iuches is
supplied as a part of the inustrunient, This
box is arranged for surfacc mounting.

To mecasure the mutual conductance of a
tube it is neccssary to anply one volt, Go-
cycle a-c. to the grid. The other elements
of the tube arc cnergized with their stand-
ard rated d-c. voliage und the compensator
dial is sct for the value most ncarly corre-
%Pondmg to the mu of the tube under test.
he mutunl conductance is read direct on
the_scale,

. The signal voltage of cxactly onc volt
is casily obtained by means of a sinall step-
down trans(ormer with a 1.5 volt voltmeter
amd a potentiometer connected across the
sccondary 8o that the voltage may be ad-
justed in caxc of wvariations in the line
voltage.

A

NON-AQUEOUS CONDENSERS

The P, R, Mallory Company, Elkon Divi-
sion, Indianapolis, Ind., in_ October Jlast
intr d the non-aq Hi-voli conden-
scr. This is a high gradc blier condenser.
The condenser is self-hcaling and operates
at 450 volts d<., It is not injured on
transient peaks even in excess of 6oo volls,
Various receiving radio sct miunufacturers
have adopted this condenser umil as scaud-
ard for their products.

A
ERIE RESISTORS

A large radio manufacluring company re-
purss having found lirie resistor units 9934
per cent perfect.  Out of milions of resis-
tor units supplicd less than five out of every
thousand were on test found to be below
sltandard,

Eric resistors are said lo have a constant
resislance value, not affected by age or tem-
perature.

The Erie Resisior Corporation is located
al Cric, Penna.

A

C. R. 5. SOCKETS

The Central Radio Corporation, Pelnit,
Wis., is a_pioncer manufacturer of tube
sockets.  This year's model is No. 700
socket, designed to meet new and wp-to-date
manufacturing needs, The contact is backed
by a steel reinforcing ring, and full in-
sulaion of high quality Bakelite is pro-
vided in these parts.

"l

A
ACME ELECTRIC AND MFG. CO.

The Acme Electric and Manufacturing
Comnpany, 1440 Hamilton Avenue, Cleve-
land, Obio, manufaciures a line of stcp-
down 1ransformers for export to countries
where volti:ge ranges fromn 200 to 240 volts;
50- or 6o-cycles, also for 150- 165-volis
primary.

A

RESISTANCE UNITS MEASURE
INFINITESIMAL YALUES

As cvery graduate of high school physics
knows, electrical resistance is mcasured in
ohms. With the development of radie, how-
ever, cntirely new conceptions of boih force
and matter came into existence, Toward
both the infinite and the infinitesimal man's
mind, by means of radio, explored regions
never before delved juto. Onc of these
ficlds is that of clectrical resistance.

The need for resistors in value from 10
0 zo megohms rating has long been met
by metallized resistors, thc metallized fla-

ment being mounted and hermetically sealed
in heavy glass tubes, from the mectal end-
caps of which pigtail leads protrude.

In recent months the engincering stafl
of the International Resistance Company of
Philadclphia has gone exploring in still
morc rarified sirata of electrical resistance.
Astronomers, using delicaie radio grid-glow
tube circuit instruments  with  which to
measure the clecteical currens generated by
the hght rays from the plancts, requiced for
their delicale weasuring insiruments resis-
tors of values a8 high as J0,000 mcgolims
oc ten hillion 0hme. 50 by rescarch in the
far reaches of clectrical resistance and the
production of resistors of 20,000 megohms
value nstronomy js nided in pecring into
space so iufinite in extent that it is measnred
not in miles bt in light years, the distanes
traveled iy light in one yeur at the speed
af 186,000 siles per second.

These high resistance mewdized resistors
are hkewisc aiding in the weasurement of
quantities and distances so small as to be
almost inconccivable to the human mind.
Instruments incorporating high value metal-
lized resistors can measure such minute
distances as that which a three-foot wall
bends when lcaned against, or the bending
of a onc-inch steel bar when a fly alights
vpon it.

A

LIGHT WEIGHT HEADPHONE

The Trimm Radio Mfy., Co., Chicago,
I, has developed 2 new "feather-weight”
headphone that has won acclaim wherever
presented.

This new headpbone will probably find
its widest application in aiding the hard
of hearing, not only permitting them full
enjoyment of radi programs, but also
bringing them sound movics, lectures, church
services, improved audition in the theatre,
and the like.

Because of its small dismensions, feather-
weight and extreine sensitivity it is par-
ticularly appropriate for airplane service,
as it fus readily into the pilot's heimet. It
is idcal for short wave sets and it has
already a wide application in hospital and
hotel service, .

The new feather-weight Trinun receiver
is only one and thirteen-sixteenth inches in
outside diamcter, three-quarter inch at its
greatest thickness and wceighs but one and
one-half ounces,

The unit is wound in any desired im-
pedance, and the receiver is equipped iith
a thin steel head band and Jight-weight
cord, (hiree, six or twelve feet long.

A

REPLACEMENT TRANSFORMER
CHART

A replacenent transformer chart has
just been brought out by the Dongan Elec-
tric Manufacturing Company of Detroit.
this chart are listed the types of power
wransformers required for the various models
of the popular makes of radio receivers

With the large number of sets now do-
ing duty there js a considerable parts re-
placement market. The Dongan chart, in
additions to the listings, contains much
valuable inforination for those engaged in
catering to that market.

A Dongan chart nay be secured by writ-
ing to that company at Detroil, Michigun.

A
TRANSFORMER CORE MATERIAL

A review of the nickel industry for 1930.
written by A. J. Wadhams, manager of de-
velopment and research for The Intecrna-
tional Nickel Company, Inc., says, in part:

‘“Use of ferro-nickel alloys of the fper-
malloy type, comaininﬁ up to 78 per cent
nickel, to coumteract the capacity effect of
long distance transmission lines, now is
quite general. Another alloy of ihis type,
conl2ining 45 to S0 per ceni of nickel, has
been used with marked success for audio
transformers for riulio recewving sets, and
the use of a similar produci is_being con-
sidered for the construction of lighting and
power transformers.”
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REPLACEMENT RESISTORS
The Tilion Mfg. Co., 15 East z6th Street,

New York, is marketing 2 resistor pocket
for scrvicemen, containing 24 of the most
needed sizes of resistors now in usc. The
’r‘lgme of the package is the ex-stat pocket
it,

A

DUREZ

Durez, manufactured by General Plastics,
Ine, North Tonawanda, N. Y., a synthetie
resin molding p d, was intr d in
1919. Its acceplance is general where hot
press molding compounds are used today
and it is wsed cxclusively by scveral of the
largest organizations in the world, among
the betler known bleing Ford Motor Co.,
Delco Remy Division of General Motors,
Atwater Kent, Western Electric, General
Elecctric, and Westinghouse.

A

NEW TEST OSCILLATOR

The Radio Products Company, Dayton,
Ohio, is marketing a ncw and widely useful
test oscillator.

This instrument is a fixed frequency oscil-
lator having a (requency change swiich
with four settings. The first setling scnds
out a self modulated signal of 130 ke., the
second setting sends out 2 self modulated
signal of 175 kc. on which a vernier is ar-
ranged for changing the frequency in one
kilocycle steps from 170 to 183 kc. These
two Scttings conprise the requirements for
imermediate frequency amplifiers of super-
heterodyne receivers. The third selting
operates on the harmonies of 250 ke,
throwing out four simultaneous seif-modu-
lated signals at frequencies of 750, 1000,
1250 and 1500 ke. The fourth setting sends
oul simultaneous signals in harmonics ot
zo00 ke, namely, 600, 800, 1000, 1200 and
1400 ke, The instirument is operated from
battery, compartinents for which are ar-
ranged in the case, the tube being 230 type,
filJament operating from four unicells in
series parallel, one 223 -volt B batiery for
plate. The assembly is tharoughly shielded,
and has a satisfactory volume control, the
entire asseinbly then is enclosed in highly
finished quartered oak case wilh convenient
carrying strap. The hinges on the case bd
are Slip hinges which of course are easily
removed so that ihe insirument can be used
with facility in the shop or for poriable
worls.

MARC
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On your office desk . . .
. . . and a battleship deck

... FELT

GRAPHIC example of the hundreds of
uses of Felt, Felt gaskets in the mighty,
thiabbing turbines of the battle-wagon and
o lolt pad between your telephone and desk.

Will you let us show you how Felt may be
itelligently utilized in your business? The
Amarican Felt Company, largest felt. manu-
lacturers in the world, maintains a staff of
enpurts anxious to serve you. It is only
good business sense to avail yourself of such

coopetation,

Folt is supplied in bulk or cut to the most
enacting specifications.

Now b the time to investigate!

American Felt Co.

rHew YORK BOSTON SAN FRANCISCO DETROIT
CHICAGO PHILADELPHIA ST. LOUIS
S et —— —— —_——————— e ——
§ AMEIMUAN PELT CO, S FOURTH AVENUE, N. Y. C. |
| Yo a atarsutol In the use of feit. 1
§ Neid anaegpdn for . e P RLITITePIoeeee BN
Have youe rapirgsgniative cal), [
‘ Fraun. T ——— T — t
1 Aiidvoge S B St N PP |

i L e e e |

-

- '

(o ila o £ TR

Look

at that
Edge

TP

’n’ff‘ff "-.'

P/
-

It shows plainly why
it is called . . .

“SEALEDGED”

(Rep- V. S, Pat, O)

Above is a
raicro-photo-
graph of a
picce of “Seal-
edged” Nickel Wire Cloth enlarged many times
to show you the extraordinarily even edge and
our method of sealing it to prevent unraveling.
Note, also, the perfect weave and smooth finish
of this widely used electron tube component.

“SEALEDGED” is produced by special
machinery ol great precision, to give you a wire
cloth of superlative Qqualities. Due to its
mechanical regularity of construction, uniform
performance is assured.

“SEALEDGED"” is 99 + 9% PURE NICKEL—
made of the purest maternal obtainable—and,
costs only a trifle more than common raw cut
wire cloth.

Tell us your requirements. Glad to send you a
sample of this uniform, mechanically correct and
.chemical.ly pure nickel wire cloth.

Newark Wire Cloth Co.

358-372 Verona Ave.
NEWARK NEW JERSEY

C Without obligating ug in aoy way please send sample and
further particulars concerning “SEALEDGERD” Grid Screen.

[J Please send representative.

www americanradiohistorv com
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112 Broancast Statonss ACRACON

IN 41 STATES
Use Qur EQUIPMENT |

The Solution to
Your Condenser

Pl 3 £
b BF e [
Lo s Innipdfnemt Liggn {

Problems!

O longer need you worry over
your condenser problems. Not
if you follow the example of the many
leading manufacturers who have learned
to rely on Acracon* Condensers for
quality, dependability, and efhciency.

Be wise in 1931! Specify Acracon for

every condenser requirement. Electro-

100 KW Rectif 1 :
¥, = EOMol THATTL lytic. By Pass. Wax Impregnated.

Oil Impregnated. Power and Trans-

We are prepared to submit quotations on the | mitting types.
installation of complete broadcasting plants.

Write Today Enclosing Your Specifications!

Inquiries regarding new equipment or the mod-

- g 3 . PRl ”
ernization of your present station, will receive our #“Acracon” Features Are Protected by

prompt attention. Patents Pending

R. C. POWELL & CO., Inc. Conpenser Corp. OF AMERICA

330 MADISON AVENUE 259-271 Cornelison Ave., Jersey City, N. J.

NEW "0“1‘ ClT\r Factory Representotives In:
§T. LOUIB SEM FRANCISCO
CHMICAGO CINCINNATL LOS ANGELES TORONTO

Engineers Specializing in Radio Telephone Equipment, And Other Principal Citins

e

www americanradiohistorv com i
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_—
N ROEBLING | i)
MAGNET
(Cocton or Silk)
BUS BAR
Litzendrahc-Loop
STRAND
Antennie (plain or enameled)
---Double Galvanized.
WIRE
Antennae (plain or enamcled).
2 ] to Gonnceting and Grognd  (Rubber
covered, braided or plain). !
ser ‘
. JOIIN A. ROEBLING’S SONS CO. ) g
€ liemion, N. J.  Branches in Principal Cities | | e
| R. F.—S. H. Antenna
WIRE PRODUCTS | |
over \
Not ‘
1any | ‘
ned
for VOLUME CONTROLS
acE POTENTIOMETERS
for VIXED RESISTANCES |
‘tro- s'ou'ﬁ—l]:i F.
ted. After many months of development
ins- we are pleased to announce the per-
fection of a new process whereby we |
can save you money on the above '
oms! ltems and give you closer limits and
b absolutely permanent values of re-
¥ sistances.
Send us your blue prints and speci-
Ica fications for estimates.
SORENG-MANEGOLD CO. )
iTo 771 Mather St. CXHL00TTountEd CXpUY
Chicago. ; GENERAL MANUFACTURING CO.
‘ 8065 80. Chfcaro Ave., Chlengo
s . ——

www americanradiohistorv com
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Service ..
Handling the job to perfection.. :

Motors built ta dependably insure the full enjoyment of  kept right on proving their superiority, handling their job!
the radio-pbanograph’s highest uchievements. Year in and  Only Flyer Llectrics have these advantages: Mado by a ron.
veur out. The popular Flyer Llectrica. ceen with o quacler century of experience in specialized

They hove abundant reasous for most satisfuctorily so  clectrical wmanufacturing coupled with 15 years of leadership
doing. Always they have been known for balunced efficiency. in lurge scale prodaction of quality phonograpk motors.
Always for simplicity of Jesign. Always for dependability. Specinlly designed for radio-phonographs. Used by leading
Always they bave consistenlly met every requirement . . . builders af quulity combinations.

The Green Flyec Motor
tnle, Like (he larger
Blue Flrer, self-starling,
with aatonuitic stop
equifnuent opctional
Spiral-cul  GlLer gears,
long oversize Leariugs,
open  construction aond
completc ventilution,
Made to operale on alf
valtages and frequencies.
I'or DC., either 110 or
220 voits. Like the Blue
Myer, furoisbed come-
plete with mountiog .
pinte, (urn-table and Ontario

s e et winiiee:  Te(GENERAL INDUSTRIES CO.

’ Poioer Commission
Responsidly Guaruniced . ] \ s ~- . .
oy Luarantee Approval No. 2685 30147 Taylov Sweet, Elyria, Ohio

KFlyer
Electries

b ocderlux namnlos,
iHewng  glve  voltake sad
frenneney,

OHNSONS M

INDUSTRIAL TAPE

CD()I{S not need a loud-
speaker to broadcast its

perfection.

Radio engineers all know of J
and recognize its superiority,

its holding properties, lasting
adhesion and non-corrosive

The porchasing power of The Zapon action, It will outlast any
Compuaay, and of Adas Powder Com- h
pany, its parent organization=—makes other ta pe pu t to

possible the production and the sale of similar usage.
pecfect Lacquer atche lowest possiblecose
——

P Y R O X Y L I N Write for free sample and conviuce
i L A C Q U E R yourself of its excellence

—_—

THE ZAPON COMPANY JOHNSON & JOHNSON

) A Division of Atlas Powder Canmipany New Brunswick, N. J'
STAMFQRD,CONN.

www americanradiohistorv com
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RESISTANCE

UNITS

Successfully endure
in ANY climate

3 "v Plancs of the Pan Amerienn Aivways, Tug,

t carry Radio Equipnient in which 3. §. White

resislors operate in the musl  grntifying
manner.

The S.SWHITE Dental Mfz.Ca

INDUSTRIAL DIVISION
Knickerbocker Bldg., New York, N. Y.

" 2! NAME PLATES
—~LICENSE PLATES—

Our large and modern plant affords excellent
facilities for the speedy production of your
requirements in etched and lithographed also
embossed metal spe-
cialties. Alargevariety
of stock dies enables
Radio Manufacturers
to effect great savings
on escutcheons, for
regular models,
Midget sets, and auto
radio sets,

Cut sliabtly vver hall sctval size,
Send your bluepriats — our Aprt Department will gladly
submlt original sketehes for your approval.

Genenal Etehi j}llj:q G

MA"U'A'.‘W.II! or
3070.82 W Gnnd Ave .» Chicago, 11,

JENKINS & ADAIR
Condenser Transmitter

"l‘ype D-6
Patentud U. 8. HNo. 1790508
Other umuu pending

A high quality sound trans-
lating device for broadcasting,
recording sound measurement
and announcing. OQutput im-
pedance 200 ochms or 50 ohms.

Actuator response curves
furnished for precision appli-
cations.

We have a large stock of
accessories such as stands, suspension
clamps, microphone booms, conncctors,
cable, etc.

Write for bulletin 6-D.

JENKINS & ADAIR, INC.
ENCINEERS

CHICAGO, U. S. A,
Cable Addreas: JENKADALIR
Phones, Kuyntone 2180 3323 Bolmunt Avenlie

Britlsh Offices: 56 0)d Hall Surcot. Ldvergwol, Yonglaii
40 Ruckhudiom Quic, I.ouuln« wl’ il
Frinch Ofce; 18 Rue de Chatvaudun, vrw, Praive
Moxican Ofoc: Ae, 6 do Mayo 10, Moxico l) K., Magtog

wwWwW americanradiohistorv com
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In the vonstruoctian of ap-
paratus cmploying clectronic
tubes aud associsled equip-
ment, special types of Super
Akra-Qbm (non-inductive)
wireswound Resistors have
been found very desirable
from the standpeint of me-
chanical dimensions and ter-
minnl [acilities.

actuaaTy
by

Instrument Resistors

Super Akra-Ohm Resistors

as plctured above, are mude In a varlety of dimensions
from %" lo 1% " «nd a wide raage of resistunce values.
‘They are coavenlently mounted and iucorporate all the
valuable cbaractervistices that have established tbe leader
ship of the Super Akra-Olitn Resistors.

Send us your resistance specifications and wa
will gladly submit samgles and prices.

Shalleross Mig. Company |

ELECTRICAL SPECIALVIES |
'\\\790 -JARV‘\'E‘\ AVENUE “mmj_s
" Collingdale, Pa.
i bgpete
R

RADIO ENGINEERING

o :\.‘r'- i h and Output Indi-
- A /\ vator.
N |

a I ]j e DmyRad Type

2 a2 l U Multi-Frequency

i - L 0 Peal Quaillator pro-

vidtn g Broadcast
2
(1]

Yy Jor " N

e, HUG, 1000, 1200,
it Kiloecyeles  {si-
woltaneiualy)

I8, P00, 1250, 1500
Foluayalee (symul-
Lanmonly)

Lalavndiale Signals at
1 v Kiloeycdles

14 1Y aml 180 Kilo-
vyclan {Variable [rom
170 1 183)

y
S Scaal o alatwled cireu)ar
¢ urday tenn your Dis-
Cshoovior

Vil about Type 50
whatpat lodicator
A NNIA LI

THIEE RADIO

PRODUCTS

COMPANY
Dept. E

Al and Norwood

AnAccurale: s s

[Vayten, Ohio |

Presenting . . .

THE MID-WAY

o 7

“STANDARD" SIZE
CARDWEU; XMITTING— Q
1

[24

MID-WAY XMITTING—
5 oz,

Note difference in Bulk.
Both photos same sczle.

sacrifice In solidity or strengch. The

FEATHERWEIGHT

Rcceiving condensers 26 to 365
mmfds. capacity, airgap .0307, oc-
cupying a panel spacce of only
2" x 214" and weighing from 4

ounces, (Sultable also for

transmitters using '10 type, tubes).

Transmicting condensers,
equally compact and light,
for transmitters using up to
75 wart tubes, capacity from
22 to 150 inmfds. airgap
070",

Particulatly suitable for air-
craft receiving and trans-
mitting equipment, portable
sets, oscillator-amplifier
outfits or for any use where
reduction in weight and
bulk is desirable with no
construction is identical to

that used in the full size CARDWELLS.

Further particulars will be sent upon request.

CARDWELL CONDENSERS

NN

The Allen D. Cardwell Mfg. Corp.

87 Prospect Street
“YHE STANDARD OF

Brooklyn, N. .
COMPARISON"

—_—

Wireless Egert Engineering
179 Covsnntie Iy Steaat

Nuw Yok

I ANNOUNCING
A standard Hoe ol fstruents
’ designed fer high fraguency work.

| Write for owr Catalogue A

- e —

9 B ]
D’Arcy Laboratories
place at your dtgpinual thair laboratory facili-
ties for youi satancs in volyme control
problems.

Bulletin M.I. 13 mcw rasdy for those who
inquire for

D'Arcy Laboratories
160 A. East Winoje & figa!

Chicage, lllinois

l

www americanrtadiohistorv com
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Beat-Frequency Oscillator

Type 4)3-B Bcar-Frequency Oscillatar
Prlee $175.00

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

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

GENERAL RADIO COMPANY

Offices
CAMBRIDCE A,

Laboratories

Factory

MASSACHUSETTS .J

——]

HOME RECORDING

PUBLIC ADDRESS

-

»

»

) -

Page 6!

Miicro

phones

»

»

STANDARD BROADCAST

Kellogg Switchboard
and Supply Company

CHICAGO

e e

VARITO

ADJUSTABILITY and PERMANENCE
Effectively Combinad for

STABLE CIRCUIT OPERATION

Advances In mdlo
reoelver and osalf(n-
tor alrouits have na-
aastiated the dovel.
aptnent o f soml.
varlsslo  condénsors
of nn order of ex.
tellencn (nr excesding
the olementney e.
vises of 1ho early
gsngod {uninp ton:
densar ora.

The Db.lur -Ame
Varitoe ls do-
slcnnd to mmu the
foltowlnp  coaulra.
men's of ths seml-
varinbls  of  “‘fixed
varlable” — ononatior
{n modcen radio fre-

queney sad superhot

rcuita:
A || u guatlo varlotion In oa. 8, Hlah sleetrical omalo-wy
G. Aduplobility lo  prodacHon

Aumunlo lotel capacll
Pecmanence  of ml]utlnlull
proferabiy scoured by lorking,
Rl\phl' but micromairfo adjists

socoificalions and methods.
7. Alselute  guarantes  analest

meohanioal or elogiriosl fault

rriguiring roplacemont.

s e o

Writs for Booklet Clolng Complete Specifications

DeJur-fimsco Corp.

Varftors—Variable Condens¢rs—Powsr Rheostats

95 Mortan Street New York City

e

THERMO COUPLES

FOR USE WITH

RAWSON

RAWSON

INCORPORAYED 1913

- =

MILLIVOLT and MICOAMMETERS

emp.

ELECTRICAL INSTRUMENT CO.

95 WINDSOR 8T., CAMBRIDGE, MASS.

Branch QGfmcs: Bl Soventh Ave. New York Clly

Midwealorn Ropresentative
Earl N. Webkber, Oally Nawg 8!43,, Chleago. IM.

Spreialists In Migh Senaitivity Maters

IN VACUO

Measuring currents from .0001 amp. to } amp. of
any frequency lncludmg radio frequency.
Thermo Couples in air up to 10

www americanradiohistorvy com
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RADIO FREQUENCY

COILS

of every type nnd description, praduced ander lubora-
tory coatrol to Your exaet ulwrilit'uhlum neel nppmxi.
mately coveegt, but exact.  Awd at prives helps those
of ordinary coils,

Special coils 1o mateh .\'n)‘mr-lwlmmlvnv vunislengers
by Precisc and Radio Cowlenney Company

“Aecuracy in of primuary jopivtinieg™

l7o-180 Ke AMPLIFIERS

A single unil, 5%” x 1%” x 2%", comsining individually shielded, two
intermediate nnd one filter transformer, and six tuning condcnsers for
ndjustment to the desired frequency. All terminals ow bakelite block
on base, or grid leads from top il desired. Completely aveids assembly
troubles—the most compact unit available

Samples to your specificutions, complete particulars and prices gladly
supplied upou request.

AUTOMATIC WINDING COMPANY

w, w, 80Y0 & CO., ‘¢ L. MOORE
9 sa. cllmaon St Chioago NEWAR!\v N. J‘ ‘19l Bllnn Ave,, Dufiaio

TIPLESS EXHAUST TUBE

erthegnd l CONDENSER PAPER

AVQID PATENT BUITH .
182 Cornelison Ave. r rark Ave.
SEND ¥OR DULLETIN 1 Jersey City, N. J. Mills at P yoth, N, J
[
EISLER ELECTRIC PETER J. SCHWI ITI.I.R. ll\ﬂ.,
; 700 Bouth 13th Street, 200 Fifth Ave. New York
NEWARK, N. J.
No. 13-RY
MICROPHONES I Baach-]nternall(mnl
Al K‘ﬂm $10.00 o 375000 hy
B R W e i S KU e Compound High Vacuum Pumps
For Public Aodress Work. clo.. Tyve S S ahahloe Cial
s B g VR £ L oo a1 i o a0 TR e
Condenscr Type for Mim and record recording, Tn: S C.. List §250.00 (.cmryp Write fer dm‘ g p— - - Mkl
Alsa desk, foor stands, covera and ezle. Expcrt Micconhone Repairs,
SILVERLEAF MICROPHONE COMPANY INTERNATIONAL MACHINK WOKRKS, lac.
2658 Pasadena Ave., Lot Angelss, Calif, 527-529 Thirty-Second Sl, Unlon Clyy, M-w Jwruy
Chicsxo Distndbutors—Duncan & Sternflold—Xadio Sales, Inc.
1507 Michigan Ave, So. prrmm'ativimnld

COILS

Choke-Impedance — s —Maegunet-Transformer

TRANSF ORMERS

Audio—B-Power Unit—Braadcast Station—Output
Filament Hreating—Power—Stepdown

l Hove us guote {0 yowp specificotion

Eor Al Miteeerd Joinga
LA
\ WiDE

fTen
‘-
v

CLAMP NAIL CO.

Sna\for
FREE Sawmpter . H P Vodmer M.,
sl Cotelong TR TETATY]

POWER TRANSFORMER CO., 145 W. 22nd St., New York City

B CLAMP — NALS
|

GEARS

In Stock—Immedlate Dclivery

Gen d  reducers, sprocketa. thrust  hearings,

flexinfe oonlings, il loys, o6, colaniue Dus " is nAfEY .'".T, e v et

carried Iy our U ock, oun also quote om ar a patented prowses,

sw(;‘lailn cears Of amy ml hcnd us your Mue prints Algha HIT'mlol" Wire (celeted Mukber)

Qi ingulrTes BARE.TINNED-ENAMELED.AUNNEN QUVENRD

Write for Catalog Na. 200 —CABLES TO BPKUI'“OA”‘O N

CHICAGO GEAR WORKS ALPOA WIRE CORPOBRATION

769-773 W. Jacksan Blvd., CHICAGO, ILL. 60 Howard 8t., New Yark OWy

WAMAAM-americanradiohistorv com
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LAMINATIONS =

for Audio & Power Transformers
SPECIALIZED METHODS—YKARS OF EXPERIENCE
Wide Variety of Stock Standard Sizes
Dimension and Price Sheets on request
We Also Make
PERMANENT MAGNETS—DIES—~TOOLS—
METAL STAMPINGS
Facilities for prompt service

E Thomas & Skinner E};’ﬂgéﬁrﬁg&

Steel Products Co. iwomwarous, ino

WE offer to manufac~
turers interested in

FXPORT

the services of a dependable organization,
well established in the entire foreign field

Page 63

Portable Condel_ls_;‘ Microphones

2P 2 stage plats cutput....List $110.00
2C 2 stage 200 chm output List 125.00
Uses 2 type 230 low draln tubes,

3P 3 stage ?hn output....List $125.00
3C 3 stage 500 cho output.List 150,00
Uses 2 240 and 1 112-A tube

These prices for type “A” unit.

Por type “B" unit add $40.00
each list. Standard finish ia black
and gold. Prices include tubes
and 20 ft cord. Interesting
dealer proposlition.

Astatic Microphone Lahoratory
21 Olive Street
YOUNGSTOWN, OHIO

ANNOUNCEMENT!

The Daven Company snnounces the
purchase of the assets and good-will of
the Superior Resistor Corp. of Newark,

Write for New Catalogs No. 331 and 431 containing
imporiant engineering dota.

-DAVOHM SUPEROHM DAVOHM
AURIFEMA, INC SUPER
A!D[ ot ,EE i * THE DAVEN COMPANY
116 Broad Street, New York, N. Y. 156 Summit S0 Newark, N. J.
We Cater to Laboratories—Broadcasting RADIO APPARATUS TESTING

Stations—Talking Movies, Etc. Parts for
any and every item you may need always
on hand. Call on us for your requirements

sTheHormne DIAJ

45 VESEY STREET, NEW YORK CITY

444FEL——T:44

For Every Radio Purpose

200 Centre Street - - New York City

-

DeWALD

Licensed A.C. and D.C. Liconsed
by Midget Receivers ':’v
B.CA Write lor complata details. mo

PIERCE AIRO, INC.
115-117 Fourth Ave,, New York City

www americanradiohistorv com

Life tests and characteristics of
vacuum tubes. Calibration of al)
kinds of instruments. Determina-
tion of inductance and capacitance
at various frequencies. Rasistance
measurements, motor tests, mag-
netic tests, ete.

Electrical Testing Laboratories

80th St. and East End Ave. 7
f1i]

New York ﬂ("sl‘

AETNA FELT COMPANY

ROPHONE(
MOONESL“‘I'LL"
MICROPHONE SUPREME

All teel 2-buteon brosdenst car.
mic 1 wuroed (rom
solid bst, ground 10 000 accu.
racy. Teuly demped alley dise
tagm. cxact proper hardneas:
pure gold contages. Stundard 0
0| obm per button. VY in. disme.
ter by 1% in, thick, Reproduces
30 to 7000 cycles. Made in three
degrees of masitivity,

UNIVERSAL
i MICROPHONE CO.,Ltd.
1163 Hydo Park Bivd.
INGLEWOOD . CALIF

ot
Other madils 35 to $310. Alw cabley, plugr. transforme
af1, mountings, stsnds, etc. Brgert microphone repaics.
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FOR BETTER BUSINESS
VISIT NEW YORK

50

X dallg

« e e Secures a fine room and bathee.
others at $3°°and $35°
AT ONE OF NEW yonx‘s BEST HOTELS

ThBRISTOL

48% ST. EAST OF B'WAY 42 NEW YORK CITY
OWNERSHIP MANAGEMENT :++ T.ELLIOTT TOI.SON, Prqo.

"o
//)

—————— — T ialaanli
ST @/&nnm RE |~ [Dlaja]
APARTME 1OTEL -;-

Away from the noise %
A o1 Dignified Placo of Rustdome for

ond confusion of Down
town--Yet anly six minutes ransportation Permanent and Tiunxtent (hiosts

from the center of Business
Shopping and Theatres
350 LARCE AIRY RQOMS
EACH WITH BATH
RATES
$29° ond 399 Single
$399 gnd 5420 Double

Special weehkly rates
$10.20 10 $1590

Convenient

to
Gverywhere |3 FURNISHLD APAITTUNTY
4| aND nOTCL ROOMS 10N IMANWIENTS

ldeal for women travoling alone

£0O APARTRINIS |
wo0rcems /|4

Sersonot Dusrtien 0f
MILTON K. MAOIL

ONCA*SA- ALY lAu' STREEY R

Y llll)(lll lkee |

—
_—
p=—

i
EXCEPTIONALLY
FINE FOQ il L
Lunc n - so° M
Dinne

TRINSON

ALEXANDRINE WEST NEAR WOODWARD

DETROIT |

wwWwW americanradiohistorv com
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NICKEL
WIRE CLOTH

for the

RADIO TUBE INDUSTRY

Any mesb woven accurately to youor specifications.

“CLEVELAND”

Wire Cloth cenowned for its Uniformity, its Superioricy.
its Durability.

Advise us of your Requirements

The Cleveland Wire Cloth & Manufacturing Co.
3571 E. 78th Street, CLEVELAND, Obio

FLAT RESPONSE CURVES

for Exucting Reduiremaoents

Teeranti Avdio Fiegnency winf Kpw &
eial Jrypednnce Matching "U'rnon s r
tormers give the Flat Kesponse
Curves reguired by Drondeus) Nen-
tlong and Laboratories. aml In Speath 1
Transmwission.

Kpecfal Trangtornesres. made in the
u. A., can be shipped withio 48
hours frum rvéceint of order.
BETTER AMPLIFJCATION |, . . for
Educationnl and porticular commer-
cial re?ulrementu. fg furnished by

Ferrant! Aoplifiers. ™
Write Jor quotntions gnd Pypicat Cnrec ng 400 Dhem Hie
completa porticulors. ta line bravnjnrmers
FERRANTI, Ime. 0 Wiz mee

= he === =]
The Home Hotel of New York
Homelike in service, appointments and

location . . . away from noise and con-
geslion, yet but a few minutes from
Times Square . . . garage facilities for
tourists.

Ruam aad Bath from 33 single, $4 Jouble—S0¥ rapms
Home folks will like this hotel

HOTEL

BRETTON HALL

BROADWAY at 86th STREET
NEW YORK

BARE AND TINNED

COPPER WIRE

For All Parposes
Fine Sises Our Specialty
SPARGO WIRE COMPANY

ROME, NEW YORK
Established 1885

NOW OPEN

'é‘/Vewyark,
e ROTEL
(OVERNOR (LINTON

Opposite Penn. R. R. Siation
New York's sow hotel Iruly expressive of
the grealeel city. 1200 pleasnnt roomss
ench wilhh Scrvidor, bath, circulallog
fce warer und rodio provixdons.

ROOMS

ELLIS Microphones are world-famous for their true natural
TONE Quahty. ELLIS TONE Quality 1 attained by a
combination of several features not to be found 1u any Other
micropbone. You should have our catalog shects with de-
tailed apecifications an file. Write taday.

Expart: Simons, 2§ Warren St, N, ¥, Cable: “Stmontrice.”

ELLIS tl_[ [ ] [.&l uﬁ:n ‘I"

FRF Wi MADIE0N ST Bale: Cores =

Stampings
Pressed Metal for Radio Industry

Steel, Aluminum, Copper, Brazs and all Alloys
Send Inquiries and Drawings

METAL SPECIALTY CO. 133 Risrids Or

BE ITER 2 RADIO- PERPUHMANGE_
PERI

AMPERITE automatically regulates line voltage ™
fluctuations. Improvea tone, protects tubes and
other equipment, reduces free service, Eaaily
installed in 5 minutes without chassis changes.
Makes your carefu) laboratory speclfications mean

8 something in better set performance.

by —
& ,ﬁmnﬁm&: (Grparation

11501 BROADWAY. NEW VORK wrlle  Dept.
RE-3 lar ful

PERITE | e

&L‘-' usting PERITE saf

NE VOLTAGE.CONTROL | =

Rocke 'International Electric Corp.
15 Laight Street, New York

oA A A Export sales managers for nationally A A A

known rodio manufacturers,
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RADIO ENGINEERING

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.

BEALING COMPOUNDS--Coils, Condensers,
Batteriea (Wet & Dry), Pot Heads, Cables, Wir-
ing Devices and Specials.

FINISHING—AU gradea of Weather Proof and
Rubber-Cavered Wire,

SPECIAL COMPOUNDS 1

35th St & Maplewood Ave.
Chicago, \IlL

“For over 35 yrs."”

= L

RADIO WIRE

TO RADIO ENGINEERS—

Send us your specifications or blue-prints
for Assemblies, Cables and Remote Con-
trol Cords- -

for
Midger and all other Radio Sets —using'

GUTTA PERCHA. Rubber lusulated oz
wire constructed to specifications.

For Radio Hook-up—

GUTTA PERCHA wire is used extensively
as it affards frer steipping. easy push back
and is impervious to moisture, Made
exclusively by us.

Aertal Wire, Insulated—

Gutta Perche, Braided and \WVeafherproof
Impregnated.

Foc efficient  reception: asmple upon
request,

Also—

Shielded, armoced and other
type wires for Radiv Ui,
Let us supply details.

THE HOLYOKE COMPANY, Inc.
621 BROADWAY, NEW YORK CITY

N r »
Acheson om‘.ug [ o P e e 67 Fansaleel Producta Co., luc 00 O -1 Parker-Kalon Cayp.
Ad. Aurlemg, Jo¢,......... 63 Fermant), TnC. .... «..oovviniien.es (M Pierce Airo. lnc..
Atrovox Wirelees Corp . 49 Formica Inlulﬂlk’" Co.ev vvviinnn, 1 rowell & Ca., K. ¢......... e .
Aelna Felt Co....ovve vevennnnnan, ] Frost, Hesbert M., Toe ... 010, G, T Power Mranstoriner n.... . ...,
Alpha Wire Corp. . A OBnnnnoaano (Y3
Auwericap Felt Co........... PR ] N
American Transforuer Co (1] it "
Ampertte Corp. ........ (5] Gencral Cabie Corp 14
Amplion Corp. of Amcric: 67 Genernl Electric 20 Radio Mfre. Assgoelntlon. .. ... 000800 0o
Arcturne Radio Tube Ca. 19 General Etebin, & .\Jls ¢o 59 Radlo Products Co, Mhe. s iyveiennnns
Astallc diicrophone Lab. .. /3 Genersl Mfg. Co.. ........ 87 Rawson KElec. Innl.| o, 5 000
Automatic Windlng Co... ..o.oouvu.. G2 General Industrles Co., The a8 Rocke Lot’l Elc\. Corp..
General Radio Co.... ....... ...... 61 Roebling, J. A., Newn o, ., ,..
Rola Co., i‘ho ..........
) H
Bakelite Corp. ............... Back Caver Hamuarlund 3fg. Co.... . .....o.... 67 8
Holyoke Compnny, Tue, The..... .. 88 Schweltzer, Peter J., Ineo . oonoene.,
c SCOVD MR, CO.evrovr conraernannos
1 baliccoss Mfg. Co.......... . ...
Candy & €O ovnve v nnriiosnienians [ . ilverleaf Microphon
Gardwell Mz, Corp., cee. 60 [oea M(g. Divigion..........c...o.vt 2 Soreng Manegold Co
Ceutral Radio Laboratorics Int'l Machine Works, Tac............ 62 Spargo Wire Co.
Central Scientific Co. ... Int'l Resistapee Co...ovve vvvnennt e 3 Sprague S cefnltivn
Chicago Gear \Works. 000 Syathapbe Corp., luc
Clamp Nail Co.....oviiiiiiiiennnne 62 7
evelnnd Wire Cloth & Mfg. Co., The. 65
Condenser Corp. of Amerfew. ......... 56 Jenkine & Adajr. InC.... ....v.... . BD o
Jedwgon & YobREOa. oo iiiieiien 68
Thomas & Skinner Steel 'ralucts Co..
D X Thowpson-Bremer & Voo ov oo
Daven Company, The..coovevveiaines $ Kellogg Switebhoard & Supply Co.... (1
ge}"ore‘;u mmg) Covevnnnenn \
D:n“;n mhllf:: \?;!K)' CO ''''' L Universnl Microphowe oo Ltdd, oo o
Dubﬁler Coudenser Corp........ . n Leeds Radio Co..ovvnvnnn covennnnn 63
A w
2 Matlory & Co., Qoo coes 13 White Demial Mfg Co Fhv. S. 8.
Bastoa Cofi Company ....coevn ..\, .67 Metal Specmm Co Trve LTLlilLilLl GS Wireiess Bgert ng., Ine. Cieeees
Eisler Electeic Corp....ovvve .. ... 62
Blectrleal ‘T'eating Labs. 5 63 N
Eikon Divislon . . 19 A
Ellls Elec. Labgratory. 65 Nat’l Etec. Prod. Corpiveviovnienenn, 9
Erle ltesistar Corp... .. 17 Newark Wire Clotb Co............... 55 Zoapon Co., The..... «covvviininennns
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MARCH, 1931

TYPE M M
$25.00

$25.00
Less Stand

Transverse Current

MICROPHONES

Wrlte for 20-prgo catalogus end price Ust describing
microphones, microphane ampllfiers, 50-watt power
amplhers, glant dynamic nic column wunits, exponen:
tal homs, synchronous ond non-synchronous tum-
tables, and complete pane! mounted equipment for
achools, hotels, hospitals, parks, skatlog rinks, steam-
ps, alrplanes, euditoriurms, theatres, cte.
Centralize Responsibllity lor the Sucaesz of Your
Installatlons by Purchasing All the Parts From
no Source.

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

o MBS
1 1 | 7 4
ey g
Ir i
E. . ’ I - . T
} —
f i TR P
' z
TONE CONTROL
is not a matter of muf-
fling the treble to em-
phasize the bass.
Itis a delicate blending
E—— of the two, accomp-
Aaﬁ-‘r@/ lish.able with sensitive
i resistance elements
LT
ity S, only, as produced by
iy “Aquadag” Colloidal-
Graphited Water.

Send tor Technical Bulletin No. E 11.1

ACHESON OILDAG CO.
PORT HURON, MICH,

Tiadrmaih AQUADAU™ Heg. U, 8. 1l OO,

Page &7

ANNOUNCING

Two New Departments of the

EASTON CoI1L COMPANY
ready for the productiou of

]TBANSFORDIERS AND
] WIRE-WOUND RESISTANCES

These two new products will maintaio the same
high swodards of vniform quality and endur-
ing performaonce tbat have been respoansible
for the outstanding successof EAsToN Coils.

NOW EASTON MAKES 3 GREAT PRODUCTS

EASTON BASTON EASTON
COILS WIRE- WOUND RESISTANCFS TRANSFORMERS

Our Enginsering Depariment will be picased ta cooperare

with yuu in yuur destgn problems. AU Unfarmntion will

be held in sirict confidence. Send your specifications.
Somples and yuotitlons fucnishe) prompily.

EASTON COIL COMPANY
EASTON, PA. P. 0. Box 237

A New
. HAMMARLUND
CONDENSER

for Tuning
Intermediate-Frequency
Transformers

TRONG Isnlantite base designed for mounting In-
S side of the Intermediote tranilormer shield. Ad-

justruent screws for precise tuning of both trans-
tormer circults.

Sell-aligning, phosphor branze, adjustable spring
plates, and the highest grade mica Insulation. Plates
firmly anchored by deublc rivets with shack-nbsorb-
fag guard. Condenser will not change in rexistance
or eaepacity under ony conditian of humldity, tam-
perature or vibratian. Slotted gripper saldcr-dipped
terminals.

Efficicncy of design proved in_actual scrvice. Mate-
rials the best obtainable. Tharoughly teated far
break down.

Three ranges obtalnable in single fcode ? C §) ar
dual (code I C D) medels. 10 to 70 mm(,—70 to
140 mmf.—140 to 220 mmf.

N

D

Mail coupan for sample and Sa®

technical dota. L= A
&

ammariund

PN CIEION

PRODUCTS

/I Jor Braen Radle

LA
LS CHlr s
R SC XA RS
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AMERTRAN
POWER AMPLIFIERS

Type PA,
Series 80

An economical means of obtaining flawless reproduction of
sound in lacge volume is availabl¢ in a new scries of Amer-
tran Power Amplifiers, the result of months of laboratory
experimentation and exhaustive ficld ceses.

There are fouc sizes in che new Series 8o, one o fill every
requircment. The big Type PA-86, shown in the illuscra.
tion, will flood an auditorium wich a full volume of music
or speech without distortion. Smaller models ate made for
installations in restaurants, clubs, dance halls, schools
aond homes — wherever exceptional fidelity of reproduction
at high volume is desired.

The mouating and construction is such that they arte in-
scalled casily, with no bothersome wiring and conacctions,
and are proof against tampering or damage. Simple cootrols
and casc of portability are added features that contribute 1o
the popularity of Amertran Power Amplifiers whose record
of performance has won the distinction of being considered
The Standard of Exccllence for Audio Reproduction.

Licensed under patents of R C A, and Associated Companies

@S

AMERICAN TRANSFORMER COMPANY
178 Emmet Street, Newark, N. .J.

Foc complesc descripoon and 1nformiation conrained 1 Bullesia 1079 scnd us the coupoo beloe:

Anmsrica¥ Transiowsien Company
178 Emmet Strece, Nowark, N. J.

Gentlemen: Send me Bulletin 1079 with complece lescription of
Type PA, Series 8o Amertran Power Amplifices.

[ T R ——
Strect & No. ., .,

City._ .

RADIO ENGINEERING

ow . ...

A NEW PATENTED
CONSTRUCTION PRINCIPLE

V. B, PATENT NO. 1776708

EVERLOCK washers and { We

terminals have a new pat- | manufacture

ented locking feature LVERLOCK

which is the secret of the SIS

EVERLOCK
terminads

tenacious grip and the
positive lock.

ve

Eyelet terminals

EVERLOCK steel washers

are coated after fabrication

Plala terminals

to prevent rus_ting. atngle or double

All wre hot solder
conted nfeer
(ubrication

EVERLOCK terminals are
hot solder coated which
malkes them easy to solder

ve

Specind terminals
mde o order

and speeds up production.

v e
Send us your

Qur manufacturing methods speclfications

make it possible to quote prices
in keeping with present econ-
omy programs.

THOMPSON-BREMER & Co.
1642 West Austin Ave. . Chicugo

AS ERS

Ove/z/c%é

TERMINALS

WiLLiass Pxess, Inc., NEW YORK—ALBANY
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Transformers
for
Repiacements

in Old Sets

Those wha are inter-
eated in Set Rejuoena-
tiop 1wl be interested
in our new Replace-
ment Trans/ormer Book-
fet. A copy sent upon
request.

No. 5140

Build a Set
That Backs Up

Advertising is not short-lived. A newspaper
advertisement 1s not dead the next day—as it
may appear at firat thought.

First you give your product a name. To in-
duce sales you claim merit. Then, by news-
paper, magazine and bill board you flash your
name and message to the world. Your money
seems to have been spent wisely. Sales grow
and the name of your product becomes widely
known.

But—does the product stand the test of pub-
lic approval?

Money spent to advertise a first-class product
is very well invested. Good will grows and in
turn creates new sales for new Sets bearing
your name.

Buy the finest Transformers you can get for
your product. [nsure your name for sales next
year too.

For Your New 1931 Designs

Radifo Set Manufacturers
are Invited to wutilize the
facilities of the Dongan
Leboratories which have
been engoged in radio Re-
search  ond  Development
for 19 years.

Dongan Electric Mfg. Co.
2991-3001 Franklin St., Detroit

Smro 9/

-uAI ;..u"
,,
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Bakalite Molded part

used in microphone

mode by Amplion
Corp., New York

Accurately formed of Bakelite Molded
at less than half cost

The insulation block upon which the sensitive elements
of o microphone are mounted, must possess high in-
sulation value and great rigidity and strength. It must
also resistmoisture and be free from swelling or shrink-
age. In Bokelite Molded the Amplion Corp. found a
material that possessed all of the required properties.

In addition, the cost of the Bakelite Molded part was
less than half that of the one made of another ma-
terial. This saving was effected because the Bokelite
Molded part was complately formed in one press

operation, eliminating the ossembly charges required
when another moterial wos used.

In the fields of radio and electronics, Bakelite Mo-
terials, molded, laminated and varnish, are pravid-
ing insulations thot retain their value indefinitely.
They are moisture resistant, and do nor shrink or
swell. Insulation properties are unimpaired by age
or use. Our Booklets 38M, 38L and 38V contain
much interesting information and will be moiled
promptly on request.

Bokelite Engincering Service —We manufociure a wide variety of Bakelito resinoid molding moterisls, varnishes, locquers, enamels, cements,
and other products. Twenly-one years experience in lhe devclopmeni of these motericls for industrlol and other uses provides a valuoble
background for the cooperation offered by our engineers and laboratories.

BAKELITE CORPORATION, 247 Park Avenue, New York CHICAGO OfFICE, 635 West Twenty-second Street
BAKELITE CORPORATION OF CANADA, LIMITED, 163 Dufferin Street, Toronto, Ontorlo

BAKELIT

arwitasio Wi em. ore

The resierod Ude morts shown obowe diitinguah malariah
mondahnd by Bololie Corporation Under dw capinal “4% 1 the

THE MATERIAL OF A THOUSAND USES

mumarcal gn o infady, or velamied Cuc ity 1! 1ymbeosd ot iNe 1niade
b s o pwmrz ond fukw uies of Bolebls Carporation's produt.
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