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FABRICATED

ORMICA is dependable, uniform, high

quality material made in numerous grades
and shapes to meet all of the requirements
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.

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

Location near the center of industry makes
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

/ﬂ
‘ Engineering data supplied on request.
i 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 current”
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 regencrative 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 thelr own wires; relying mainly
upon multiplex printing telegraph operation. In
Canada, however, the Canadian National Tele-
graphs have installed an extensive system of car-
rier current signaling. It is reported also that
the opposition Canadian company, the C.P.R.
Telegraphs, contemplates 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 Rapro Enai-
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 thcu' characteristics, are be-
licved to have originated at organized radio
transmitters.  These experiences are aside from
the data gathered in regard to signals which *
all the way around’ the carth, and those which
“go around both ways.”

Radio transmission phenomena involve a large
number of complex considerations.  In the case
of broadcast reception with average broadcast
receivers, transmitting antenna watts, and milli-
volts per meter i the receiving antenna or loop,
continue as the practical, if rough, factors of every
day caleulation. All of the remaining factors
which have a bearing upon distance, and upon con-
tlmuty of nu|lrum from given transmitters may
continue of little concern in the broadcast field so
long as increased power in transmitting antennas
serves to override their effects upon transmission
and reception,

Engineers concerned with the problems of long
distance short-wave radio working cannot dismiss
the meteorologicnl factors of transmission. Thus,
thl()u_[,:hnnl the world much is being learned 'lbout

governing factors other than kilowatts in the
transmitting antenna,
PO, Pedersen, in Denmark, continues to ob-

serve and to report the results of his investiga-
tions. Recently Pederson noted that a test signal
was not received at observing station until 19g
seconds had elapsed. Still another did not reg-
ister until 260 scconds had passed. This phe-
nomenon is associated with upper reflecting sur-
faces. A signal 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 scconds. As convex sur-
faces would not be viewed as effective reflectors
the thought is presented that beyond the Kennelly-
Ileaviside layer there are one or more concave
reflecting shells that are due for further study.

Ogcvnafa(,/mmco{

Editor.
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will resist vibration much better

say authorities of the COLLEGE OF ENGINEERING OF N. Y. U. after tests.

1931
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“It 1s evident that fastenings made with Self-tapping Screws
8 PPINE

OR weeks scientists of the College of Fngineering
of New York Upiversity studied the holding power
of fastening devices. By unbiased tests they were to de-
texrmine whether Self-tapping Screws, noted for econ-
omy in assembly work, have greater or less holding
power than the fastening devices they usually replace.

Partieular attention was given 1o the effect of vibration,
{op it 18 the chief cause of fastening failure. The spe-
cially eonsiructed vibrating machine, shown above,
wag run more than a hundred houars under close obsecs
vation. F'onrtestspecimens were snl)jt.ctcd to the vibra-
tion—each specimen containing two sizes of Self-tap.
ping Serews, and an equal number of the equivalent
sizes of miachine serews, the most common alternative
means of fastening.

than machine screws”

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

Detailed information developed from the extensive
tests made at N. Y. U. of the comparalive streugth of
fastening devices under strezses of vibeation, tension
and shear will he found in the booklet offered here.
The coupon brings it, free; with another helpful hook-
let showing the large savings gained on metal assemn-
blics through the use of these unique Screws that
eliminate tapping, fumbling with bolts and nuts aud
other fastening difficulties.

PARKERKALON CORPORATION

of assemwblies made with Self-tapping Screws.

Name :aind Co.----

Dept. L., 190-198 Varick Street, New York, N. Y.
Send me free booklets on the Seeurity and Ecouomy

PARKER-KALON

HARDENED

Self-tapping Screws

Addresseeeae o

/
/

// P21, IN U.S. AND FOREIGH COUNTRIES

“Distributors Serve Industry Economically”
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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
have yet seen in smooth, noiseless action. The high degree of
perfection we have achieved is due to the new Frost-Radio
variable cuntacting member. (e found that over 959, of noisy
wire=wound volume controls owed their imperfect operation to poor
contacting between the movable contactor and the resistance element.)

The variable contactor used in our No. 20 Series makes two
separate and distinet contacts witll the resistance element.
These contacts are not point contacts, but
line contacts, and there are two of them,

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 sumilar to drawing a sled. This action is reversible,
50 that the rununers are never pushed. As the spring tension is
applied midway between the two runners, equalization of
ressure is automatically effected by the compression type
kclica| spring. Furcher study will show that by contacting on
the inside of the scrip these runners have an area in contact
with the wire that is many times greater than is possible when
contacting on the cdge of the strip in the conventional manner.
'%his enables us to reduce the contact pres-

sure per square inch of area to a mere frac-

each of which is 3/32"'in length, ar 2 total
line contact of 3/16". This is accomplished
by having the contactor made in the form
0{; shoe with two runners, each 3/32” in
width. The raceway for one of these runners
is just below the top of the rcsistance stop
—for the other just above the bottom of the
strip. As the runners are in vertical ahign-
ment with each other bath 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 runner, due to the pitch of the wanding,
makes contact with the next turn of wire
one-kalf 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 of wire. It 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 can-
tinuously for more than
twelve months in order to
thoroughly prove-in the
principles involved in jts

design and construction.

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
resvstance 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-
tive contact with the element less than one-
half a tumn of wire away from the point where
the contact is impaired, insuring against a
high resistance ar broken contact with the
resistance element. 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, thesmaller theresistance
steps are, the more noiseless will be the operation of the control.
Every fraction of an inch that 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 to
employ more turns and larger seire, 1o obtain
the maximon wwmber uf turns of wire on our
strips we utibize che smallest possible spac-
mg\)c(wccn turns that will give the required
resistance value, Iar example, on a strip
wound with 002 sire, there is but one ten-
thousandth of an tnch between turns. Such a
strip has 466 turns of wire per linear inch of
wound strip. Wich the conventional type of
contactar, variations in the height ofpthe
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 Serses
Tandem Unit
with A.C. Swtch

No 20 Series Single
Control with 4. C. Swilch

No. 20 Series
TandemUnut

FROST-

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 roteting
operations without trouble (:/P any kind deocloping.

Our No. 20 Series Controls are completely enclosed in dust-
proof cases to exclude all foreign substances from the resiscance
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 Serics is made especially for our own use. This, plus ouc
lubricating system which entirely surrounds the strip and all
insulations with a neutral oil film, positively insures against
loose wires or chaunges in dimensions of the insulated parts.
Shaft material is needle bar steel ground to plus or minus
.0005", rotating in a reamed brass journal. Our new construc-
tion entirely eliminates end thrust, a frequent cause of me-
chanical roughness in some rheostats. A. C. 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 element.
Separation of driving atrms 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 nwite engineers to send ws specifications,
upon receipt of swhich sve sl gladly send
samples for 1‘.\p(rim{nlaf and fest purposes.

RADIO
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. l his Business

CENTRAL RADIO LABORATORIES
928 Keele Ave., Milwavkee, Wis,

Enclosed fAnd 25¢ for which sead at once
your new VOLUME CONTROL GUIDE.

of Tolerances

THE 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.

A,

. .
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.

Cen

CENTRAL RADIO
928 Keefe Ave.

LABORATORIES
Milwaukee
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THE O. K. THAT CAME
: INSTANTLY

> W}I en the production depart=

ment of a leading radic manu=
facturer rccent[y made up a
large requisition for coils, the
engineering department unhesi=
tatingly specified Inca coils.

The reason was perfectly simple
. . . the engineers 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 foun-
dation on which to base the O.K.

of modern Radio Engineering?

The Peruvian Cuipu is pers
haps the oldest form of
recording known to archae-
ologists and histortans. 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

- ; g .~\'
grarn, or cloth, or the num-=
T bers of animals owned by

: ,l , ‘ |8 7 \ | fil ‘ / m
C : = , i : an individual or a tribe.
A MANUFACTURING DIVISION

of NATIONAL ELECTRIC
it o Ny Proad* PRODUCTS CORPORATION

best in copper Western Office: 1547 Venice

wire products. Blvd., I,05 Angeles, Calif. FORT WAYNE, IND[ANA




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 thousand (30,000) square feet of radio exhibits
in Grand Ball Room gnd 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 rznufacturers, jobbers and dealers ex-
pected to attend.

Reduced railroad rates—special trains.

]Wl'lllb
e |
o e

o e e e e e e B

trade about May 1st.

i i i T B!
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“CONGRE

RMA 7rade Sho

AND 7TH ANNUAL RMA CONVENTION

CHICAGO
JUNE 8 70127+

EVERYBODY WILL BE THERE

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

Apply now direct to hotels for room reservations.

Invitation credentials for the trade show will be mailed to the

“4RADIO MANUFACTURERS ASSOCIATION

11-W. 42n0 STNY.CiTY

BIACKSTON
HeOTEL

Official hotels—Stevena Hotel (hendquarters), Black-
stone, Congress nnd Auditorium Hotels, all within
short walking distance an Michigan Avenue,

INDUSTRIES AND EXHIBITIONS

Radio industrics, Junc 8 12—RMA, National Federa-
tion of Radio Assncinttans and Radio Wholesalers
Association.

Music Industry Convention and Show—June 15-17.

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

Annual national “Furniture Mar? with 25,000 furni-
ture buyers, jobbers, dealers and manufacturers—
Junme 1-15.

|

32 W.RANDOLPH ST. CHICAGOABE[RIU; HB'ITEL
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DUBILIER
CONDENSER
CORPORATION

4377 Bronx Boulevard,
New York City

Page I

Announcing

DUBILIER
ELECTROLYTIC
CONDENSERS

® In 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.

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

4. Working voltage conssrvatively 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?
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YOU \/\/OULDN I TOLERATE

NYNTHANE]

A LEAKY ROOF

How do your customers
feel about /e6/<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 51] Laminated
Bakelite. They know that it’s reliable, that it stands up—rthat
it makes %] reliable products and in turn, satisfied customers.
» » » In 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 tolgrate leaky insulation
any more than you would tolerate a leaky roof. Be sure—
use Synthane. Generous samples for testing % sent on

request. Synthane Corporation, Oaks, Pennsylvania.

«

NEW YORK - CHICAGO - PHILADELPHIA - DAYTON - LOS ANGELES - SAN FRANCISCO
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eating up your profits?

RODUCT development is costly — so cosily

that many set manufaclturers hove con-
cluded thot to sirive for “something different”
in speakers is o needless duplication of effort
involving wosted materials and high costs. It
feeds upon your proflts — profits thet come
hard in a price morket.

This is on era of speaciclists. Rolo dedicates its
whole plont ond facilities to the design and
manufacture of one produci: radio speakers.
In a Rola speaker you obtoin the experience
of men whose whole background is ¢ 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

tation on speakers is to compete with these
finely organized, efficient and relioble focili-
ties. You cannot afford to do this.

In a Rola speaker you have o unit that hos con-
vincingly proved its economies ond unequaled
tone quaclities. A number of outstonding radio
monufocturers vse Rolo speakers. They secure
“that something different” ot less cost thon
they could produce a speaker unit themselves.
They sove the experimental expensel

Your profit margin con be widened by relying
on specialists. Rola is equipped to handle your
speaker withoul needless experimentation. A
request will bring a representative or descrip-
tive literoture—whichever your letter indicotes.

THE ROLA COMPANY
2570 Superior Avanue

Cleveland, Ohio

Manufacturers of Lovd Speaker Uniis for
Montel, Automobile ond Console Sets.
Also high pawer Loud Speakers for Public
\‘ Address Systems ond Talking Pictures.
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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 offiliated
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 coils, every step repre-
sents highly developed present-
day technique. There it does not
rest. For 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-

vfacturing facilities can produce.

w

jf

GENERAL CABLE CORPORATION

EXECUTIVE OFFICES: 420 LEXINGTON AVENUE, NEW YORK OFFICES IN PRINCIPAL CITIES
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O
-V oll
OUTSTANDING
CHARACTERISTICS
1 High Working Voltage: 450 -
volts—withstands  without
injury transient peaks in excess
of 575 wolts. ’
2 Absolutely Dry: A condenser
from avhich all awater is
e eliminuted.
3 Low Leakage: Normal ruted
leakage 0.1 mil per mfd.
(After operuting short period
theleakageis 0.025 mils permfd.)
4 E; O Impervious to Law Tempera-
tures: Operates efficiently SMALL!
front minus 40° F to 150° F. Jif'ﬁ"'cc“";‘i“
. d. Condenser,
Work]ng VOltS 5 Long Life: Toreduce replace- PUNX1Y
ments and intevrupted serv-
Any Combination ice periods Lo « minimuni.
o b . Self Healing: Trunxient freaks
Of CapaCItleS. W].d 6 in excess of 575 volts do not
V 5 f C S . injure the Elkon condenscer.
arlet’y o an J3izes. 7 Compactness:  Smicllest  cu- Baoklet with complete
bical vohiame pey microfarad datu wepon regueest.
- — of any condenser on the market.
G reatest Fi lt er i ny 8 Maximum Filtering: Due to
é loive power factor, the Elkon
1 - condenser hus the grewest
CaPaCIty Of A]ly ElectI‘O filteying activn of any electro- @ 2
l tic Condenser Iytic condenser on the market. { !

y . Stability in Operation: To /_1’0 3 (/]
Samples built to your specifications will guard against mechanical : /'/‘
be sent to all recognized manufacturers. and clectrical variation that -

wonld affece action of the
Send for booklet giving complete technical circuit,
data und general description. 10 Low Cost Per Miclrolarad
Per Voltage Rating: A
ELKON DIVISION large safety factor in volt rat-
P. R. MALLORY & CO., Incorporated ing for the sume cost as
Indianapolis, Indiana 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 Capacity of Capacity Can Stze Capacity of Capacity Can Size
Sectlons MFDs Sections X\'FFD_s Sections MFDs
1 1 23 x1x Y 6 6 41 x 1'% x 3 4812 24 4V x 2Vp x 13
A AN s darich
. Ax 158 x 1/ 88 16 4ix2x1
2-2-2 6 2% x 134 x 2 8-8-8 24 41/‘: x 24 x 134 ROUND CANS
i-z-n g 213/2 x 134 x 234 88-8-8 32 4% x3x2 y 4 4 1% dia x 2%
Ax1x1 2-4-8 14 44 x2x 1Y, 3. di 1
4-4 8 4Vax2x1 2-88 18 41/:x2x13/; 3'8 12 ;lﬁa d}nleﬁ‘
4-4-4 12 4 x1%x1% | 2816 26 4, x 2V x 1% - remlti
4-4-44 16 4%x21/2x 134 20 20 4Vyx2x1Y 8-8-8 24 3 diax 4V
5 5 4Yax 12 x 3 30 30 41, x2 x2 8-8-8-8 32 3 dia x 4

— A CONDENSER FOR ALL POWER PACK ASSEMBLIES —
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A new
poliey

THE Scovill Manufacturing Co. announces a line
of high-grade variable coAndensers in standard
capacities, for prompt delivery in moderate
quantities, moderately priced. » » » »

v SCOVILL MANUFACTURING CO.
' WATERBURY CONNECTICUT

New York Philadclphin Roston Providence
Chicago Detroit Akron Cincinnati
Atlanta San Francisco l.os Angeles

In Europe: The Hague, Holland

Secovill®
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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-
saquences.

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?

PIE RESISTORS

Erie Resistor Corporation. Erie, Pa.
In the Center of the Radio /m/usfrl/




e L el

Impressions

and Expression

O O T A LTSRS W 0 D R e TR T e e

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 must
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
praogram 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 Alm

projectors or pickups for handling combined pictures and
sounds for the complete recorded sponsored program.
Admitting that many stations are now equipped with 335
r.p.m. turntables for electrical transcriplions, we still believe
that the big records are but telnporary improvisions.

A

THOSE MEXICAN
STATIONS

NTIL recently we Amcricans
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 LEurope, 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 friends has introduced a
degree of interference which promises to prove troublesame.

Mexico today has a dozen or mare 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 threatencd 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 canstructive pro-
gram is essential. Just as we have dealt with our Canacdian
neighbors in 2 friendly 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 matter, the broadeast from Station HV], Vatican !
Rome, on IFebruary 12th, was a revelation to the techs
as well as lay radio audience. In signal strength, abs
of fading and good modulation, this station, designed
installed under the supervision of Scnatore Guglis
Marconi himsclf, leaves little to be 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 dircet reception by short-wave fans, and
rebroadcasting purposes.

One thing is certain: We are on the eve of internati
hraadeasting as a regular thing.  Short-wave receivers
going to become popular. Many of our broadcast liste
are going to insist on recciving 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 are going to find it impossible to feed t
people the ustual censored news of doings abroad, since t
people will pick up their own uncensored news from abr

This international hroadeasting matter is a serious |
to diplomicy. Peoples are going to get to kiow one ano
better thian ever before. Better education than ever be
will be necessary to train people to withstand the di
propaganda of Communism and Facism coming via ra
The workll forum is at hand.

A

TELEVISION
CONSCIOUS

MARKED revival in r
television activities during the past month. Showman
i ab 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 <l
ups, half lengths and Jong shots, fading from one to
other in rapid succession, thereby providing some af
flexibility which has scrved to make the motion pic
presentation so popular.  In the New York metropol
area, one station is now on the air with rcal progra
including  singers, soloists, musical ensembles, lectur
public mien, and so on, wha may be seen as well as he
TFFrom Baoston conmes word of a brisk sale of television eq
ment through a chain store, so that the local televi:
progriums may be enjoyed,

Although it has been stated and reiterated time and ag
that television is two ar three years away, so far as evi
day use is councerned, we reaffirm our belief that i
about ta break. We have good reasons to believe that
leaders af our industry, in patents, production facilities
broadcasting activities, will join the television workers
practical television by this coming fall. Beforc the enc
the year, we shall have radio television programs f
coast to coast, television equipment an sale for home use
least 50,000 lookers-in as a starter, and a revived 1
industry based on television.

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:

v 1. Full-lengthcathode slesve, minimizing hum and
| 3 ‘ crackle. One-thirtieth usual hum level.

| 1 2. Notched insulator {patent applied far)
} reducing bulk yet retaining twin-hole insy-
later advantages.

| 3. Special hair-pin fllament 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.

ﬂ ' | These and many other odvahced fea-

, ~ turesfound in every typeof-fresh De Forest
‘ E | Audion, insure the 1931 performance of
the 1931 radio sets.

This is the third of o series of debunking
messoges dealing with 1931 radio tube
features. Would you like the entire
story at this time?

e ———

DE FOREST RADIO CO.; PASSAIC, N J-

‘ J‘ AUDIONS% .

RADIO_ TUBES ==

RADIO(D

17
d’
<

HEESLC

— e

! ‘)

Affer oll there s no subshtute for 25 yeqrs experlence
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G-E MINIATUREK
INSTRUMENTS

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

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

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

Write to the nearest G-E sales 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 Elochric progrum, breadcast every Saturday evening on o nation-weide N.B.C. neus
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Bias
Detector
Overload

By J.'R. NELSON

I' is well known that detector over-

loading occurs when the input volt-

age exceeds a certain vatine,  The

overloading manifests itself on a
listening test by the power output level
¢ither remaiming constant or falling off
i the detector input voltave is mcreased
and also by a change of quahty. The
hiariionic content incveases rapidly as
the averloading point s reached and at
ome point the fundamental is lost al-
toprether as will he shown later  Detec-
tor overloading acts in the same manner
when power output measurements are
Leing taken. “I'he shape of the power
autpot curves for various percentages
o) modvlation are different
reasons  for  this  difference
appavent later.

will  be

Effect of Overloading, Important

Very little has been done on the
theory nf detecior overloading. This
neglect has not been due to its lack of
importance as the overload character-
atics are one of the important features
of i receiver as is well known by any-
one operahing a receiver having poor
overload charactenstics, Like all other
conditions detector overloading char-
acteristics way be mmproved by a knowl-

A

The Overload Characteris-

tics of Radioc Receivers are

of Importance in Receiver
Design.

and the’
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edge of the factors causing this over-
loading. The reasons ior detector
overloading will be found from experi-
rientally determined tube curves. The
theory derived will be applied by calcu-
lating some power cusves 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
hundredths of a volt as was the case
with the previous small signal detectors,
The above case only will be considered
here. Small signal theory becomes very
diffienlt to apply when the input voltage
is of the order of wvolts so that the
detectoy theory will be stuchied by means
of certain casily weasured tabe char-
acteristics,

The method used heve consists of
first fincing experimentally the relation
between the power output aned the asdio-
frequency vollage introduced in an
external delector plate civcwit of the
receiver under  consideration.  The
rectificanon  diagvam  or the relation
between the delector npul voltage and
the rectified output are found next. The
audio-frequency voltage in the external
detector plate circuit for various carrier
voltages and percentages of modulation
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-{requency voltage
and the power output relations of the
receiver.

IFig. 1 shows the schematic diagram
of the circuit connections used to deter-
mnte the relation 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 voliage
1s apphed directly across the vesistance,
R. [t s to be noted, excepl as to fre
guency discvinnnation, the value of R
makes no difference as tlie power output
15 found for the actnal voltage in the
detector plate which valve of voltage is
found from the rectificatron diagram.
In case a transformer is used a resist-
ance must be used mn sevies with the
primary to smiulate the tube resistance.
A divect current should also be sent
through the primayy, In tlis case the
relation will be between the voliage
mtroduced internally in the detector and

21

the power output. TIf the frequency
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
beyond the scope of this article, but
approximate results may be obtained as
explained by assuming that the voltage
introduced is (he same as the external
voltage.

Tig. 2 shows the results obtained
from an amplifier using resistance coup-
ling Dbetween the detector and Arst
audio tube which tube is transformer
coupled to the push-puil stage by means
of a transformer having a 3 to 1 overall
ratio. The output uses two 245 tubes
in push-pu!l.  The output is approxi-
mately proportional to the square of the
input voltage up to about four watts
after which it decreases slowly with
increasing input voltage. The output
reaches a maximum of about 7.0 walts
but normally only 3 to 4 watts could be
used because ol distortion.

Characteristics of 227 Tube

Iig. 3 shows the Ip-Iib characteristic
curves of an Rveready Raytheon 227
tube with  various inpul  voltages
ympressed on the grid of the tbe.  An
8,000 ohm vresistor was used in series
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
60 cycles. The curvent is plotred versus
the voltage supplied to the tube and
resistor in series. The curves for small
input signal voltages are about as would
be expected. The curves for higher
mput voltage, however, nse very steeply
and do not pass through the origimn,
The reason for this is that in addition
to the d-c. plate supp'y there is also a
d-c. drop across the cathodc resistor due
to gvid current

If there is no a-c. voltage on the gvid
theve will be no hias on the tube until
plate current starts. I{ an a-c signal
1s impressed on the grid of the tube,

=T

"
L
uL 17 .5

Fla. 1, Clircuit for test,
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EXTERNAL DETECTOR PLATE VOLTAGE

current will flow during the positive
cycle provided there is no bias. This
current will cause the grid to becone
negative. The timne 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 eycle. The grid thus has a
negative bias due to ils own current,
The drop across the cathode resistor is
also applied between the plate and
cathode which makes the plaie negative
with respect to the cathode thus oppos-
ing the applied B voltage, Conse-
quently, no current can be drawn by the
plate even when the grid is positive until
the applied B voltage is greater than
the drop across the bias resistor. As
soon as the plate becomes positive it will
draw a large current during the positive
excursions of the grid which cusrent
will increase rapidly with increased B
potential. The total current that is the
sum of the plate and grid currents re-
mains practically constant at least frow
.1 t0 1.5 ma. as the drop across the bas
resistor remains constant within this
range.

A 140,00 ol load line s shown

drawn in from 163 volls which condi-
tion was used in a receiver. The vecli-
fied voltage curve is shown plotled for

RADIO ENGINEERING

existing across the external plate resis-
tor. The external audio-freguency volt-
age across the plale resistor may be
found from this curve for any carrier
voltage and any percentage modulation
as will be shown below. IL is to be
noted that this curve first increases;
reacites 2 maximum and then begins to
decrease.  The rectified voltage is
shown increasing from 65.5 voits. In
reality this curve ‘o the right of 033
volts is a continuation of the curve o
the left and if shown in s true con-
dition the portion would He negative.
As far as we are concerned here the
sign makes no difference. It will bLe
necessary in finding the audio-frequency
voitages as explained below to imagine
this curve extended as a continuation
of the curve to the left of 65.5 volts
which will cause no difficulty The
reasons for detector overloading at
various perccentages of modulalion are
explained by the shape ol the rectilica-
tion curves as will be shown.
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this condition in Fig, 4 A. The rectilied
voltage curve is obtained by finding the
rectified, or change of d-¢ vollage
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& ClRRIER VOLTS

RIS,

CARRIER VOLTAGE

Operating Voltage

The location of the operating vo'tage
for any given carrier may be found by
the intersection of the [b-Eb curve for
that cu-rier voltage will: the load line
curve. I[{ a carrier voltage is modi: ate:l
100 per cent its peax value will vary
between the projections of the inter-
sections of the IB-Eb curves {or 2z E
and O with the load line. This will be
the tolal 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 2v/2. The output for
any other modulation is found in the
same manner as for example, the rans.
value of ontput voltage for a carvier
modulated g0 per cent is the diffevence
3/2 E and 1/2 E on the rectification
curve divided by 2v/z. An example
will make the procedure clear. Assume
a 6 volt carrvicr modulated 30 per cont,
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5 OVERLOAD GHARACTERISTICS *
Rp = 140,000 OHMS  Rc = B000 OHMS
g / ===+ CALCULATED MEASURED
o Py 7 "
g /. - / 6 ]
WL b
\\ ‘ /y\-)/’ \ // | o —
3 D Ip -Eb ‘ . L
e 5')a 58 4 /i CHARACTERISTICS - S i NG 1
¥ / 3 / N ) ]
Py W 7SN ___|ER-227 TUBE FOR I ! N ]
” 5 4 N / 7 VARIOUS l < | / N / | 1
b 3 y -V INPUT VOLTAGES | 24 “ / - -’mSN'L;""”
¥ A3 V12 | R: CATHODE = §000 OHMS | L ‘ k. P I L
E 7% I C-BVPASS = 4 MFD. 5 | 7 \ ‘
’ 4 é S — & 3 1 A ! ] i
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‘ . NER N
3 71X MEC 1IN S! ‘9., & 5 ) fl'—-l P
3 & & 20 3 /¥ AT 1
/ & T OSSET LN
IR AN /2 N
o N o= ~ |
50 100 150 200 10 100
ED VOLTS ! VOLTAGE RATIO TO LOWEST READING
Fig. 3. Characterlstica af 227 tube. Flg. & Overload characteristic.
If the modulation is 33.3 per cent volt- in Fig. 5 B. Tt is to be noted 1§ per readings for ratios of 3, 4, 5, etc. are

ape will vary between the values for 4
uwnd 8 volts which iv 20.2 volts, The

s, value will be 20/2\/'5 or 7.1 volts.
I'he value for 30 per cent modulation
will be 30/33.3 x 7.1 or 6.46 volts.
Similarly, the audio-frequency voltage
may be calculated for other carrier
vollages. Tig. 5 A shows the audio-
frequency voltage plotted against volt-
uge for 30 per cent modulation. It is
to he noted that when the carrier voltage
Ix 14 volts the rectified output falls off
on cither side so that the fundamental
would be lost and the output would con-
izt entirely of distortiona!l components.
The output at this point decreases with
n decrease of modulation and in the
limit would give no output because the
cirve changes in direction of curvature.
e audio-frequency voltage in this
riunge cannot be conveniently caleulated
su that it has been filled in to fit the
sliape of the curve.

The A-F. Voltage

The audio-frequency voltage for 13
per cent modulation was calculated in
the same manner and is shown plotted

cent modulation overloads at a slightly
larger value of carrier voltage than
does the 30 per cent curve but the
points are close enough together to take
the point of detector overloading vol-
age as that given by a small percentage
of modulation.

The power output may Le calculated
from the audio-frequency output voltage
curves of Fig. 5 and power output curve
of Fig. 6. In the measurements .08 of
a watt was the smallest unit of power
measured so that the detector plate
audio-frequency required for this power
output, .66 volt for 30 per cent modula-
tion, was arbitrarily takca 23 the unit
volitage in plotting both the calculated
and measured power output curves.
From Fig. § we find that 1.3 volts
carrier gives .66 volt for 30 per cent
modulation. This is plotted as one in
the dashed calculated curve. (Fig. 6.)
The audio-frequency voltage given by
2 x 1.3 volts input is then found and the
this

power output corresponding to
voltage is found from Fig. 2. This

value is then plotted for a ratio of two
units in :ig. 6. Similarly the other

found with these curves and the results
are ploited in Fig. 6 for 3o per cent
modulation. The calculated curve for
15 per cent was found in exactly the
same manner, the voltage giving .08
watt, being 1.8 volts for 15 per cent
modulation.,  This curve is shown
plotted in I'ig. 6 by the dashed curve
marked 15 per cent.

The power output using exactly the
same conditions was then measured for
both 30 and 15 per cent modulation.
The carrier voltage giving .08 watt was
taken as unity, The power output for
twice this voltage was then plotted as
that given by the ratio of two, etc. In
other words, both the measured and
calculated are plotted in ratios so that
shapes should be alike and the curves
can be compared directly which is the
feature desired here. The measured
results are shown plotted by full lines
of Fig. 6. The agreement is good until
the ratio of 20 1s reached after which
the measured begins to decrease and
the caleculated begins to increase. The
decrease in the measured curve is due
to either the detector or amplifier over-
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loading so badly that the waveform is
flattened out. The agrcement is, how-
ever, good enough to confirm the theory
advanced.

The overload characteristics are nal
very good. The detector overloads
even at 30 per cent modulation before it
delivers enough voltage 1o overload the
power tube or to flattcn out the power
output curve, It delivers more than
enough voltage to give the rated value
of 3.2 watts but the detector should
overload the pawer stage before it over-
loads. The volume for a low value of
percentage of modulation would reach a
sharp peak and 1all off rapidly, which is
very noticeable 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 rectified voltage curves for a
170,000 and 140,000 ohin resislor arve

shown plotted in Fig. ¢ B and C. The
level is considerably higher 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 in [ig,
5-C. There is considerably more audio
output voliage. The calculated power
output curve is shown plotted in Fig. 8
by the dotted lines and the mecasured
curve is shown plotted by the full Jincs.
The agreement is fairly close, although
the measured is somewhat higher. It is
seen that these curves are fatter 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 [for this condition as it
would when an 8,000 ohm resistor were
used.

The remedy for the output falling off
sharply is quite easily {found from the
results. Refer to Fig. 2z and it is
evident that the output increases slowly

RADIO ENGINEERING

after the external detector plate voltage
reaches 10 volts. I{ the audio-frequency
voltage is greater than 10 volts, the
power varies little 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.

In practice it would not be necessary
ta repeat all the above steps in invosti-
gating circuit constants for a detector.
Several rectification curves for various
combinations of plate and cathode
resistors would give enough informa-
tion ta choose 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 of bias resistar but the better
overload characleristics more (han 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 secret by the Pioneer Instru-
ment Company, a division of the Ben-
dix Avialion Corporation, and was
shown for the first time at the
twenly-sixth annual motor boat show
at Grand Central Palace in New York
City, lanvary 16-24.

Tests on each part and of the entire
apparatus took place for days before
the show, and it was not until the
opening day that thc radio was an-
nounced and ils 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
compass, 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 adiition to
program hroadcasting, will receive all

A

Secretly Developed Appa-

ratus Combines Broadcast

Receiver, Position Finder
and Compeass.

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

When used as.a position finder, the
racio gives the yachtsman ail the advan-
tages of the facilities offered by the
government to assist large boats to
ascertain their position by radia. In
the case of the triad, however, many
other transmitting stations can be used,
as any radio broadcasting station is &
possible source of obtaimng the posi-
tion of the boat.

The method of determining positian
by radio is very simple. By sectting
the selector dial and rotating the loop
antenna, any transmitting 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 re¢lation to the
boat is determined by noting the com-
pass reading. Another slalion at least
30 degrees removed from the first is
then tuned in and another compass
reading is taken. By plotting on a
chart the position lines obtained [rom
these stations, the position of the boat
is accurately determined.

Visual Indicator Employed

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

gree of accuracy the point of absolute
minimum  volume of sound, the triad
is cyuipped with means of determuning
this visually.  This consists of an
aceurale  clectvic  meter  which  will
show within a degree the poinl of
minimum reception which 1s used in
determining  position.  This  visval
indicator  will pick up and indicate
radio signals too indistinct to be
audible.

The antenna loop, set like a huge
donghnut on the roof of the cruiser
hridge, 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 mmnimum read-
ing. By maintaining this heading, the
boat will be safely and accurately
guided to its abjective. Should a radio
broadcasting station bc  sufficiently
close to the line ol the desired course,
its transmitting wave may be used to
steer by in the same manner as a radio
compass transmitler.

It is essential that a compass, such
as the straightway, be used if greal
accuracy of position finding is desired.
Accurate compensation of the compass
is very mecessary.

There are many radio compass sta-
tions established thronghout the navi-
gable waters bordering the United
States. Entrances Lo all important har-
bors are equipped wilh rilio compass
stations and also many light-houses
and light-ships are also so equipped.
Once the position of a boat has been
determined, »t 15 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 Complete

Radio Receivers

By SyrLvan HARRIS

HE system of transmission units
is rapidly Anding an almost uni-
versal application in expressing
the results of measurements or
lests made upon radio apparatus such
us  amplifiers or complete receivers.
llowever, the application of this sys-
lem by engineers is often quite inac-
curate, and m many cases, totally in-
correct. The indiscriminate vsc of the
system quite often leads to serious
misconceptions concerning the quality
of (ransmission of pieces of apparatus,
amplifiers, 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-
calion to radic receivey measuremants,
will be in order. The system of
Iransmission units has been used for
(uite a few years in the telephone in-
dustry, and was devised for the por-
pose of expressing ‘the grade of trans-
mission 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-
mission of the whole line may be
quickly obtained.

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

* Recerved by ihe Bditoy November 10, 1930.

A

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

either through measurement or calcula-
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
vadio engineer, let it be supposcd rhat
the “gain” of a certain ampliher when
joined to a certain loudspeaker has a
certain value. Will it have the same
value when it is connectud to another
loudspeaker of diflerent character-
istics ?

It is obvious that it will not. For,
taliing 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 by the amplifier will
have any value between zero and a cev-
tain maximum. Consequently it be-
comes neccssary to express the per-
formance of an amplifier or section of
transmission line in such a way that
the number which is vusced to express its
performance is detcrmined 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 line with the performance

of an ideal transformer connected in
place of it. The ideal transformer
must have the optimum turn ratio
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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 internal vesistance T,
delivering power to a load r» The
current in the load and the power de-
livered to it are given by

V, Vo'
] = — Pa =" (l)
134Ty ( ‘,‘+r2)1
It can easily be shown that the maxi-
mum amount of power will be deliv-
ered to the load when r. is made equal

to r,. In such case the expression for
P: veduces to
Ve
P, max = —— (2)
41,

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

Now, (1) expresses the powee deliv-

ANAMAN
ry r
Vi Va r
T |
FIG.{
T
Vi Zrry 297, Vo F2
Eq E2
FIG.2

cred to the load under actual condi-
tions, while (2) expresses the power
delivered undcr 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
Ty
P, _dnr__ fn
P, max., (riin): ({';H‘z_) 2 (
Iz

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

rll+|'2 V1 ( )
—_— 4
Ta V.
whence
P, (V) (2
PUD.BX-_4 (Vl) ('2) ®

The system of transmission units
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FIG.6

expresses the ratio of two amounts of
power logarithmically. The logarithm
of (5) exprosses the transmission loss
in “bels This unit is, as a rule, too
large ‘or convenience, so the decibel,
having a value 1/10th of the bel, is
generally used. Then the loss in deci-
bels is given by

L =10 log P”Im“

=6.02+20 log (%) 110 log (fs) ®)
Iy

1

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 level 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 oplimum turn ratio
is interposed between them. This
transformer has the following char-
acreristics:

71 =TIl 71= Iy
% ‘/H
i =
o2 Jfn .
turn-ratio == E= \/ﬁ (1)
Zi and Z; are the primary and secon-
dary transformer impedances, F. is
the \olmge applied to the pnm,n; and
E; is the induced voltage in the xcc-
ondary.
In Iig. 2 the voltage L. is the same
as Ve The voltage T is half of V,
and the ratio of E: to E, is as given

above, Then, the power in the load is
given by
PI \( 2 F‘ZT
I,
Fz( ) Ll
_ &) v
Vo) = 4n (8)
I

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 into the circuit, the same
effect is created as when (ke 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 supplied

to the load being P: on inserting an
ideat transformer the power in the
load will incrcase to Pymax. The loss
in the circuit of Fig. 1, expressed in
decibels, is given by (6) and is known
as the transformer loss. This is the
loss which is due to the impedance
“mis-match” Dbetween the source of
power and the Joad. The expression
(3), from which (6) was derived, is
the square af what is known as the
reficction factor, Thus, the reflection
factor existing hetween the two im-
pedances r, and 1y, i3
v}_\‘lrl‘! (D)
ry-hra
Fig. 3 shows the graph of (3), (s)
and (6), all of which are identical,
Now let us consider whether (G)

Q0 —i- /’
= //

[ TTI

h\ ' FIG. 3

ABSOLUTE RATIO OF IMPEDANCES = R/n

o}~ N
= N
N
™
' N
¥ ~
_ \.\
™
0l sl il he= Pl L
lZS-ihO'TﬁDlOH!?I}
DEGIBELS

Flg. Transformar loas curvae.

howlng gain obtnlned by (nsert-
ing ldenl tranaformer at junotion
of two alrcults whoss (mMpedanceas
are Z, nnd Z,.

can be applicd to u complicated section of
a transmission line, or to an amplifier.
So far we have considered only a sim-
ple scries circuit such as shown in 1Mig.
1. Now consider IMig. 4. A genera-
tor whose voltage is V, and whose in-
ternal impedance is Z, feeds into a
network whose input impedance is 7.
This network delivers power to a load
impedance 7, “The voltage at  the

RADIO ENGINEERING

output, Vi so that the voltage ratio
(or amplification) is V,/V,. The cur-
rent delivered by the genmerator is I,
and the current in the load is I,.
-t is evident that the power delivered
to the load is given by
:l-’g=raha (IO)
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

Yl=+ (11)

The vertical bars enclosing a quantity
indicate that the absolute value af this
quantity is meant. This can be written

as

T |‘7’ -

Vi v, ' (12)
in which k is the voltage ratio (or am-
plification),

Solving this for 7. and substituting
(10), the power in the load is

P 2P kv, (15)
T e i 2P "
1f now, we substitute for the network

an ideal transformer having the opti-
mum turn ratio, making the circuit
that of ig. 5, the power delivered to
the load will be
'S
l’ll TR e
41,
Taking the ratio af (13) to (14), and
expressing it in decibels we obtain as
the loss (or the gain, since if the loss
turns out negative it may be inter-
preted as a gain) of the network the
expression
I, 0.02,420171?(; k+10 log
dals
--10 log A 15)
This may look rather formidable at
first, but due to the way in which the
terms are grouped the significance of
cach can easily be understood. For ex-
ample, 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 that fraction of
the generator voltage which is im-
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 l'ig. 4 is an amplifier, the
input ta the amplifier 1s usually a

(14)

19420 log casd:
T2

input of the network is Vy, and at the transformer (see Fig. 6). Moreover,
10 i10 2212 Zo
ANY f NS >
NGENERAL v H 2
ETWORK OR 2 3
AMPLIFIER ¢ 3 Vo 3
——'le l < E
F1G.4 FIG.5
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the terminatine impedances Z, and Z;
ure 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
(runsformer is very large compared with
7. which is often the r, of the detector
tile of a radiu receiver. Under such
conditions the last term of (15) becomes
nepligible. Due to  the non-reactive
character of the load impedance the
fourth term is also zervo, whence the
expression for the gain of the ampli-
fier is simply
Ty
6.02-}20 log k410 log — (16)
s

T'hus, in making measurements of the
wain of an amplifier, Z, is tlie r, of the
detector tube and Z. is the rcaistance
of the voice coil of the loudspeaker.
I'he voltage ratio Vs/V, is measured,
i the gain is computed by (16). Tt
st not be forgotten to acd in the 602
decibels, which are often nieglected by
txperimenters.

In cases where the input impedance
of the network is not larpc compared
with Z, it is necessary to computce the
last term of (15). This can be done
with the aid of the vector diagram of
I'ig 7. The angle A of the oblique
triangle is

m— 4% =
T—8
where 8 = 9, — ¥,
Solving the oblique triangle
]Zo “+ Zx' = 2 + 2h + Sz COSB
in which Z,=z, and Z,=z,. Thurefore,

1
7 2 :
gz 1+ () +2(3) s
The angles ¢, and ¢, arethe phase an-
ples of Z, and and Z, Note that when
7y 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 seen from the
following case. Suppose the gain of
an amplifier, measured by this method,
is found to be so many decibels. This
is 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 lossés ocenr-
ring between 1, and 15 Letween
ro and r,, and between ry and r, in
order to obtain the actual gain of the
amplifier 1n the circuit. If r, and 1,
are matched, and also ry and 1z, the
only vellection loss that remains is that
between r, and r,. Thus, the perform-
ance of an amplifier whose gain is
known with reiference 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 ami-
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
.-—»,r‘ rs-t-—— l‘2

FIG.8

at a given ‘-equency. Jor example,
assume a sigmal impressed vpon the n-
put terminals of a radio recciver. The
carrier ‘requency and percentage mo:l-
ulation are held constant, while the
modu': tiny ‘roquency is varied. ‘the
signal voltage imp-cssed on the input
of the dotector tube is mecessarily con-
stant, avoiding a diffic'ty wiilich would
be introduced duc to the sguare law of
the detector if the signal at its input
ware permitted to vary. The power
input to a resistance load representing
the voice coil resistance {s measured
far various frequencies of modulation.
‘I'hus, if P represents the power in
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the voice coil at a modulation fre-
quency of 400 cycles, and 1’y is the
power at any other frequency, the ex-
pression 10 log P./P.s represents the
variation of power in the load with
reference to the power level at 400
cycles. The measurements may be ob-
tained by simply measuring the voltage
or current in the load. The ecquiva-~
lent expressions are

20 loglf\“—:; 20 Iogll—«:B

since the power is proportional to the
square of either the current or the vol-
tage. In making such mcasurements,
it is necessary to have calibrated in-
struments, either thermocouples or
calibrated vacuum tube voltmeters, and
where many such curves are reqjuired
the process may become quite tedious,
on account of having to comsul: 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
coripared 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 lozd 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 « ¢
2 & I’rg.

Pe«d

where § 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
cycles, 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
siiplified by wusing the arrangement
(Concluded on page 34)

FIG.9
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AccuraCy of

Measuring |nstruments

By A. J.

ONSTANCY of calibration is
one of the requisites of a

good meter. There are vari-
ous factors governing this,
such as permanency of magnetic

flux, quality and temper of springs
used, freedom from outside-of-meter
disturbances, good joints in the electri-
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 feature
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.

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 guaranteed to be
placed in exactly the same relative
position or level as when originally
calibrated. It is here where position
of pivots within their jeweled Dbear-
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.

Fig1.

* President, Rowson Electrical Instrument Co.

A

Modern instruments are

provided with improved

method of movement
pivoting

LUSH*

Four diiferent  methods  of  pivot
mounting are shown in the illustrations,
Figs. 1, 2 and 3 show the older methods,
Figs. 1 and 2 can be relied upon where
there is a strong control necessitating a
strong spring which in turn tends to
hold the movement in o delinite posi-
tion, but this is not the case where high

Figa.

FI&J.

sensitivity is desired say below 1 oma.
full scale. Reference to Fig, o will
show the lower pivot which supports
the weight of the movement to he rest-
ing on its extreme tip and in contact
with the apex of the jewel bearing
which is of course ax it should be, hut
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 bearing 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-
ened very undesirable friction would
immediately appear.  IFurthermore, a
feature which is sometimes 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
movenient sticking when meters have
been used at varving temperatures. To
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avoid this entails loosening the fit of
pivots to jewels, 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 coefficient of friction for the ma-
terials used, W the weight and r the
radius of surface contact. While the
lower pivot carries the greater portion
of the weight, v is at the lowest value
possible as the movement is resting on
the extreme point of pivot, the only
measurable surface being due to the
crushing effect of the movement weight
(a good hard pivot and high quality
well polished jewel will reduce this to
a minimum). 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 overcome frictional trouble a much
stronger control is necessary. This is
usually attained at the expense of
clearances within the gap in which the
nmovement turns with its detrimental
feature of causing sticking of move-
ment 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 equaily 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

Figd.

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 relieves the
pressure between pivot and jewel. All
clamping 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 high 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 “talking”
radio pitlow for use in hos-
pitals and Pulhman cars has
just been developed by the
lingineering Products Division of the
RCA-Victor Company, Inc.

I'he radio pillow is of regulation
hosptal oize, and is made of spe-
cially selected sponge rubber in which
i sensitive radio reproducing unit is
concealed, It is s0 constructed that
nlthough the sound permeates the pil-
low it cannot be licard except by rest-
iy the head on the pillow. The RCA
cadio pillow was  designed  especially
tor use in hospitals 1o replace ordinary
carphiones which hecome irksome and

A

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

chafe when wom for any length of
time. The loudspeaker is often iwm-
practicable too, becaunse tie radio pro-
grams may be disturbing to other
patients in various stages of illness.
The new ptlow, according to its
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sponsors,  may  he  sterilized like an
ordimary  pillow, and the pillow-cases
changed at will. The patient lies in
a natural vechning or sitting-op posi-
tion to hemr the radio programs. A
commecting  cord of ample  length s
plogeed nto the centvabized radio re-
ceiving system,

The engineers who developed  this
latest device, expect new  applicadions
to suggust themselves contimally, IFor
instanee, iLois o pointed our that the
radio pillow nuy be uaed to velieve the
tedivm ol long travelling in the Pall-
man cars, or to dvert sea travelers
resting in steamer claivg ar herths.

(L
&

NIRRT [ERNRERe

Individual radio
receiver.

R TR BRI HVRAATT) |

Federal Radio Commission Issues New Orders

FFECTIVE March 1, 1931, Gen-

ecal Order No. 103, of the Federal

Radio Commission, goes into

effect  This order contains the
following provisions:

Section ;. The Broadcasting Day.
That period of tinge between six o'cloc’,
am, and wwelve o'clock midmght shall
counstitute  a  broadeasting day; the
peviod between six o'clock aun., and
local sunset to be designated as daytime
and  that Detween local sunset and
twelve a'clock midnight as nightbime.
The monithly average sunset at all lo-
cations will he specified by the Federal
Radio Comimssion and the references
lierein made to times shall be taken as
referving fo local standard time unless
atherwise ordered. In determining the
quota value of a given assignment or
in the cowputation of time division the
average tne of local sunset shall be
taken to be six o’clock p.m., and one
lour of nighttime operation shall b
considered as the equivalent ¢r two
hours of daytime operation.

Section 2. The Test ar Ewpervmcenlal
Period.  ‘I'mat period of tnne between
twelve o'clock midinglit and six o’clock

a.m., local fime, shiall constitute the test
or experiimental period and may be used
for this puarpose by any vegularly
licensed broadeasting station on ifs as-
signed {requency and with its authoy-
ized power; provided, however, that no
interference is caused with other sta-
tions maintaining a vegular operating
schedule duving all or any pact of suid
time.

Section 3 Unlimited Time Stations.
All broadcasting stations now or here-
inafter licensed to operate without Limit
as to time may opervate on auy schedule
of hours that meuts their requirentcnts
whether during the broadcasting day or
test or experimental pesiod; provided,
however, that from and after the 1st
day of May, 1931, no licenses autliov-
izing unlimited hours 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 shuwl be be-
tween six o'clock pm., and unwvelve
o’clock midmght local time. In all
cases where the minimum regular

operating schedule herein provided is
not adliered to, such stations may after
hearing be required o share tine-with
othes stations or be reduced to parvt-
tiime stations,

Scction 4. Stations Sharing Time.
{a) In all cases where broadcasting sta-
tions are licensed to share time they
shall not operate smmultaneously 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 desig
nated in the license, that schedule shall
be adhered to until otherwise ordered
by the Commission or deviation there-
from is permitted pursuant to paragraph
(d) of this section.

(¢) In all cases where broadeasting
stations are reguired to shard time and
the specific hours of operation are no:
designated in the license, the licensees
of such stations shall endcavor to reach
an ggreement as to a definite schedule
of peviods of time to be used by cach
of them and if suecessiul cach of said
stations shal) reduee 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 written 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 Com-
merce, and one copy shall be returned
to the licensee of said station 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 proportior. In cases mo propor-
tionate time division is specified, the
stations will agree upon a division of
time. Naothing contained in this arder
shall be construed as authorizing or
permitting the simultaneous operation
of such stations wunless specifically
autharized to do so by the terms of
thetr licenses. ’

(d) In all cases enumerated in Para-
graphs (b) and (c¢) hercof, departure
from the regular operating schedule
will be permitted 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 Commission prior to the time
of said departure; provided, however,
that in cases where time is of the
essence the actual departure in the
perating 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 written agreement with the
Commiission; and provided further that
nothing Jierein contained shall be taken
as awthorizing any simultaneous opora-
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 tune to be used by each of them, the
Commission shall be so notified by the
[[ling of a statement to that cilect with
the application for renewal of license.
Upon receipt oif such statemient the
Commission will designate the applic:-
tions for hearing and pending such
hearing the aperating schedule pre-
viously adhered to shall remain in f:ll
force and effect.

Section 5. Lisiited Time and Day
Stations. (a) 1 all cases where a
broadcasting station is licensed to
aperate limited time or during daytime
it shall not eperat: simultaneously with
any other station assigned to that fre-
guency at any lime unless specifically
authorized to do so by the terms of its
license.

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

opcration at the time of sunset at some
point within the TUnited 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 arc licensed ta resume opera-
tion at the time the unl'mited time sta-
tion on the same channel ceases opera-
tian, the licensee of said limited time
station shall file in triplicate with the
Commission a copy of its regular
operating 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 ti
Radio Division of the Department of
Commerce, and return one copy to tie
licensee of the limited 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 aperating schedule may be had only
by compliance with the provisions of
Paragraph (d) of Section 4 with re-
spect to such departures by stations
sharing time

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

Scction 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 of 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
scl:edule of stations sharing time.

Section 8. Vidlations  (a) In all
cases where a licensee is required by
the terms of this order to file any docu-
menit pertaiming 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
af “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 dcparture from suct schedule,
except as herein authorized, shall be
considervd as a violation of a material
term of the licensc¢ and ot this ordc:.

(c) In all cases whero the specific
hours of operation a-: fixed in the
licinse, any deviation or departure
ther=from, except as herein authorized,
shall Lo considered as a violation of a
material term of the license and of tiis
order.

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

4

ACCURACY OF MEASURING
INSTRUMENTS
(Concluded from page 28)

question on account of the possible side-
ways or oscillating motion which is not
a serious abjection on that type of
movement, as the pivot being in the
center of a sphierical magnetic field, all
parts of the deflection coil remain at
cqual radii distances in the field at a’l
times, The principle of balancing the
whole of the movement weight on one
ceutral pivot was retained, with another
pivot added to act as a guide which,
however, would at all times be in con-
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
mavement. 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 bath 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 mavement,
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World Market
for Radio Equipment

FLLECTIVITY is a  pnimary

requisite in radio sets desygned

for use in Europe, according to

Lawrence D. Batson in an
annlysis  of  world  markets  for
vadio cquipment which the Commerce
Depirtment has just veleased.  In the
Uimited States, Me. Batson poinis out,
the  system of chain  broadcasting
wherehy identical programs are broad-
chet by large stations in vanous parts
ol (he country makes this atiribute of
lpsser importance. In Europe, on the
athee hand, there is little or no chain
broadeasting; the large broadcasting
sitions enjoy absolutely clear channels
il the radio fan js able to choose his
vilertainment from a  wide feld of
prorrams coming from many different
conmntries.

More than twenty-four million
yidio  sets, representing a value of
approximately  one-and-a-half  billion
dallars, are in use throughout the
world today, Mry. Batson's report re-
veals. Forty-five per cent of the
world total, or 10,500,000 sets, with a
value  of $676,000,000, are in the

United States. The total investment
in Dbroadcasting stations throughout
the world 1s estimated in the neighbor-
hood of $29,000,000, of which one-half
is represented by stations in this
country.

Socket-power sets acecount for 32
per cent of the total number in use in
North America, for about one-half or
the sets in )iurope, and one-quarter of
those in South Ainerica. Crystal sets
are fewest in North and South Asner-
ica, representing I and 2z per cout re-
spectively, and highest in Russ'a and
Turkey wheye the ratio is avound 2o
per cemnt,

In the majority of countries outside
of the United States and Canada, the
cost of broadcasting is paid by a sys-
teeyr of license fees levied on the radio
scts in wse. These fees range irom as
low as 39 cents in France to as high
as $44 per sct in Turkey. The average
hicense fee, however, runs between $3
and $4. As theve are approximately
11 million rad’n sets in Lurope, i i3
apparent that the mwount paid yearvly
by radio fans in that area is hetween
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forty  and  forty-Aive milllon  dolars.
According to Mr. Batson, there is a
dehnite trend m some foreign coun
trics  owrd  adopting  the American

svslem of o spousored program.  Nos!
foreign counteies, however, prefer to
vetain the license fee system, having

a prejudice against mixing advertising
with radio entertainment,

Referving to ihe type of foreign
broadcasting  programs, the report
shows that a sort ol “universal” pro-
gram lhas buen adopled similar to that
nsed in the United States, consisting
of 1nusic, addresses, and informative
talks. FEven sports nod news cvents
are now put on the aiv hy l[oreign sta-
tions, although not 1o the extent pre-
vailing in this country.

American ragios, according o Mr.
Daison, are genevally regarded as
superior to tae  great majorily of
foreign makes. Y FEuropean minu-
facturing countries, his report shows,
most of the sets in use are of domestic
origin.  After the United States,
Engtand 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 tloday is the
world’s largest exporter of radios and
during the last three 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 more than $23,000,000.

One Hundred Percent Tubes On|y Go to Dealers

A

The protograph here repra-
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 fest all tubes
which do nat mee’ 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 AustiN C. LESCARBOURA
Mem. I.LR.E. Mem. A.l.E.E.

HAT shall we use for talk-
ing points during the 1931
radio season? Last year we
featured tone control, the
year before the screen-grid tube, and
two years ago the foolproof a-c. set.
While trade and industry await the
radio stylist's decision, it may be well
to look around the laboratories and
see just what is available by way of
innovations and refinements.

It is rather doubtful that any radical
innovation will be sprung on the radio
industry, There may be 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 systems 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
one dares upset the apple-cart, although
logical improvements and refinements
are very much in vogue.

New Development in Tube Art

First of all, fet 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 automatically lowering the gain
when  powerful signals are to be
handled, thereby overcoming the present
overloading tending in highly sensitive
circuits.  The tube will also make for
greater selectivity in tuned r-f, circuits,
thereby eliminating the usual pre-
sclector circuits.

Alvcady we have available the high-
gain screen-grid tube, which provides
approximately twice the gain of the
usual -24 type. This tube has met with
immediate favor in midget sets, where
greater  sensitivity is  frequently re-
auired. It is evident that the high-gain
sereen-grid tube witl hecome the stand-
ard type in time, with greater efficiency
for the usual screen-grid set.,

There are several heater types in the
Jahorataries for use on 110 volts d-c.
or a-c., 32 volts d-c. as in the usual
isolated power plant field, and 6 volts
d-c. as in automobile radio work., The
~30 series of 2-volt tubes, introduced
carly last year, is bound to come into
general use, particularly with new bat-
tery sets which will be introduced for
use in homes beyond electric service.

The Pentode Tube

The pentode which has been the
abject of more talk than action, may
conte into use, particularly in midget
sets.  Aside ifvom the r-f. pentode in-
troduced some time ago, there is prom-
ise of an a-i, pentode capable of real
gutput with minimum of equipment and
cost.  Certainly in the struggle to
achieve still lower prices without sacri-
ficing performance standards, the pen-
tode is 2 most attractive proposition to
designers of midget sets,

The coming season will see the con-
tinuation of the hattle between midget
and standard sets. Tt is estimated by
those “in the know” that the midget
sets will total two-thirds of all sets sold,
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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 irom midget sets.
Qf course this may be due in part to
the slashing of prices on standard sets,
Lut 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 technicians are hard at work on
ways and means of trimming costs.
New power packs have been developed
in which the components and costs are
reduced to new levels of economy. The
Loftin-White direct-coupling audio am-
plifier and variations thereof will come
into greater use. Important loudspeaker
developments will tend to enrich the
tone of the diminutive loudspeaker of
the midget.

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

every indication that the
combination phonograph-radio set will
Lo mont popular.  After all, the phono-
ciaph feature does not add greatly to
the cost of the console set and yet has

v preater sales appeal than the plain
vadhio set. The recent introduction of
home recording feature, which is
Laseil on the availability of the phono-
capheridio combination, gives new life
1o the combination set.  The fact that
the home recording feature may be em-
plived 1or recording either home talent,
tirongeh @ microphone, or any desired
vinlin program, makes the combination
Wi ar more attractive than ever before.
1w freely predicted that combination
cle selling from $116 to $149 will be
populae this coming season.  The spe-
il vecords for home recording will
Lo avanlable in a range of sizes, selling
lar as dittle as 20 cents each.

Automobile Radio

In secking a greater volume of busi-
vine so as to compensate for the decline
mosales dollars due to lower priced
mnits, the automobile set looms up as a
trong possibility.  Rumor has it that
it least one company is to have an auto-
mwabile radio set selling for $65 o1 less,
which makes this radio application
lvwsible. A vear ago, an automobile
set sold for better than $roo.
ew design, together with special tubes,
tend to make automobile radio
peactical, while a low list price will
imake it popular.

S another means of increasing the
e figures may be forthcoming in the
tirm of so-called individual radiv sets,
leeently, one manufacturer has intro-
duced o two-tube a-c. set for headphone
aperation, which provides private recep-
tion for any individual, Such a set is

lhere s

[0

will

proving quite popular, since it can be
amployed in the home as a receiver sep-

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

arate from that of the houschold, at
school, in the hotel, for the hospital,
s trips, in the office, and so on. There
is real need for the individual receivers,
now that the radio habit is so firmly
instilled in most of us, It is just a mat
ter of price, and with $235 already at-
tained, the industry is quite likely to
go far below that figure in gaining pub-
lic acceptance for the individual re-
ceiver idea,

There may be a serious attempt made
to build up a line of accessories for the
usual radio set. TIHome recording, re-
niote loudspeakers and home talkies are
logical accessories for which the set
designer may provide the nccessary
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

Home talkies are an immediate possi-
bility, since the development work on the
film-disc type has been completed. While
most of the offerings are designed
around the usual claborate 16 millimeter
film projector, with a suitable flexible-
shaft-driven disc turntable added, some
interesting work has been done in con-
junction with a motor-driven turntable
driving a very much simplified project-
ing mechanism by means of flexible
chafting, or just the reverse of the
usual projector with a turntable acces-
sory. Certainly costs are going to be
greatly reduced in this field, for radio
wanufacturers 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 employed, of
course, for the sound reproducing end.
Sound-on-film home talkies, represent-
ing the ultimate ideal, are still a long
way from realization. Engineers have
found it impractical so far to crowd
satisfactory sound records on the di-
minutive 16-millimeter filni, 400 feet of

which is equivalent to 1000 feet of
standard film.
Last season we had tone control,

There are evidences that the industry
may go further in the matter of tone
coutrol, The writer has recently en-
joved a demonstration of the tone con-
trol method developed by a well-known
radio worker. In a power amplifier in-
cluding this system, 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 such a control board,
thereby fitting the loudspeaker rendi-
tion to room acoustics, selection and
personal tastes, It is quite possible that
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some of the finer offerings will include
a more claborate tone control of this
general nature.

Automatic line voltage regulation is
receiving  considerable  attention  just
now, since o little grief has been en-
comntered in many sections of the coun-
try regarding fluctuating line voltages.
The antomatic line voltage control is
in reality nothing more than a suitable
form of ballast or self-adjusting resist-

New Columaire radio reecelver of
WestInghouse.

ance in the primary circoit of the
power-pack transformer, which serves
to keep the applicd voltage within the
parrow limits specified by set and tube
manufacturers for best results. 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. Meamwhile, this
socket cdoes away with the usual tapped
primary winding, so that the cost is
more than cancelled hy the saving. The
ballast is added to the tube equipment.

The big 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.
Hernce set designers must work to lower
prices, which means no little ingenuity
not only 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 manufacturers.
In the matter of flter condensers, for
example, the industry is going electro-

Iytic. Paper condensers will be spar-
ingly used in the larger capacities,
Compact, standardized, inexpensive

metal cartridges, containing electrolytic
condensers, are now available at one-
fifth the price of paper condensers for
a given capacity. Wire-wound resistors
are beifig replaced by non-wire resis-
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ors frequently mounted in gangs, at a
{raction 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 need be nothing more tnan a
switch that will automatically turn off
the radio set after a given time, so that
the family, Jeaving the radio turned on
for the purpose of being lulled to sleep,
may be sure that the set will be auto-
matically turned ofl. Such time
switches are now available for as little
as $2.50 list, or probably $1 or less in
quantities. 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 entire evening of selected entertain-
ment from different stations may be en-
joyed without touching the tuning con-
teols of the set. This fealure is even

RADIO MANUFACTURERS FROM
ENGLAND VISIT U. S.

HI following prominent British

radio manufacturers arrived in New
York on the Aquitania on Iebruary
25, R. Milward Tlis, chairman of the
Radie Manufacturers Assaciation of
London; T. A. W. Robinson, managing
directar 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

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 houschold 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,

HERE

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

As for cabinets, it may be well for
the industry to get away from the con-
sole cabinet design which is essentially
a radio job. Im 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.
But in these times of economy only one
piece of furniture can be bought, and
whatever radio set serves both junc-
tions may be that much more desirable,
Tt is to be hoped that our radio stylists
will give some thaught 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 possibulity.
Despite what some would have us be-
lieve as to the insignificance of present
television techmique, the fact remains

ST

or twice as great. If we are using 245
tubes, and are interested in the maxi-
mum power output, R is 4000 ohms; if
we are interested in the maximum 1m-
distorted power outpul R is 8oco ohms.

The resistance r is to be very large
compared with R. In other words,
the resistance r and the T.G. consti-
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 deflec-
tion and the current in the couple is
given by d=- kT where k is a con-
stant. The value of k can be 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:

o
P=R
= (IF s
R R
4
2('}?) i d
—— R = kR

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

This means that if the proper values
are chosen the instrument can be used
as a direct reading waltmeler. For

RADIO ENGlNEERINGthmM. 1931

that television is ready for the market
at least in its appeal to the experi-

menter. Already there 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 stores 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 the
regular calculations of the average set
manufacturer, since it will havce no par-
ticulur influence on his business. Tele-
vision will be kept as an entirely sepa-

rate development and merchandising

proposition for a long time to come,
although the more progressive set man-
ufacturers will certainly find it to their
advantage to get in on some of the
television business in the very near
future.

There is plenty to draw upon in pro-
viding our 1931 radio sets with a fresh-
ness and appeal that will coax a tight-
fisted public to invest its money in new
radio equipment, to bc sure.

example, suppose a thermocouple is
usced, which gives full scale deflection
with a current of 2.5 milliamperes
passing through it. Suppose also the
scale is graduated uniformly from
zero to 200. The value of k is then
200/ (25x10-3)" ar 32x10°. Sup-
posc also that R is 4000 ohms and that
it is desired to measure powers up to
20 waltts. Then the value of r required
is

PRk

4 ’

20 %4000 x32 %106
= 200
=113200

In order to be exact, the resistance of
the T.G. itself should be deducted from
this. In the present case it was §50
ohms, which makes the required value
of r equal to 112,650 chms. A read-
ing of 200 on the scale then meant 20
watts; a reading of I00 meamt 10
watts, and so on. Note in Tig. 1o, the
large blocking condenser, required to
keep direct current from the B supply
out of the thermocouple.

S T ST E SN AT L

ANTENNAS

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

rt of Telegraphy'

By R. B. STEELE *

i,

The introduction of carrier rcurrent signaling in modern

service by the large commercial telegraph companies,

brings vacuum tube engineering and communication
engineering closer together

L speak today of the ntany
invenuons brought about by
man’s insatiable desire for
spead, for speed in making
for speed in doing things—for
jidl in getting from one place to an-
Wiy, for speed in collecting and dis-
fiting information.  History tells us
it thiz desire for speed is not new
gl that it is this desive, existing even
fture the days of written records, that
|nmk1ble for telegraphic communi-

']“"'. .

I'hie earliest legends tell us of the dis-
fibation of information by word-of-
first in the form of what we
cin taday rumors and later, when
delinite requirements arose, in the
i of defimte messages conveyed by
(ebiiely appointed messengers. These
desneiirers were st on foot, but later
interests of speed were mounted.
[lie came the day of the written mes-
g0 which could be handed from oone
to another and relays of
svinengrers were used.  But, even a re-
oil message carried in the fastest pos-
I manmer was too slow and some
communication engineer, if we
oy tern him such, conceived the idea
i tonveying messages by means of sig-

By,

L

e grer

AR

Vgsented before the Radio Club of Americo,
| e 10, 1930.
(1. Lhief  ewpineer, Cunodian  Natiowal
Vg pis,

T T

na! 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 build, how-
ever, and the number of signals thu:
could be conveyed by this means was
hmited.  Other schemes were worked
ont in the attempt to ticrease the speed,
flexibility and reliability of these early
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telegraph and  these  schemes
ranged all the way from groups ol chav-

svalems

acters or letters, seb up on high points
where they could be observed fvom a
distance, 1o ligh nale, Qags and pe-
cultir windmills with adjostable armes,

Onc of the carbiest tely o
which we have now a dir en

tative, was flag =izmals in
troduced about the mididle of the seven-
teenth century by the Duke of York
(afterwards James L1 of Fnglancd) whi
was at that time admiral of [onye
lish fleet. This scheme was introduce:d
for the purpose of directing the ma-
noecuvres of the fleet and maodifications
of it arc still tn use in practically all
navics m the world.

Ao svRtem of

the

Chappé's Telegraph

Ove of the niost successfui of the
telcgraph systems of the pre-electrica
era made use of a mechanical device
conceived and built by two French col-

lege boys. The hoys, Claude and Ignace
Chappé were attending a college at

which they lived and studied in different
buildings and where thie rules forbade
commuttication between the reswdents in
these different buildings. As college
bovs do even today, they resented this
restriction and set about finding a way
of getting around the vule. Their ef-
forts resulted in the construction in
1784 of a signaling device consisting of
a horizontal arm mounted on the top of
a pole and equipped with twa movable
arms, one of these hinged to cach end
of the horizoutal arm i such mamer
that the two movable arms could be set
at vacious angles with respect to each
other and to the horizontal arm. With
this device the brothers were able to
make nearly zoo distinct sigrals and by
means of two of these devices, each 50
displayed as to be visible to the other
building, and a pre-arranged code, they
were abic to carry on conversations.
Tlis telegraph system of the Chappé
bruthers was so successful that abow
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1794 the Irench government adopted it
and retained Claude Chappé as chief
telegraph enginecr to set up an exten-
sive system of these semaphore stations.
A modification of this semaphore sig-
naling device is in use along many rail-
way tracks today for conveying a sim-
ple set of signals to the locomotive
drivers.

It is cstimated that signals could be
made at the rate of about 2 Lo § words
per minule using eithier the flag system
of the Duke of York or the semaphore
device of the Chappé brothers, and since
4 cade was 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 era, 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 rclative to
electricily, was made which diverted the
efforts of scivntists from the develop-
ment of mechanical or visval telegraph
systems to telegraph syslems making use
of the force electricity. The first elec-
iric telegraph sysiem 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 wll
note that even at the time the Chappc
brothers were introducing their visual
system, the development work on the
electric telegraph was taking place.

Stephen Gray
The progress of the development of
the electric telegraph Innged upon a
nuber  of  discovenies, In 1729,
Stephen Gray discovered thal the in-
fuence of elecirictly could be conveyed

DR NNETTRHR AR T

Fig. 3. Panels for
carrier system.

[ERN R AN R R R AT A

1o a distant point by means of an in-
sulated wire. Between 1767 and 1800
scientists including Galvani and Voalta
discovered the phenomenon connected
wilh the voltaic pile and constructed this
device for providing a suslained sourcc
of electrical energy. In 1805 Ro-
magnesi discovered that a wire carry-
ing an electric current is capable of
defecting a magnetic needle. In 1320
Schweigger discovered that if a coil
of several turns of wire carrying a cur-
rent is placed around the magnetic
necdle the dvflecting force is increased.
In 1825 Sturgeon discovered that a bar
of soft iron was rendered temporarily
magnetic if surrounded by a coil of wire
through which an electric current was
passing. About 1830 Joseph llenry
worked ouf the design for electromag-
nets suitable for responding to currents
received aver telegraph lines and about
1833 Gauss and Weber discovered thal
they could transmit telegraph signals
over a line waking use of induced cur-
rems produced by the motion of a coil
of wire surrounding a bar magnet.
These are probably the fundamental dis-
coverivs upon which our present electri-
cal communication is based.

At the tiime of Stephen Gray’s discov-
ery, stalic electricity, together with the
means of geunerating it and of detectiig
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Fig. 2. Type B carrice telegraph.

Moadulation and demodulation.

RADIO ENGINEERING

its presence was known. The generat-
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 e¢lectroscope for the indicating
instrument. The proposal was made by
Charles Morrison of Renfrew, Scot-
land, in 1753. Morrison’s scheme nade
use of one line wire for each char-
acter to be transimmtied, 26 wires in all,
the transmitting operator eclectrifying
the wire associated wilh a particular
character and the receiving operiator
knowing the character being sent by the
response of a parbculacr electroscope.
It is estimated that messages could be
transmitted aver this systemn al the rate
of about 6 words per minute, which is
a speed ol about z/10 words per minute
per wire.

Morrison’s scheme was followed by a
series of similar schemes proposed by
other scientists. These scuemes made
use eithcr of the electrophorus and the
electroscope, or, late:, when the devices
became ava:lable, of the voltaic pile and
the galvanoscope or galvanomerer and
still later of the dynamo electric ma-
chine and the eleclromagnet. Many of
these schemes were quite interesting and
some of them involved rather novel
teatures. Time will not permit of a
complete description, but I will point
out the important features of some of
these proposed schemes.

Renalds' Dial Telegraph

In 1816, Ronalds proposed a scheme
making use of a dial al each ol the two
stations, the dials rotating in synchron-
ism and exposing to view, one at a time,
a list of charvacters 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 to the rate of about
5 words a minute, which however, was
over one line wire. This was the frst
schieme proposed 1aking use of he
synchronous operafion of umts at the
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L siations,  In 1820, Ampere pro-
fonedl osystem quite sinnlar to that of
Morrson's, requiving one wire for each
i of the alphabet, bot making use
i the then available voltaic pile and the
wlvanoscope.  The notable featuve of
scheme was the use of a
tsnnmitting keyboard, consisting of a
winber of keys, one [or each character
i b transmitted, arvanged in the same
cainer as the keys on a piano.  Because
i the keyboard and the faster operat-
tar equipment used, Ampere was able to
teiter Morrison's speed and to handle
10 words per wminute over his
However, since Ampere used
it af wires, the speed of transmission
wnonly about 4/10 words per minute
\\"‘II'C,
I 1832, Schilling proposed a tcle
i iph seheme which with modifications
improvements is still in vse today.
thiling’s scheme made use of the vol-
et pile and the galvanoscope. A sin
yle line wire was proposed and was
ppped with a single galvanoscope at
e receiving end.  Signals were han-
ol iy means of a code and the novel
tonture of Schilling’s system is that it
use of current reversals, the cur-
ceal Howing fivst in one (Inect.(m and
dion in the other over the line wire to
i the signals,  With the codes then
syntlable it is doubtiul whether mes-
wres were handled over Schilling’s sys-
st speeds greater than about 1o
per minute, but this was over
line wire and was, therefore, quite
Yorward. Such polarized signals
e employed i most of our present-day
Hiich speed telegraph systems. Inm 1331,
Hlonry was able to construct some elec-
croingnets, based on Sturgeon’s discov-
2y ol a few years previous, and to him
tidonbtledly belongs the credit for set-
tois np the first system making use of
i clectro magnetic veceiving  device.
lenry's telegraph receiver looked much
like n present-day single acting bell and
lierally rang out the signals when con-
ivicted to the end of a relatively long
Inhoratory line.
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Morse's Invention

Ja 1837, Movrse palented a form of
self-recording, clectromagnetic  tele
graph and because of the publicity his
invention received he became known as
the “Father” of the telegraph. Morse’s
orviginal transmitter cousisted of a set
of blocks bearing various numbers of
projections on one surface and a_con-
tact making device through which the
blocks were passed to open and close
the circuit. His oviginal vecording re-
cewer consisted of a pendulum, bearing
a pen at the lower end, and so sus-
pended with relation to an electromag-
net that when the magnet was energized
the pendulum moved. A sirip of paper
was passed under the pen by means of
a clockwork mechanism and the strokes
of the pen recorded the signals on the
paper as the pendulum moved. Morse
proposed the use of a numbered vocabu-
lary in connection with his instruments
to serve in nterpreting the signals re-
corded on the tape.

To assist with the work ot patenfing
Lis inventron, Morse entered into an
agreement with Alfred Vail and two
othesrs 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 refements in
design,  Vail was also responsible for
the improved code known as the Ameri-
can Morse code. With this code and
the telegraph syvstem set up by Morse
and Vail, it is probable that good op-
erators could handle messages at the
vate of 20 to 23 words per minute using
a single line wire. Suhsequent improve-
ments have icreased this speed to ap-
proximately 335 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 different code was used with
it, the Continental code, 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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a line ¢ncuit, Morse dis-
covercd that satisfactory transmission
contd be obtained only over lines of
hited Jength and that i a longer civ-
coit was to be worked some means of
repeating signals Irom section of
the line 1o another had (o he devised.
Such a vepeater, tinday Known as the
single ling repeater, was fivat used by
Morse in 3838 Thiz was a crude
vice and vequived the attention of an
operator whose duty il was 1o throw
a switch which reversed the divection
of the repeater und permitivd the re-
ceiving operator to 1alk back to the
sending  operator.  Thix mechanical
switch was not eliminated wuntil about
1855 when a scheme of relays was
worked out, which permitted transmis-
sion of telegraph signals in either diree-
tion through one of these yepenters,
This repeater is important main!y le
cause it eliminates the manval relaying
of messages at the end of each section
of line. Manua! relaying senously de-
lays the transmission of a message,
multiplying the time required {ur the
initial transmission by the number of
line sections, or, to provide a concrete
example, efiectively reducing the rate
of transmission from 25 to 8 words per
minute on a message handled at two
relay points.

MISSION over
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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 solution ol the problem of
lransmiting two messages simultane-
ously, one in each direction, was attemp-
ted by Dr. Wm. Gntl, of Vienna, in
1853, and later by several others. None
of the methods proposed 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
arrive at the correct solution, in 1871,
The balancing scheine used by Stearns
to take care of the line capacity is
still used today on land line telegrapn
circuits,  The duplex set effectively
doubles the speed of transmission of a
circuit since it permits the simul-
taneous transmission of two messages.
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The Quadruplex

Next the problem of sending two
messages in eacit divection wias worked
out. This involves the simultancous
transmtssion of  two messages in the
same divection,  Dr. Gint! also tackted
this problem, in 1853, but awithout
marked The first successful
method was worked out by Edison in
1874 and his method, with some modifi-
cations, is still used.  Jo 1876, Gerrit
Smith of the Western Union Telegraph
Company invented a systenn and his
scheme hecame known as the Western
Union standard quadruplex.  The quad-
ruplex cfiectively multiplies the trans-
mission speed over the line by four
stnee it permits the simultaneous trans-
mission ol four messages, two in each
direction.

Quadruplex systems, however, have
laults and are noted for their erratic
action in times of bad eather.
This fact, together with an urge for
still greater speed of handling messages
aver the telegraph lines led experimen-
ters to work along the lines proposed
by Moses G. Farmer, of Salem,
Mass., in 1832, IFarmer’s scheme made
use  of a  commutator arrangement
which connected the Jine circuit suc-
cessively to a number of local circuits
and later became kuown as a multiplex.
A similar and much improved scheme
was proposed by P. B. Delany, in
America, about 1838. Delany’s schere,
making use of brushes rotating syn-
chronously over the faces of conumu-
tators at eachi of the two euds of the
line, permitted as many as siX operalors
to transmit imessages simultancously in
each direction. If each of these opera-
tors worked at a speud of 30 words per
nunute the system wis cipable of trans-
mitting 180 words per minute in each
divection, or a fotal of 360 words per
minute over a sivgle wire. To attai
this  speed, however, 24 operialors
experienced in the Morse code were
requived, 6 sending and 0 receiving at
each end of the circuit.

SUCCEeNS,

Printing Telegraphs
Somelime uiter Morse patented Lis
telegraph, a different type of telegraph
system was brought out which per-

ey )
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Fig. 7. Volce frequeacy 1elegraph

systern.

mitted an operator to type \he message
on a keyboard and provided for the
reception of the message at the other
end hy actually printing or typing it
out on a tape or a sheet of paper.
These systems were known as print-
ing telegraph systems because of the
particular method of recording the
messagee at the receiving end of the cir-
cuit. The first of these printing tele-
graphs was patented in 186 by Royal
L. House of Vermont. This system
was first introduced comnmercially be-
tween New York and Philadelphia in
March 1849, and could handle messages
at the rate of about 43 words per
minute  This speed was obtained over
a single line wire, but transmission was
effected in only one direction. A num-
ber of other prinung telegraphs were
brought forth, all similar to that of
Housz, but in 1875 Phelps introduced
an innovalion i printing telegraph
scheries which consisted of the inclu-
sion of an electric motor in the printer
itself to operate printing mechatism.
This electric motor replaced clockwark
mechanisms of earlier models aud our
most modern present-day printing tele-
graphs make use of a similar electric
motor for the operation of the printer
mechanism.

Multiplex Telegraphs

In 1900 a Irenchman, Baudot,
brought out what was termed a multi-
plex printing telegraph system. Bau-
dot's suicme made use of the prinling
elegraph, of the multiplex proposed by
1armer and of the duplex, thereby per-
mitting the simultaneous operation of

Fi
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six printers in each direction over a
commen line wire. The printer itself
differed little from oth.r models, but
the keyboard was a simple aflair mak-
ing use of only a few keys and requir-
ing the knowledge of a code on the
part of the transmitiing operator, The
printers wese capable of operating at a
speed of 30 words per minute and at
this spe€d a 1otal of 360 words per
minute could be handled over this sys-
tem. The Baudot system was little

improvemrent over the Delany system

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

Baudot’s system was really the fore-
runner of our present-day high speed
multiplex telegraph systems, which
llowever, as used in the plant of the
Canadian National Telegraphs makes
use of 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
Morkrum printers, 4 working in
each direction. The Morkrum printer
is one of the more modern of the
printing telegraphs. Approximately so
words per minute can he handled over
cach printer circuit and tlis provides
a transmyssion speed of 200 words per
minute in each direclion or 400 words
pev minule for the system and does not
require operators trained in the Morse
or Baudot code.

Carrier Current Telegraphs

We have discussed the various
rlevelopment phases of he electromag-
netc lelegrapli and have endeavored
to describe some of tre modern, high
speed forms of the wlegraph, The
telegraph equipment so far described is
known as direct-current equipment be-
cause of the fact that it wnakes use of
direct-current line signals. In addition
to the hand speed Morse circoits and
the high speed printer aud multiplex
circuits, we have in the plant of the
Canadian National Telegraphs several
types of carrvier telegraph systems.

The carrier telegraph system js a re-
sult of discoveries made about 1886 hy
Elisha Gray, Bell, Edison and others.
A sihmple experiment in physics consists
of the setting up of three tuning-forks
a short distance apart on a table or
bench. Two of these tuning-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
from fork A. Tork C Dbeing of a
different frequency renains in a non-

MARCH, )

thraling ¢
Huriionic L
I.'l g ||)'| »

fathatic
W Tie ln y
1) Yalain
covh
el ¢
U A B |
| -.'f-||\:v] 1)
LA LRSS -v1
bianiainttiedd
sl el

iy ¢
e
YD 0 I
v hitinly
prtieilnge «
L s
bk al the
s g
il pone

Hit

i Ll
gnanling w

Aot
SRV
hie ‘ruh‘|

| i,

e thine

l I,"‘l [
" Hunto!
AN e
il ipdducet
ot i(!
Lhasisnithin
i CI
Falmittin

plakiogn 0}

ol fre
e At th
L |||||lli
b chimng
pelying «
In 18Oy
il thie A
i vpfl Lo
ok whis
wisde by «
It o e
||w'¢|,1l ci
peeimen
Pwoeit Chis
I'WwWo  venl
.hnm‘n'i}l
plreed
wisn, Distwe
Mupjor
Pipdiee]l St
' I|V||1I L)
CUTYRILS,
||1v\‘lb‘llt'il
ey lavg
| iH”y '
..1.Il\'1'|'\'
Mg

‘It:t‘n-'lq'z.
e Amer
Lngipany

ab o dovel




GINEERING
I\

«ction over a
printer itself \
models, but
e affair mak-
s and requir-
code on the
perator. The
perating ar a
linute and at
0 words per
Jver this sys-
m was little
lelany system
s having the
ctive  codes.
ally the fore-
y high speed
tems, which
plant of the
rraphs makes
nt equipment.

1y be said to

:x introduced

| consists of
plex circuit
th 8 start-stop
working in
rkrum printer
odern of the
roximately 50
handled over
this provides

00 words per
or 400 words
and does not
in the Morse

legraphs

the various
e clectromag-
e endeavored
modern, high
egraph.  The
r described is
equipment be-
makes use of

In addition

and multiplex
plant of the
raphs several
| systems,

ystem is a re-
about 1886 by
n and others.
hysics consists
> tuning-forks
n a talt.e or
ing-forks are
me frequency.
<s A and B.
>, 1s of scree
1 harmonic ot
and B. Now
vibrate, in a
1 of its own
1 response fo
rough the air
> being of a
ing in a non-

» circuits and ﬁ

MARCH, 1931

vibding condition,  Gray used in his
limmonde  telegraph, the first carrier
(uleguaph  system, this  principle of
aymputhetic vibration of tuned reeds
ol furks, At the transmitting end of
hia system he set up three vibrating
finha cuch equipped with a contact to
upen nd close a circuit carrying an
alosle current,  Electric currents in-
tanpted  at the three different fre-
wineles  of  these tuning-forks were
lonnaitted over the line to the receiv-
ihg end where the signal impulses were
windle to operate on similar tuning-forks
o funed reeds through electro magnets.
(hylounly the receiving fork in any
part tenlar channel would respond only
e hmpulses from its particalar sending
fonle nt the distant end and telegraph
stghnls impressed on the carrier cur-
vends  penerated by the tuning-forks
contlll thus be transmitted over a line
il Tuned reeds were used at the
tecelving end in place of tuning-forks
Jwcwise of the more rapid response of
i geeds,  Joven with the reeds, how-
vved, this system was sluggish and
siynnling was at a low rate of speed.

Alunit 1892 several investigators,
ypin, Mutin and Leblane, and John
Yme Independently invented about the
s thime  the electrical method of
selmvcllon of carrier frequencies. These
Wvealigntors  conceived the idea of
salig tuned cirenits, including capacity
sl Ihndictance, providing two  tuned
thenile for each channel, one at the
tansiitting end and one at the re-
celviug end,  The tuned eircuit at the
wiiantitting end prevented the trans-
wihaslon of all frequencies, except the
vhimnuel frequency, to the line and the
v at the receiving end prevented
the yeception of all frequencies, except
the chinnel frequency by the channel
Vecelving circuit.

[0 1804, John Stone, at.that time
with the American Telephone and Tele-
ginph Company, started development
witk  which, with later contributions
wile by others, resulted in the instal-
Jatlon In 1917 of a four channel experi-
tonil carrier telegraph system. This
waporimental system was operated be-
tween Chicago, 11l., and Maumee, Ohio.
I'wo years later, in 1919, the first
vatimercial  carrier telegraph system
wits pliced in service, a 10 channel sys-
1, between Pittsburgh and Chicago.

Mujor General G. O. Squier, of the
Uolted States Signal Cotps, in 1910,
catrled on experiments with carrier
virents,  Using high frequencies or
hwequencies in the radio range and
nsjug largely radio equipment he suc-
vessfully operated carrier systems over
tnlutlvely short telephone lines.

Slnce the installation of the first
commercial carrier telegraph system by
the American Telephone and Telegraph
Campany in 1919 a considerable amount
uf development work has been done

with the result that today there are
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 1o channel sys-
tem makes use of alternating currents
of frequencies ranging from 3,000 to
10,000 cycles and provides Io 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 require for
their successful transinission specially
constructed line circuits. The require-
ments in connection with line facilities
for use with carrier telegraph systems
become more severe as mgher carrier
frequencies are used. The line require-
ments of the 1o channel system, there-
fore, are much more severe because of
the high frequencies used than are the
line requirements of the 12 channef sys-
tem and for this renson we can afford
to use the twe line circuit to obtain
the equivalent of 6 two-way channels
per line pair with the lower frequency
carrier currents.

The Canadian National “elegraphs
1s now installing and expects to place
into operation shortly a third type of
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carrier telegraph system using still
higher carrier {requencies than does
the 10 channel system and this system
is expected to provide 24 two-way tele-
graph channels on one pair of line
wires.

Combined Telegraph and Telephone

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
sane pair of line wires that is used to
handle the carrier currents of the 10
chamel 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 channel system, a tele-
phone circuit cannot be operated over
the same line wires, but one direct-cur-
rent telegraph circuit can be 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-
vide a transmission circuit for tele-
graph signals equivalent to that pro-
vided by a high grade copper wire
circuit.  Jach one of the telegraph
chanmels  is, therefore, capable of

handling the signals of one of the high
speed automatic telegraph systems and
working today four-channel

we o are
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multiplexes operating at overall speeds
of 400 words per minute on many of
the carrier (clegraph channels. Now,
if we cquip cach of the two line wires
of a pair with a {four-channcl multi-
plex, (e total signal speed obtainable
over the paiv would be 800 words per
minute.  On the other hand, if wc equip
thts paiv with a 10 channe! carrier sys-
tent we can operate the line wires
themselves lo obtain a transmission
rule of 120 words per minute and by
operating a four-channel multiplex on
cach carrier channel we can obtain a
total of 4,000 words per minule over
the carrier system, which makes a total
of 4,120 words per nunute tor the pair
of line wires or 2,000 words per minute
per wire This appears to me to he
quite an appreciable increase in trans-
mission speed over the five words per
minule possible with the fiag signals or
the Chappé semaphore described in the
first part of this paper. The use of the
24 channel carrier telegraph system
will provide an even greater speed. No
one knows when we \ill cease our
endeavour to obtain still higher speeds
ol communication, hut you may rest
assured that we have by no means
reached the lhuit, and the near fulure
will see further improvements in tele-
graph service making for still greater
speed in handling messages.

These amazing increases i the speed
of handling telegraph messages, brought
about by the mnse of the carrier tele-
graph, may make one wonder, perhaps,
as to just what this carrier telegrapl is,
We have already indicated in describing
the experiments oi Elisha Gray, the
general idea upon which the carrier
system is based,

The 10 channel carrier telegraph
system referred to previously is known
as the Type B, oi high frequency,
carrier telegraph system. It cansists
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 two-way channels

twenty different carrier {requencies are
provided. The use of twenty fre-
quencies is negessary in order to per-
mit of the separation by means of
tuved circuits of the frequencies used
by the 2 one-way carrier circuits mak-
ing up a single carrier channel. The
clements of one terminal of a single
carrier chanuel 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, comains a
telegraph key and a sounder, and the
other, the receiving loap, contains only
a sounder, We nole that when the
subscriber operates the telegraph key
in his sending loop a relay connected
in the loop is actuated by the loop
signals. The contacts 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 channel
supplies carrier cwrent through a gain
control device to this same amplifier
tube. The operabion of the modulating
circuit serves to open and close what
i1s in effect a short circuit across the
input of the amplifier and in so doing
either permits carrier curreut to flow
through the amplifier to the line circuit
or reducces the carrier current reaching
the line circuit thraugh the amphiicr
approximately to zero. The modulating
device, following the signals made with
the telegraph key by 1he subscriber,
transmits to the line long and shorl
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 Jine
transformer to the hnme. The other
nine transmitting circuits of a terminal
are comnected in paralle]l with this
transmitting civcu't to the sending
winding of the line transforn:.cr,
Carrier currents being received from
the distant end pass from the line
through the line transformer 10 the 10

HU SR

Fig. 9. Telegraph
switchbeard in
Montreal office,
Canadian Natlonal
Telegraphs.
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receiving circurts of the terminal con-
nected in parallel with each other.
Flach receiving circuit is provided.ith
a tuned circuit which permits of the
passage through its networks of the
cuvrier [requency to winch it is tuned,
but offurs resistance ta the passage
through its networks of carrier currents
of all other channcl frequencies. The
receiving \uned circuit functions, there-
fore, to selrct the carrier current of a
particular channel, This channel car-
rier current, having been separated
from the nine other channel carrier
currents on the line, passes through a
two slage vacuum tube amplifier pro-
vided with a gain control. Trom the
amphfict the incoming carrier signals
are passed to 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 rectified carrier signals are ol a
Jow current value, a value of the order
of 5 millhamperes, and this small cur-
rent 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 the receiving loop is of the
order of 60 milliamperes.

A carrier telegraph channel provided
with \wo loops as shown m Fig. 1 is
known as a full duplex channel and
permits of the simultaneous transmis-
sion of a message in each direction.
Means are provided in the direct-cur-
rent telegraph circuits of each carrier
panel for so conuecting the sending
and receiving relays together, that the
recejving loop ta the subscriber’s office
may be dispensed with and signals both
transimitted and received over one loop.
Such a circull arrangement provides a
half Jduplex chanuel and provides for
the ‘ransmrission of only one 'message
or far the transmission in only one
direction at a time, Certain classes of
telegraph service make such a connec-
Lou desirai’e.

Modulation and Demodulation

We have discussed briefly the opera-
tion involved in modulation and de-
modulation in a carrier telegraph
channel. Reference to 1g. 2 will per-
haps make this explanation somewhat
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
output of the oscillator and shows the
carrier current, modulated by the direct-
current sending loop signals, as trans-
mitted to the line.

Similar modulated carrier signals
arrive with usually smail chauges in
the envelope at the receiving terminal
and are selected by means of a particu-
lar receiving tuned circuit, amplified to
a value governed by the gain control
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evles wiel npplied to the grid of the
paciilor tube,  IMig. 2 shows the pulsat-
g eurrent derived from the rectifier
wid shows the rectified current signals
yenchilng the sensitive receiving relay
wler  pussing through an elementary
M connected between the rectifier
wiil the velny. The figure also shows
the algnuls repeated into the receiving
hiop.  You will note, by comparison,
that the signals made in the sending
hp nppenr to be received without
vhnge I the receiving loop at the dis-
st end of the circuit.  Unfortunately
thie I8 0 very rare occurrence owing
i the €act that the wave shape of the
vt current signals is affected by the
Induetinmee of relays and other pieces
il equipment connected into either ot
the loops and owing to the fact that the
wivelape of the modulated carrier signal
widetgoes changes in its transmission
ivey Mhe line  circuit due to the
hacteristies of the line and to the
goamice of various filter networks in
i line circuit.  An accelerating or
ldas vurrecting device is, however, pro-
vided In each receiving circuit of the
vlionel which, functioning in conjunc-
Hote with (he rectified current signals,
winds 1o counter-balance somewnat the
wiloct ol the. sending loop and the line
chinlt on the signals.

[lgure 3 shows operating panels in-
atullm) ul Montreal.

Filter Networks

\s Indicated, other services besides
a vmrier telegraph system can be
ppernted  over the same pair of line
wihiea  T'his s so, providing the vari-
ui typies of service lie in different
ties i the  frequency  spectrum,
When suclt is the case these various
seivilees can be separated at terminals
aiil al repeater points by the use of
fifier networks.  If, for mstance, we
a Lo operate two direct-current tele-
goupl circuits, one on each line wire,
al the same time that we are operating
the caivier, a composite set is required
al ¢ucli point where it becomes neces-
suly lo scparate the line currents of
the two kinds of telegraph. The
vomiposite set is shown in Fig. 4. In
il figure, we have endeavoured to
alinw graphically the manner in which
the two kinds of signals are separated,
the  direct-current  signals  passing
tirongh one branch, the low-pass side
al the composite set, and the higher
liequency or alternating-current signals
pusaliyg  through the other branch or
liglipass  side of the coimposite.
Mimllarly, if on the same line with the
vatrier and the d.-c. telegraph we are
fo opernte a voice telephone circuit,
the voice currents are separated from
the enrrier currents by means of what
sy be termed high frequency com-

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

Line Circuits

As indicated, carrier telegraph sys-
tems require somewhat special line
circuits, The every-day d-c. telegraph
circuit makes use of a single line wire
and uses the ground for a return path.
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. [t 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 interchange 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 one 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 interf{er-
ing currents picked up along any one
section or sections tend to neutralize
themselves so far as the terininal equip-
ment of the circuit is concuerned. The
higher the frequencies used by a carrier
system, the more frequently must these
transpositions be made to secure satis-
factory operation and freedom from
cross-talk  and  forvign  interfering
currents.

Because 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 carrier transmission
can be effected between two terminals
is limited, unless we insfall some inter-
mediate means of amplifying or rein-
forcing the line currents, in 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
Sy the use of such amplifiers we are
able to operate a system with the termi-
nals approximately r,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 Canadjan
National Telegraphs.

Fig. 10.

Terminal equlpment for
five two-way telegraph channels.

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 one 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 termi-
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. I 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 mecans of separating the
carrier currents traveling in the two
directions must be devised. Filters 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 amplified. You will note that an
equalizer is included ahead of each
carrier amplif¢r in this figure. This
is neccessary because of the fact that
while the f{requency characteristic of
the amplifier is practically flat the fre-
quency characteristic of a section of
line is not, and the equalizers are in-
stalled in an attempt to provide an
equal transmission equivalent from
terminal to terminal on a carrier tele-
graph system for zll the carrier fre-
quencics of either frequency group.

Vaice Frequency Carrier Telegraph

In addition to the ten channel carrier
telegraph system making usc of a pair
of line wires | have mentioned a 712
channel carrier telegraph system mak-
ing use of a diffcrent portion of the
frequency spectrum and.requiring for
its operation two pairs of line wires.
This particular system was really
designed for operation over lang cahle
circuits where a quad or group of four
wires 1s avatlable for each telephone
or carrier telegraph circuit. Because of
the f{requency characteristic of cables
which does not permit of the transmis-
sion of high frequencies unless loading
is resorted to, the frequencies of this
svstem were kept as low as possible and
are, therefore, in the voice range. Tle-
cause a guad, or group ot four wires,
was available which would provide two
distinct transnussion circuits, one ta be
used 1n each direction, it was 1ot neces-

SYNCHRONIZATION OF BROAD-
CASTING NEAR REALIZATION

HE Federal Radio Commission’s ap-

proval of the plan evolved by the
National Broadcasting Company,
WTIC, ITartford, and WBAL, Balti-
more, for synchronizing transnutters
on the same wavelength was the signal
to hegin imimediate construction of the
necessary apparatus, according to C. W.
Harn, general cngineer for NBC.

“We hope to have synchronization on
an opcrating basis within a few
months,” Mr. llorn announces. “Our
experimental tests have proved defin-
itely that the operation of two or
more. broadcast transniitters an a single
wavelength is Dbeyond the laboratory
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
systern, 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 open 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 \vire lines and the 24 channel
system to which I 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-
grapl 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-
ment of each channel is assembled as
a channe! unit although, unless the
channel is being operated as a half
dupiex 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 Agure hold the
equipment for the high frequency car-
rier channmels onio which the two 12
channel systems are modulated. The
next three bays hold the batlery 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

P

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

According to the terms of the peti-
tion approved hy the Commission,
WTIC and WBAL will synchranize an
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 that the stations when
operating in synchronism, will use a
single broadcast channel

The 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-

RADIO ENGINEERING

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

Because of the fact that the voice
frequency carrier telegraph system
makes use of carrier frequencies in the
voice range a telephone channel cannat
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

purposes.

telegraph

The description given and the figures

shown thus {ar cover the carrier cur-
rent and line equipment only. Power
obtained from storage batteries is used
Lo operate the carrier current equip-
ment. In addition to the power, the
operation af the carvier current and
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
ofhice 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 another carrier current tele-
graph system recently installed in the
plant of the Canadian National Tele-
graphs. 1t provides 5 two-way channels,
uses frequencies in the range 5,400 to
12,800 cycles and can be used on cir-
cuits up to 450 miles in length. It is
intended for short haul use on routes
nat requiring the facilities supplied by
a 10 channel carrier systemn.

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

A

BOOK REVIEW
PRACTICAL RADIO REPAIRING

HINTS. By John F. Rider. Pub-

lished by Radio Treatisc Campany,

fuc.,, New York. 260 pagcs.

In this new book Mr. Rider has as-
sembled a large amount aof radio cireuit
information of real value to service-
inen,
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Recording

By A. C. LESCARBOURA
Mem. LRE. Mem. A.LEE,

UM recording,  with  home
hroadeasting as a side line, will
b widely featured in the 1931
radio merchandising  activities.

o baltan feature and as an acces-
dv b will bulk large in the conung

T [t is a natural evolution.
L amoneering has been  fully con-
[t is a divect challenge to the
chcihiee anvasion of the midget set into

Coules, dince it provides so much more
Hctnanment as to make the saving of
i tunmer hardly worth while,

Lhe lwo great criticisms heretofore
“awnhodl agndnst yadio are thrown into
s diveard by home recording. It has
v dlimed  that, unlike the phono-
coaphy radio has not been selective in
110 anne oy choosing definite programs.
Cone e might choose between stations,
tis e choice was velatively limited in
with that afforded by a fine
cooond dibrary. And it bas likewise
oen said that, onlike the piano or
i, radio has afforded its owner no

oonor satisfaction of self-expression
¢ creation in the program enjoyed,
dhich has always been an important
inotin home entectainment.
recording, of course, pre-
wppees the inclusion of a modern elec-

ales.

1|

YAl

[NETITE

to tyvpe phonograph, preferably as a
Lo feature of the radio set.  And
thiv e reasonable, fov the trend is more
aisl more  towards combination  sets

pecidly in meeting the competition of
miidget radio sets. Home record-
therefore, by insisting on  the
plomopraph feature, makes possible the
vopotitive enjoyment not only of uswual
socords, it also of fne radio programs
wlioeh liave been recorded by the set
weeli, Also, bome recording makes
jennible the recording of the voice,
atiainments, group singing,

star,

el

dralogue or any other accomplishments
of the family circle, serving much the
same “remembrance” function as the
family kodalc albuam.

Making Records in the Home

The home-recording feanne is based
on the simple principle ol reversing the
operation of the vsual clectramagnetic
pickup. TInstead ol driving the pickop
by the action of a stylus or necdle Tol-
lowing the contoctions of the record
groove, therehby gencrating the modu-
lated curvent that cventually drives the

A

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

loudspeaker and reproduces yecorded
sounds, in home recording the ecleetro-
magnetic pickup s fed amplified sound
values either picked up by a microphone

or by the radio recciver itself. Under
the infiuence of the powerful input
current, the electromagnetic pickup

actuates a blunt point chromium plated
recording needle which engraves the
latent sound values w a special record.
The metal records are pre-grooved. so
that the cutting stylus follows the spiral
groove and simply engraves the sides
for the latent sounds.
Several radio sets

have alceady

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

; recording
equupment, using mechanical feed for
fracking stylos,

Accessory \ype of home

appeared on the market with home
recording as an integral feature, Inas-
much as such sets are offered for less
than $3co list, it becomes evident fhit
this feature s not going to place com-
plete vadio-phonograph combinations i
a prohibitive price class.  The home
vecorder may be sct cither for the
recording of hame tulent ov for radio
programs. I the former instance. the
hand microphone is connected in cir-
cuit, a blank recovd placed on the fam-
table with cuiting stylos held just over
the begioming o) the proove, alter
which the turntable 15 started. “1he
pickup is woighted down with a special
weight used only while recording.
When proper turntable speed is attained,
the stylus is lowered to the starting
point on the record. The sounds to be
recorded are then divected into the
microphone until the end of the record
is reached.

For recording broadcast programs,
the desived program is funed in ‘o
utmost clarity and the greatest possible
undistorted volume, A blank rccovd is
placed on the turntable, and the turn-
table started. When it attains a steady
speed, the pickup with special recording
needle is lowered to the beginning of
the record groove. The proper switch
1s operated <o as to transfer the receiver
aatput  from  the nomnal Joudspeaker
function to the vrecording cireuit,
although the program may usually be
lieard faintly during the recording.
Thus tlic radio program is recorded.

Home Made Records Universal

The home recordings may be played
on any phonograph, eitlier electrical or
nizchanical, in the usual manner, except
that a special fibre needle is employed
m place of the ordinavy phonograph

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

HE R. M. A. Board of
Directars and Show Com-
inittee have concluded ar-
rangements with the Ste-
vens Hotel, Chicago, for the 1931 R.
M. A. Convention and Trade Show.

Plans and arrangements include the
following items:

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

(2) LExhibiting members are required
to show current radio merchandise or
he denied the privilege of having either
a hooth in the ¢xhibition halls or demon-
stration rooms.

Radio products anly may be displayed
i the exhibition halls.

Lo xhibiting members are permitted to
exhibit radio products and products of
their own manufacture other than radio
products 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) ELxhibition space for the Trade
Show will include the Stevens Ilotel
exhibition hall and in addition, the en-
tire Grand ball room. Thesc 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.

(5) If cighty per cent or morc 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, it is
the intention of the Association to re-
bate proportionately to exhibitors the
charge for space.

(6) The R. M. A. discourages lavish
rlecoration in exlubition hall hooths be-
cause these cause additional e¢xpense
and competition which is distateful to
many exhibitors.

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

A Radio Show That Deserves And Will

Have Country-Wide Support

(8) Individual telephone booths will
be provided by the convention and ex-
hibit department of the Stevens Hotel
upon an order with advance payment
of $10.00 attached. AIfl 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 placed in advance.

(10) Assignment of demonstration
vooms in the Stevens Hotel, will be
made by the show management, For
the convenience of exhibitors and the
trade it is desired that exhibitars 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. will
not make reservations or arrangements
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
boath 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. TFailure on the part of
any member who is exhibiting in the
Trade Show tao be represented at these
two closed mectings, through either the
delegate or alternate will result in for-
feiture of $5000 deposit (paid with
show space application) to the Associa-
tion. No one will be admitted to the
ahove 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 committee is planning upon
an attendance of 25,000 persons during
the week.

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

Entertainment

Although busincss  rather
than ballyhoo is the keynote
of the Annual Convention and
Trade Show of the Radio Manuiac-
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 prominent 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 acssions of the
association and other radio meetings
and plans being made for the proper
reception of the industry throng.

For the radia 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 instecad of the usual
formal banquet of the Radio Manufac-
turers Association.

Advertising Managers Group

For discussion and actien on radio
advertising problems, the advcrtising
interests of the RMA will be organized.
The farmalion of an advertising group
in the RMA, similar to the group
ovganization of recetving 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. Tllison
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 RBrunet,
sales manager af RCA Radiotron Com-
pany of IJarrison, N. J, were eclected
to the RMA Joard to fll 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 aof
E. T. Cunninghan, Inc.
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Experimenter

Hy C, BRADNER BROWN

M wlitus of amateur television at

the present time is much the same
i that of amateur radio 20 years
ago, It is difficult to obtain
appadnlia it a reasonable price, and for
thix vennon, the experimenter is gene-
tally Toeeed to reconstruct material on
hattd  “I'Mx paper presents some of the
within's experiences and offers a few
helptol hiuts to the prospective experi-
ikl

e being secured’
s sessions of the
radio w.cetings
for the proper:
ry throng. \
of June 8th al
iter and his com-i
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1 informal stag Ve fivat picce of apparatus necessary

vaudeville talenth P # lulevivion set is a powerful short-
ad of the uswall “avv veceiving set. The usual short-
Radio Manufac. vt el must be revamped for use as
a helpvislon receiver as regeneration is
e wd the prime features in a short-
sgers Group wavie feeciver.  Regeneration in the

teceptinn of television signals causes
dieatbon iaxt for this reason the
o tieralion equipment should be re-
mevsr or e switch installed to uncouple
it when wsed for television. An excel-
lenl sel iay be had by combining an

action on radia

the advertising:
will be organized
advertising group
r to the group
ing set, tube and
for the considera:

yegulation sereen-grid detector feeding
roblems, was a“"-‘j Wb i pesistance-coupled audio stage.

. board of direc-]
The Amplifier

is Metealf of the
Il next piece of apparatus to con-

chairman of thti
shuel In nn amplifier, At least three
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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 bored 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 disc,
The driving motor used 1w these
experiments is a small 1/50 h.p. sertes-
universal, It is driven from the alter-
nating-current mains using a Ioo-watt
lamp in series with the motor. A zoo-
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 simple expedient of mounting

widinieel, neveen-grid amplifier with the *

L SCANNING DISC
FLYWHEEL

UL | TS

MOTOR

COMPRESSION
SPRING

Filg. 1. Disc drlve.

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
energy to correct for changes in the
armature speed. A weight of about §
pounds gives the best results.

It must be kept in mind that before
any experiments can be carried 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 obtain good results from
medioere equipment when the sending
station is within 20 miles, It is a
different matter, however, when the
receiver is located from 500 to 1200
miles from the sending station.

It is necessary at the present time to
select 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 charidcteristic 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
be started up and the output turned into
the neon tube.

The motor speed 15 set approximately
with a speed counter and the small
square in front of the neon tube
watched carcfully. The picture will
generally appear quite blurred and will
rmove onto the sereen 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.

Alternatinr-current disturbances
generally appear as black bands moving
in a vertical diroction while static dis-
turbances usually aflcct the entire image
to produce distortion. Musical impufses
show definite characteristics in a serics
of curving bands 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 equipment with
these signals.

VACUUM TUBES

HE April is-tc of Rapro Encri-

NBERING will conlain an up-to-the-
niinute review of the subject of Vacuum
Tubes. livery cngincer 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 nickcl are treated to
produce high and constant permeability
by heating to 2 high temperature, ex.
900° C. or over, until completely an-
nealed followed after cooling by a fur-
ther heating to a lower temperature not
exceeding 700° C. but which is at least
50° In excess of the magnetic change
point of the alloy and in the case ot
alloys containing not more than so per
cent nickel preferably at least 100°
abave the change point. The alloy is
preferably mechanically strained be-
tween the two heat trcatments. Up to
10 per cent of ome or more of the {ol-
lowing elements may be added to in-
crease the specific resislance of the al-
loy: manganese, chromium, copper,
molybdenuni, tungsten, vanadium, alum-
inum or silicon, and alloys containing
specified proportions of nickel, iron and
manganese; nickel, iron and chronnuni;
and nickel, iran, and copper are referred
to. In the manufacture of a loaded sig-
naling conductor wire or tape made
from a nickel-iran alloy may be an-
nealed by healing at about goo°® C. for
15 minutes, cooled, wound on a copper
conductor, the winding producing the
desired straining of the alloy, and the
loaded conductor then heated for about
4 minules at a temperature at least 50°
above the change peint and not exceed-
ing 700° C. but preferably above 500° C.
Garnett, H. J. and Randall, 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
recorcings.  When playing back the
record on the same machine on which
it way recorded, the recording weight is
removed from the pickup head.

The bome recording accessory may be
cmployed with any phonograph turn-
table wid a radio amplifier of sufficient
power. [t comprises essentially a
recording head actuated by the radio
amplifier, o niicrophone and the neces-
siry swilching meebanism,  In some
designs « mechanical {eed {s employed
to track the stylus in the groove, reduc-
ing the lalter of this straim.  An
elaborate feed mechanisni s attached Lo
the shaft of the turmtable,

Home recording ix entirely prictical.
Several manufucturers are already mer-
chandising combination sets 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 $1r5 to $160 and placing the
standard console once more on 2 pedestal
with the midget sets shrinking into
msignificance,

Meanwhile, the special metal discs are
available to anyone. One organization
is now licensing and selling thesc
records to distributers of the various
manufacturers of home recording cquip-
ment in four sizes, namely, 6-inch, 7)%-
imch, To-inch and 12-inch histing at zo
cents, 30 cents. 50 cents and 73 cents
vespectively,  The dises play on any
phonograph with a fibre needle and will
reproduce iudefinitely.

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 United States
District Court of Delaware against the
patent pooling agreements of {our great
electric, radio and telegraph and tele-
phoue companies.

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

The Appellate courts action, which is
considered of far-reaching importance
mn the radio industry, 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 narket by the patent pool, which,
they said, was intended to give the
Radio Carporation a monopoly over the
sale of radio tubes to dealers and manu-
facturers to whom it sold its receiving
sets.

Under the pooling agreements, it was
claimed, licensees of the Radio Corpo-
ration were obliged to use in the receiy-
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. Marris, who has re-
signed from the Delaware bench since
he filed the decision, had ordervd an
injunction against the Radia Carpora-
tior,, the only defendant in the suit, pro-
hibiting 1t from continuing the pooling
agrecments and thus ending the alleged
monopoly.

His first decision granting a prelimi-
uary injunction was carried (o the
Court of Appeals by the Radio Corpo-
cation  several months ago, but the
higher conrt upheld Judge Morris.

When on final hearing on the matter
he 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 to
indicate that while the pooling agree-
ments may have heen 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 that the ob-
jectionahle contract has nat resulted in
a monopaly.

With reference to this decision, the
Radio Corporation af America made
the following statement:

“We shall apply as promptly as pos-
sible to the Supreme Court of the
United Stated for a writ of certiorari.
The clause to which the litigations was
directed, as a watter of fact, has not
been in force since July, 1928. Never-
theless, the case raises important and
novel questions as to the rights of an
owner of patents in the granting of

licenses, These questions have nat yet
been passed upon by the Supreme
Court.”

A

MEMBERSHIP IN I. R. E.

UBSCRIBERS to RAp10 IENGINEER-

ING, who desire to procure member-
sliip in the Tnstitute of Radio Enginecers,
may obtain apphecation forms by wri-
ting to Danald McNicol, Editor of
Ranio EGINEERING, 52 Vanderbilt Ave.,
New York

A

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

FHOQUGH American Dbroadcasting

stations use an aggregate of nearly
1,500,000 watls of power, an engineer-
ing professor of Massachusetts Institute
of Technology has estimated that the
power recetved by the average receiving
set’s antenna amounts to the equivalent
af the energy consumed by the comumon
housefly walking a distance of one foot
up a window pane.

Comes now an engincer of the Fed-
eral Radio Commission with a calcula-
tion showing that, with 13,500,000 radio
receiving sets in use in the United
States, their aggregate ‘‘consumption”
of broadcasting power amounts ta anly
13.6 watts. All the rest of the broad-
cast energy is dissipated in space.

P
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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 Inslilute
of Radio Engineers, taking office at the
recent January meeting.

He was born at Bath, Maine, was
graduated from the University of
Maine in 1908, and received his degree
of L. E. from that institution in 1921.
From 1809 to 1900 he was employed in
the telephone manufacturing depart-
ment and the electrical laboratory of
the Western Tlectric Company in Chi-
cago; he uext four years were spent
in the engineering and sales dcpart-
ments of the Kellogg Switchboard and
Supply Company, Chicago. Then for
a long period—until 19r16—he was con-
nected with the Dean Electric Company
and ils successor, the Garlord Manu-
facturing Company of Ilyria, Qho,
wlere for four years his service was
as chief engineer. Since that date he
has been with the Stromberg-Carlson
Telephone Manufacturing Company,
Rochester, and is now its chief engineer
and one of its vice presidents,

During his aflihation 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. ['or several years,
he has been serving also as chaurman
of the electro-acoustic subcammiltee of
the I, R, E.

A

PHILIPPINE COMMUNICATION
FACILITIES IMPROYED DURING
1930

OMMUNICATION facilities in the

Philippine Islands were greatly imn-
proved during 1930, and should stimu-
late business considerably when other
basic economic conditions permil,

Radio communication had many
changes during the year, with the Mac-
kay Radio and ‘l'elegraph Company
and the Radio Corporation entering the
Philippine field, and the Radio Corpo-
ration of the Philippines losing control
of the nine provincial radio slations it
had bheen opcerating because of the re-
fusal of the Philippiue Government 1o
rencw the franchise. The permanem
status of these nine stations will prob-
ably be determined by the next legista-
wre.  The Bureau of Posts is naw
operating 03 radio stations, of which 12
were added during 1930.  The {ollow-
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 Plnhppines,

onc transoceanic station; Dollar Stean-
ship Co., one shore station; Burean of
Posts, 63 domestic stations.  The
Philippine budget for 1931 contains an
item of 240,000 pcsos (about $123,000)
ior operation of radio slations. (Trade
Commissioner E. D. Hester, Manila,
P. 1, 1/20/31.)
A

EDWARD GOODRICH ACHESON

Edward Goodrich Acheson, a pioneer
in the Held of applied electricity and
best known far his production of
silicon carbide (“carborundum'). elec-
tro-furnace graphite (Acheson-Graph-
ite) and a method of colloidalizing
substances by the Deflocculation 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

somian Institute, Washington, D. C,
includes in addition 10 the various
medals awarded Dr. Acheson for his
accompYishments  in  clectra-thermics,
carly imcandescent lamp filiunems fabri-
cated during Acheson’s association with
LEdison at Menlo Park, a reproduction
of bis first electric furnace, and onginal
paper on Lightuing Arresters and o
Phatograplic Study of Self-Induction,
together with specimens of tungsten
wire and electrical resistors procuced
with the aid of 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 1n 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 kanown 10 the radio in-
dustry where they find ulility in the
manufacture of tone contrals, volume
controls, grid-leaks, tungsten wire,
“getters,” clamp-paste; photoelectric
cells, secondary-emission retardants and
as lubricants.

A

LOG RECORDS AT BROADCAST
STATIONS

T a session of the Federal Radio

Commission held in Washington
on February 16, 1931, an arder effec-
tive March 1, was issued directing that’
all broadcasting stations maintain two
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 announcement
made thereof.

2. Operating Log. This log shall con-

tain :

(a) An entry of the time the sta-
tion’s carrier wave goes on the
the awr «nd the time the sta-
tion’s carrier wave is stopped.

(b) An enury ol the time the pro-
gram begins and ends.

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

An entvy of each of the fol-

Jowing shall be made every

thirty minutes.

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

(z) Frequency check.

(3) Temperalure of
chamber (if used).

Thesc logs shall be kept by the per-
son or persons competent to do so, hav-
mg actual knowledge or informaton of
the jacts herein required, who shall
sign the log when coming on dufy and
again when going off duty, The logs
herein required shall be open to inspec-
t'on at all reasonable thues by Govern-
ment radio inspectors and other per-
sons authorized to do so by the Federal
Radio Commission,

(b)

(d)

crystal
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Simplifying

1931 circuits...
THE NEW

VARIABLE-MU
TUBE

THR conseant quest for improved,
yet simplified circuits never ends
for radio engincess.

Now, for 1931 receivess,
Arcrurus presents the new Vari-
able-Mu Tube, Type 551. This
tube contributes vital advances of
great inrerest (O set eagiaeers. ..
vastly improving operating cff-
ciency of any receiver and makin
possible definite economies anﬁ
simplification of the cirevit ar-
rangement.

The Arcrurus Type 551 Tube
readers uanecessary the use of
double pre.sclectors, dval volume
controls; eliminates the necessicy
of a "lool-long distance’” swicch.

This new Vuriable-Mu tube per-

" mits distoctionless operation with

signal input voliages approxi-
mately 25 times greacer (han widy
present-day tubes aond extends the
range of auromaric and manual
volume concrols by this factor. It
divides maximum cross-talk by five
hundred. And it effeces a marked
reducrion ia receiver " hiss.”
This is accomplished by a new
principle in construction whereby
the current-voltage characieristic
is specially shaped so as to reduce
the higher-orderparametersrespon-
sible for disrortion 3ad cross-talk.
Aspecialtechnicalbulletinon the
Arcturus Type 551 Variable-Mu
Tube will be sent to manufac.
turers, enginecrs, and all others
interestedin thisnewdevelopment.

ARCTURUS RADJO TUBE CO.
Newark, N. J.

® A, R. T. Co., 1931

CONDENSERS AND RESISTORS

Manufacturers of
The Most Complete
CONDENSER and
RESISTOR Line
in Radio

This interesting and belpful 40-page Manual and Cata-
logue containing a wealth of information on condensers
and resistors and detailed electrical and mechanical data
on the complete line of Aecovox Condensers and
Resistors.

Sent Free on Request

Qi NN
SIS R S O A E VO TS
A0 ——— )

The Aerovox Research Woarker is a free monthly publi-
cation issued to keep radic enginmeers, experimenters and
servicemen abreast of the Jatest developments in receiver
and power supply design, and especiafly with the proper
use of condensets and resistors. A reguest on the coupon
below will place your name on the mailing list,

Fill in and Mail the Coupon Below

AEROVOX WIRELESS CORP,,
70 Wasghington S(reet,
Brooklyn, N. Y.

Gentlemen:

Plcase send mae wiihout charge or abligation:
( ) Your 10-page Condenser and Resistor Manual and Catalogue.
( ) The Regearch Worker, :

INBOOB, « < wupiaas ¢ & pewers § & Seamens & ECEYEE § § ROUIE 3 § ELRPNNE KA .

SRt s = simiis :

AEROVOX WIRELESS CORP

PRODUCTS THAT ENDURE »-
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l. R, BAKER ADVANCED

Annouueement of the prometion of I. R.
Baker to manager of broadcast transmitter
sales of the RCA-Victor Compiany, has just
been made by Quinton Adamg, nanager ot
the engincering products division of that
company. X

Mr. Baker joined the RCA-Victor Com-
any two vears age as a member of the
Ern:\dc:ml transmitter sales section. Pre-
viously, he had been engaged in broadeast
(ransmitter development work for the Gen-
eral Electric Company at  Schenectady,
where he took part in the extensive cxperi-
mental work on high power radio transmis-
sion carried on through station WGY. Mr.
Jaker is a graduate of Gettysburgh College.

A
AEROVOX APPOINTMENT

The Acrovox Wiceless Corparatiom, 1a;10u-
facturers of condensers und resistars, an-
nounce the appointment of I. H. Juckmaw,
2043 East 77th Street, Cleveland, Ohio, as
representative of the Acrovox line in the
Cleveland tecritory. Mr. ]Jackman. formerly
of Qlio Carbon, is well known througheut
the cntire industry.

A
ARCO ELECTRICAL
CORPORATION

S. A. Lehman, president of the Arco
Electrical Corporation of Fort Wayne, In-
diana, anngunces 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 wzeks with the new special machines
for coil produrtion work.

The Avcw company is doing contract work
for radio and clectrical manufacturers,
puilding coils, chokes, transiormers and
special windings o spceeificiations.

\W. A. Hudson, division manager, is in
charge of the Niles plaat and (7. McL. Cole,
chief cugincer, is in charye of the engincer-
ing stafl.  Mr. Lehman bas charge of the
Fort Waynu plant and the ¢xecative offices.

Displag space has been avquired in the
new atevehandise mart in Chicago, where a
complete line of Arco products is continu-
ously on displuy in charge of a competent
coil engineer.

A
FANSTEEL NOW OFFERS
TUNGSTEN

Adjustment of ccrtain patenL restrictions
now permits Fansteel Products Company,
Inc., North Chicagoe, Illinois, to sell pure
tungsten metal in all commercial forms for
general purposes, |

This company has manufactured tung-
sten since 1914, but has sold the pure metal
only in the form of finished electrical con-
tact points. However, they have produced
certain  tungsten = molybdenum,  tungsten -
tantalum and tungsten-copper alloys, as well
as pure molybdenum and tantalum, and are
experienced in working these metals and
drawing them into fine wire. Only slight
adaptations in the technique and equipment
which Fansteel already has thus developed
were necessary to produce fine drawn wire
of pure tungsten,

Unusual purity aad workability are char-
aclerislic of IFansteel wungsten. The metal
is refined from 1he Chincse ore (wolf-
rajvite), or olher basie wmaterials, 10 1ung-
stic acid, which is converted 1o salt and

hack to acid three times in order to elimi-
nate impurities. The pure acid, after be-
ing sampled by the laboratory, is ignited to
oxide which 1s reduced in hydrogen fur-
naces 0 99.95 per cent tungsten powder.

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

Sintering, when carefully controlled,
starts a regular etallic crystal growth
which is continued by swaging the ingats
into rods of decreasing diameter and finally
drawing them into wire through drilled din-
mond dies. Ingots are also rolled into
sheets for certain purposes,

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

A
SIMPLEX HAS GOQOD YEAR WITH
MIDGETS

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

“Approximately three times as many radio
sets were sold as in 1929 and the company
attributes its highly successful year almost
entirely to its foresight early in the season
in sensing a public demand for the now
‘popular priced midget types and concen-
trating its major production actlivities on
an excellently engineered and substantially
built small radio in three cabinet types
\-alrying in price from $49.s0 to $59.50, less
tubes.

The following officers and directors were
re-clected: H. C. Maibohm, president and
treasurer; J. M. Grusch, vice-president and
works manager; W. C. Cremean, vice-presi-
dent and chiefl ¢ngineer; R. J. Omunert,
secretary; and M. B. West, consulling
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 stalf of the
ffada'research laboratories. In announcing
the ncws of this appoiatment, Mr. Andrea
stated, “As pioneer radio manufacturers,
established in 1920, it has always been our
endeavor to keep pace with every new de-
velopment in the art of radio. These de-
velopments and new designs are thor-
oughly tested by our own Fada rescarch
laboratories.

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

“ITe was also associated with the Ilan-
mond Laboratones of Gloucester, Mass., in
rescarcli in  synchronizing apparatus for
facsimile transmission, short wave trans-
mission and airplane radio apparatus.

“Mr. Hirsch has also worked with the
Edison Laboratories in Qrange, N. J, on
reseacch pertaining to phonograph record-
ing apparatus.”

DAVIS NEW HEAD OF PHILCO
BOARD

. lmportant changes in exccutive personnel, |
including the addition of twe new officers to
the company, were amnaunced recently hy
the Philudelphia Storage Battery Company,
makers of TPhilco radios.

Edward Dawvis, president and ane of the
founders of the company, has been elevated
to the position of chairman of the baard of

dicectors, and James M. Skinner, vice-
presgdent and general manager, becomes
president.

. The two new officers are George E. Dem-
ing, new _executive vice-president, and
Walter E. Holland, who becomes vice-presi-
dent in charge of engineering. Deming was
formerly works manager, and Holland was
chief engineer. He is nationally known in
the industry for his work as chairman of
the engineering committee of the Radio
Manufacturers Association, and for the
technical developments he has sponsored and
inauvgurated as Phijco's chief engineer.

A
CENTRAL RADIO CORPORATION

A letter received {rom W. T. Bracken,
genera] manager, Central Radia Corpora-
tion, Beloit, Wis,, reads:

‘“This company has been advised that
R. G. Dun and Corupany has issued a
special notice that Central Radio Corpora-
tion, North Wells Street, Chicago, has
fled a voluntary petition in bankruptey.
I'hat company, we have been informed, is
4 non-operating defunct cancern, which
formerly had some conncetion with Moulded
Wood Praducts Company.

“On account of the name being identical
1D ours, we are very anxious to have every-
one understand that the Chicago company
is not and'never has been connected with
our company 1n any way. You can appre-
ciate the embarrassment that we would be
caused, should our suppliers and customers
hbe misinformed on this matter.”

A
KESTER SOLDER COMPANY
ELECTION

At a meeting of the board of directors
of the Kester Solder Co., Chicago, on Feb
ruary 17, I'. C. Engelhart was elccted presi-
dent of the company.

r. Engelbart has been the directing
head of the company for twenty years, act-
ing in the position 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 that J. A.
Reitzel, formerly sales promotion manager,
has been elected te the position of gen-
eral sales manager. Mr. Reitze! has had
a bread expcrience in sales and advertis-
ing, baving occupied executive pasitions
with the Portland Cement Assaciation and
other well known organizations,

A
FELT FEET FOR MIDGETS

Tbe T. R. Brawley Fett Cu, Inc, 279
20th street, Broaklyn, N. Y., manufacturcs
a coniplete line of felt feet for midget radio
receivers. Equipped with Brawley felt fect
receivers wmay =1fely be set dawn on pol-
ished surfaces without danger of scratches
or marks.

TAN’
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COST PER TUBE

15 LOWER WITH

TANTALUM

“ E find with the use of

Tantalum,” writes the
(ieneral Manager of National
Hurlio Tube Company, “that
pur cost per tube is Jower
even though Tantalum costs
niore than some other ma-
lerinls,

*“I'his material reduction in
cost is due to the fact that
I'nntalum is such an efficient
‘getter, and serves 1o enhance
the quality of our product to such ao ex-
tent that our loss in gaesy tubes is
negligible.

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

—National Radio Tube Company
Prominent Pacifie Coast
Mauonfacturing Company

ing us against flabby fila-
rments. 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 are 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-
prised at the ease with which it can be
stamped, formed, welded and cleaned.
It’s available in rod, sheet, and wire, May
we send you a sarple?

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

stocks for imumedinte delivery.

Informution and prices on request.

FANSTEEL PRODUCTS COMPANY, INC.,

NORTH CHICAGO, ILLINOIS

TANTALUM  TUNGSTEN - MOLYBDENUM* CAESIUM* RUBIDIUM aNp ALLOYS

——




“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,
maaterials, acoustics and the practical problems
encountered by field engineers, contractors
installation men and service men.

A.B.C.
PAID

CIRCULATION
OVER 9,000
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Public Address
Sound Amplifiers
Sound Recording
Sound Pictures
Home Talkies
Visual Projection
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Acoustic Engineering
Automatic Music
Photo Tubes
Amplifier Tubes

Industrial Sound
Applications
Industrial Visual
Applications

Projection Engineering, 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
yearly in foreign countries.)
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Bryan Davis Publishing Co., Inc.
52 Vanderbilt Ave.
New York City
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DE JUR-AMSCO

Wengudin 'rlee, sales manager of DeJur-
viesia Crporntion, o5 Morton Street, New
« o 4y, maualacturers of varitors, vari-
| comdensers  andd  power rheostats s
hitw aemioannual trip, during which
U ovall o vadio set manufacturers be-
vw  York and the coast.

{0 Digfur Amsco  Corporation has just
| o wlrentar deseribing in detail a new
\ eallesl the variter, a small fixed-
L capactiar, designed to meet  the

itpeients ol the semi-variable or “fixed
vably capacitors in modern radio fre-
(v s auperhet circuits, The DeJur-
o Cageaation will be glad to send a
.- 1 this circular to anyone upon request.

A
VULCANIZED FIBRE

Voandsd Fibire, as manufactured by the
Scmial Diamond Fibre Co., Newarlk,
in recognized by engineers and
.o e tian manngers everywhere as a ‘‘gen-
material, but jt is doubtful if

b Individuals who use this product

v 1yt woe specific application, appre-

b wide range of utility.
Caloailecd Fibre, first produced in_ the
by bavw al the electrical industry, and the

i wlapauent of which has kept pace with
dal hwlustyy, s frequently looked upon
< dely ua an evlectrical smsulator, when, as a

vy ul fnet, it has found many important

~oa da fpddualries in no manner related to
Sy vbnnteal industry,

\ whianbeedl IPibre is a hard, dense, bone-
v neer il tough, pliable and strong.  TIts

Foohgpa i

B TN IR T

proat plivalend  strength,  high  dielectric
cavamth and  ndaptability to all machjn-
lie opedalions make it a universal raw

et ial

A
ALECTRAL MAGNET WIRE

VMeotenl mapnet wire, of enameled, cot-
vy vinvered, or silk covered aluminum, for
yadb ontle, necomplishes a distinet saving
b ol welght, as will be evident upon full
Suabderation  of  weight ratios for equal
Canluetivitles, [t iy recommended as being
partioularly dewiralble for use in coil con-
sinetiuns where the slightly inereased di-
nonsbong ol the Alectral coil of equivalent
aoiprte (i does not involve an undue in-
iveast oo tron, [t ois recognized that in
wahry (ypes of coil consfruction the eco-
pensilen b Alectenl may be offset by in-
ciensl longth of magnetic circuit required
v e darger dimensions of the Alectral
vl

Tt avallabillty of aluminum magnet wire
fu bl conmiierein] forms of covering and in

~

"L OF THE MONTES? |

all Lut the cxlremely fine s1zes mow gives
coil engineers the opportunity of consider
ing the possible advantages of Alectral
magnet wire in is own ¢oil construction
with the full assurance of a dependable
source of swpply having incomparable ex
perience in magnet wire manufacture.

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

A

RADIO-PHONOGRAPH
COMBINATION

An entirely new automatic phonorraph
record-changimg device for use 1n instru-
ments for the home, has just been an-
nounced by The Capehart Corporation of
Fort Wayne, Indiana. The new mechanism
has Leen developed especiaily for manufac-
turers of radio-phonograph ceibinations,
and will be available to the pudlic in the
instruments of a number of leding makers
in their rg3r lines,

The new record changer embodies many
exclusive features, according to H. E. Cape
hart, president of the corporation. Chiet
among its advantages are compactness and
positive, dependable operation. It will ac-

commodate both r1o0-inch and 1z-inch
records., Naturally this compactness enables

a complete radio automatic phonograph com-

bination in a much smaller-gsize cabnet
than has been possible heretofore. At the

same time, of course, tne unit performs
equally well in cabinets of the ordinary and
larger sizes.

In announcing the new unit Mr Capehart
said that although it had only recently been
presented, following exhaustive tests of 1ts
operation in the Capehart laboratories, the
mechanism  has been enthusiastically re-
ceived by radio manufacturers and distribu-
tors. Negotiations have already been com-
pleted 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-z7 Creene Street,
Germantown, Pa. The resistance coils are
completely housed in a black b:kelite cas
which protects it from the outside clements

and it is practically noiseless. The diamcter
of this control is 134 inches and 1s one inch
deep.

. i

HIGH-VOLTAGE ELECTROLYTIC
CONDENSER

After {wo years of research and engineer-
ing development on electrolytic condenser
problems, the Dubilier Coudenser Corpora-
tion, 4377 Bsonx Bivd, New VYork City,
announces the Dubilier Hi-Mike condenser
—a refined, semi-dry, high-voltage electro-
lytic condenser with ihe following out-
standing features: )

Aluminum can 4% by 13§ inches, inter-
changeable with other standard electrolytic
units. Available in wpright and inyerted
wounting types. Standard capacity of 8
w:fd., with exceptionally high percentage of

¥
A
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effective capacity. Working voltage con-
servatively rated at ?oo, with peak of 430.
or more than ample for reguirements of sot
with -8o type rectifier. This condenser is
fully sclf-{\ealing, reforming rapidly and
has low lcakage at high volagces. The lifc
expectancy is in excess of requirements of
the usuul radio assembty.

Duc to the numerous refinements incor
porated in the new Dubitier Hi-Mike con-
denser, the use of electrolytic condensers
in standard fiiter circuits makes for eco-
nomy without sacrificing practicability. The
unils are compact, clean, non-spil!nhlq and,
due to minimom leskage, quite efficient,
providing ample filtering action for 1most
requirements,

A

POWER SUPPLY PANELS

R. C. Powell & Co. Inc., of 350 Madison
Avenue, New York City, has recently de-
veloped a complete line of power supply
panels ranging in capacity from a few hun-
dred watte required Sor sound systems and
broadcast studio equipment to a maximum
of 400 Kilowants for high power installa-
tions, including a varicty of designs for use
in medium power broadeasting stations. The
reclifiers employ mercury vapor tubes which
are particutarly adapted for vacuum tube
equipment because of the excellent voltage
segulation under varying load conditions,
They are designed for single and three
phase commercial line supply and contain
built-in filter systems which deliver a vir-
tually purc d-c. output.
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A MUTUAL CONDUCTANCE
METER

The Weston Electrical lostrument Cor-
poration of Newark, N. J., has devcloped
a new instrument for the direcl muasvre-
ment of the mutual conduciance of radio
tubes haviog an amplification faclor be-
tween 3.5 and 4z. and of all screen-grid
tubes,

The instrument is of the copper oxide
rectifier type with a 7)4 inch diameter case
for flush mounting. A compensator maunted
in a box approximately 344 by 7 inches is
supplied as a part of the instrument, This
box is arranged for surface mounting.

To measure the mutual conductance of a
tube it is necessary to apply one volt, Go-
eycle a-c. to the grid. The other elements
of the tube are energized with their stand-
ard rated d-c. veltage and the compensator
dial i3 sct for the value most nearly corre-
sponding to the mu of the tube under test.
The mutnal conductunee is read direct on
the scale,

The signal voltage of exactly onc volt
is casily obtained by means of a small step-
down transformer with a 1.5 volt voltmeter
and a potentiometer connected across the
sccondary so that the voltage may be ad-
justed in case of variations in the line
voltage.

A

NON-AQUEOUS CONDENSERS

The P. R, Mallory Company, Elkon Divi-
sion, Indianapolis, Ind., in Oclober Jlast
introduced the non-aqueous Hi-voli ¢onden-
ser.  Thiy is a high gradc 6lter condenser.
The condenser is self-healing and operates
at 450 volts d=. It is not injured on
transient peaks even in excess of Goo volts,
Various receiving radio sct micnufacturers
have adopted this condenser unil as staud-
ard for their products.

A
ERIE RESISTORS

A Jarge radio manufaciuring company re-
perss having found Irie resistor units 9934
per cent perfect. Qut of millions of resis-
tor units supplicd less than five out of every
thousand were on test found to be bclow
standard,

Lric resistors are said fo have a conslant
resistance value, not affected by age or tem-
perature.

The Lrie Resisior Corporation is located
al Crie, Penna.

A
C. R. S. SOCKETS

The Central Radia Corporatiom, Pelnit,
Wis., 18 a pioncer manufacturer of tube
sockets, This year's model is Ne. 7oo
socket, designed to meet new and wp-to-date
manufacturing needs, The contact is backed
by a steel reinforcing ring, and full in-
sulation of high quality DBakelite is pro-
vided in these parts.

A
ACME ELECTRIC AND MFG. CO.

The Acme Electric and Manufacturing
Comgpany, 1440 Hamilton Avenue, Cleve-
land, Ohio, manufactures a line of step-
down Iransformers for export to countries
where volluge ranges from 200 to 240 volts;
50~ or 6o-cycles, also for 150- 1635-volis
primary.

A

RESISTANCE UNITS MEASURE
INFINITESIMAL VALUES

As cvery graduate of Nigh school physics
knows, electrical resistance is measured in
ohms. With the development of radio, how-
ever, entirely new conceptions of boih force
and matter came into existence. Toward
both the infinite and the infinitesimal man's
mind, hy means of radio, explored regions
never before delved juto. One of these
fields is that of clectrical resistance.

he need for resistors in value from 10
to 2o megohms rating bas long been met
by metallized resistors, the metallized HAla-

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
Philadelphia has gone exploring in  still
morc rarified strata of elecirical resistance.
Astronomers, using delicate radio grid-glow
tube circpit  instruments with  which to
mneasure (e clectrical current generated by
the hght rays fram the plancls, required for
their debeate jveasaring insiruments resis-
tors of valves s high us so,000 mwegohms
or (en billion olms. S0 by rescarch in the
far reaches of eleetrical resistance and the
production of resistors of 10,000 megohms
value astronomy js aided in peering into
space so imfinite in extent that it is measured
net in miles bt in light years, the distance
Irpveled hy Jight in ope year at the speed
af 186,000 wiles per second.

These bigh resistance metallized resistors
are hkewise aiding in the weasurement of
quantities and distances so small as to be
almast inconccivable to the human mind.
Instruments incorporating high value metal-
lized resistors can measure such minute
distances as (hat which a three-foot wall
bends when lcaned against, or the bending
of a one-inch steel bar when z fly alights
upon it.

A

LIGHT WEIGHT HEADPHONE

The Trimm Radio Mfg. Co., Chicago,
I, has developed = new "feather-wcight”
bheadphone that has won acclann wherever
presented.

This new headphone will probably find
ils widest application in aiding the hard
of hearing, nol only permitiing them full
enjoyment eof radio programs, but also
bringing them sound movies, lectures, church
services, improved audition in the theatre,
and the like.

Because of its small dismensions, feather-
weight and extremne sensilivity it is par-
ticularly appropriate for ajrplane service,
as il fils readily into the pilot's helmmet, It
is ideal for short wave sets and it has
already a wide application in hospitzl and
hotel service.

The new feather-weight Trimm receiver
is only one and thirleen-sixteenth inches in
outside diameter, three-quarter inch at its
greatest lhickness and wcighs but one and
one-hali ounces.

The unit is wound in any desired im-
pedance, and the receiver is equipped with
a thin steel head band and Jight-weight
cord, three, six or twelve fcet long,

A
REPLACEMENT TRANSFORMER
CHART
A replacement transformer chart has

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

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

A Dongan chart nay be secured by yrit-
ing to thzt company at Detroit, Michigan.

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 Interna-
tional Nickel Company, Inc., says, in part:

“Use of ferro-nickel ziloys of the fper-
malloy type, c¢ontaining up to 78 per cent
nickel, to counteract the capacity effect of
long distance transmission lines, now 1is
quite general. Anather alloy of 1his type,
conlaining 45 to $o per cent of nickel, has
been used with marked success for audio
transformers for rislo receiving sets, and
the use of a similar producl is being con-
sidered for the construction of lighting and
power transformers.”

RADIO ENGINEERING
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REPLACEMENT RESISTORS

The Tilton 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 use. The
name of 1he package is the ex-stat pocket

kit,
A

DUREZ

Durez, manufactured by General Plastics,
Ine., North Tonawanda, N, Y., a synthetic
resin molding compound, was introduced in
1919. Its acceptance is general where hot
press molding compounds are used today
and it is used exclusively by several of the
largest organizations in the world, among
the better known being Ford Moter Co.,
Deleco Remy Division of General Motors,
Atwater Kent, Western Eleciric, General
Eleetrie, and Westinghouse.

A
NEW TEST OSCILLATOR

The Radie Products Company, Dayton,
Ohio, is marketing a new and widely useful
test oscillator.

This instrument is a fixed frequency oscil-
lator having a f{requency change swilch
with four settings. The first setting sends
out 2 seli modulated signal of 130 kc., the
second setling sends out a self modulated
signal of 175 ke, on which a vernier is ar-
ranged for changing the frequency in one
kilocycle steps from 170 to 183 kc. These
two settings comprise the requirements for
intermediate frequency amplifiers of super-
heterodyne receivers. The third selting
operates on the harmonics of 250 ke.
throwing out four simultaneous self-modu-
lated signals at frequencies of 750, 1000,
1250 and 1500 ke, The fourth setting sends
out simultancous signals in harmonics ot
z00 ke., namely, 6oo, Boo, 1000, 1200 and
1400 ke, The instrument is operated from
battery, compartiments for which are ar-
ranged in the case, the tube being 230 type,
filament operating from four unicells in
series parallel, one 22V-volt B battery for
plate. The assembly is theroughly shielded,
and has a satisfactory volume control, the
entire assembly then is enclosed in highly
finished quartered oal case with convenlent
carrying strap. The hinges on the case Ld
are slip hinges which of course are easily
removed $o that the instrument can be used
with facility in the shop or for poriable
worls.
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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
s lelt pad between your telephone and desk.

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

tooperation.

Felt Is supplied in bulk or cut to the most
snacting specifications.

Now Is the time to investigate!

American Felt Co.

HEW YORK BOSTON SAN FRANCISCO DETROIT
CHICAGO PHILAOELPHIA ST. LOUIS
| et e i —— e ———— e —— —— — — —
§AMENICAN PELT CO,, 416 FOURTH AVENUE, N. Y. C.
| W {ateromtod In the usoe of felt,
. el wnsupln for g i o B s A A B R 4
Hhave youy roprossanintive enll,
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It shows plainly why
it is called . . .

“SEALEDGED”

(Rep. U, S, Pat, 0f1)

X o

£

Above is a
micro-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 thig widely used electron tube component.

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

“SEALEDGED” is 99 + 9% PURE NICKEL—

made of the purest material obtainable—and

costs only a trifle more than common raw cut

wire cloth.

Tell us your requirements. Glad to send you 2

sample of this uniform, mechanically correct and
.chemical.ly pure nickel wire cloth.

e o o o e e o o o et e e e P e o e e = - e

Newark Wire Cloth Co.

~ 358-372 Verona Ave.
NEWARK NEW JERSEY

[ Without obligating ug in any way please send gample and
Iurther particulars concerning “SEALEDGED" Grid Screon.

[ Please send representative.
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{12 BROADCAST STATIONS
IN &I STATES
Use Qur EqQUIPMENT

100 KW Rectificr Control Panel

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

Inquiries regarding new equipment or the mod-
ernization of your present station, will receive our

prompt attention.

R. C. POWELL & CO.. Inc.
350 MADISON AVENUE
NEW YORK CITY

Engineers Specializing in Radio Telephone Equipment.

ACRACON

The Solution to
Your Condenser
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 efficiency.

Be wise in 19311 Specify Acracon for
every condenser requirement. Electro-
lytic. By Pass. Wax Impregnated,
Oil Impregnated. Power and Trans-
mitting types.

Write Today Enclosing Your Specifications!

% “Acracon’”’ Features Are Protected by
Patents Pending

Conbpenser CoRP. oF AMERICA

259-271 Cornelison Ave., Jersey City, N. J.

Factory Representatives In:

§T. LOUIS SRN FRANCISCO
CHICAGO CINCINNATI LOS ANGELES TORONTO

And Other Principal Citles

MARL
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ROEBLING

MAGNET

(Cotton or Silk)

BUS BAR

Litzendrah¢-Loop

STRAND

Antennae (plain or enameled)
---Double Galvanized.

WIRE

Antennae (plain or enameled).
Conneeting and Ground  (Rubber
tovered, braided or plain).

JONIN A. ROEBLING’S SONS CO.
Fiemton, N. J.

WIRE PRODUCTS

Branches in Principal Cities

Page 57

VOLUME CONTROLS
POTENTIOMETERS
VIXED RESISTANCES

After many months of development
we are pleased to announce the per-
fection of a new process whereby we
can save you money on the above
items and give you closer limits and
absolutely permanent values of re-
sistances.

Send us your blue prints and speci-
fications for estimates.

SORENG-MANEGOLD CO.

771 Mather St.
Chicago.

-

GEN-RAL COILS

Reg. U, 8.: Pnt.

8. H.—R. F.
Osecillator

CX 100—Mounted CX 20y

GENERAL MANUFACTURING CO.

8085 80. Chicsgo Ave,, Chlengo
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Service..
Handling the job to perfection.. .

Motors built ta dependably insure the full enjoyment of
the radio-pbanograph’s highest achievements. Year in and
year out. The popular Flyer Electries.

They have abundant reasous for most satisfactorily so
doing. Always they have been known for balanced efficiency.
Always for simplicity of desien. Always for dependability.
Always ticy bave consistenlly mel every requirement . . .

kept right on proving their superiority, handling their joh!
Only Flyer Electrics have these advaniages: Mado by a ron-
cern with o quarler century of experience in specialized
clectrical manufacturing coupled with 15 years of leadership
in largo scale production of quality phonograph motors.

Specinlly designed for radio-phonographs. Used by leading
builders af qualily combinations.

The Green Flrec Molor
unlt, Like tbhe larger
Blue Figer, self-stariing,
with aalonuitic stop
equifnuent opcClonal.
Spiral-cut  fiber gears,
long overslze bearings,
open  congtruction aad
complete vyentilation,
Made 1o operale on sll
valtages and frequencles,
I'or D C., either 110 or
220 volls. Like the Blue

Flyer
KElectries

In orderlog mamplos,
pleane glve voltngo  aad

IFyer, furcished com- frenieney,
plele with mounting .
plate, turn-table ond a dOnlg;-m '
specd regulator, as shown, ro-Electric EN llg % ]I ] ‘I ’ '[l‘l]gluu!" CO
; P 4 C i85t ]El TQD S S ® .
Responsidly Cuareniced ower Lommession ¢ o y = . % '
Approval No. 2685 3147 Taylor Sweet, Elyria, Ohio i

JOHNSON'S B

INDUSTRIAL TAPE

CD()ES not need a loud-
Spcaker to broadcast its

perfection.

Radio engineers all know of
and recognize its superiority,
its holding properties, lasting
adhesion and non-corrosive
action, It will outlast any
other tape put to
similar usage.
e
Write for free sample and convince
yaurself of its excellence
JOHNSON & JOHNSON
New Brunswick, N. J.

The porchasing power of The Zapon
Conpaay, and of Adas Powder Com-
pany, its parent organization=—makes

possible the production and the sale of
perfeer lacqueracthe lowest possible cost

PYROXYLIN
~ LACQUER

THE ZAPON COMPANY

A Division of Atlas Powder Company

STAMFORD, CONN.
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S.SSWHITE MoLDED
RESISTANCE
UNITS

Successfully endure
in ANY climate

; v Planes of the Pan American Aivways, T,

i carry Radio Equipnient in which S. §, White
resiglors operate in the must  gratifying
manuaeér.

The S.SWHITE Dental Mfg. Co
INDUSTRIAL DIVISION
Knickerbocker Bldg., New York, N. Y.

1" A A, Yassengepr
mention snd Ter-
winal — LAA. Afr-
part, Mlaml—P.A A,
trimotored Fokker
<10 nirliner, with

: maters {dling, o fron
H of  RANEWAY, rady |
far paxsengera.

b 2 # AT 2
S S

JENKINS & ADAIR

Condenser Transmitter

Type D-6
Patenud U. 8. A No. 1790508
Other pateuts pending

" 2Z{NAME PLATES
—LICENSE PLATES— A high quality sound trans-

lating device for broadcastin
Our large and modern plant affords excellent rccorgding sound mcasurcmef%
facilities for the speedy production of your

- : ) and announcing. Output im-
requirements in etched and lithographed also pcdance 200 ohms or 50 ohms.
embossed metal spe-

cialties. Alargevariety Actuator response curves
of stock dies enables furnished for precision appli-
Radio Manufacturers cations.

to effect great savings

We have a large stock of
on escutcheons, for

accessories such as stands, suspension

regular models, clamps, microphone booms, conncctors,
Midget sets, and auto cable, etc.
radio sets. Write for bulletin 6-D.
Cu slightly vver hall sctos) size,
Send your bluepriats — our Art Department will gladiy JEN’KINS & ADAIR INC
submlt origlnal sketehes for your approval. ENCINEERS ? '
' . CHICAGO, U. S. A,
| &ene,nalgfc}u ﬁ‘.‘@lfﬂ.ea Cable Address: JENKADAIR
! MANUFACTURERS OF . Phones, Keyrtone 2180 3333 Bolmunt Avennag
) s Britlsh Offices: 76 O)d Held Surcot. Ldvorpool, Yinglai

<) ETCHED AND LMIVIOGAASPHED 9 la
4l METAL FPRODUCYS | 40 Ruckhuwhom Qale, Tonden m\'r Liglaind
French Office: 18 Rue ds Chateaudun, Afrderw, \Wrancp

3070-82 W. Grand Ave., Chicago, lil. Moxioan Offleo: Ae. 6 do Mayo 16, Moxico D.K.. Moxlea

——— .




Page 60

RADIO ENGINEERING

In the consrructian of ap-
paratus craplaying electronic
tnbes and associaled equip
ment, special types of Super
Akra-Qhm (non-inductive)
wireswaund Resistors have
been found very desirable
from the standpoint af me-
chanical dimcnsions and ter-
minal [acilities.

from 14" to 1%"”

© ALWAYS

acfunATs 3
Rt

\@ﬂlimgdaie

{mgn Zaiiangs

Instrument Resistots

Type LB

'L WIRE WOUND/

Super Akra-Ohm Resistors

as pictured above, are mude o o varlety of dimensions
and a wide raage of resistance values,
They mre convenlently mounted and incorporate all the
valuable characteristies that have established the leader
slip of the Super Akra-Ohm Resistors.

Send us your resistance specifications and we
will giadly submit samples and prices.

Shalleross Mg, Com; pany '

ELECTRICAL SWEKI&EJHL% i
’\\\\‘?oo PARKER AVE MW l“'mms

[lAKRA- 0HM|||

RESISTOR /

Type WE

173,7

AnAccurale:

Sond for details
of this Oscillator

TEk [()R h

viditny Broadcast

)))

Ihe DoyRad Type
1400 Multi-Frequency
0 fent Ouaillator pro-

Sinnde ot

G, maae, 1000, 1290,
Lo Kilecycles  (si-

rnltaneonaly)

L4 Eh 00, 1250, 1500
Folirvelys (simul-
Lraminly)

Brtwrinndiale Signals at

11 1 Kilueydles

vy LY il 180 Kile-
vvelen (Variable Irom
110 183)

Aunil Fod alotuwled cireuldar

vy ounley trom your Dis-
Vb

Azl about Type 50
Ottt lodicator
MO0

THIE. RADIO

PRODUCTS

COMPANY
Pept. E

Ath and Neorwood

Dayton, Ohio |

Presenting

THE MID-WAY

to 7

“SIANDARD" SIZE
CARDW’ELI; XMITTING— Q

MID-WAY XMITTING=—
% oz,

Noce difference in Bulk.
Both photos same sczle,

sacrifice In solidity or strength. The

FEATHERWEIGHT

Receiving condensers 26 to 365
mmfds. capacity, airgap .0307, oc-
cupying a panel space of only
237" x 234" and weighing from 4

ounces. (Suitable also for

transmitters using '10 typé tubes).

Transmictring condensers,
equally compact and light,
for transmitters using up to
75 watt tubes, capacity from
22 to 150 mmfds. airgap
070",

Particularly suitable far air-
craft receiving and (rans-
mitting equipment, portable
sets, oscillator-amplifier
outhts 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

» R

The Allen D. Cardwell Mfg. Corp.

87 Prospect Street
"“THE STANDARD OF

Brooklyn, N. Y.
COMPARISON”

Wireless Egert Lingineering
159 Gireenwich Street

New Yok

ANNOUNCING
A standard line ol insteuments

designed for hagh trequency work.

Write for onr Catalague A

D’Arcy Laboratories

place at your dispuual 1heir laboratory facili-

ties for your asastance i volume control
problems.
Bulletin M.I. is tiow ready Tor those who

inguire for i,

D'Arcy Laboratories

160 A. East Winois Slraal Chicago, llinois
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- é Beat-Frequency Oscillator m @
e KElicro

2 i l
akl - L
‘O(V)' : . - ones
. Type 413-B Bcat-Frequency Oscillater p
'uOlO Price $175.00 P P o~ o A o
Any frequency in the band between 50 and
10,000 cycles per second is _available by set-
- ting the single control of th)s‘bea‘t—f'requen_cy , HOME RECORD'NG B % W
o oscillator. Opcratﬁd by battenesl.l it lsdreacllly
portable and ma practically indispens-
oy ableain;rumenl: fore:hz labor;tory engaged in PUBL‘C ADDRESS » » » »
(s measurements and other experimental work at f
audio frequencies. STANDARD BROADCAsT
A request on your business letterhead will
bring you a catalog description of this and
other General Radio laboratory instruments.
Please ask for Catalog F-A. , lKellogg switchboard
GENERAL RADIO COMPANY
Offices Laboratories Factory and supply company
CAMBRIDGE A, MASSACHUSETTS CHICAGO
| L b
- - S i F —
—

THERMO COUPLES IN VACUO
I o FOR USE WITH
RAWSON

MILLIVOLT and MICOAMMETERS

ADJUSTABILITY and PERMANENCE
Effectively Combinod for
STABLE CIRCUIT OPERATION

Adyancds 1o mdlo
recelver and  osalftn.
tor alreuits have ne-
cesstiated the deavel.
opnant of somle
variablg  condensers
of an order of ex.
cellencn far yxceeding
tho olementary de-
vices af  tho  early
gonpad {uniap con-
deaser era.

Tho Dedur-Amico
Varitoe Fs do-
slgnad to fulfitt the
foltowlng requira-
men's of tho soml-
varinbls or  "‘fixed
variable”  enpaalter

in modern radio fre- B
quency pad suporhat Measuring currents from .0001 amp. to | amp. of
clreuils: any frequency including radio freguency.
f. Adcquntoe variation In on- 8, High alectdical offtalency. Thermo CG“PICS n air up to 10 amp.
2 A:t‘zlz}:‘m totof capaalty 0. Ad:w};l\hil'lry 'od nm‘\,lluznnn
4 nglly. spcolficalions and methods.
8. Peemanence  of  adjustment, 7. Alsseluts  quarantec  apalnsi w
. Rorﬁugsl'y st.;gg{nd lt\ lml-.’limlll. meoh‘?inlom orl eleairioal fault RA SON
. Repl micromelrie adjists reiuiang replacemont.
woot. ELECTRICAL INSTRUMENT CO.
Write lor Baocklet Cloing Complete Specifications INCORPORATED 213

95 WINDSOR ST., CAMBRIDGE, MASS.

De I U R‘:HM SCO QO RP. Branch Office: BI Soventh Ave, New York Gily
a_— Midwestorn Ropresentative

Varitors~—Variable Condensers—Power Rheostats Earl N. Wehbor, Oally News B!dg., Chicago, 11,
95 Mortan Street Naw York City Specialists in High Senaitivity Metera

—
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RADIO FREQUENCY

COILS

of every type and description, produced under lohora-
tory control 1o your exact specilicntions 1al approxi-
mately correct, but exact.  And at prices helow those
of ordinary c¢oils,

Special coils to muteh Hurc-r-ln-h'unlsn-- condensers
by Precise and Radio Condenner Compuny

“Aecuracy in of primary fmpoetanes”

175-180 Ke AMPLIFIERS

A single unit, 514" x 134” x 23%", comaining individually shielded, two
intermedizte and ane filter transformer, and six tuning condensers for
ndjustment to the desired frequency. All 1erminals en bakelite block
on base, or grid leads from lop il desired. Completely avoids asscmbly
troubles—the most compact unit available.

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

AUTOMATIC WINDING COMPANY

W, W, BOYD & CO., B. L. MOOR
9 So. Cliolon St., Chloage NEWARKv N' J 19| Blarin Ave Benmnln

CONDENSER PAPER

182 Cornclison Ave. _ ] Newark Ave.
Jersey City, N. J. Mills at Kl sabeth, N. J.

PETER J. SCHWEITZER, Ine,
200 Fifth Ave. New York

TIPLESS EXHAUST TUBE
BENDER-EISLER METHOD
AVQID PATENT SUITE
SEND FOR BULLETIN 1
EISLER ELECTRIC

760 S8outh 13th Street,
NEWARK, N. J,

IS

MICROPHONES BaaCh-lntel"nall()nnl
All Xlnds $10.00 {0 $350,00 o
Far—Home Resordor, Tpe 5 . Prrsesessisssesressies Lt 1000 Compound High Vacuum Pumps
For Public Address Work. clo., Type S. S., - Liat $25.W0
%{an:arg gmn.gcu} nozctl. ;ypo 85 % l\g Il::t; ;égsﬂg Waea maoufacture eA.lndxs of High Vauim l'um\-. hom 1-200
andar roadeas odrl, 2 O Bsuinn vevecsamie, st i3 i min B el
Condonser Type for fim afd record rocoroing, Tyae . G G.. Cist §250.00 f,‘:‘gf:,"“wﬁu jorl Jnpe faathd LR TSR ¥MOrY teaving
Alsa desk, floor stands, coverz and gle, Expert Micronboae 8epalrs, N
SILVERLEAF MICROPHQNE COMPANY INTERNATIONAL MACHINKE WORKS, lac.
2658 Pasadena Avc.. Lot Angeles, Cafif. 527.529 Thirty-Second St., Unlon Clty, lJ-w Jarsey
Chicago Distributors—Duncan & Sternfleld—Radio Sales, Inc. - )
1507 Michigan Ave., So. lu',}]rigmi;\ﬁ wanled

For All Mitered Jointx
Choke-Impedance — ] — Magnet-Transformer e

TRANSFORMERS

Audio—B-Power Unit—Broadcast Station—Output
Filament Heating—Power—Stepdown

COILS 'CLAMP. | NA,ILS.

CLAMP NAIL CO.

Have us guote (o yowp specification f'l"{:‘fi"\':"“ o N2 . bl e
l POWER TRANSFORMER CO, 145 W. 22nd Sl.. New York Cily 'rml’l.ular’n;{ g AL, 1

GEARS

In Stock—Immedlate Dellvery

speerd  reducers,  sprockets,  threst  hearinas, Quality wire Tor every typs uf hoesh up

ouplings, .o A complete lne is “Afphex’ ] ¢
Chicatpo  stock Cun also quote om shex'" & uf back braided houkiup wire made
any Kind.  Send us your bMue puints

vnder m patented proeess,
Algha “HITonalon” Wire {(oelered Wuhber)
. BARE-TINNED-ENAMELED-AUNNE (GUYERKD
Write for Catalog Na. 200 —CABLES TO "KOI'IBAT;'ON—
CHICAGO GEAR WORKS ALPHA WIBE OOKRIOBRATION
766-773 W. Jacksan Blvd., CHICAGO, ILL. 60 Howard Bt, New Yark Clty
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LAMINATIONS ==

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

Thomas & Skinner 720 fo 20,

Steel Products Co.

INDIANAPOLIS , IND.

W'E offer to manuface
turers interested in

FXPORT

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

AD. AURIEMA, INC.

Manunfacturers’ Export Mavagers
116 Broad Street, New York, N. Y.

Page 63

I Portable Condenser Microphones

2P 2 atage g)a(u ontput, ., .Liat $110.00
2C 7 stage 200 chm output Llst 125.00
Uses 2 type 230 low drain tubes,

3P 3 stage plate ontput. .., List $125.00
SC 3 stage 500 ohm output.List 150.00
Uses 2 240 and 1 112-A tube

These prices for type “A” unit.
For type “B” unit add $40.00
each list. Standard finish is black
and gold. Prices include tubes
and 20 ft. cord. Interesting
dealer proposition.

Astatic Microphone Laboratory

21 Olive Street
YOUNGSTOWN, OHIO

ANNOUNCEMENT!

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

Write for New Catalogs No. 331 aend 431 containing
important engineering dala.

SUPER-DAVOHM SUPEROHM
THE DAVEN COMPANY

Regsistor Specialists

156 Summit St.

DAVOHAM

Newark, N. J.

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

St 7The Home JRADIAJ

45 VESEY STREET, NEW YORK CITY
__J

22 s FELT 2~a-a

For Every Radio Purpose

AETNA FELT COMPANY
200 Centre Street - . New York City

DeWALD

Licenssd A.C. and D.C. Licensed
by Midget Recelvers Bby
R.0A Write lor complata datails, A

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

RADIO APPARATUS TESTING

Life tests and characteristics of
vacuum tubes. Calibration of all
kinds of instruments. Determina-
tion of inductance and capacitance
at various frequencies. Resistance
measurements, motor tests, mag-
netic tfests, etc.

Electrical Testing Laboratories

80th St. and East End Ave.
New York

N
MODELLL
MICROPHONE SUPREME
All tteel 2-button hrosdesse car-
bon microphone: wrned from
solid bar, ground to 001 accu-
racy. Truly damped alloy dis-
phragm, exace proper hardness;
pure gold contaves, Standard 20
obm per button, Y% in. diame-
S ter by 1% in. thick, Reproducex
W 30 to 7000 cycles. Made in three
Bl degrees of seositivicy,
UNIVERSAL

MICROPHONE CO., Ltd,
1163 Hyde Park Blvd.
INGLEWOOD . CALIF,

Other models $5 o 4390, Alio cablw, plugl, transform-
ers, mountings, stands, etc. Expert microphone zepaio.
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FOR BETTER BUSINESS
VISIT NEW YORK

50

X dally

« e e Secures a fine room and batheeo
others at $3°°and $35°
AT ONE OF NEW YORK'S BEST HOTELS

ThBRISTOL

48% ST. EAST OF B'WAY s NEW YORK CITY

OWNERSHIP MANAGEMENT :+ T.ELLIOTT TOLSON, Pres.

QVERLOOKNING
BEAUTIFUL
JUNEAU PARK

Away from the noise
and confusion of Down

B
L%))J

Canvenient oAt Dig

oy nified Placo of Roxtdonce for
town.-Yet .anly six minutes Jransportation Permanent and Tianxtept Guests
from the center of Business Lo :

Shopping  and Theatres Sverywhere | FURNISHED APAIETATNTY

350 LARGE AIRY RQOMS
EACH WITH BATH

RATES
$299 ond ¥3°° Single
$3°° and 5490 Doubla
Special weekly rates
$10.29 1o 51590

g AND HOTEL ROOMS 1OV ILHANGIENTS

200 ACARTMINS |3 ldeal for women traveling alome

300 ROOMS

Saraonal Disctien 1)1
MILTON HE. MAGEL

i [EReS=s W e [
ON CASS Al LALY STIATE STREET [@E

i
EXCEPTIONALLY ; : “LEI(TEW

FINE FOOQD )
Lunch----50° Ky ‘W‘.“ 9
Dinner--50%875% R

H.E.SELLNER |
Resident Managor |

--------------

1R ‘l»u"&‘?}r.maaz
, r’f‘“) u M'Cb-b Rell « d:}?{

ALEXANDRINE WEST NEAR WOOCDWARD

DETROIT

3 ‘[l T ' :
\mem {E] '3,1 IOTEL [f]

"” ka £ [ & e U i JJ'LL-I J];mu
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NICKEL
WIRE CLOTH

for the

RADIO TUBE INDUSTRY

Any mesh woven accurately to yonr specifications.

“CLEVELAND”

Wire Cloth renowned for its Uniformity, its Superiority,
its Durability.

Advise us of your Requirements

The Cleveland Wire Cloth & Manufacturing Co.

3571 E. 78th Street, CLEVELAND, Obio

4
J \pecsial Transfornrs, made in {he
[
\

‘FLAT RESIPONSE CURVES

for Exueting Reguiremoents

TCevranti Audin Fregnency st Spw R—
cigl  Iwpedance Matebing "Urins W[t .ﬁ
formers sgmi1ve tbe Mlat Rrewpouse
Curves reguired by Broadcus! Nti- b o
| tlons and Laboratories, aml In Speech
Transmission,

b th
{ o
A, can be shipped withiv 485 . \r sy
hours from veeeipt of order. " " isiwe)
BETTER AMPLIEICATION . . . for R L C
IEducationnl and particular commer- RS\ ‘l‘\ ‘ s
cial requirements, {s furnished by LS e G o | |
Ferrant! Awmplifiers. el
Write for quofntrona gnad
complete particulors.

Typieat Cnrre nf 800 Ohm lng
to lne tradsformers

FERRANTE, Ine. ™ Mo

The Home Hotel of New York

Homelike in service, appointments and
location . . . away from noise and con-
gestion, yet but a few minutes from
Times Squere . . . garage facilities for
tourists.

Ruam aad Bath from $3 sinalo, $1 double—S50U rooms
Home folks will like thls hotel

HOTEL

BRETTON HALL

BROADWAY at 86th STREET
NEW YORK

BARE AND TINNED

COPPER WIRE

For All Purposes
Flne Sizes Our Specially
SPARGO WIRE COMPANY

ROME, NEW YORK
Established 1885

NOW OPEN
Newlork,
Do

HOTEL

(OVERNOR (LINTON

Opposite Penn. R. R. Station
New York's mow hotel Iruly expresive of
the lecel city. 1200 pleassnt roonss
ench with Servidor, baub, cicculaling

fce waler und mdlu providdons.

)

ROOMS

31T STF

R LLIS Microphones are world-famous for their true natural
TONE Qualty. KELLIS TONE Quality 15 attained by a
combination of scveral featurvs not to be found in any other

microphone,  You should have our catalog sheews with de-
tailed specifications an file. Write today.

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

ELLIS FLECTRECAL LABORATORY

337 W- MADISON ST. Sales ,Corpnrutien CHICAGO

Stampings
‘ Pressed Metal for Radio Industry

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

METAL SPECIALTY CO. 1533 Riverside Dr.

BEﬂ[kﬁlnwm@Rm&bE -

with AMPERI
‘ AMPERITE automatically regulates line voltage \
| fluctuations. Improves tone, protects tubes and
other eguipment, reduces free service. Easily
installed In 5 mlinutea without chassis changes.

Makes your carefu! laboratory speclfications mean
something in better set performance.

mPERn'Eiomomuon wills Dbt |

RE-3 Iar full

561 BROADWAY. NEW YORK
AMPERITE |-+
i and AM.

e T Self-Ad usting PERITE 5ol
< ‘ INEVOLTAG CONTROL ohnri.

A A A

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

Export sales managers for nationally
known redio manufactarers,

A A A
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DEPENDABLE RADIO WIRE

QUALITY — UNIFORMITY
SERVICE “L ~ 4 r

ON TO RADIO ENGINEERS— !

WAXES — & — MELTABLE Send us your specifications or blue-prints ] l‘

for Assemblies, Cables and Remote Con-

INSULATING and WEATHER- trol Cords- - !
PROOFING COMPOUNDS for

Midget and all ather Radio Sets —using
WAXES—AIl kinds. i GUTTA PERCHA, Rubber Insulated or
IMPREGNATIONS—Condensers, Coils, Rubber- wire constructed to specifications.
Covered and Weather-Proofed Wire, Telephone . &
and Electrical Cables, Etc. For Radio Hook-up—

GUTTA PERCHA wirte is used extensively
as it affards free steipping, easy push back
and is 1mpervious to moisture, Made
exclusively by us.

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

FINISHING—Al grades of Weather Proof and

Rubber-Cavered Wire, Aerial Wire, Insulated—
Gutta Percha, Braided amnd \Vcartherproof
SPECIAL COMPOUNDS Impregnated.
For efficient reception- asmple upon
cequest.
i Also—

Shielded, armored and other
rype wires for Radio Use

) Lt us supply deqails, I
35th St & Maplewood Ave. | V

Chicaga, \ILL THE HOLYOKE COMPANY, Inc.
“For over 35 yrs.” 621 BROADWAY, NEW YORK CITY

I — —

|
A P v '
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TYPEH M

TYPE Y M $25.00
$65.00
Less Stand

Transverse Current

MICROPHONES

Write for 20-page catalogua and price Ust describing
mlcrophones, microphone amplifiers, 50-watt powar
amplifiers, glant dynzmic aic column units, exponen-
dal horns, synchronous ond non-synchronous tum-
tzbles, and complete ranel mounted equipment for
achools, hotels, hospitals, parks, skating rinks, steam-
ps, alrplanes, suditoriums, theatres, cte,
Centralize Responsibllity for the Suceess of Your
Installatlons by Purohaslng All the Parts From
One Source.

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

= TONE CONTROL

is not a matter of mof-
fling the treble to em-
phasize the bass.

Itis a delicate blending

=~ of the two, accomp-
A&b‘jﬁ"ﬂ’, [ish.able with sensitive
,a.l.‘r&"“ resistance elements
oy s g only, as produced by
L “Aquadag” Colloidal-

Graphited Water.

Send tor Technical Bulletin No. E 11.1

ACHESON OILDAG CO.

PORT HURON, MICH.

Trademmik "AQUADAGY ftew, U, B, Val. OO,
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ANNOUNCING

Two New Departments of the

EASTON CoiL COMPANY
ready for the production of

TRANSFORMERS AND
WIRE-WOUND RESISTANCES

These two new products will maintaio the same
high swaoderds of upiform quality and endur-
ing performance that have been respouosible
for the outstanding successof EAsTON Coils.

NOW EASTON MAKES 3 GREAT PRODUCTS

EASTON EASTON EASTON
COILS WIRE-WOUND RESISTANCES TRANSFORMERS

Our Engineering Department will be pleased to cooperate

wtth you in yuur deslga probi AU Unformntion will

be held in sirlct confidence. Send your specificationns.
Somples and yuotutions fucrnishel promptly.

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

A New
HAMMARLUND
CONDENSER

for Tuning
Intermediate-Frequency
T'ransformers

TRONG Isolantite base designed for mounting In-
S side of the Intcrmediate transformer shield. Ad-

justment screws for precise tuning of both trans-
former circults.

Self-aligning, phosphor bronze, adjustable s=spring
plates, and the highest grade mica Insulation. Platea
firmly anchored by deuble rivets wilth zhock-absorb-
ing guard. Condenser will not change in rexixtance
or capacity under any condition of humlidity, tem-
perature or vibration. Slotted gripper saldcr-dipped
terminals.

Efficicncy of design proved in actual pervice. Male-
rials the best obtalnable. Tharoughly tested for
break down.

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

Mail coupon for sample and
technical data.

TJorn Berxan Redlo
ammariund

9P s CYNION

PRODUCTS

3\0

DR & Py @‘9_
R A RO R 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 available in a new series of Amer-
tran Power Amplifiers, the result of months of Jaboratory
experimentation and exhaustive field tests.

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

The mouating and construction is such that they are in-
stalled easily, with no bothersome wiring 2nd connecrions,
and are proof against tampcring or damage. Simplc controls
and ease of portabilicy are added features that contribute to
the popularity of Amertran Power Amplifers whose record
of performance has won the distinction of being considered
The Standard of Excellence for Audio Reproduction.

Licensed under patents of R C A, and Assocrated Companies

(o

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

Foc romplere descripaon and inlormizuon coarained n Bullean 1079 s¢ad us the roupoo belowe:

Anerican Transrozser Company

178 Emmet Streer, Newark, N. J.

Gentlemen: Send mc Bulletin 1079 with complete description of
Type PA, Series 8o Amertran Power Amplifiees,

ow .

RADIO ENGINEERING

A NEW PATENTED

| CONSTRUCTION

PRINCIPLE

U, B, PATENT NO. 1775700

EVERLOCK washers and

terminals have a new pat-
ented locking feature
which is the secret of the
tenacious grip and the

positive lock.

EVERLOCK steel washers
are coated after fabrication

to prevent rusting.

EVERLOCK terminals are

hot solder coated which

makes them easy to solder

and speeds up production.
A4

Our manufacturing methods

make it possible to quote prices

in keeping with present econ-
omy programs.

We
manufacture

LVERLOCK
wishers
.y
EVERILOCK
terminals
*e
Eyelet terminals
Ulnla terminals
stngle or double
0
All nre hot solder

conted nfter
fnbrication

o

Specinl terminals
nunde o order

Send us your
speclficntions

THOMPSON-BREMER & Co.

1642 West Austin Ave.

AS ERS

Chicapo

TERMINALS

va/z/afé

WiLLians Press, INC,, NEW YORK——ALBANY
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Build a Set
That Backs Up

———— i — . B i

Transformers Advertising 1s not short-lived. A newspaper
for advertisement is not dead the next day-—as it
Replacements may appear at first thought.
in Old Sets i . .
First you give your product a name. To in-
Those who are inter- = 5 .
ested in Set Rejuvena- duce sales you claim merit. Then, by news-
' ton wlil be inferested paper, magazine and bill board you flash your
mant Transformer Book- name and message to the world. Your money
n .
= T et 7O seemns to have been spent wigely. 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 advertige a first-class product

your name.

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

For Your New 1931 Designs

Radia Set Manufacturers
are invited to utilize the
facilitles of the Dongan
Lebaratories which have
been enyaged in radio Re-
search ond Development
for 19 years.

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

e —

‘», >

\MERIT } i

\._ Since 1911 3
2

e



Bakelite 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 a microphone are mounted, must possess high in-
sulation value and great rigidity and strength. It must
also resist moisture and be free from swelling or shrink-
age. In Bakelite Molded the Amplion Corp. found «
materiol 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 Bakelite
Molded part was completely formed in one press

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

In the fields of radio and electronics, Bakelite Ma-
terials, molded, laminated and varnish, are provid-
ing insulations that retain their value indefinitely.
They are moisture resistonf, 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 mailed
promptly on request. ;

Bokelite Engineering Service—We manufoclure & wide variety of Bakelito resinoid molding moterials, varnishes, locquers, enamels, cements,
and other products. Twenly-one years experience in the development of these moterials for industrial and other uses provides o valuable
background far 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

BAKELITE

arsstiaio  fgmem U I-PAY. OFF

Tha segisiered bade moits shown obove distinguish malariok
mondchined by Bakelio Coiporation Under the capital ™8™ s tha

ume el gn ox inFinity, O untinitad quanlly. 11 symboiaes Iha infisso
o b/ of proent oad fuve vsss of Bokeble Comporation's producs.






