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A broken tube is a eritical test of pumps on auto-
matie machines. It is that costly interval between
release of vacuum and recovery of vacuum that ap-
pears as shrinkage at inspection. Pumps with ade-
quate reserve capacity for instant recovery eliminate
this waste factor and reduee per tube costs,
The uew recovery speed introduced by the Cenco-
Hypervae is a produet first of Large volume capacity;
sccond. a newly developed principle of pre-rectifving [/
oil and so eliminating time formerly rvequired for

outgassing oil in the finishing stage—and thivd. the
new efliciency of its completely vacuum sealed fin-
ishing stage.

Created for modern high speed proeessing, Cenco-
Hypervae pumps handle alone a complete high
speed job of tube exhaust from ronghing to finish.
ing . . . maintaining throughout a lower working
pressure that means better tubes and fewer rejee.
tions.

Address inquiries 1o the Central Scientifiec Company,
160 East Ohio Street, Chicago, Iinois,

CENCO HIGH """‘VACUUM PUMPS

Hyvac Megavac Super i .,.m vac Rotovac Hypervac
‘{Bw York - BosToN - CHICAG O-TORONTO-LOS ANGELES
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ties in the industry, in the hands of an
organization which is concentrated on just
one product, make it possible for Formica

to give prompt service.

Building operations during the past year
have added thousands of square feet to the

production capacity of Formica.

Seventeen years of effort to perfect just
one product has provided a material of

unusual quality and uniformity.

The largest battery of fabricating equip-
ment in the industry is available for
prompt service to manufacturers who pre-
fer to buy their parts ready for assembly.

Send your blue-prints for quotations.
THE FORMICA INSULATION COMPANY

4638 Spring Grove Avenue
Cincinnati, Ohio

ORMICA
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1929, was accompanied by an interesting
discussion in the press relative to the ex-
istence or non-existence of the hitherto
widely exploited sidebands of radio trans-
mission.

A study of the circuit arrangement of the
Stenode, and observation of the receiver's
performance on test, discloses achievement
along engineering lines suggesting improve-
ment in selectivity. The rejection of inter-
fering carrier waves is accomplished by
various types of receivers, the utility of
which is related to the lower limit of the
intensity of the interference. In other sys-
tems proposed where sidebands are “trim-
med” the reception results have not been
good.

Manufacturers of broadeast receivers in-
tended for sale to a public demanding sim-
plicity of apparatus, and year-round de-
pendability, may be expected to be less en-
thusiastic about this receiver than the in-
ventor probably hopes for.

In the January issue of RApi0 ENGINEER-
INg will be published one or more articles
written by American radio engineers deal-
ing with the theories involved in the Stenode
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Anaconda :afzguara’: ﬁ |

quality from mine to con-
sumer—providesa nation-
wide service, prompl, de-
pendable, complete.

¢
»
b

.. for prompt and

accurate shipments.

Tested for
Dielectric Strength

Laboratory tests on Anaconda Magnet Wire show that the enamel,
cotton, and silk insulation far exceed, in diclectric strength, the
standard diclectric strength guarantees. These and other rigid tests,
from bare wire to finished spool, safeguard the quality of Anaconda
Magnet Wire.

ANACONDA WIRE AND CABLE COMPANY
General Offices: 25 Broadway, New York City
Chicago Office: 20 North Wacker Drive
Magnet Wire Mills at
Muskegon, Mich.; Anderson, Ind.; Sycamore, Iil.
Sales Offices in Principal Cities
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THE IN the industrial readjustments

which have taken place during
S35 the past twelve months fore-
INDUSTRY sighted manufacturers have
done a lot of discounting. It
would have been better, of
course, if the practice of lopping off percentages
had been begun a year earlier.

The past twelve months have disclosed that
mass production while it may solve price prob-
lems, brings in its train difficulties which may
possibly outweigh some of the advantages.

This situation is not peculiar to the radio in-
dustry alone. Many other industries have dis-
covered that as a tool for achievement mass
production is but one item of the kit necessary
to build for permanence.

All-embracing cooperation between the many
industries to the end that there may be an
unbroken circle of markets, by the year and by
the decade may some day be organized. In the
meantime—1930-31, it would appear that
manufacturers might well conclude that the pres-
ent, existing market is the one on which they
are to keep the works going and make money.
Benefits cannot fail to materialize in those in-
stances where manufacturers discount largely the
hope that within a year markets will expand to
the dizzy proportions of the markets of
1928-29.

Real economy in manufacture, elimination of
wasteful practices and methods, and liberal plan-
ning to procure a due share of the present busi-
ness, are the factors which will provide the degree
of prosperity possible at the present time.

A
WHERE O far as radio sales are con-
RADIO cerned there is an advantage

creditable to the passing period
of lessened purchasing power.
From the beginning of popular
radio service until recently the
multitude of irresponsible sales
outlets has been a scourge to responsible mer-
chandizing.

There is evidence now, however, that a change
is taking place. Improved, completely equipped
receivers, low retail prices and better servicing
are factors forcing change.

So long as top prices for standard sets pre-
vailed over a period of only two months each
year and so long as dumping was practiced by
manufacturers, the fire sale, cut price, Bedlam
Street type of radio sales outlet flourished,

RECEIVERS
ARE SOLD

Today the prospective radio purchaser can
enter a regulation radio shop or a music store
and purchase a first class receiver at a reasonable,
a low, price. Under present conditions there is
an insignificant margin between regulation retail
prices and what a “gyp’ store must sell for in
order to pay rent.

If the radio manufacturing industry can in the
future avoid large scale dumping there is little
doubt that a degree of year-round stability may
be reached comparing favorably with the experi-
ences of other industries of similar magnitudes.

A
TEN ITH this issue, Ranio
ENGINEERING passes into
YEARS OF its eleventh year of service to
SERVICE the industry. Although it had

a predecessor in the form of a

small, but popular, technical
sheet, RADIO ENGINEERING began its task in 1921
when radio emerged from the development stage
and took its rightful place among the major in-
dustries of the world.

The advent of large scale broadcasting, in
1920, opened for radio the field of one-way radio-
phone communication destined to set up new sys-
tems of entertainment, of news distribution, of
publicity, of advertising and of public addresses
on a national and international scale.

Throughout the past ten years Rapio FExai-
NEERING has conscientiously served the best in-
terests of executives, engineers, rescarch workers,
constructors, servicemen and students. The cdi-
torial policy of the journal has avoided sensa-
tionalism; has avoided journalistic exploitations
planned to capitalize the undeveloped—the un-
known; dealing with scientific advance rather than
prophecy.

Through its wide contacts this journal has been
able to confirm that the most fruitful service—
the service desired by engineers and executives—
is that of monthly presenting complete, authorita-
tive papers dealing with actual technical accom-
plishments. That this policy is sound is attested
by the fact that the paid subscribers to Rapio
ENGINEERING number more than the combined
subscriptions total of this journal's two nearest
competitors.

Obonafwﬁ"mco{

Editor.
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14 leaders

cooperated iz preparin
this book tor you

Presents facts and figures on fastening methods

which hare proved particularly advantageous.

Tﬂ help voun attain greater fas-
tening economy this interesting
and informative hooklet has just
been published. It was prepared
with the cooperation of fourteen of
the most prominent manufacturers
in their respective fields, who per-
mitted a nationally known firm of
engineers to enter their plants and
make studies of fastening methods
which have proved particularly ad-
vantageous.

Certified facts and figures from
those studies make up the booklet.
Every production executive who is
interested in  attaining faster,
easier, more economical assembly
of a product made wholly or partly
of metal should read with great in-
terest such accounts as:

Servel saves $64,120 a year . . .

R by assembling
J FODS 2 the exterior met-
al sheathing of

| their refrigera-
tor cabinets with
Hardened Self-

| ! tapping Sheet
Metal Screws.

This story of fastening economy is
told by one of Servel’s engincers,
who deseribes the former methods
of making the assembly. as well as
the present method which elimin-

1 = |

ates a skeleton frame-work of wood
with a saving of $1.00 per cabinet.

44 tapping operations eliminated
on PhilcoRadio

by fastening

parts to the @

chassis with ] v it
Hardened Self- i | it
tapping Sheet ; ]
Mctal Serews. H {

The details of
this achievement are particularly
interesting since few products re-
quire more assembly work than a
radio receiver, This report also
explains the severe tests by which
Philco determines the security of
a fastening,

LTIIIS COUVPON BRINGS YOUR ¢OPY FREE!?!

Parker-Kalon Corporation, Dept. L, 190-198 Varick St., New York, N. Y.
Send a free copy of “Fastenings” marked to the personal attention of :

Name and Title.
Company S
Street and City...............

www americanradiohistorv com

50% saring made by Doehler . ..

throngh the nse

of Self - tapping
I Scerews on hoth

vending ma-
chine and metal
furniture assem-
blies. In this
fastening study,
the Chief Engineer of Dochler Die
Casting Co. disensses alternative
methods of fastening to dic castings
and of assembling sheet metal.

|

Enormous savings effected in auto
production . . .

where fastening ™ :]
as \

devices are se- l b
lected with ut- [ n =
most care. That 3 i
such effort pays, ==

is proved by an ]

account of the “—
way a great builder of auto hodies
saved S150.000 in a year by using
Self-tapping Sheet Metal Serews for
making fastenings to sheet wmietal.

Every study is worth reading!

Al of the fastening studies in this
book are interesting. Other con-
tributors include: Zenith-Detroit,
Gilbert and Barker, Stout. Edison
and Simmons.

Any plant executive concerned with
design or production mayv obtain
“Fastenings™ by using the coupon.

PARKER-KALON

HARDENED

Self-tapping Screws

DAT IN U.5 AND FOREIGN COUNTRIES

“Distributors Serve Industry Economically”
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hd 3 o
earching the Infinite
Out across space, thousands of light years
away, new suns and new nebulae are

being mapped and measured with giant
telescopes weighing many tons.

Delicate controls keep the point of light
exactly in the field for hours—even days
at a time.

In millions of radio receivers CEN-
TRALAB volume controls are helping to
reach out across space to bring in noise-
less, sputterless, reception.

here also is a case of delicate
control.

Our engineers stand ready to help you
with your resistance problems.

L

‘This shows the exclusive rock-
ing disc construction of Cen-
tralab volume control. “R” is
the reslstance. Contact disc
“1»” has only a rocking ac-
tion on the resistance. Pres-
sure arm “I» together with
shaft and bushing ts fully in-
sulated.

CENTRAL RADIO LABORATORIES
Dept. 212B, 28 Keefe Ave., Milwaukee. Wis.

Send 25¢ for VOL-

UME CONTROL

Guide showing how

to service old and
new sets with a
small  stock,

www americanradiohistorv com
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e More Power per Dollar

° Compare PAM amplifiers with any others or test them
side by side with others in any unbiased properly equipped laboratory.
The result is always the same. PAM amplifiers will give you the most

actual measured power per dollar.

° In addition you will also find a better frequency charac-

teristic, higher efficiency with less hum and lower operating temper-
ature. Many invisible refinements such as condensers with an expected
operating life of twenty five years, fuse protection, output terminals
that are not alive with high voltage direct current, etc. are a part of

each PAM.

All of which means you receive more of what you want

and less of what you do not want in a PAM amplifier.

o As a buyer, if you consider these statements, you cannot
purchase other than a PAM for any amplifier installation if you desire

the most value for your dollar.

® Send for bulletin R.E. 12 entitled

“More Power per Dollar” which
describes latest Samson Amplifiers.

c‘amon@sﬁﬁf @
Main Office; Factories; Canton and

Canton, Mass. WANUFACTURERS SINCE 1002 Watertown, Mass.
3

www americanradiohistorv com


www.americanradiohistory.com

Page 8

RADIO ENGINEERING

Out in Front . .. As Usual
Midget Sets Powered

POLYMET SPEAKER
TRANSFORMER

—

POLYMET INVERTED
ELECTROLYTIC CONDENSERS

POLYMET
CHOKE UNIT

POLYMET POWER
TRANSFORMER
POLYMET TAPPED y
VOLTAGE DIVIDER

POLYMET SPEAKER
FIELD cOIL

STRAND a SWEET”
ENAMELED WIRE

on radio-frequency cosls

POLYMET
.| VOLUME CONTROL

POLYMET AUDIO
TRANSFORMER

POLYMET MOLDED

POLYMET BY.PASS
MICA CONDENSERS

CONDENSER BLOCK

Always inthe van—thetrendtoward the “midget” was fore-
seen in Polymet laboratories long before the demand for
“midget” parts. Polymet engineers have produced unhur-
ried, eflicient, amply-tested essentials for wide-spread in-
corporation in these “pony” models. These parts measure
up in every particular, except size, with standard Polymet
Products—more cannot bhe said.

Polymet’s prompt deliveries—from three large
factories —help speed the production sched-
ules of most leading receiver manufacturers.

Catalogs on request.

Polymet Manufacturing Corporation
839-C East 134th Street New York City

wwWw americanradiohistorv com
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Every coil
must be

for its specific job

The responsibility placed upon the coil windings used in a radio receiver
merits,in their design, the attention of the best engineering talent available.

Particularly in the design and manufacture of coils, the practical expe-
rience of General Cable engineers has enabled them to overcome diffi-
culties that seemed insurmountable.

Because each coil must be specifically engineered for a given result,
General Cable devotes much of its energy to research which uncovers
new materials, new knowledge — often new fundamentals —that mean
better coils.

To make certain that the coils you use are as efficient as possible, a
review of their characteristics by our engineers may prove profitable.

GENERAL CABLE CORPORATION <)

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

www americanradiohistorv com
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available everywl'\ere

General Cable

MONG the important factors which make
all General Cable products so easily
available are strategically located ware-
houses from coast to coast, and the huge
capacity of twelve plants to produce both standard
and special wire products for radio manufacturers,
in almost endless variety.

This sweeping geographical distribution of plants
... and warehouses and wholesalers which stock
wire products in common use . . . gives you the
advantage of great flexibility whenever you need
prompt deliverv.

There is available, also, consulting engineering ser-
vice for cooperation on new developments. Besides,
splendidly equipped laboratories and a large staff
of research scientists are always at your service,
constantly working to improve existing products and
to develop new ones to the end that they may be
ready when the industry demands.

Competent engineers, backed by these facilities of
General Cable, come to you from twenty-two Dis-
trict Offices. They make it easy for you to satisfy all
your requirements through one source —whether
you want a few spools of magnet wire, thousands
of precision-wound coils, or the scientific coopera-
tion necessary to meet new perplexing conditions.

In addition to your getting the acknowledged high
quality for which General Cable products are
known, buying all your requirements through this
single source adds, at no extra cost, the conven-
ience of simplicity . . . plus the assurance of intelli-
gent and unprejudiced engineering assistance.

ATLAMTA
1526 Heoly Bidg.

BIRMINGHAM
1306 ‘Wotts Bldg.

BOSTON
B9 Broad 5tf.

BUFFALD
54 Clyde Ava,

CHARLOTTE
First Mat, Bank Bid.

CHICAGD

X Ho.Wacker Dr. Boord of Trade Bld.

CINCINMHATI

¥20 C. of C. Bidg. %37 East Fourth 5t.

CLEVELAMD MINMEAPCLIS
1814 Terminal T'w'r MO¥ So. Tth 5i.
WAREHOUSES
i) DALLAS
BUFFALD DEMVER
CHICAGD GETROIT
CINCINRAT] LOS ANGELES
CLEVELAND
FLAMTS
BALTIMORE EMERYVILLE
Maryland Caolifermia
BAYOMME FORT WAYHE
HMHew |ersey Indiana
BUFFALD MOBILE
Mew York Alabama
DETROIT PAWTUCKET
Michigan Rhoda lsland

DISTRICT
OFFICES

DALLAS
1614 Allen Bldg.

DEMYER
G50 17¢h St

DETROIT
827 Fishar Bldg.

EAMNSAS CITY

LOS ANGELES

>

HEW YORK
470 Laxingtas Ay

PHILADELPHIA
123 Sa. Broad 51.

FITTSBURGH
4 Eoppars Bld.

ROME, MY

Ml Se.

S FRAMCISCO
4465 Tenth 3t

SEATTLE

570 First Ave,, 54

ST. LOUNS

Ambassoder Bldg,

WASHINGTOM
704 Wilkins Bldg.

MOBILE

HEW YORK
PORTLAND
SAN FRAMCISCO

SEATTLE

PENMINGTON
Hew jarsey
PERTH AMBOY
Mew |eriey

ROME
Mew York

5T. LOWUIS
Missaari

CORPORATION
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PROTECT Those Midget Sets!

PREVENT overloading the crowded components engineered to close limits and
narrow safety factor.

An increase in the line voltage puts a serious strain on these smaller transformers
and filters. Therefore normal applied voltage is absolutely essential.

The CLAROSTAT Automatic Line Voltage Regulator is designed to plug in
between the socket and the radio—and it protects the set AUTOMATICALLY
on line voltages between 110 and 140 volts.

It saves your product and your reputation but does not add to the list price of
the receiver. It's an accessory to be sold with tubes.

Time tested and proven by its long use with standard size sets.

MANUFACTURERS, JOBBERS, DEALERS AND SERVICEMEN are all in a posi-
tion to profit by the sale and recommend ation of this guaranteed life saver to the
overloaded midget.

Write or wire for literature and prices on this and other Clarostat products.

CLAROSTAT MANUFACTURING CO., INC., 285 North 6th St., Brooklyn, N. Y.

Are you acquainted iwcith these popular CLAROSTAT items?

VOLUME CONTROL TONE CONTROL TONE CONTROL VOLUME CONTROL
(Open Type—DI58) (Portuble Model) (FPanel Mounting Type) (Switech Type)

www americanradiohistorv com
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\___
GOOD many radio listeners, fiddling sev mannfacturers since radio’s infancy.
with the knobs on their sets, have In condensers Scovill engineering has
been inclined to wonder what good a made precision and quality synonymous
finely calibrated dial is if the program with the name “Scovill.” In the Scovill

can’t be tuned in. laboratories and plants the problem of

In other words, your set has to have more micrometric acenracy has been brought

than appearance. It's got 1o produce! into harmony with mass production.

Precision on the dial has to be backed up The result is that Scovill radio condensers

1 isi .
y precision throughont the hook-up and are known as the finest. If you want that

all its parts. . T
p kind of a condenser built either to vour

Not the least iulporluul parts are those own or standard speciﬁcalions. get in touch
which Scovill has provided to the leading with a Scovill representative.

SCOVILLG

Established 1802

MANUFACTURING COMPANY

+r WATERBURY +» CONNECTICUT -

Boston Providence New York Philadelphia
Atlanta Cleveland Detroit Cincinnati
Chicago Los Angeles San Francisco

In Europe—The Hague. Holland

000 L LR
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Impressions

RADIO ENGINEERING

and Expressions

By AUSTIN C. LESCARBOURA

Tube

Economics

]HE intensive competition that

prevails in the radio tube industry has brought about some
queer and even disquieting conditions.

First, most tube manufacturers today are producing only
the four a-c. types, namely, the -27, -24, 45 and -80 tubes.
Such manufacturers by concentrating their entire energies
on just four popular types, can steal a march on the few
manufacturers who still keep faith with owners of old
battery sets and with experimenters and engineers inter-
ested in the entire field of radio tubes.

Secondly, some tube manufacturers see fit to sell their
“seconds” and even plain junk, while the most conscientious
tube manufacturers produce just one grade of tubes. The
market is not being helped by dumping the *“seconds” and
the hopeless rejects at any price.

Thirdly, some tube manufacturers are doing business
without profit, to dispose of tremendous inventories. Bet-
ter that they ran their plants at a more rational pace
and sold their reduced output at a profit than to be ruin-
ing the game for all concerned.

The only bright spot is that the number of tube manu-
facturers is constantly shrinking. We now have about
one-third the number of two years ago. A few more
good squeezes and we shall be down to the really sub-
stantial manufacturers. provided that they can survive the
unholy competition now going on.

A

] HE idea seems to be gaining

ground among the unscrupulous radio public and trade
that the purchase of a tube should mean a radio tube
service forever more. In other words, the tube replace-
ment policy is being taken for one awful buggy ride,
and we can see a terrible outcome one way or another.

It is by no means exceptional for even the most reputable
tube manufacturers to replace up to 20 per cent of the
tubes they sell, in the case of certain customers. On
the other hand, the exact same tubes may cause only
5 per cent replacement when sold to other customers. Why
the discrepancy? Simply because some customers are only
too ready to take advantage of a tube replacement policy,
riding it to death.

Some day the tube manufacturers are going to quit
using the liberal tube replacement policy as a means of
coaxing in business. They are going to have their tubes
tested by some impartial, outstanding organization, which
will report on the uniformity, reliability and all-round
worth of the general run of their tubes, Exhaustive tests
conducted by those testing organizations will disclose a
full one thousand hours of peak efficiency. Then the radio
tube manufacturers are simply going to say to trade and
public alike, “Gentlemen, here's a full one thousand hours
of real service. We guarantee that becanse we know
we've got it. But we are not going to replace tubes for-
ever and ever., We know the tubes arc right when they
leave our factory, but we do not know what you do with
then, so we shall take our own word as for their goodness.”

A
AFTER all, it's radio cntertain-

ment we are selling. Talk as we may of sets and circuits
and tubes, in the final analysis the public is interested

Tube

Replacements

Better
Programs

solely in the entertainment which those items make pos-
sible in the home.

So we are frankly happy to learn that the broadcasters
are exerting every effort to pack more good things into
the broadcast air. The broadcasters are securing the
absolute peak of entertainment for the listeners-in, and
even such artists as Jascha Heifitz, celebrated violinist,
heretofore refusing to go before the microphone, have con-
descended to take part in radio programs to the end that
our great industry might appeal as never before to the
public at large. Sporting events are being harvested on
a vast scale. International news events are being brought
to our networks. Radio playlets of remarkable power are
being scheduled.

What excellent roads have done by way of stimulating
automobile sales, irresistible programs are now going to
do for radio sales.

A

BEFORE these lines are read, the

Federal Radio Commission will have held a hearing for
the purpose of granting or refusing the requests of radio-
vision broadcasters. One thing is certain, and that is the
need for more satisfactory frequencies with which to broad-
cast radiovision programs. At present the radiovision art
is seriously hampered by conditions obtaining on the air.
Several transmitters are operating on approximately the
same wavelengths, resulting in serious interference. The
young art has enough to struggle with as it is, and this
interference comes at a most inopportune time. It is to
be hoped that the Federal Radio Commission, despite the
many requests constantly heaped before it, will see its
way clear to provide the necessary elbow room for the
radiovision broadcasters now pioneering in what is certain
to be a vast industry some day.

A

'1- HINGS really didn’t get started

in the radio industry much before the first of October.
And as these lines are being written, late in November,
the season seems just about over, so far as manufactur-
ing activities on a normal scale are concerned.

Ilnagine a production season of just two months! We
pointed out a short time ago that the feverish activity in
somne quarters, particularly among certain parts manu-
facturers, was simply the intensified production season
boiled down to a few months. Our guess was a good one.
We have boiled an average six months’ business down to
just two months.

It becomes more and more apparent that our radio indus-
try, as set up, simply cannot make a real go of the
present radio business. We must go into other lines, We
must diversify. DI’erhaps now is no time to be attempt-
ing new lines in the face of subnormal buying; but at
least we should be giving thought to the future, and now
is the time to think and think hard. Lately we have
come across a loudspeaker diaphragm manufacturer work-
ing on a new line of novel toys, a radio set manufacturer
developing electrical refrigerators, a condenser manufac-
turer putting out electric clocks, and so on. And more
will follow along that same path of diversification.

Interference

The Shortest
Season Yet

December, 1930
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1931 Tubes?®

IT'S easy to identify 1931 tubes among the gen-
eral run of tubes. Meters and performance
rather than labels and claims soon separate the
sheep from the goats. Briefly, and for your
guidance, the 1931 radio tube features are:

POSITIVE CHARACTERISTICS because of the
doubling of the diameter of some support wires
and better bracing, together with tightened
tolerances.

IMPROVED TONE QUALITY resulting from
greater rigidity and therefore minimum micro-
phonic effects, together with suppression of
distortion arising from undesirable regeneration.

QUIET BACKGROUND brought about by
DeForest research into causes of hum and
crackle, resulting in one-fiftieth the noise
level heretofore considered standard prac-
tice, together with lower gas content made

possible by unique DeForest exhaust units

now in use.

LONGER SERVICE LIFE brought about by
important improvements in filaments, cathode
insulators and emitters, insuring a full thousand
hours of peak efficiency.

GREATER VOLUME through the increase of
the mutual conductance in power tubes, yet
maintaining full interchangeability with usual
tubes of lower output.

QUICK HEATING averaging about 10 seconds,
due to patented DeForest notched cathode in-
sulator, without sacrificing life, reliability or
quiet operation.

HIGHER R. F. AMPLIFICATION with screen-
grid tubes, or 60 instead of usual 30 per stage,
while more uniform grid-plate capacity permits
of maximum stability or minimum regeneration
for the highest gain with least distortion.

The foregoing 1931 radio tube features are not to be found in tubes
produced six months ago, much less those a year or two old, taken
from large inventories. DeForest research and engineering—the
heritage of a quarter century of pioneering- -is rapidly translated into
everyday terms by a production positively geared to the demand,
bringing these latest features to you in fresh DeForest Audions.

DE FOREST RADIO CO.

PASSAIC NEW JERSEY

AUDIONS

RADIO TUBES
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TEXTOLITE LAMINATED
Preserves the original tuning
regardless of the weather

RIGHT on the premises of Uncle Sam, the whims of

weather vary betweenseasons (and between local-

ities) from arctic frigidity to tropical humidity. € In

every season and atmosphere, radio listeners expect

uniform performance from their radio sets. Where the

insulation used is Textolite, the original precise tuning
of radio sets is preserved through dry and cold, and
hot and humid weather. General Electric research
developed this material, which is so slightly affected
by changes in humidity that it possesses a practically
constant power-factor. € Besides the radio-frequency
grade, there are available many other grades of Texto-
lite for the needs of radio manufacturers. € The eastern
and western fabricators of Textolite are equipped to
fumnish advice or specifications regarding your prob-
lems. There is also a Textolite specialist in your nearby Vi —

G-E sales office.

General Fabricating Co. Electrical Insulation Corp.
165 Greenwich St. 308 W. Washington St.
New York City Chicasgo, lll.

Join us in the General Electric program, broadcast every Saturday
evening on a nation-wide N.B.C. network

GENERAL ELECTRIC

www americanradiohistorv com
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An Undevelope
Radio Market

By S. R. WINTERS

i i

As in the United States the Organization of Radio
Service Stations Should Open a New, Large, Rural
Market in South America

ILL radio service stations
spring up in great numbers
in the future, paralleling the
present cver-incrcasing auto-
mobile service stations? Just as the
latter retail tires and tubes and sell
gasoline, the new radio service sta-
tion will sell vacuum tubes and radio
parts but it wiil engage primarily in
trouble-shooting—a sort of hospital for
sick and crippled receiving sets.
Thexe will be legion among the all-
electric receivers during the next
twelve months—probably exceeding a
million outfits subject to repair.
This trend of thought is suggested
by a report from RBuenos Aires,
Argentina, to the United States De-
partment of Commerce, in which it is
indicated that this country is having
its radio progress impeded by lack
of servicing. The rapid expansion of
the industry—with one model of radio
receiver succeeding another in rapid
succession—has eclipsed the need for
repairs and adjustments in the out-
fits previously installed. As a result,
recent recruits to the great interna-
tional pastime of twirling the dials
are complainants hecause of this ah-
sence of servicing and unless remediat
measures are advanced the industry in
Argentina will suffer a setback. In

this Nouth American country, not un-
like the present opportunity in the
United Statces, there is an inviting bid
for the establishment of radio service
stations, paralleling the prevalency of
automobile service stations.

Promising Outlook for Sales

Despite this and other handicaps
which we shall see presently, “the fu-
ture sales outlook™ for receiving sets
and radio parts “is promising,” accord-
ing to Assistant Commercial Attache
James S. Burke. Interference hecause
of a superabundance of broadcasting
stations is a difliculty of threatening
proportions but the Government is at-
tempting a solution of the problem by
requiring a division of time between
stations operating on interfering fre-
quencies.” Government eontrol of the
assignment of wavelengths is  fore-
cast as a future probability, The radio
programs, we are told, are not cs-
pecially attractive but this is helieved
to be only a temporary condition,

Dattery-operated receiving sets,
hatteries, and radio-receiver parts are
being purchasced in increasing numbers
in Argentina—a sales’ invitation to

American radio manufacturers who
are not already utilizing this market-
ing opportunity. However. we are
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told that the sale for American-made
vacuumn  tubes is not appreciably
large—due to the competition with
tubes of foreign make, particularly a
Duteh product. Yet, the exports of
radio apparatus to Argentina from the
United States during last year reached
a surprising total of $1.513,693, com-
pared with $1,229,554 in 1928. The
distrihution of radio exports from this
country to Argentina during 1929 in-
cluded $482.371 worth of complete
recelving sets and $583,335 worth of
radio-receiver parts. The exports
for the first four months of this year
amounted to $550,686. Including $217,-
939 worth of complete receiving sets,
2114985 worth  of  radio-receiver
parts. $120,476 worth of hatteries, and
£93,166 for londspeakers. 5

Parts Sales

The art of assembling sets has not
been lost in  this South American
country; small electrical manufac-
turers buying the parts and joining
them in orderly arrangements into
complete receivers. This practice,
however, still operates to the disad-
vantage of American radio manufac-
turers in some instances; inasmuch as
cheap radio parts are imported from
Germany, France. England. and ltaly.
Primarily. Argentina is an American
market for complete recelvers and
radio parts. “The greatest hope.”
points out Assistant Commercial At-
tache Burke. in suggesting a possible
expansion  of the radio indastry,
“seems to be in extending the market
in  ecountry  districts. The large
centers of rural population are within,
easy broadeasting distance of the
cities, and dealers equipped to sell and
service these outlying communities
will undoubtedly find a new field as
yet relatively unexploited.”

Unwittingly., this representative of
the Department of Commerce. located
in Buenos Aires, has probably cor-
rectly visualized an opportunity that
is even more insistent and extensive
in scope in the United States—the
marketing of receiving sets in the
countryside.  One has to but travel
through vast stretches of rural terri-
tory without seeing any lousetop
antennas to realize that the great
potentinlities of radio have not heen
seritehed,  If there are rieh rewards
in radio, they are to he found on
farms. ranehes. and in the great open
spaces,
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READING of these statements
discloses that the Radio In-
dustry proposes to profit
from Lessons Learned. )

A

Mr. H. B. Richmond, director of
the engineering division, Radio Manu-
fueturer's Asgsociation, believes the up-
turn  has set in. Mr. Richmond's
reply reads:

reply to your request I am
giving below a brief statement
regarding radio industrial conditions.

“It is the wenkest structures that
fall first. Radio a year ago was in
a very weak industrial position. This
position was brought abhout by un-
warranted expansion in the industry,
based on exeessive optimism, and also
the unfortunate use of the radio in-
dustry as a medium for stock siles
promotion plans. The radio industry
has probably heen outstanding in the
rapidity and thoroughness with whieh
it has liquidated its position.

“There is today every evidence of
a decided upturn over the dull con-
ditions which existed during the suin-
nter. This, of course, is afrer making
due allowanee for seasonal fluctua-
tions. It is most probable that the
number of sets sold during this fall
and the holiday season will approach
the mumber sold a year ago. They
are, however, of a very decidedly
different style. "The small set is this
vear's outstanding item. This will
mean that the unit price is lower than
last year, so that the dollars of sules
will decline, even if the number of
sets sold remains the same.

“The outstanding lesson to be
learned from the drastic liquidation
period of the radio industry is the
necessity for production conirol,
Operating plans must be sueh that
they can be kept in close harmony

Ill.\'

with selling conditions, More than
ever has the necessity for research.
both as to market and technieul

problems, heen emphasized.”

A

Ray H. Manson, vice-president and
chief enginecr of the Stromberg-Carl-
son Telephone Manufacturing Com-
pani gives his views on the subject of
midget receivers versus larger units,
Mr. Manson states:

77 | N answer to your invitation to

contribute a statement, regarding
the future business situation, for use in
the December issue of Rapio ENGIN-
EERING, I am attaching a sbort state-

rospects

A

RADIO ENGINEERING

or adio

What Some of the Leading Manufacturers
Think About the Experiences of the Past Year,
and of the Future.

ment covering some of the subjeets
rthat I am personally acquainted with.
“We have complete faith in the
future of the radio industry, but feel
that the American public¢ is in need
of nrore education along the lines of
appreciating the high quality of pro-
grams and the high guality of trans-
mission of these programs which are
now available to every owner of a
radio receiver. I have reference par-
ticularly to the big publie acceptance
of the so-called midget radio receiver
which from the standpoint of audio
reproduction is a step baekwards, as
the reproduced program from most of
these receivers is of u very inferior
order and equivalent to that obtained
with receivers of the vintage of 1925.
It is true that these receivers are
capable of giving greater volume than
the earlier broadcast receivers and
earlier loudspeakers., bhut i1he audio-
frequeney range is very short and in
that respect there is little, if any,
improvement. Ior example, a high
grade electrodynamic speaker, which
is capable of covering the useful audio
range, when mounted in one of these
midget cabinets, omits all of the
fundamental frequencies below middle
C on the piano. Also, the high fre-
quency end of the scale is badly cut
either intentionally or through the
necessity of low-cost design, with the
result that a high quality broadeast
signal is poorly reproduced.
“Personally, I doubt if the publie
will continue to be satisfied with this
kind of reproduction and that this
situation will right itseilf in the near
future. On the other hand, the
regular lines of radio receivers of all
makes have Dheen greatly improved
during the last twelve months as re-
gards selectivity and better audio re-
production and we can expect con-
tinual gradual improvements in radio
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equipment following the same plan of
development whieh has occurred in
the automotive industry.”

A

Mr. Morris Metcalf, president of the
R.M.A. and vice-president and treas-
urer of the American Bosch Magneto
Corporation, analyzes accurately the
causes of the passing depression in the
radio industry. Mr. Mctealf's state-
ment for Rapio ENGINEERING follows:

T is customary in these days to

blame the general depression for
our troubles and low sales. The radio
industry, however, has internal causes
which have far more effect on its pros-
perity than general business coudi-
tions. Youth is forgiven mueh, hut
the radio business is reaching an age
when childish conduct is exaeting its
punishment, and the youth and rapid
growth of the industry is no longer
a valid excuse for the continued re-
jection of sound business prictice and
precedent.

Little or No Cooperation

“Radio manufacturers, with a few
notable exceptions, are having a bad
year ; mueh worse, in fact, than there
is any necessity for, or than is justi-
fiedl by general conditions. Manufac-
turers, jobbers und dealers seem bent
on engaging in every had practice
known to the merchandising world.
An almost complete lack of coopera-
tion in matters vital to suceess, and
a general disregard for the funda-
mentals of sound business, have
ereated a sitnation which can only
result in the failure of many com-
panies, or the correction of their
methods.

“Perhaps the most important factor
in the continued growth of an in-
dustry is its ability to interest capital.
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The automobile industry is an ex-
cellent example. The radio business,
oun the other hand, is so comdueting
its affairs as to repel financial in-
terests and cast suspicion upon the
soundness of its investments and its
future.

“The principal causes of our woes
and worries have been over-production
and ineffective selling methods. The
greatest restraint upon over-produc-
tion which our laws permit is the col-
lection and dissemination of the vital
statistics of an industry. The com-
mon knowledge of production, sales
and stock on hand is so generally
recoghized as a governing factor in
operation that it is amazing to find
this barometer completely ignored by
most radio manufaeturers. While
this niight be expected in the case of
small or inexperienced concerns, it is,
unfortunately, the larger ones who,
through jealousy, fear or egotism are
unwilling to contribute their figures to
a central bureau. In my opinion, it
is this fact more than any other
whiell has accounted for the continued
discrepancy between production and
consumption, and all the evils attend-
ant upon the consequent dumping of
surplus merchandise. Again citing
the automobile business, what is it
that for twenty years has kept their
produetion within reasonable bounds?
It is the accurate knowledge that they
have available, alinost from day to
day, of the produetion, inventory, and
sales to dealers and customers of
every member of their trade associn-
tions. Many other large industries
have the same, but the radio business
has no relinble information of this
character, notwithstanding the earnest
efforts of the R.M.A. for several years
to provide this service.

Selling Methods

“As regards selling methods, I
could not ask for space to describe
them, but as a single instance one has
only to consider the enormous waste
and ineffectiveness of radio advertis-
ing to realize how far behind the times
we are in modern methods. In my
opinion. if half of the money spent by
individual companies in misleading
and unappealing advertising had been
devoted to making the publie radio
conscious and acquainting them with
the Dbenefits and pleasures to be de-
rived from the ownership of a radio
set, it would have absorbed our over-
production. Sueh a campaign has
pulled many an industry out of the
mud, but I will venture to say that
not five out of twenty of the larger

GIQS

radio manufacturers would subscribe
to such a movewent today.

“With the greatest advertising
medium of all time at their command,
and notwithstunding the greatest of
obligations to the source of their be-
ing, there has been, up to date, no
concerted support of broadcasting by
the radio manufacturers.

“Engineering advance, research
developments and manufacturing
methods have far outstripped the com-
mercial phases of our business, and
not until the latter undergoes a
marked improvement can radio take
its place in the front rank of Ameri-
can industry.”

A

In response to RADIO KNGINEERING'S
request for a statement on the present
Lbusiness situation Powel Crosley, Jr.,
president of the Crosley Radio Corpo-
ration, telegraphs as follows:

//TIIE radio industry is in a new
husiness era where sanity, straight

thinking, sound merchandising and
advertising practices will rule those
companies which are successful. The

hectic years of rapid growth with their
circus stunts, ballyhoo, extravagance,
waste and foolish Dusiness methods
whieh made it resemble a street show,
are past. We feel that the policies of
our company with its freedom from
over-production, its growth, its hon-
esty with dealers and distributors, and
the ability of our exeeutives to analyze
the market demand and produce mer-
chandise that has sold in lurge volume,
has created for it a foundation for
continued growth in this new business
era. We liave had a reaction that
makes us faece the future with great
optimism. During the past few. weeks
reports from distributors indiente
excellent volume for last guarter of
vear. Muanufacturers in all lines who
provide attractive, well-made mer-
chandise at prices people can afford

to pay, should have a satisfactory
vear.”
A
Vr. E. E. Shumaker, president,
RCA-Victor Corporation. belieres

causes of shump are removed. IHe

says:

11 lT is said that an optimist is a man
wlho ean see a light where there is
none and that a pessimist will blow
it out. I have also heard that some
men are such dyed-in-the-wool opti-
mists that they will buy hair tonie
from a bald headed barber.
“Iver since we inaugurated the
‘Buck to Work' movement in Camden,
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I have frequently been asked why I
wius an optimist. My reply was that
I am wot an optimist but that by na-
ture I am a pessimist, [ am like the
old man who said lhe had many
troubles but most of them never hap-
pened.

“Because by nature 1 am pessimistic
and. therefore, inclined to look on the
dark side of things, I have delved deep
during the past months looking for
trouble and, in so doing, discovered
thut down beneath the troubled sur-
face, down among the fundamentals,
conditions were much better than I
anticipated. 1 found, at least to my
satisfnetion, that the causes for the de-
pression of 1930 hiave Dbeen removed
and that what the people and business
of our country now need is confidence,
in order that we may have an early
recovery.

Cause of the Depression

“In arriving at this conchusion, it
wis necessary in the tirst place to de-
termine the principal cause for the
depression which I think you will
agree was over-confidence and the be-
liel on the part of the public and in-
dustry generally that the boom times
of 1927, 1928 and 1929 would last in-
definitely. This over-contidence result-
ed in over-expansion, over-production
and all the attendant evils to which
there was but one answer—we had to
slow down. A depression was the re-
sult which was aggravated and has
already continued longer than the
cause warranted, largely because of
the complete change in our state of
mind.

“Business, uafter all, reacts very
much like a human being. When 2
man is perfectly well, he frequently
lives at a rapid pace, [Ie is over-con-
tident of his strength and lays the
toundation for ill health while he is

well. In due course, the inevitable
happens. Ile becomes ill and is put to
bed. The cause of his illness is now

removed and nature does the rest. Ife
feels well again but has learned a les-
Ie is cautious and lacks econti-

son.
dence, DBy and by. however, he gains
fuith. Ilis confidence is restored and

he lives properly for a time. As 2
result he again glows with health and
strength, becomes cureless and pusses
through another eycle. . .

»1 find that the wealth of the coun-
try has not been impaired. We as a
nation have just as many resources
and have the same desires and propen-
citiegs we had a yvear ago. I find that
there is nothing wrong with the coun-

try. We are still turning out enough
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wealth cach day to maintain the high-
est standards.

“I believe that the cause of our re-
cent business illness has now been re-
moved and that we are recuperating
but much more slowly than need be
because of not only our own fears but
because of the preaching of pessimists
and because of many bad examples
that are constantly before us, such as
closed factories, breaks in the stock
market, anad idle working men. Recu-
perating business is not as fortunate
ay the recuperating man to which I
referred. Man can feel himself getting
better and his doctor encourages him.
He is not dependent upon anyone else
for his complete recovery. When the
business of a whole nation is il1, how-

ever, we are dependent upon each
other. . ., .
A
Parts manufacturer  optimistic,
Francis R. Ehle, president of the
International Resistance Company,
writes:

II| BELIEVE that the radio industry
is being extremely fortunate this
year as compared to
industries suffering
depression.

“While there are fewer radio manu-
facturers this year than last, those
few seem to De reasonably busy, In
our own case, the increasing number
of resistors used per radio set gives
us a normal amount of business: in
fact, our sales this year are con-
siderably ahead of last year.

“There have been so many state-
ments issued by thoroughly compe-
tent statisticians and economists that
I am sure what few words I would
have to offer would have ahsolutely no
bearing upon industrizl conditions.
We are going ahead here trying to in-
crease our sales, manufacture a worthy
product, and spending ne more than
is necessary to accomplish these
objects.”

many other
from general

A

McMurdo Silver, of Silver-Marshall,
Ine., cxpresses his views on the radio
sales situation. To quote Mr, Silver:

Improvement Will Be Gradual

1T O assume that for the halance of

this  seitson the course of the
radio industry will (differ wmaterially
from the trend of general business is,
of course, rather absurd; yet there
are certain factors operating within
the radio industry and peculiar to
itxelf which have been affecting, and
will continue to affect, it particularly,
without any great regard for the
course of general business. In refer-
ence to business conditions, it has been
said during recent months that when
business ix flat on its back. it has no
place to look but up, and circumstances
apparently indicate that business in
general is definitely on the verge of
lovking up: It is not logical, how-
ever, to helieve that there will be any
wide-spread improvement in the tone
of general business during the com-

ing few months, other than what
might be termed a normal seasonal
increase over what has been done in
the past eight to ten months,
“Considering the progress of busi-
ness during the last eight or ten
years, it is interesting to note that,
in terms of industrial production,
business has operated upon an eigh-
teen month, or, perhaps, what might
be more properly termed a thirty-six
month, ecycle: that is, an upward
trend for eighteen months and then

a  downward trend for eighteen
months. The last peak of industrial
production was reached in June of

1929 and, upon the eighteen month
cycle theory, the bottom of the valley
should be reached in December of 1930.
On the other hand, the factors cited
by a number of industrial authorities
would seem to indicate that the bottom
of the valley may have been reached
in August or September of 1930, and
that we may now be on the up-grade.
In any event, it would seem reason-
able to anticlpate the beginning of
the next upward trend in the early
part of 1931, to continue Into the
middle of 1932,

“For the radlo industry this may
mean that only a fair season will be
experienced for radio manufacturers,
distributors, and dealers, during this
last quarter of 1930, with the hope that
a better than normal continuation of
the season may be anticipated in 1931
with the radio business continuing up-
on a favorable basis well up into April
or May. That is, it might be antici-
pated that the radio business will be
better during the first half of 1931
than might reasonably be expected
in the light of the last half of 1930.

Fewer Manufacturers Now

“The mortality rate among radio
manufacturers within the past year
has been very high—approximately 50
ber cent of all R.C.A. licensees having
gone out of business or suspended ac-
tive operations. Whether or not there
will be any such mortality during the
remainder of 1930 and the early part
of 1931 is, of course, yet to be seen.
Although general indications would
not appear to point to a high mortality
rate, yet certain factors operating
within the industry may result in a
number of failures. In particular, the
release of superheterodyne supple-
mental licenses by R.C.A. to its li-
censees in July of 1930 has upset the
radio set market to an extent not fully
appreciated by manufacturers.

“Since a considerably better radio
receiver can be built for a given
amount of money by employing the su-
perheterodyne system rather than the
tuned radio frequency system; since,
from the days of wide-spread home set-
building. the superheterodyne system
enjoys an almost mysteriously favor-
able reputation with the public and the
trade; and because very considerable
anwunts of money are being, and will
he, expended to further popularize
this system, in my opinion the market
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for t.r.f. receivers is largely a thing
of the past.

“At the present time it would appear
that from four to six, or possibly more,
midget sets are being sold for every
large receiver sold and in the large set
range between $100 to $150, super-
heterodynes are selling in good volume.
This means that the market for the t.
r.f. sets introduced at the June, 1930
Trade Show is not large and that radio
manufacturers merchandising t.r.f. re-
ceivers in this particular market will
suffer somewhat,

Over-Production

“Looking back upon this depression
which (and this is said advisedly) we
appear to have just gone through the
old bugaboo of over-productlon stands
out as a dominant note. Ilowever,
since over-production was prevalent in
practically every line of business, there
seems to be no special moral which
can be pointed out to the radio indus-
try alone. The fact remains, however,
that had fewer high pressure sales
methods been employed in 1929, and
had production been regulated, not by
rampant and stupid optimism, but up-
on the results of careful analyses of
the business conditions of the country
as a whole, the over-production which
has faced the radio industry during the
past year would never have existed.
But so long as the world endures,
there will always be optimists—
plenty of them.”

Asked what the prospects of the
radio tube industry were, George
Lewis, vice-president of the Arcturus
Radio Tube Company, stated:

/)T is estimated that the tube in-

dustry will sell for the current
fiscal year 84,000,000 tubes. It is also
prophesied by the economists in this
industry that this total will be divided
so that approximately 66359 will be
diverted to replacement business,
while 33%¢ will be sold as initial
equipment with radio sets.

“With the total yearly sales con-
stantly increasing and with a decrease
in the number of tube manufactnrers,
which totalled over 120 in 1926-27 and
now number some fifty odd, one can
readily see that prospects for the tube
manufacturer have been greatly en-
hanced the past few years.

*.Add to this the many diversified uses
of vacuum tubes in aviation, radio
systems, industrial applications, sound
talking pictures. miscellaneous ma-
chine control systems, sorting and
counting arrangements, alarm systems,
ete,, amd we have a total business that
should place the radio tube industry
up among the nation’s leaders., And
each day finds some new use which
further increases the total volume
sales.

“Summarizing, I might say that the
prospects for tube sales for 1930 are
very goud, and are even hrighter for
1931 and the succeeding years.”
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The “Stenode”

By J. ROBINSON, Dsc., PhD.
MIEE, F. Inst. P.

This paper on the Stenode radio receiver was pre-

sented at the November, 1930, meeting in New York,

of the Radio Club of America. The principle of this

ingenious system is now being widely discussed by

engineers and no doubt its place in the family of

radio receivers will become plain when its practical
uses are understood.

HE Stenode system was conceived

as the result of a desire to use the

most selective circuits for commu-

nication purposes. It has been
the constant endeavor of radio en-
gineers and of communication com-
panies to improve selectivity ever
since Sir Oliver Lodge introduced
the conception of the tuning of cir-
cuits, By muaking circuits more and
more selective, it has been possible
to increase the number of services
which could operate simultaneously
and as the tuning of circuits was im.
proved, progress has always been very
pronounced as regards freedom from
mutual interference, as well as fron:
general disturbances such as atmos-
pherics.

Since radio telephony became prom-
inent, however, it has been considered
that no further advantage would be
obtained by increasing the selectivity
and, in fact, opinion has been univer-
sal that it would be incorrect proce-
dure to do so. The applieation of Fou-
rier's principles to modulation hags
shown that when continuous waves
were modulated by speech or music.
the complicated waves can be resolved
into a series of continuous waves of
different frequencies, there being thus
apparently a large number of frequen-
cies transmitted. Thus to receive one
telephony service, it was considered

necessary to receive frequencies over
a comparatively wide band, and in or-
der to be free from distortion, the re-
ceiver  should bhe sufficiently flatly
tuned to receive all these frequencies
uniformly,

Similar views apply to telegraphy,
and a state of affairs was reached
where wireless services are allocated
by international agreement in such a
way that the Kourier frequencies or
sidebands of neighboring stations
should not overlap. FEFach telephony
service should have 10 ke. alloeated
solely for its own use. A restriction
of this nature obviously places a limit
on the use to which radio can be put.
Under these conditions the time was
soon reached when it was impossible
to find a convenient frequency band
for any new service,

When there is a complicated modu-
lated waveform, as in the case of
speech or music, there are many terms
of various frequencies up to a maxi-
mum of say 5000 cycles per second,
The effect can thus be shown as a
series of frequencies extending from
n- 5000 to n+ 5000. It is to be re-
membered that this band changes con.
stantly during the performance of or-
chestras or during any conversations
which are employed to modulate the
waves of frequency n and thus what
are usually called sidebands change
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as regards the distribution of frequen-
cies and of relative energy in these
frequencies, although it ean be stated
that they are all included in a band
whose width is 2p,, where p, is the
maximum modulation frequency. It
has been assumed, therefore, that as
moedulated waves can be considered to
consist of the transmission of a series
of waves extending over a compara-
tively wide band, it is necessary to
receive in an equal manner each of
these various frequencies and thus a
limit has been placed on the selec-
tivity of receiving circuits. It has been
considered essential to have a receiv-
er with a resonance curve which is
sensibly flat over this wide range of
frequencies, normally 10,000 cycles for
broadcasting,

Fourier Theories Investigated

It appeared to me to be of import-
ance to investigate whether the gener-
ally accepted deductions from the Fou-
rier theories were of universal appli-
cation in radio and the first aspect to
he studied was whether the restriction
on selectivity hitherto regarded as in-
dispensable need necessarily apply.

The universally accepted opinion
was that if we employ a receiver with
a resonance curve whose effective
width is smaller than the frequency
range of the sidebands, we shonld be,
in popular phraseology, “cutting off
the upper sidebands.” If a receiver
with an effective width Iess than 100
cyeles were employed, the foregoing
common expression obvionsly implied
that we should eliminate all the side-
bands of music and speech and leave
practically only the pure continuous
wave component,

Something was wrong in this gener-
ally accepted view, because if one con-
sidered a very selective receiver such
as one employing a quartz crystal to
be acted upon hy waves of its own fre-
quencey, this erystal would build up to
a steady state when the waves were
of continuous waveform. 1t ix obvions
that if a transmitter were keyed at a
very slow rate, we shoutld obtain the
complete response of the quartz erys-
tal to the transmission, and if the rate
of transmission were one signal per
second, we should obtain the rise amd
fall of the response, If the frequency
of signaling increased there would
still be change of response. hut yet
general radio opinion stated that if
the signaling speed were at the rate
of 5000 signals per second. there would
be no change in the response as the
upper sidebands would he cut off.,

There can be no discontinuity in the
nature of the physical response as we
go from a signaling speed of one per
second to 1000 per second, and it is
thus essentinl to examine the whole
phenomenon from an entirely different
point of view,

Decrement

Let us consider a resonant circuit
which can be ohtained in three differ-
ent conditions as regards the logarith-
mic decrement, the remaining condi-
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Figs. 1, 2 and 3.

tions being constant. Fig. 1 shows
resonance curves for these three con-
ditions, the resonance curve a relat-
ing to the case of the highest damp-
ing and c to that of the lowest damp-
ing. We shall examine these conditions
by plotting the rate of rise of the os-
cillations which arrive at the circuits.
This is shown in Fig. 2 where we plot
the amplitude of the oscillations in
the circuit against the time when con-
tinuous waves arrive. We find that
for the curve a the oscillations build
up to a comparatively low steady
state, whereas in the case of low damp-
ing, ¢, a large steady state is finally
obtained. The amplitude of the steady
state in fact is inversely proportional
to the resistance in the circuit.

Another very important fact emerges
from these curves which is that al-
though the curve ¢ eventually reaches
a higher amplitude than that of curve
a longer time is required for it to
reach its steady state. In each case
here we are considering the waves
which arrive to be in tune with the
receiver. When the incoming waves
cease, the receiver is in a state of os-
cillation and these oscillations will
commence to die away at a rate de-
pending on the logarithmic decrement.
In each case we have an exponential
fall of the oscillations and for the case
of high damping the receiver comes
very quickly to rest, whereas for the
case of low damping (curve ¢) a con-
sidernble length of time is required
for the receiver to come to rest.

Suppose that we make a signal at
a transmitter and that we wish the
receiver to respond to its full extent
and to die down to zero again, it is
obvious from these curves that the
length of the signal which we can use
depends on which of the curves a, b
or ¢, we employ. In the case of curve
a, a comparatively short time is re-
quired to build to the maximum value
and a comparatively short time to die
down to rest again, whereas in the
case of curve ¢, a very much longer
time is required for the receiver to
build up to its maximum value and
to die down to rest again. Hence if
we make the condition that the re-
ceiver must always be allowed to rise
to a maximum value and must always
come to rest again for any one signal,
we arrive at the conclusion that the
lower the damping of our receiving

Damping, amplitude and response curves, respectively.

circuit, the lower must be the signal-
ing speed of the transmitter.

High Signaling Speed

Let us now examine what would
happen if we actually do employ very
high signaling speeds for these cir-
cuits of exceedingly low damping. In
Fig. 3 we again plot the amplitude of
response of a very selective circuit
against the time, and the actual re-
sponse of such a receiver to telegraph-
ic signals of two different speeds is
also shown.

First of all, we shall consider sig-
nals as shown at K and we must as-
sume that these signals are made so
that the transmitter is active and at
rest for equal intervals. For the first
active portion, the amplitude of os-
cillation will build up to the point A.
When the incoming waves cease, these
oscillations will tend to die away, and
as a comparatively long time is re-
quired for this process, it is obvious
that we cannot afford to ignore the
exponential effect, which in fact be-
comes of very great importance. In the
period of rest, however, the receiver
will only die away to the point B and
it will still be in a state of oscillation
when' the next signal arrives. This
will now (provided we arrange for it
to start in the correct phase) build
to the amplitude of oscillation of the
point C, when the signals again cease.
Again, the amplitude falls to the point
D in the period of rest when the sig-
nals again arrive.

Thus for the signals K we find that
the receiver continues to build up ac-
cording to the curve OABCD, finally
reaching a steady state with the am-
plitude varying according to the sig-
nals.

Consider now that the signaling
speed is increased as shown at Q. The
build up curve becomes oabed, again
the amplitude building up to a steady
state with a fiuctuation, the rate of
fluctuation corresponding to the sig-
naling speed but the amplitude of the
flnctuation being smaller than in the
case where the signaling speed was
lower.

Fig. 3 is sufficient to show that no
matter what telegraphic signaling
speed is employed, provided that this
is lower than the frequency of the car-
rier waves, we shall have the ampli-
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tude of the receiver fluctuating with
the signals, the amount of fluctuation
depending on the signaling speed.

In place of telegraphic signals as
shown at K and Q, it is obvious that
we could employ signals of trigono-
metrical form, instead of heing square-
topped as shown at K and Q. Similar
reasoning will apply, and this means
that instead of transmitting tele-
graphic signals of square-topped form,
we are transmitting signals of trigono-
metrical form which, in fact, are equi-
valent to a trigonometrical modulation
of the carrier waves. Thus we find
that when the carrier waves are mod-
ulated by any frequency, we have the
amplitude of oscillation fluctuating at
the same rate as the modulation, but
the amount of the fluctuation depends
on the modulation frequency, being
greater for a lower modulation fre-
quency.

The important deduction to be drawn
is that in this very selective circuit,
all modulation frequencies, or all sig-
naling frequencies are present, al-
though not in their original propor-
tions. We can, in fact, deduce a gen-
eral principle, which is that when
modulated waves impinge on a re-
ceiver. the percentage modulation is
changed after going through the re-
ceiver to an amount which depends
upon the logarithmic decrement and
also on the modulation frequency. Thus
no matter how selective we make a
circuit, all modulation frequencies are
still present, although they are not
necessarily present in their original
relative intensities. For extreme se-
lectivity it was apparent that thie re-
sponse of any signaling frequency
would be approximately, if not ex-
actly, inversely proportional to the
signaling frequency.

The Receiver

Having reached this very important
deduction, the way was shown to the
construction of a suitable receiver, by
employing a very selective device and
arranging for the correction of the
modulation frequencies so that they
should appear in their desired propor-
tions. For instance, one method for
bringing this about is to pass the mod-
ulated waves through a highly select-
ive circuit, such as a quartz piezo-
electric crystal, then to rectify the
effects and pass the result through a
low-frequency amplifier which has the
characteristic of amplifying the fre-
quencies so that the amplification fac-
tor is proportional to the frequency.

Thus it is seen that there is no
necessity to place a limit on the selec-
tivity of a circuit.

Magnitude of Modulation Response

The conclusion that has just been
arrived at that the percentage modu-
lation is reduced as the selectivity in-
creases, helps us to appreciate that
the magnitude of the modulated re-
sponse is not small. Although the
percentage modulation has been dim-
inished, the total response of the cir-
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cuit at resonance has increased as
some resistance has been cut out of
the resonant circuit to produce the
selectivity. Hence although the per-
centage modulation is diminished, the
absolute value of the modulation is not
necessarily lowered.

Examining the curves of Fig. 2 it
can be seen that the absolute magni-
tude of the modulations is in fact not
smaller for the highly selective cir-
cuit ¢ than for the damped circuit a.
In each case the amplitude builds up
to a steady state where the input of
energy into the circuit just balances
the dissipation of energy. For curve
¢, the rate of input of energy is given
by the tangent of the angle AOT, Fig.
4. This angle gives the rate of loss
of energy at the point P, and thus
when the input of energy ceases, the
energy will fall away along a line PQ
where the angle QPK=AOT.

The modulated signal is given by
the amount of fall from the point P,
and in a given small interval it will
fall through PK, which equals the
amount of rise of amplitude which we
would obtain in this circuit when
starting from rest. Obviously this is
greater for the selective than for the
non-selective circuit.

We thus have the following results:

1. No matter how selective a cir-
cuit may be, all modulation frequen-
cies are present.

2. From a quantitative point of view
the signals need not be weaker than
they are in a highly damped receiver.

3. We can now employ selectivity
as high as is practically possible and
there is no need to place a limit to
progress as regards selectivity,. We
should expect that as the selectivity

is improved, such annoying factors as
spark and atmospheric interference
should be diminished.

4. The percentage modulation of
waves Iis changed after they pass
through a very selective device by a
factor which is approximately propor-
tional to the logarithmic decrement
and approximately inversely propor-
tional to the modulation frequency.

Practical Methods

Having established the fact that no
matter how selective a receiver may
be, it is still possible to receive all
modulation frequencies, we shall con-
sider certain practical methods for
utilizing these principles in radio.

Highly Selective Receiver with
Equalizing Amplifier

It is known that when a quartz
crystal is cut in a special manner it
bhas a definite frequency and that it
can be employed as a resonater. Pro-
fessor Cady has shown that when
such a quartz crystal is connected in
parallel across a resonating ecircuit,
and when the resonance curve is plot-
ted, the normal curve is obtained with
the exception that at a very deflnite
frequency a crevasse M appears in the
resonance curve as shown at Fig. 5.
This crevasse M occurs because at or
near this very deflnite frequency some
of the oscillating energy is constrained
to pass through the crystal.

Such a resonator is obviously very
selective and our object is te employ
it not in the form of a crevasse in
another resonance curve but merely as
a resonator of its own accord. We
thus need to obtain our indications ac-
tually in the quartz crystal circuit it-
self and for this purpose the crystal
is connected between one end of the
resonance circuit and the grid of a
tube of Fig. 6. The crystal is shown
as Q. Such an entirely new depar-
ture in radio reception brings forward
a number of peculiar problems, one of
them being the fact that it is usually
necessary with the crystal to employ
electrodes or plates, thus providing a
capacity which is capable of passing
high-frequency energy. It Is necessary
to correct any such effect, and one
method of doing so is to employ a small
condenser C connected to the opposite
end of the resonating inductance, the
filament of the tube being connected
to a center point of the inductance.

Thus in effect we provide a bridge
circuit by means of which undesirable
effects of any capacity of the quartz
mount can be compensated. Effective
reception with such a crystal obviously
only occurs for a narrow frequency
band and thus in order to employ one
such crystal for a range of frequen-
cies it is suitable to employ the super-
sonic principle, in order that incom-
ing waves can have their frequency
changed to that of the crystal.

It is not essential to describe in de-
tail these supersonic portions of such
a recelver, as this principle is well
known. Following the quartz crystal,
rectification is effected, after which a
low frequency amplifier is used which
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Figs. 4, 5 and 6. Curves illustrating energy transfer.
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is designed to amplify in proportion
to the frequency.

Certain special features of rectifi-
cation are introduced because the per-
centage modulation is low, although
the actual amount of modulation may
be quite normal.

Reversal of Phase Method

Another interesting method of em-
ploying a highly selective device in a
different manner in order to obtain
complete modulation frequencies is as
follows : Referring to Fig. 2 it is seen
that with such a selective device a
considerable interval of time is re-
quired for the receiver to build up to
its maximum amplitude, and at the
same time this maximum amplitude
is very high. It is, however, not
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Fig. 7. Incoming signals led to

two tubes. Fig. 8. Seiectivity—
does not affect modulation fre-
quencies.

necessary to allow the receiver to reach
its maximum amplitude and after a
short interval of time when the re-
ceiver has built up to a comparatively
small value, it is possible to bring
it to rest again. This can be done by
reversing the phase of the incoming
signal. To show how this can be done
a diagram is given in Fig. 7, a descrip-
tion of which appeared in The Wire-
less World, London, of December 11,
1929. In this case, incoming signals
are led in opposite phase to the grids
g, and g. of two tubes which are made
alternately active at a lower frequen-
¢y which would normally be supersonic
when telephony is heing received, by
leading an alternating voltage of this
lower frequency from a source S, Fig.
7 to second grids g and g: in the two
tubes.

In this way in the combined anode
circuit of the two valves we obtain
trains of waves with opposite high
frequency phases in the successive
trains which are led to the highly se-
lective device D. We thus obtain a
series of pulses as shown Iin Fig. 8,
OAB, CDE, etc. The amplitudes of
these pulses depend on the instantane-
ous intensity of the incoming waves.
After rectification the envelope of these
pulses corresponds to the form of the
low-frequency waves, so that such a
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receiver although exceedingly selective
will still indicate all the modulation
frequencies.

Interference with the Stenode

Once it has been appreciated that
all modulation frequencies are present
in a receiver of this nature no matter
how selective it may be, certain deduc-
tions can be made,

The opinion has been universally
held that the ideal receiver for broad-
casting reception should be able to re-
ceive equally waves over a frequency
band of ten kilocycles and receivers
have been designed employing band-
pass filters to eliminate waves whose
frequencies are outside of such fre-
quency band. Such designs have con-
centrated on methods for obtaining
equal response within the required fre-
quency band of ten kilocycles.

In this connection it is important to
point out that when the high frequency
circuits of a radio receiver are de-
signed to respond to a wide band of
frequencies, such as, 5000 cycles, either
side of the carrier frequency, there i~
an inevitable loss of the efliciency
which comes from utilizing the prin-
ciple of resonance to its best advan-
tage.

One important result of the work
on the Stenode system is the advanc-
ing of a definite group of principles
hitherto entirely unrecognized, which
may be employed by the application of
sound engineering to bring ahout re-
sults considered up to now as entirely
impossible.

Interference
It is now necessary to consider in
what manner interference will be

caused by waves of frequencies differ-
ent from that to which the selective
receiver is tuned.

We must consider what will happen
if the interfering frequency is nearer
than ten kilocycles. The general con-
ception of the sideband theory appears
to be that when the carrier frequency
is nearer than ten kilocycles, interfer-
ence should be experienced.

A general discussion on the nature
of sidebands took place in the pages
of Nature early in 1930, and various
scientists, particularly Fortescue and
Glazebrook recalled the fact that sim-
ple modulated waves, i.e., waves of
frequency n modulated at frequency p
do actually give resonant response in
a receiver at the three frequencies n,
n+p and n—p. Because of this it

wight be considered that if the inter-
fering carrier frequency is 1000 cycles
away and has a modulation of 1000
cycles, one of the sidebands so pro-
duced will Zall directly on the reso-
nance curve of our receiver and will
thus produce considerable interference.

While tbere is no doubt that under
such conditions the receiver would be
excited, no interference is actually
produced because this interfering side-
band is purely of continuous wave-form
and it will operate in conjunction with
the desired carrier wave to determine
the maximum amount of build up in
the receiver. The preceding discussion
has shown that the desired signals are
the variations of this maximum build
up.

The probability that we should ob-
tain an interfering station with a pro-
longed note of such frequency that it
produces a sideband accurately on the
resonance curve of the receiver is very
small with the Stenode and this prob-
ability diminishes as the selectivity of
the receiver is increased.

A more general case is that the in-
terfering station will have a modula-
tion frequency of variable intensity
which produces a sideband accurately
on the resonance curve of the receiver
and in this case intensity of this side-
band is very much lower than when
one constant note is being produced.
The variation of intensity in this case
is at a very slow rate being controlled
by the speed of manipulation of musi-
cians and is thus at a rate of the
order of one per second.

We must thus look to other causes
for any possible interference and we
shall now consider what interference
is obtained from the carrier wave of
a neighboring station. Fig. 9 may be
taken as a typical resonance curve of
a highly selective circuit, and it is
seen that an adjacent station at X
will produce an effect on the selective
receiver even though this effect is
small. In most of the experiments up
to date, it is found that snch a car-
rier does produce a small interference
and, although this does not form part
of the present paper, means can be
employed to remove this interference.

For the moment, however, we shall
discuss the nature of this small inter-
ference of a carrier frequency. Let
us consider the build up effects that
are obtained in our selective receiver
by an interfering station at X in a
similar manner to that in Fig. 2,

In the first place, if the interfering
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station is of continuous waveform of
frequency n, we have the build up of
the signals as shown at oaceg, whereas
for a signal of the same intensity ac-
tually in tune, i.e., of frequency n,,
the build up for continuous waves is
OACEG. Let us now consider that we
modulate the signals and employ tele-
graphic signals as shown at K Fig.
10. For the interfering station we
have a low maximum value for the
amplitude. Consider the case at the
point e when a signal has just ceased.
We have here the case of forced os-
cillations which have built up a small
amplitude. At the time given by e
the receiver is actually being forced
to oscillate at a frequency n: which is
different from the natural frequency
of the circuit n,, When the input of
energy ceases, the receiver will con-
tinue to oscillate in its own natural
frequency n, and the oscillations will
die away according to an exponential
curve determined by the damping of
the oscillating circuit,

As the initial amplitude of the os-
cillation at e is small and as the damp-
ing is minute, we shall have the re-
ceiver dying away to the point f in
the spacing interval, when there is no
incoming energy. This exponential
curve is of the same family of expo-
nential curves as that given at EF and
the slope of ef is further, very much
lower than that of EF.

When the next signal arrives at e
the receiver will build up to the point
g (provided that the phase of the in-
coming signal is correet) and the total
result is that the incoming signals give
a maximum oscillation which is small,
with a variation of amplitude which
is still smaller, Thus the interfering
station, when of continuous waveform
produces energy given by oaceg and
when this interfering station is modu-
lated, we still have this same energy
with a small variation of amplitude
correxponding to the signals, i.e., oab-
cdefg. In fact, qualitatively, it is ap-
parent that the percentage modulation
of the interfering signals is of the same
order as that for the signal which ix
in tune with the receiver.

The result has thus been obtuained
that when we have waves of a fre-
queney n, modulated by speech, musie
or the like, and when we employ a
very selective receiver, the modulation
response is a maximum when the re-
ceiver is tuned accurately to the fre-
quency of the incoming waves and
that this response rapidly diminishes
as the receiver is progressively de-
tuned from this frequency. By mak-
ing a receiver of the highest possible
selectivity, the modulation response of
a transmission whose frequency is less
than 5,000 cycles away from that of
the receiver can be made negligible,

This result is in accordance with
our earlier conceptions of tuning, but
at first sight, it appears to be a con-
tradiction of the sideband theory. This
latter theory is an application of the
Fourier analysis to radio, and in con-
sequence it has been considered to be
a correct interpretation of all facts
of modulation.
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It is. however, very significant that
there are certain phases of radio analy-
sis where it is customary to employ
the actual modulated waves instead of
the Fourier components, such as for
instance in problems of rectification,
and it begins to be a case for consid-
erition, whether the sideband theory
as at present formulated, heing merely
a statement of Fourier's analysis,
gives a complete statement of the case.

The case has not been completely
analysed so long as problems of recti-
fication and derection have been omit-
ted. Then again it must be remem-
bered that the Fourier components are
changing in amplitude and frequency
for the general case of modulation,
such as for speech, music, telegraphic
signals or television. Another con-
sideration is that the IFourier analysis
gives values for the amplitudes, fre-
quencies and phases of the various
components, and the question of phase
shows that we cannot apply simple
arithmetical addition to these various
conmponents.

This hecomes of great importance in
the case of the Stenode where the re-
ceiver is exeeedingly selective,  Still
another factor which must be consid-
ered in the case of the Stenode is
that we must take into account free
oscillations which are given by the ex-
ponential term in the solution of the
basie differential equation for oxcillat-
ing circuirs. With ovdinary receivers,
it is usually nunecessary to consider

PRIVATE DIARIES OF DR. de
FOREST GIVEN TO PUBLIC

N recoguition of the twenty-ifih

anniversary of the invention of rhe
famous  Aundion tube, of radio and
<ound projection in motion nictures,
The Smedley LU'ress of 10 East 43rd
streef. New York, announces i limited
edition ol 450 copies of an hixrorical
volume. under the tirle “The Life and
Works of Dr. Lee de Fovest,”” with an
Honor Roll of radio and sound motion
pierures pioneers.

In rhis biography will he found, it
appears. the tirst published exeerpts
from rthe private diaries of the inven-
tor. who in his periods of stress. kept
a daily record of happenings in the
world of wireless. The biography is
by €. 8. Thompson. a lifelong friend
of the invenror, and for many years
publieity director of the de Forest
Radio Company. holder of the originual
Awlion tube patents.
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the exponential term as it is of small
importance, but with the Stenode it
‘annot be ignored.

There is on¢ other very important
consideration in connection with the
exponential term. The effect of this
term is large in the Stenode and it
is not easy to subject it to mathemi-
tieal computation. Its value at any
instant depends on the actual ampli-
tude of oscillation in the selective cir-
cuit and as this amplitude is changing
for modulated waves the value of the
exponential term is also changing.
When one attempts to apply the side-
band analysis to the Stenode. the (ques-
rion arises as to the vectorial addition
of various sideband effects. Such ad-
dition is permissible provided that
each term is entirely independent of
the other terms but when the expo-
nential term is of large importance the
sidehand effects are not independent
of each other and thus simple addi-
tion cannot be applied.

These considerations show that the
application of the Fourier analysis to
the complete radio equipment is not
quite simple, and that when new facts
are brought forward as in the present
e¢nse of the Stenode, the application of
the Jourier analysis must be made in
2 manner to include the whole of the
phenomena.

Summary

The Stenode system is a departure
from hitherto universal practice, where

Two fortunes in wireless were won
and lost by de Forest, according to
My, Thowmpson, hetore public aecept-
anee of radio broadeasting made ir
possible for the inventor to climb the
Indder of suecess for a rhird time, al-
rhongh frequently jeopardized by court
decisions. whieh in the end gave him
full eredit for his invention of the
three-cleerrode viieuum tube, as a tele-
phene relay, amplitier oseillitor, and
regenerator of radio eurrents.

1t was in the Clinron sireet, Chieago,
shops of rhe Western Electrie Company
that de Forest first went to work as a
shop helper — - eompany whieh it is
said afrerward paid him a rotal of
£400,000 for patent righr<. made doubly
valuable, it appears. through rhe use
of the de Forest amplitier tube as an
infegral part of sound projection in
motion pictures theatres,

Interspersed in the diaries, says rhe

bhiographer. are many rare gems of
BT A RS L

E. E. SHUMAKER SAYS

president of the RCA-Victor Compuny, says:
We must provide work for the individual.

DR RTTHITETRIT
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it was considered necessary to employ
a widely tuned receiver in order to re-
ceive all the sidebands of the trans-
mirting station. In fact, the Stenode
syvstem makes it possible to increase
selectivity to the utmost practieal
limit and still obtain all modula-
tion frequencies. While employing
selectivity of a much higher order
than normal it is possible to obtain

all modulation frequencies and to
apply a low frequency amplifier
which may be designed according

to a clearly defined law that the am-
plification factor is proportional to the
frequency and thus to obtain fidelity.
Another result arrived at is that there
is a large improvement possible in the
ratio of signal to interference whether
the latter may be from natural or
other causes. From a quantitative
point of view, the signals are at least
as strong as they are in the normal
highly damped receiver. Some of the
effects of the Stenode system can be ex-
pressed in the form that the percentage
modulation of waves is changed after
the waves pass through a selective de-
vice hy a faector which is proportional
to the logarthmic decrement and in-
versely proportional to the modulation
frequency. It further brings out the
possibility that modulated stations can
he placed considerably closer than 10
kilocyeles apart without interference
and wirth perfeet fidelity,

poctie feeling  deseriptive of nature,
jorted down by the inventor in his
leisure time devoted to rramping

through the wouwds, or in watching the
heauties of sunsets on Lake Michigan,
in the tropics or at sea. ‘T'he publishers
ammounce  that  this limited  edition,
commemorative of the twenty-fifth
anniversary of the birth of the Audion
tube. will nor he put on publie sale.
Publication will be made in Jannary.

A
COMMUNICATIONS—UNITED
STATES, 1930

investment,
£4,227,000.000
430.000

‘I'elephone
esrimatred

Telephione employees

Telegraph  investments,
exrimated

Telegraph employees

Radio invesiments,
extimated

Radio employees

412,000,000
OO, (0

3,250.000.000
210.000

Labor must be use-

{11}
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esistors---

Ire

n orcelain,

namel

By JoHN DUNSHEATH

N THE huge and ever growing

radio industry, porcelain enamel

resistors are playing a more and

more important part. In fact,
they are in many instances replacing
other types of wire-wound resistors.
This trend is due to the superiority
of enamel over other materials, for
this purpose.

Porcelain enamel is of a glass base.
This means that it is an excellent dissi-
pater of heat, which is the chief pur-
pose of a resistor of any type, Fur-
thermore, the glass-base enamel is suc-
cessful in excluding moisture from the
coil. This latter factor is especially
important in damp climates.

Enamel fused on a wire-wound re-
sistor forms a complete insulation
about the wire itself, at all times.

Vitreous enameled resistors have
been repeatedly tested against other
resistors identical as to interior con-
struction, but covered with materials
such as cement, refractory composi-
tions, paint enamels, and lacquers.
Invariably, the porcelain enameled re-
sistor has proved superior, due to the
points enumerated above,

The Manufacture of Resistors

The process of coating wire-wound
resistors  with vitreous enamel has
been known and used for over forty
vears. In manufacturing a resistor of
this type, the first requisite is that
all the materials which go to make

A

Dependable Resistance

Units Are Essential for

Trouble-Free Performance
of Radio Receivers

ound

oate
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Enamel baking oven for continuous operation.

up the finished product must have
coefficients of expansion as nearly
equal as possible.

The base tube should be of a semi-
vitreous refractory, with approximately
G per cent porosity, depending upon
whether the resistor is to be sprayed
with or dipped in the enamel. In
some cases the tubes are scored, to
make the wire-winding operation
easier.

The leads, or terminals, must be of
a high grade acid pickled copper.
There are several types of leads:
plain sheet band, plaited wire, and pig-
tail type. It is very important that
they be free from all dirt or grease,
as enamel will not adhere to these
foreign materials.

The wire should be bare nichrome
carefully space-wound in advance so
that it never crosses or makes contact
with its own coils, as this will cause
an incorrect reading in testing. The
wire must be fastened securely to the
terminal, and coated with a high tem-
perature silver solder at the point of
contact.

The enamel! is then prepared and
checked for proper consistency, which
is determined by weight. The tubes
are then either dipped in or sprayed
with the enamel, and started immedi-
ately into the continuous furnace. The
furnace is divided into two heat cham-
bers: a drying, or preheating zone,
the temperature of which is about 700°
F., and a firing zone with a tem-
perature of from 1323° to 1330° F.
The speed of the conveyor through
the furnace is (determined by the size
of the resistor and the thickness of
the tube. The enamel will not fuse
properly until the tube on which the
wire is wound is thoroughly heated,
and has reached the same temperature
as the fusing point of the enamel.

& Iﬁjormntion procured from the Porcelain
Enamel & Mfg. Company, Baltimore, Md.
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After firing, the resistor is carried
through the cooling chamber, so that
it will slowly cool off to room tem-
perature, If cooling takes place too
rapidly either the tube or the enamel
may crack.

If the wire is not properly fastened
to the lead, the enamel may fuse be-
tween them. In this case, its high
insulating properties will cut off all
possible contact. When the enamel is
not applied properly, a honeycomb
effect results instead of the solid glass
coating. Should the burning temper-
ature be too high or the time too long,
the wire may move during the opera-
tion. This will cause a short circuit,
and consequent ‘“out” reading. When
the enamel is properly prepared a
boiling condition is frequently en-
countered. When a gas fired furnace
is used any leak in the muffle will
produce a similar boiling effect.

The average number of coats per
resistor is from 2 to 3. Where care
is exercised the rejects will be 5 per
cent or less after testing. Vitreous
enamel resistors are usually worked to
a tolerance of from 5 per cent to 10
per cent plus or minus, though many
are made with a 1 per cent plus or
minus tolerance.

In recent years the development of
a leadless resistor enamel has been
of great advantage as the absence of
lead precludes any trouble from free
lead spots, which sometimes develop
after the resistor is in use. Further-
nore, of course, the contention that
employees may receive lead poisoning
is entirely eliminated.

Porcelain enamel resistors are now
obtainable in every size and ohmic
capacity, They are invading the field
especially where the even dissipation
of high heats is necessary. The use of
porcelain  enamel resistors has in-
creased about 500 per cent in the past
five years.
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haracteristics

O

ry- |ectro|yte

ondensers

By HaroLD Ross

URING the past few years a

continually increasing number

of radio set manufacturers

have made use of electrolytic
condensers in the filter circuits of
power units in receivers. The rising
popularity among radio engineers of
the electrolytic condenser in compari-
son with paper condensers is due to a
number of factors of which cost is one
of the most important ; electrolytic con-
densers are mnch cheaper than paper
condensers of equivalent voltage rating
and capacity. But cost is by no means
the only factor, for properly designed
electrolytic condensers have a number
of advantages that should appeal to
the radio design engineer. These ad-
vantages are possibly not generally
realized (due to the comparative
newness of the high voltage electrolytic
condenser) and for this reason Is
presented, in the following discussion,
some data on the important character-
istics of electrolytic condensers, to-
gether with notes on their practical
use in the filter circuits of radio
receivers.

Condensers for Receivers

The choice of a condenser for use
in a radio receiver is governed by both
technical and economic considerations.
When judging condensers the engineer

A

Laboratory Examina-
tion of Dry-Electro-
lyte Condensers show
characteristics for
Radio Receiver op-
eration.

is interested in voltage rating, effi-
ciency, life, ability to withstand mo-
mentary overloads, etc. If the con-
denser meets the technical require-
ments of the circuit, we are then in-
terested in the space it requires, its
weight, ease of mounting, appearance
and cost. Let us first consider the
technical characteristics of the elec-
trolytic condenser.

The operation of an electrolytic con-
denser depends on the formation
around an aluminum electrode of a
thin film having a very high resistance
to the flow of current in one direction,
although its resistance to the flow of
the current in the opposite direction
may be quite low. This thin film acts
as n dielectric between the aluminum
electrode and the electrolyte, so long
as the voltage impressed across the cell
has a polarity such that current tends
to fiow in the direction for which the
film has a very high resistance. It
should be obvious that the cell, when
placed in an alternating-current circuit
will act as a rectifier, since it has the
essential rectifier characteristic of high
resistance in one direction and low re-
sistance in the opposite direction to
the flow of current. If the device is
to be nsed as a condenser it is neces-
sary that it be used only in circuits
where the potential across the cell
always has the same polarity. This
restricts the use of the ordinary elec-
trolytic condenser to pure d-c. and pul-
sating d-c. circuits, such as exist in
the filter systems of plate voltage sup-
ply circuits of radio receivers.

The maximum safe voltage which
can be impressed across an electrotytic
condenser is determined by the break-
down voltage of the film around the
aluminum electrode. In the case of
one' dry electrolytic condenser, the elec-
trolyte film-forming characteristics are
such that voltages somewhat in excess

1derovor Hi-Farad type.
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of 500 volts can be impressed across
the condenser without any danger of
breakdown; however the condensers
are rated at 500 volts peak to give
them a factor of safety.

Voltage Rating

The voltage rating of electrolytic
condensers is determined by the ma-
terials used in construction and the
voltage at which the film is formed.
If, in operation, voltages in excess of
the rated value are applied the leakage
current through the condenser becomes
excessive and if the voltage is suffi-
ciently high the film will break down.
If the overload is applied for a short
time the film will automatically reform
soon after the voltage returns to
normal. If the excessive voltage is
applied for a long time the condenser
may be permanently injured, In the
laboratory, groups of electrolytic con-
densers rated at 500 volts have been
placed across 800 volt circuits for one
minute without permanent injury to
any of the condensers. In an extreme
case 27 condensers were placed across
800 volts for twenty minutes, after
which the voltage was reduced to
normal, or, 500 volts. All but two of
the units completely recovered from
this severe overload, regaining rated
capacity and normal leakage after
operation for a short time at 500 volts.
The ability of an electrolytic condenser
to stand such abuse depends largely
upon the characteristics of the elec-
trolyte. The dry electrolyte used in
these condensers has a high boiling
point and it could therefore withstand
the high temperatures developed dur-
ing these tests. These condensers are
recommended for operation at tempera-
tures not in excess of 120° F. although
the electrolyte will not dry up at
temperatures as high as 175° F. If the
500-volt condensers are operated at
less than 500 volts peak, the following
temperatures are the maximum safe
values.

Voltage Temperature
(peak) Fahrenheit
475 125°
450 130°
400 135°

The fact that these condensers are
rated at 500 volts peak makes it pos-
sible to use them in all sections of
plate voltage filter systems in radio
receivers. Since the peak voltage across
the first condenser of a flliter circuit
may reach values as high as 1.4 times
the a-c. voltage on the plate of the rec-
tifier, it follows that transformer volt-
ages as high as 357 r.m.s. per anode
may be nsed. Actually it will be found
that in most circuits there is always
some lond on the rectifier which results
in a voltage drop in the rectifier tube,
making it possible to increase the
transformer voltage by an amount
equal to the minimum drop across the
rectifier. without obtaining in excess
of 500 volts across the first filter con-
denser


www.americanradiohistory.com

Page 28

It cannot be stressed too strongly,
however, that the actual voltage de-
veloped across the first filter condenser
will vary almost directly with line volt-
age. Most sets are designed for 115-
volt operation and line voltages as high
as 140 volts are quite common in cer-
tain parts of the United States. If ex-
cessive voltages are not to be developed
across the first filter condenser with
line voltages in the order of 140 volts,
it is necessary that an automatic line
voltage regulator be used, or that the
transformer primary tap be set for the
highest line voltage, or that the normal
peak voltages across the first condenser
be somewhat lower than 500 volts.
With paper condensers one would also
have to consider the possibility of
surges, but since electrolytic condens-
ers are not harmed by surges, surges
may be neglected when the latter type
of filter condenser is u=ed.

As a Filter

In judging the merit of an electro-
Iytic condenser an important factor is
its efficiency as a filter. The effective-
ness of a given condenser as a filter is
largely determined by its series re-
sistance. A high series resistance
means poor power factor and low
filtering efficiency. The series re-
sistance of electrolytic condensers is
determined by the specific resistance
of the electrolyte and the length of
the conducting path between the
cathode and anode, It would appear
desirable therefore to use an elec-

trolyte of low specific resistance,
but many tests have proven that
the lower the specific resistance

the greater is the chemieal action be-
tween the electrolyte and the film, with
the result that the life of the film is
shortened. For long life an clectrolyte
of high specific resistance must be
used, and the only way to keep the
series resistance low is by reducing the
length of the conducting path between
anode and cathode. With proper con-
struction an electrolyte of high specitic
resistance can be used to give long
tlife and still hold the effective series
resistance of the condenser at a low
s lue.

It has been determined by many
tests that the dry electrolyte used in
the Aerovox condenser has no harmful
effect on cither the film, anode or
cathode. The fact that the electroiyte
does not attack aluminum also makes
it possible to construct anode. cathode,
and can of this material and therehy
eliminate galvanic action, always likely
to occur if two dissimilar metals are
placed in contact with the same elec-
trolyte.  Samples, tested for 10,000
hours at maximum rated voltage—a
test equivalent to about six years of
normal use—have heen disassembled
and examined niiscroscopically without
locating any defect in either film,
cathode or anode.

It is thought by many that the leak-
age current Iin the electrolytic con-
denser is an important factor—actually
such is not the ease. Losses in elec-
trolytie condensers are due to dielec-

tric hysteresis, electrolyte resistance,
and film leakage. Ordinarily the latter
loss is negligible for the leakage cur-
rent is usually in the order of 1 to 2
ma. per 2 mf. section. The major
loss is due to the resistance of the
electrolyte and this loss has been re-
duced to a comparatively small value
by a design which makes the conduct-
ing path very short. That the effec-
tive series resistance has been reduced
to a low value is indicated by the fact
that these condensers have an average
power factor of only 8.2 per cent,
which is some four times lower than
was obtained in preliminary designs
using certain types of construction
with wet electrolytes. The importance
of low power factor, if efficient filter-
ing action is to be obtained, was proven
by means of tests on a typical filter
circuit. Electrolytic condensers were
used in the first section of the filter
system and the ripple voltage across
the condenser measured by means of
an oscillograph. The following figures
were obtained,

Power factor

of condenser Ripple voltage

L.2 29.7 volts
16.1 39.6 volts
33.0 46.5 volts

These figures, determined by actual
experiment, indicate how important is
low power factor for efficient filtering.
As nearly as can be determined by
oscillographic tests a low power factor
electrolytic condenser is practically

RADIO ENGINEERING

equivalent per microfarad to a paper
condenser,

If a filter condenser is to satisfac-
torily meet the requirements of the
radio set manufacturer, it must be
capable of withstanding rough handl-
ing, it must not be injured when sub-
jected to the heat of summer or ex-
treme cold of winter. Electrolytic con-
densers, if properly designed meet these
requirements.

The extreme thinness of the dielec-
tric film in the electrolytic condenser
makes it possible to obtain large
amounts of capacity in a small space.
This is an important advantage, since
space in the modern radio receiver is
quite limited.

Besides being light in weight, the
high capacity rendily obtained in the
electrolytic condenser makes it pos-
sible to reduce the size of the filter
choke coils and thereby obtain a fur-
ther reduction in weight of the chassis.

In summary : electrolytic condensers
have a number of characteristics that
make them suitable for use in radio
receivers, Their voltage ratings
can be made sufficiently high to permit
their use in all sections of filter circuit,
If punctured by a surge they heal them-
selves, If designed to have a low power
factor they are equivalent per micro-
farad to paper condensers. If a dry
electrolyte is used they can be mounted
in any position and there is absolutely
no danger of leakage. They can he
designed to withstand all temperatures
to which a receiver would normally be
subjected. They are lizht in weight,
small in size and low in cost.

_B(\)OK REVIE

“THE  ELEMENTARY PRINCI-
PLES OF WIRELESS TELEGRAPIIY
& TELEPIIONY” by R. D. Bangay,
Third cdition. Revised by 0. F. Brown
B.Se..  published by Iliffe & Sons
Limited, Dorset Ilouse, Tudor Strect,
E. C. 4.. London. Price 10/6 nct, by
post 11/-,

For many years this volunte has heen
a standard book of instruction for
wireless beginners and students. The
progress of wireless during recent
years has made necessary the new
(third) edition which has been re-
vised by O. F. Brown, B, Sc. The book
covers the subject in a clear and simple
style and deals thoroughly with
modern developments. Many new chap-
ters have been added and descriptions
of modern circuits have also heen
included.

A

“THE HAXNDBOOK OF TECHNI-
CAL INSTRUCTION FOR WIRE-
LESS TELEGRAPHISTS” by H. M.
Dowsett M.I.LE.E. F. Inst. P. M. Inst.
R.E. Demy 8vo 478 pages. 459 Dia-
grams and Illustrations. Price 25/-
net, by Post 25/9d.
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This work constitutes a complete
text book for the use of wireless tele-
graphists and others interested in the
subject. In addition to dealing fully
with general theory the hook describes
in detail the various types of marine
wireless equipment, and gives also
much practical information on main-
tenance. The subject matter of this
new edition has been entirely recast
and the scope of the book has been
widened to meet the more exacting
requirements of the operators’ dnties
of today.

A

PRACTICAL TESTING SYSTEMS,
by John F. Rider, Radio Treatise Co.,
New York. 147 pp., cloth, $1.00.

For a long time there has been a
need for a book of this kind. Mr.
Rider has produced a very useful
book, dealing with testing methods
and systems as required by radio
lahoratorians and by servicemen. This
hook should be in every radio shop.
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A New

Frequency - Stabilized

scillator System'

By Ross GUNN*

1 T i L

Engineering Attack on the Channel Limitation of Pres-

ent Radio Systems Encourages Engineers to Hope for

Successful Channel Separations of 100 Cycles.

H1 economic value and import-

ance of constant-frequency radio

transmitters under the present

congested condition of the ether
can hardly he overestimated. The limit
to the number of continuous-wave
transmitters that can be placed within
a given band is determined primarily
by the stability and constancy of the
transmitted frequency and by the
purity of the emitted wave, It is
hardly necessary to point out the tech-
nical advantages that would resnlt
from an oscillator system capiable of
producing a strictly constant frequency,
Such oscillators are not yet available
but approximate constancy can bhe at-
tained. The writer can plainly forsee
the time when successful high-fre-
quency channels will be separated by
not more than 100 cycles and the art
must be developed to a point where
such frequency intervals are a com-
mercial fact. Diezoelectric and mag-
netostrictive constant-frequency oscil-
lators have heen the subject of much
study in the past few years, and while
the idea of “sawing a certain number
of cycles out of a quartz crystal or
steel ingot™ appeals to one's imagina-
tion, it leaves a great deal to be de-
sired from many points of view. Os-
cillators of this type are infiexible and
are limited in the frequency range
over which they will operate. As a re-

t Presented at the Torontn Convention
of the Institute of Radio Engineers, Aug,
19, 1930,

* Naval Rescarch Laboratory, Washing-
ton, D. .

sult, modern radio transmitters are
greatly complicated by the use of
multiple-crystal systems and many
stages of frequency-multiplying units
which add needless complication to the
technical problems involved. The in-
herent disadvantages of piezoelectric
and  magnetostrictive oscillators  led
the writer to undertake the develop-
ment of numcrous self-oscillating cir-
cuits which are found to be satixfac-
tory constant-frequency oscillators for
frequencies up to 20,000 ke,

In 1923 the United States Army Air
Service undertook a series of experi-
ments on radio control in which har-
monie seleetors were employed, and it
fell to the writer to provide a suitable
audio-frequency modulating source for
the control circuits whose frequency
would stay satisfactorily constant un-
der the trying conditions that must be
encountered in portable aircraft equip-
ment. Ordinary self-oscillating circuits
for nudio frequencies werc entirely out
of the question, primarily because of
frequency shifts arising from varia-
tions in the filament current or cmis-
sion and from plate-battery tluetna-
tions, Tuning-forks werc tried but
were entirely unrelinble and nnsatisfac-
tory because of temperature effects and
because large accelerations of the air-
eraft in certain direetions tended to
xtop their vibration,

Various methods were adopted to
compensate for frequeney shift= in an
ordinary oscillator arising from the
variation of the plate voltage and fila-
ment emission but no truly satisfactory
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system could be devised. 1t was recog-
nized early in the work that some new
fundamental principle would be neces-
siury if the problem were to be solved
in a simple manner. The necessity
for such a principle led to a test
ot an oscillator which was first de-
scribed by the writer over six years
ago! but for reasons which will ap-
pear, the system was only of use as a
constant-frequency source in the
andible-frequency range, and it re-
mained for later development to per-
fect it for use at radio frequencies.

Causes of Frequency Variation

In any self-oscillating vacuum-tube
circuit the accidental changes in the
generated frequency arise in general
from two major causes. The first, and
perhaps the most troublesome, source
of difficulty arises from the fact that
the generated frequency depends some-
whiat on the internal tube impedance.
If the mean value of this quantity
changes for any reason a change in fre-
quency takes place. Changes in the
internal impedance of a tube may arise
from many sources of which we may
name the following as important:

(i) changes in plate potential.

(b) changes in the mean grid potential

() changes in filament potential

(d) changes in emission due to causes
other than (¢)

(e) changes in spacing of the tube
elements

(f) keying of the circuit

The second major difficulty is largely
mechanical, since it is evident that
changes in the mechanical arrangement
ot any part of the oscillating circuit
will change the effect capacities and
inductances which in turn will produce
2 change of frequency of the oscillator.
I’erhaps the most important causes of
these variations are:

(a1) changes in temperature
(b) vibration of mechanical forces
() electric or magnetic forces

Equivalent circuit.

In the commen vacuum-tube oscillat-
ing cirenits employed up to the present
time. moderate amounts of energy must
he transferred from the plate to the
grid cireuit for excitation purposes. It
ix found that the generated frequency
produeed in sueh circuits is a compli-
cated function of the internal im-
pedince of the tube and that the law
of the variation depends (often criti-
cally) on =0 many factors that compen-
<tion by simple means is practically
impossible, The cirveuit theory of the
common oscillators taking into aecount

s Gunn, Jour. Opt. 8oc. and Rer. Sci.
Inst., pp. 943, April, 1924,
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the effect of the tube impedances can-
not be worked out here, but in the new
circuits, which we shall consider
presently, the grid coupling to the sue-
ceeding tubes is so small that the ex-
citation circuit can be neglected. The
resulting equivalent circuit represented
in Fig. 1 is simple, and the frequency
relations are readily obtained. In this
circuit we shall consider only one sym-
metrical half of the entire oscillator
and take no account of the special
properties of the new circuit, In Fig.
1, let r represent the internal plate re-
sistance of the tube which we shall
assume has the properties of an ordi-
nary conductor, and let L, €, and R
represent the inductance capacity and

o
Nithhi

Fic 2

Fundamental scheme of the new
oscillator.

equivalent series resistance of the as-
sociated tuned circuit. The differential
equation connecting the circuit con-
stants and the resulting current ¢ for
a free oscillation is

d% R 1\ di 1 R
v (i+6)a+m(‘+7)
= 0 [¢))]

This linear equation is solved by the
usnal methods and it is found that for
ralues of L, R, and € encountered in
radio work, the instantaneous oscillat-
ing current is given by

i

i = Je a!sin wt 2)
where ¢ is given by
R 1
RRETIRE ™ @

and

w=2ﬁf"¢L_l_ B_l_)’ )
LC 4'L »C

where f is the frequency of the result-
ing oscillations. Equation (4) may
be put in the form

. LC,R 1 @ .
”ﬁ“”\/l_T L ®)

where wo is 2% times the frequency
which would be generated were L and
C resistanceless inductances and ca-
pacities and were the shunt resistance
r absent. Since r represents the in-
ternal tube resistance and since, as we
have seen, this is a quantity that is
subject to change in any practical cir-
cuit, the circuit constants should be
50 chosen that the effect on the fre-
quency of the variations of r are a
minimum. Inspection of (5) shows
that the effect on the frequency for a

change in r is a minimum when r is
infinite or if

L

T=%G O]
The internal resistance » of a vacuum
tube is not equivalent to the constant
resistance we have assumed since the
tube resistance has unifaterai conduct-
ing properties and is a function of the
instantaneous plate potential but to a
crude approximation, (6) specifies the
relation that should exist between the
various quantities. The mean value
of the internal plate resistance of a
shield-grid tube can be varied over a
moderate range by adjustment of the
filament and shield potential which
allows a moderately wide selection of
the ratio of L to C in so far as this par-
ticular requirement is concerned. In
any flexible oscillator the relation is
not readily satistied for all adjust-
ments, but within the limits set by the
following design considerations the
cirenit constants should be so chosen

that (G) is approximately fulfilled.
Another factor is still more import-
ant in the design of the tuned circuits;
for it is clear that the more sharply
tuned the elements of a filter chain the
more effective is the selective action
of the filter. The prime requisite of a
simple tuned circnit for such use is
that the sharpness of resonance shall
be a maximum, That is, the quantity

_1 /L

~RyZ )
should Dbe made as large as possible.
In an earlier experimental investig:-
tion,* 3 relating to the design of high-
frequency inductances it turned out
that this factor was nearly constant
with raunges of L to C varying by as
much as two to one, for it was found
that the equivalent series resistance of
the circuits changed just enough to
maintain G approximately constant,
Thus considerable latitude is given in
the selection of the quantities and for
certain adjustments it is relatively
easy to satisfy (6) and (7) simultane-
ously. These adjustments of the elec-
trical circuit to fit the tube aid
materially in the production of con-
stant-frequency oscillations but the ad-
justments alone fail to give the great
stability which is readily attained by
the method employed in the new cir-
cuits and must be considered simply
as a refinement necessary only when

extraordinary stability is required.
Frequency changes arising from
changes in the mechanical positions of
the associated conductor systems arise
primarily from temperature changes
and vibration, although electrical and
magnetic forces do occasionally cause
trouble. Vibrations of the tube ele-
ments can cause difficulty, especially
in aircraft, but with better and more
rigid tube construction this difficulty
will vanish. In a Navy aireraft trans-
mitter employing the circuit to be de-

2 (junn, Radio Broadcast, page 40, May,
1927

'-G'urm, Proc. I, R, E., 15, 797 ; Septem-
ber, 1927.
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scribed, no frequency modulation from
vibration was encountered. Perhaps
the most troublesome source of fre-
quency shifts arising from mechanieal
ciauses originates in thermal expansion
and contraction of the parts. The
present series of experiments showed
that changes in temperature of the
tuned circuits might or might not pro-
duce changes in frequency, but in no
case was the frequency shift of the
new oscillator system larger than
twice that produced by the saine
change in temperature in a circuit em-
ploying a quartz crystal. Moreover, it
wis found that the geometrical posi-
tion and arrangement of the circuit ele-
ments were important and, by judicious
choice, the temperature shifts could be
kept to small values. The change in
frequency is undoubtedly caused by
the expansion of the mechanical parts
which changes the effective spacing of
the condenser plates, the individual
turns of the inductance, ete. It is easy
to design special forms of the induct-
ances and condensers which have very
small temperature coeflicients but this
is not necessary for compensation is
more readily effected. A simple method
has been employed to compensate for
changes in frequency due to changes in
temperature. The compensating device
is simply a small condenser whose ca-
pacity is arranged to be a function of
the temperature, and consists of a tixed
plate and a movable plate made of a
stiff bimetallic shect. This is con-
nected, most simply, across the main
tuning condenser, and as the tempera-
ture of the device changes the spacing
of the plates changes in a manner ap-
propriate to compensate for frequency
changes. It is evident that the frac-

tional change of the total capacity can
be controlled by the separation of the
plates, and that the direction of the
change can be reversed by simply turn-
Until

ing over the biemetallic plate.

[ Te

Fia. 3

Circuit suitable for all
high frequencies.

but very

one gnins some experience, the adjust-
ment is rather laborious but it is quite
effective and it was found possible in
certain cases to keep the frequency
constant to within 85 cycles in 15.-
000.000 when the temperature was
changed 10° C. Temperature changes
and expansion inside the tube have not
been the subject of much study but it
seefls clear that no particular difficulty
will be encountered from this source
unless for some special reason series
tuning is attempted.
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Typical system, back coupling de-
rived from overhang turns, and
coupling condensers.

Fundamental Principle of New
Circuits

The fundamental idea underlying the
new eircuits may most easily be under-
stood by reference to Fig. 2. which
shows the circuit that the author de-
seribed some years ago, and is suitable
for low frequencies well within the
audible range. In this circuit InC; and
L:C. are nearly identical tuned circuits
which approximately sct the frequency
of oscillation. The resultant frequency
is also slightly dependent on the re-
sistance of the tuned circuits, on the
internal tube plate resistance and on
the input eoupling units to the succecid-
ing tubes. The circuits I,C, and L:C.
are sharply tuned and their parallel
impedance is high for the particular
frequency to which they are tuned and
is low for all other frequencies. Now
if a suitable change in potential be
applied to the grid of the first tube,
the variation is wumnplified, its phase re-
versed, and it is passed on to the
second grid.  The magnitude of the
potential passed on the second grid will
depend on the magnitude of the origi-
nal change of potential and equally on
the apparent impedance of the tuned
circuit I,C, since this circuit is effec-
tively across the grid and filament of the
secorud tube. Sinee the two tubes stand
in identical electrieal relation to each
other, the second tube will repeat the
process in precisely the same manner,
and the initial pulse will be returned
to the first grid amplitied or atten-
uated and approximately in phase with
it. When the returning pulse is larger
than the initinl one it is evident that
oscillations will set in, in both the cir-
cuits LnCy and L.C: since these will be
assumed to be tuned to identical fre-
quencies. The oscillations will be im-
pressed on eieh grid successively and
if the interstage coupling is correct,
those frequencies corresponding to a
high parallel impedance in the coupling
units  will he ampliied and pass
through the system again and again
and give rise to a steady oscillation.
On the other hand, those frequencies
corresponding to a lower parallel im-
pedance in the coupling units will be
less amplified and in the process of
passing through the tuned systems
again and again will be attenunated to
such an extent that they will vanish
from the system. It is then easily seen
that the reéntrant circulation of oscil-

lations through such a system simu-
lates with great accuracy the selective
effect of a filter system having a very
great number of sections. Indeed, if
oscillations are suppressed in the cir-
cuit of Fig. 2 by reducing the plate
potential or the interstage coupling,
the system makes an extraordinarily
selective filter system. It is readily
demonstrated that the output from a
filter of a great number of sections ean
he made to approach a single frequency
as closely as may be desired by proper
design and use of as many sections as
required. This demonstration is hardly
necessary since the average radio
engineer is perfectly fawiliar with the
properties of such filter systems. The
present system differs, however, from
a tilter unit of a great number of sec-
tions in that oscillating energy may be
mtroduced constantly at each section.
By proper adjustments and design of
the coupling units, which may in them-
selves be very complicated types of
tilter sections, the system will oseillute
freely at but one frequeney and with
difficulty, or not at all, at all other fre-
quencies. Actual test shows that this
is the ease. The first oscillator that
was built employing this principle oscil-
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How plate potential affects fre-

quency changes.

lated at 1000 eycles and showed a fre-
quency shift of less thun one cycle
when the plate potential was changed
30 per cent. Still greater frequency
stability can be obtained hy increasing
the number of sections used, amd ex-
traordinary results have been secured
by the use of four stuges or more.

Application to Radio Frequencies

Initially the circuit failed to show
great frequency stability at high fre-
quencies and development on this phase
of the problem was temporarily sus-
pended. Later work made it clear that
the ditficulty wirh the operation of the
circuits at radio frequencies was not
with the fundamental idea of reén-
trant circulation of the oscillation bt
was directly traceable to the faet that
some of the control oscillition cuergy
wits fed haek loeally through the plate-
grid and other stray capacities and
couplings and the circulation was not
complete. Bridge and balanced circuits
were eniployed to correct these discrep-
ancies and satisfactory results were ob-
tained at moderate frequencies. Ilow-
ever, the constant re-balancing and ad-
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justment of the circuits which were
necessary when the frequency was
changed, robbed the circuit of perhaps
its greatest asset—complete flexibility.
It has since been found experimentally
that any type of circuit that insures
the complete circulation of oscillations
through the tuned coupling elements
again and again will make a satisfac-
tory constant-frequency oscillator at
radio frequencies. In the super-fre-
quency band certain circuits and spe-
cial adjustments become highly desir-
able. A universal circuit suitable for
operation on all but the extremely high
frequencies is shown in Fig. 3. In this
arrangement screen-grid tubes are em-
ployed and these have heen found most
convenient since no balancing adjust-
ment is necessary over nearly the en-
tire frequeney range. In this circuit
it has heen found absolutely essential
to shield most carefully the different
parts of the system, for it has been
found thuat a slight coupling potential
which reaches a grid from its own
plate or plate circuit defeats the entire
plan of reéntrant circulation of the
oscillations. In all the systems to be
described the plate circuits ave
shielded carefully from the control-grid
circuits. This is most easily accom-
plished by incorporating the tuned
plate circuit, the coupling condenser,
and the grid choke to the succecding
tube. in one shielded compartment with
the tube whose plate belongs to the
tuned plitte circuit and in another com-
partmment an identical system is set
up which works in conjunction with
the first (see Iigs. 8 and 9). By the
careful location of the grid connections
between compartments and by eareful
mitehing of the two halves, such an
arrangement yields an oscillator of ex-
treme stability. On the other hand, if
the system is earelessly shielded it is
found that energy is invariably ted
back from the plate cirenit of the tube
to the grid eircuit of the same tube
throngh stray couplings and slight
variations produced in the frequency
hecome  cumulative, The resnlting
oscillations are then very sensitive to
alterations in the plate and filament
power supply.

Referring to Fig. 3 in detail a pair
of electron tuhes are shown connected
in the oscillator system. Each tube
stands in exactly the same electrical
relation to its mate and each tube has
associated with it wuearly identical

& 8 e
Fi. 6

Convenient arrangement when

power amplifier is used In connec-

tion with small master oscillator
tube.
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circuits as shown. The circuit eiements
are represented in the standard man-
ner. The variable capacity, 6. and
inductance, 5, constitute a tuned cir-
cuit which determines the frequency
of oscillation, and must be so chosen
that the product of L and C are sub-
stantially the same in both circuits.
These tuned coupling units are con-
nected to the amplifier-oscillator tubes
by means of the coupling condensers, 8,
although this is not a necessary ar-
rangement, and coupling may be ac-
complished by the use of a suitable
inductance coupled magnetically to the
plate inductance, 35, or by a combina-
tion of these methods. When shield-
grid tubes are employed the shield is
carefully maintained at ground or
filament potential by thé use of by-
pass condensers, 10. This circuit is
especially suitable for use as a master
oscillator or as a heterodyne frequency
meter, but when so used, it should be
arranged to work into a shield-grid

s l
- -8
Fic. 7

5

8

This system is essentially a tuned-
plate, tuned-grid oscillator circuit
with link coupting.

output tube whose control grid is
coupled to either tuned circuit of
the master in the manner indicated in
Fig. 8, making sure that the plate and
plate circuit of the amplifier are
shielded from all the master-oscillator
circuits. The load is connected to the
plate circuit of this output tube and
it has been found that changes of any
kind in the load produce negligibly
small frequency shifts in the master.
An essentially similar arrangement is
sliown in Fig. 4 which makes use of the
standard 3-element tubes. With this
type of tube it is necessary to balance
out the plate-grid back coupling and
any standard method can he employed
so long as the compensation is care-
fully carried out. The circuit of Fig. 4
illustrates a typical system whereby
the back coupling is compensated hy
a potential derived from a few over-
hanging turns and coupling con-
densers, 15. This circuit has not been
found especially couvenient for the
higher radio frequencies. The variable
resistance, 9, isx introduced to control
the amount of energy fed back to the
original amplifier which in turn cou-
trols the oscillation current. Perhaps i
better manner of controlling the feed-
back is by a variable tap on the plate
coil in the manner indicated in the dia-
gramn. It has been found most satisfac-
tory to keep the plate coupling rather
large (especially in using shield-grid
tubes) and the grid eoupling to the suc-

ceeding tube as low as possible, The
desirability of using low grid coupling
arixex from the reéntrant circulation
of the oscillations which is of sueh a
nature that certain frequencies are
amplified and other frequencies are
attenuated. the amount depending on
the apparent impedance of the tuned
circuits and the grid coupling. As the
coupling between filter units is re-
duced the attenunation for all frequen-
cies is increased and a critical point
will be found where they all die out.
A slight additlonal coupling brings the
level up to a point where only the one
frequency for which the circuits are
adjusted is amplified and all others
attennated. This adjustment obviously
is the one which gives rise to the most
stable oscillations. A circuit which is
properly adjnsted will not oscillate ex-
cept at one point on the tuning con-
denser, and the resonant point is as
sharply defined on the condenser scale
as in a quartz-crystal oscillating cir-
cuit. For example, in a certain circuit
operating normally at 10,000 ke, oscil-
lations had ceased completely when one
circnit had been detuned to such an
extent that the frequency shifted to
10,022 ke. or to 9,977 kc.

Performances

In order to determlne what factors
produced the greatest changes in fre-
quency a series of standardization tests
were run on an oscillator of the type
shown in Fig. 3, and operating at
15,018 ke. These tests showed that the
circuit is extraordinarily stable and
the frequency stability of the oscillator
compares favorably with a piezo-elec-
tric crystal-controlled oscillator main-
tained at a constant temperature by
means of a thermostat. Rather complete
tests have been conducted on the effect
of changes of plate and filament po-
tential on the frequency, and on the
lilt produced by keying in different
parts of the circuit. Changes in plate
potential of 10 per cent produced a
change of frequency of but 45 cycles.
Thix change in frequency amounts to
but 0.0003 per cent of the fundanmental
and is so small as to cause no diffi-
culty whatever in any normal radio
cirenit, A curve showing how the fre-
quency changes with the plate potential
ix given in Fig. 5. Perhaps the
areatest changes in freqnency are pro-
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Completed connections to output.
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duced in a vacuum-tube oscilintor by
changes in the filmment potential, With
the present circuit such changes are
relatively small and amount to but
400 cycles for a change in filament
potential of 8 per cent. A curve typi-
cal of the performance in this respect
isx given in Fig. 5(b). Keying of the
entire eircuit in the plate lead gave
rise to no lilt that could be detected
until the frequency was pushed up to
20,000 kc., and even then the shift in
frequency due to keying was just
noticeable. The foregoing data are typ-
ical of the performance that may be
expected from an oscillating system
similar to Fig. 3, when properly
adjusted to the desired frequency. It
has been found that the operation of
such an oscillator is subject to a very
small drift in frequency over long
periods of time due to permanent
changes in the filament emisxion
unless the precautionary adjustment
specified by (6) is made. A curve
showing how the frequency changes
with the circumambient temperature is
given in Fig. 5(¢). In this particular
run no attempt was made to compen-
sate for temperature changes, but
over a narrow range of a degree or so
the fregunency changed but slightly and
this region would ordinarily have heen
selected for operation. The shape of
this curve depends markedly on the
particular arrangement of the parts,
and Fig. 5(c) is given only as an
illustration of what may be expected.
When the circnits have been in adjust-
ment the writer has never observed
changes in frequency with tempera-
tures which amounted to more than 60
parts per million per degree. By com-
pensation this can very easily be
reduced to about 10 parts per million
per degree over a range of two or
three degrees. In special cases the
change was as small as one-twentieth
of this value. The present circuits
are therefore comparable in stability
to a piezo-electric oseillator in respect
to temperature variations, for crystal
oscillators show echanges of about 22
parts ber million per degree,

It should be emphasized at this
point that the above performance data
apply to a laboratory oscillator whose
power supply for all parts of the sys-
tem wits steady direct current. More-
over, as has been found in other types
of constant-frequeney oscillators, it is
essentinl that the tubes be lightly
londed when great stability is required.
Dr. A, Hoyt Taylor of this laboratory
has subjected the circuit to many tests
in his transmitting laboratory and has
not found the circuit quite as stable
as the foregoing paragraph indicates.
In his tests the tubes were worked
at their rated output. and alternating
current was supplied to the filaments.
The effect of alternating current on
the filaments was found especially
nofaverable since the internal imped-
ance of the tube varied over a con-
siderable range at a frequency twice
that of the heating current. This vari-
ation can undoubtedly he cured by the
use of special non-inductive filaments


www.americanradiohistory.com

DECEMBER, 1930

but so far special tubes have not
been made up. In general, it is recom-
mended that the circuit be worked
lightly and any power that is required
be taken from a power amplifier asso-
ciated with the master. When the
master oscillator is keyed in prefer-
ence to the power amplifier, it is still
more desitable to work the system
lightly, for thermal equilibrium is
never attained under such operating
conditions,

Special Circuits

Many variations of the fundiumental
circnits are possible without departing
from the hasic principle of reéntrant
circulation which property gives rise
to great frequency stability. The circuit
of Fig. 6 is a convenient arrangement
when a power amplifier, 21, is to be
used in connection with a small mas-
ter-oscillator tube, 20. The circuit has
not heen found quite so stable as the
cirenit of 1Mig. 3, since large changes
in the load of the power amplifier
changes appreciably the effective cir-
cuit constants of the tuned circuit
L:Cs and the generated frequency is
slightly changed. The change in fre-
quency is kept small by designing the
tuned circuits L€y and L:C: so that
these cireuits are very sharply tuned.
These two circuits are depended on
primarily to stabilize the ecircuit by
their filtering action, and the eircuit
I:Cs serves only is a broadly-tuned
coupling unit to the load and to the
input circuit of the master tube.

A degree of stability may even be
attained by the use of a single tube.
Such an oscillator shown in Fig. 7 is
essentially a tuned-plate tuned-grid
oscillator cireunit with a link coupling
cireuit L,cL,.C,e, Which also serves as
tuned filter section, The three tuned
circuits are all adjusted to substan-
tially the same frequency and oscilla-
tions ecirculate continuously through
the system. Complete cirenlation is

insured by carefully reducing the
plate—control-grid capacity conpling
to an absolute minimun. This is

accomplished by the nse of a screen-
grid tnbe and by placing a comb-like
electrostatic shield made of copper
wires hetween the plate coupling coil
and the inductance L, with a similar
shield between the grid coupling coil
and the inductance L. Any residual
electrostatic coupling can be partially
neutralized by slight grid coupling
hack to a few overhanging turns of
the plate coil L, The circuit is not
particularly recommended for ordinary
use as it is very difficult to secure the
stability which is readily attained with
the other multiple tube circuits here
deseribed,

An examination of the operation of
the circuit given in Fig, 3 shows that
the potentials of the two control grids
are about 180 deg. out of phase when
the two halves of the oscillator are
nearly identical and the oscillating
currents in each are the same. The

oscillator then makes an ideal master
for a push-pull amplifier as the con-
trol grids of the two amplifier tubes
are simply coupled to the two plite
circuits by any suitable means and
the correct phase relations are imme-
dintely established. .\ word of caution
may not be amiss in this connection,
It is to be noted that unless the cir-
cuits are laid out carefully the coupl-
ing to the push-pull amplifiers may
serve to couple the two oscillator units
and much of the frequency control
may be lost due to the lack of com-
plete circulation. It has been found
desirable to shield the grid circuits
of the two push-pull amplifiers from
each other and by careful adjustment
make sure that the radio-frequency
ground potential of the two amplifier
filaments is exactly the same as that
of the oscillator filaments. At the
highest frequencies this may be diffi-
cuit.

Conclusion

The circnits which have been
described all make use of the reén-
trant cirenlation of oscillations in
such a manner that oscillations of a
single frequency are produced. A
study of actual oscillator performance
has shown that the new circuits when
properly adjusted are capable of pro-
ducing oscillations which are as stable
as other oscillator systems employing
tuned mechanical systems., The new
system has the advantage of extreme
flexibility and has been found to be
valuable in naval aircraft radio com-
munication problems. It should find
broad application wherever a flexible
and stable oscillator is required, al-
though its flexibility proebably pre-
chides its use as a secondary standard
of frequency.

Summary—J\ new vicuum-tube self-
oscillating system having extraordi-
nary frequency stability which de-
pends on the reéntrant circulation of
oscillations  through tuned filter or
coupling units is described. The re-
éntrant circulation through the filter
sections attenuates all bnt a single fre-
queney in a manner analogons to the
attenuation produced by a filter system
having an infinite number of sections.
The unattenuated component having a
single frequency is amplified at each
passage throngh the system and con-
stitutes the single-frequency oscillation.
The methods and necessary precautions
for attaining stability are given. Fre-
qnency shifts due to ordinary varia-
tions of plate potentials, filament cur-
rent, or keying are found to be of the
order of one-thousandth of one per
cent. The extreme fiexibility of the
cirenits permit the construetion of sat-
isfactory radio transmitters operiating
from the lowest frequencies up to
20,000 ke, without the use of frequency-
doubling stages, The oscillator system
has found wide application in com-
mercial and naval aircraft radio com-
muniecation problems.
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INTENSE HEAT IN A-C. HEATER
TUBES

RESENT-DAY lheater type a-c

tubes mark an achievement of the
highest order in the development of
severe service materials. For one
thing, the insulator tubing in most
tubes must have a fusion point above
2270° C. as contrasted with 1820°
which is the fusion point of porcelain.
What is more, the insulating tubing
must not warp, shrink, break, decom-
pose or interact with the tungsten wire
at this temperature. It must remain a
good dielectric at glowing tempera-
tures. Meanwhile, the tiny holes
throughout the length of the tubing no
larger than the lead of an ordinary
lead pencil—holes hardly visible to the
naked eye—must be accurate in size
and evenly spaced at all times.

The short life of earlier a-c. tubes
has been traced to several causes. In
the first place, materials originally em-
ployed for the heater insulator were
quite unsatisfactory. The severity of
the service conditions was not realized.
Impurities resulted in brokendown in-
sulation. There was frequently a
chemical interaction between insulat-
ing material and tungsten wire. A
common cause of failure was the fus-
ing of insulator and wire, with early
breakage of both tubing and wire, due
to unequal rates of expansion and con-
traction. Porcelains, fused quartz,
alumina and other materials were tried
in turn, only to prove incapable of ful-
filing the extremely trying condi-
tions,

The remarkable life and perform-
ance of present-day heater type tubes,
according to Henry L. Crowley of West
Orange, N. J., are due to the introduc-
tion of magnesia. This material elim-
inates the heretofore critical exhaust
conditions and high shrinkage in tube
prodnetion, and provides the desired
operating conditions. The crolite
magnesia insulated tubes now avail-
able on the market have a life of sev-
eral thousand hours, and, what is
more, are capable of withstanding
severe voltage overloads without ma-
terially decreasing their useful life,
thus solving the problem of fluctuating
line voltage faced in many sections of
the country. In fact. it is now possible
to obtain heater type tubes snperior to
the filament type, due to the successful
solution of the insulation problem.

A

TELEGRAMS PER PERSON IN
VARIOUS COUNTRIES

New Zealand occupies first place
with 4.7 telegrams per head. Next to
Australin comes the United States with
1.9 tetegrams per head per year. The
fizures for Britain are only 1.2, France
sends 0.9 and Germany 0.5. Of the
Anstralian states, Western Australia
sends 4.7 telegrams per head. equalling
the proportion of New Zealand:
Queensland sends 3.15; South Aus-
tralin. 2.7: New South Wales, 2.55;
Victoria 2.45: and Tasmania. 2.3
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Rectifier Type

|nstruments

By W. N. Goopwix, Jr.*

A

Herein Is Described a Prac-
tical Method of Measuring
Alternating Currents of
Low E.M. F.'s

v

General

H1S type of instrument is used

principally for the purpose of

meastring alternating currents

of such small magnitude that
they cannot be measured readily by
means of the ordinary types of a-c.
instruments such as thermal, soft iron
and electrodynamometer types.

It is also useful where accuracy is
not of so much importance as rug-
gedness and ability to withstand
heavy overloads without damage.

Construction

It consists of a sensitive direct-cur-
rent permanent magnet movable coil
instrument used in connection with
a rectifier made of four sets of copper
oxide discs arranged in the four arms
of a Wheatstone bridge circuit, the in-
strument being connected as the usual
galvanometer in the bridge circuit.
The copper oxide discs are so arranged
that both halves of the a-c. wave pass
through the instrument in the same
direction as shown in Fig. 1.

Principle of Operation

As stated above, each half of the
a-c. wave is rectified and passes
throngh the instrument in the same
direction, and since the instrument is
a permanent magnet movable coil type
the indications are proportional to the
simple average valne of the wave,
and not to the squares of instantane-
ous values as is the case in a-c. in-

* Chief Enginecer, Weston Electrical In-
strument Corporation,

struments of the ordinary type. which
are universally calibrated in root
mean square values (r.m.s.).

As it is very desirable, however, to
measure alternating currents in the
conventional r.m.s. values, the rectifier
instruments are calibrated by using
an alternating current having a pure
sine wave shape, and the scale fig-
ured in r..s. values.

It is obvious, therefore. that if the
alternating current to be measured
has any other shape than sinusoidal,
errors will result, since the relation
existing between r.m.s. and average
values for sine waves in gemeral is
(quite different from the corresponding
relation for other wave shapes. This
and other sources of error will be con-
sidered.

Accuracy

The principal sources of error in the
rectifier type instrument are tempera-
ture, frequency, waveform, and the
fact that the resistance of the recti-
fier varies with the amount of current
passing through the dises. In addi-
tion to these, there may be permanent
changes which may take place in time,
but which experience thus far has not
fully established.

Temperature Errors

Errors due to temperature changes
depend upon the resistance of the cir-
cuit and upon the current passing
through the rectifier. In voltmeters
this is equivalent to stating that tem-
perature errors depend upon the
range in volts and upon the resistanece
in ohms per volt.

Temperature errors are the result
of two changes which oceur in copper
oxide. When the temperature in-
creases, the reetifying property dim-
inishes. or stated technically, the recti-
fication ratio is reduced, and at the
same time the resistance of the
rectifier is redueed. These two effects
are in opposite directions upon the in-
strnment indications, and fortunately,
in most practical instances, actually
neutralize eaeh other near room tem-
perature,

For voltmeters of the usual resist-
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ance of 1,000 or 2,000 ochms per volt,
and for ranges from 1.5 to 20 volts,
if used between temperatures of 18°
C. to 35° C. (64° F. to 93° F.), errors
due to temperature alone will probably
not exceed 2 per cent.

For ranges above 20 volts, and for
milliammeters, the temperature range
may be 18° C. to 30° C. (64° F, to 86°
F.) without exceeding an error of 2
per cent.

As the temperature effects increase
rapidly for temperatures outside the
above limits, it is very desirable to
make all measurements within the
temperatures stated.

These errors are of course in addi-
tion to the usual scale calibration and
adjustment errors.

Frequency Errors

Up to 35,000 cycles per second the
instrument indications decrease at a
substantially uniform rate of approxi-
mately 14 of 1 per cent for each 1000
eycle increase in frequency. For ex-
ample, at 4,000 cycles per second the
instrument would indicate 4 x 34, 2 per
cent low.

Errors Due to Change in Current
Density

The resistance of a given rectifier
depends upon the magnitude of the
current passing through it, or in other
words, upon the voltage drop across
it. The resistance increases as the
current density or voltage drop de-
creases. An instrument. therefore, has
a lower resistance for full scale cur-
rent or voltage than at any lower part
of the scale.

In voltmeters, this resistance change
is calibrated into the scale and, there-
fore, results in no error as far as the
instrument indiceations are concerned.
However, since the resistance changes,
the instrument acts as a varying load
on the circuit tested and if the cir-
enit has a relatively high resistance,
the instrument resistance variations
may effect the terminal voltage in the
circuit bLeing tested, although the in-
strument will correctly measure the

<=

Fig. 1. Circuit arrangement.
actual voltage applied to its binding
posts.,

When a rectifier type milliammeter
is connected in a eircuit. it affects the
circuit conditions on uceount of its
added resistanee like any other type
of instrument except that the effect
depends upon the magnitude of the cur-
rent passing, and the error will de-
pend upen the total resistance of the
circuit including the instrument. and
also upon the current, that is, upon
the seale indieation.

For example, the rectifier usually
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employed in a 500 microampere in-
strument of the 3% inch size (Model
301) will have a resistance of approxi-
mately 710 ohms ineluding the d-c.
instrument at full scale, 500 micro-
amperes, and 1540 ohms at 0.3 scale
or 150 microamperes.

If the circuit resistance is relatively
very high then this change will result
in negligible errors. If, however, the
circuit under test has a low resistance,
say 1000 ohms, then the total circuit
resistance for a eurrent of 500 micro-
amperes would be 1000 4+ 710 =1710
ohms and the current indicated will
be 1000/1710 x 100= 58.8 per cent of
that swhich would have resulted if
the instrument had not been in circuit.
For a current of 150 microamperes, the
circuit resistance would be 100041540
= 2540 ohms and the current indicated
is therefore, 100/2540 x 100=39.4 per
cent of that which would have resulted
had the instrument not been in circuit.

It must be remembered, however,
that the instrument correctly indicates
the actual current passing at any time,
but the magnitude of this current de-
pends partly upon the presence of the
instrument in the ecireuit, as in the
case of any other type of milliammeter.

Another effect produced by the vary-
ing resistance of the rectifier is to
slightly distort the waveform of the
ewrrent in the circuit, whieh may
eause a slight error,

As a guide in estimating the effects
of the varying resistances of the rec-
tifier type iustrument, the following
tabulated values are given for Model

301 instruments,
TABLE |
Approv. Approx.
Res. at kes. at
Full Scale 0.3 Scale
Range hmg Ohms
500 Microamperes .. 710 1540
1 Milllampere ... 440 930
2 Milliamperes ... 290 590
o Milliamperes ... 180 325

Waveform Errors

As stated alove, since a d-c. instru-
ment is used, the rectitier type
instrument actually measures the av-
erage values of the rectified wave.

The conventional manner of desig-
nating alternating currents or voltages
is to state them in terms of their root
mean square (r. m. s.) or effective
ralues, for the reason that the ordin-
ary a-c. instruments indicate these
values, and power is proportional to
these values.

For this reason, rectifier instruments
are calibrated with currents or vol-
tages having a sinusoidal waveform
and the scale is figured in r. m. s.
values. It is obvious, therefore, that
the instrument indicates correctly onty
if the currents or voltages measured
have sine wave shapes. For other
wave shapes errors will result, of vary-
ing magnitudes depending upon the
variation from the true sine wave
shape.
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TABLE I

Magnitude in
Percent of

Harmonie Fundamental
10

Fifth
Fifth ..
Fifth

Third and fifth.........
Third aud fifth. .
Third and fifth. . -
Third and fifth.........

Ratio of

Phase Indication to
Displucement True R.M.S. Value

180 0.961
180 0.927
180 0.862
180 0.840
0 1.052
180 0.970
180 0.4943
180 0.900
0&0 1.063
0 & 180 0.952
180 & o 0.877
180 & 180 0.775

As a simple illustration to show the
possible magnitude of errors due to
waveform, consider the rectangular
wave shown in Fig., 2A. This shape
of wave is that which would be pro-
duced by commutating the voltage of
a battery or other d-c.

From simple inspection it is seen
that the muaximum, r. m. s, and av-
erage values of the rectified wave are
all equal and equal to V.

If, however, a voltage of this wave-
form is measured on the rectifier
instrumnent it will indicate the r. m. s.
value of & pure sine wave which has
the same average value V that the
aetual wave has.  Now it is well
known that the r. m. s. value of a sine
wave, whose average value is V, is 1.11
V so that the instrument will indieate
about 11 per cent too high for this
waveform.

Any waveform can be expressed as
the sum of a series of pure sine waves
consisting of a fundamental and of
harmonics, the harmonies having fre-
quencies of 2, 3, 4, §, etc, times the
fundamental frequencies.

Pure a-c. waves can consist of the
odd harmonies only, 3, 5, 7, ete.

For example, the above mentioned
rectangular wave consists of a funda-
mental wave of a magnitude of say 100
per cent, and the following series of
Iarmonics, 33 1/3 per cent third. 20
per cent fifth, 14.3 per cent seventlh,
ete.

The errors produced by distorted
wave shapes depend not only upon the
mugnitude of the harmonie, but upon
its phase relation. The effective or
r. m. s value of any distorted wave
is equal to the square root of the
sum of the squares of the r. m. s.
values of the fundamental and each
harmonic, that is

V=Vv+ v+ vid+..

whereas the average value of a rec-

i ACWAVE.
! T
¥
] |
RECTIFIED WAVE.

Fig. 2. Waveforms.
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rified distorted wave is the
value of the fundamentai plus or
minus the value of each hiurmonic
averaged over a Dhalf fundamental
cycle, depending upon the phase.
The tabulated values in Table II give
some idea as to the magnitude of

average

errors produced in measuring dis-
torted wave shapes.
Conclusion

It is quite evident from the above
discussion that among the errors which
mity bhe encountered in the use of
rectitier type instruments, those re-
sulting from waveform are the most
serious.

There is also the possibility that
a perntanent change may take place
in time in the copper oxide itself, but
observiations to dare indicate that
sueh ehanges are small, probably of
the order of 1 per cent or less.

In general it may be stated that if
the instrument is used on waveforms
closely approximating sine waves, such
as found on lighting ecircuits, and if
used at room temperature, the indica-
tions may be relied upon to within
ahout 5 per cent of full scale value.
Ervors due to frequency can le cor-
rected.

A

NICKEL-IRON ALLOY CORES FOR
INSTRUMENT TRANSFORMERS

In rhe course of a discussion on a
Daper dealing with recent developments
in connection with instrument trans-
formers, attention was directed by a
numher of the speakers to the high
standard of performance regularly ob-

tainable from transformers having
cores of nickel-iron alloy. e g,
“Mumetal.”

J. Go WeLLinegs and C. . Mayo.—
“lustrument Transformers.”

Jnl. Institution of Kleetrical
neers. Juue, 1930, p. 704735 .

Engi-

A
g iy

LESLIE F. MUTER SAYS

Leslie F. Muter of Utah Radio
Products Company says: *“Radio
will amooth out to a normal
conrse shortiy.”

NI IR e n NI
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A Proving
Laboratory
For Radio

Receivers

E TTHHN I ]
abid i

Description of a New Labora-
tory as a Link Between Sales,
Development and Production.

In Newuark, New Jersey, the Radio
Department of Westinghouse maintains
a small but complete radio labora-
tory, which is unusual from a fune-
tional standpoint. It is a link between
the factory, the development laboratory
and the sules department, It transitates
the ideas of the sales and publieity de-
partments into engineering terms for
the development laboratory, keeps in
close touch with development and after
development las been completed, main-
tains an engineering sampling inspec-
tion of production.

One of its most important functions
is a daily sampling check on quality
of factory production. By this check, it
is possible to anticipate grief in the
field and have possible sources of
trouble corrected at the factory.

* Westinghouse Electric and Mfg. Co.

RADIO ENGINEERING

T
LAY

By L. W. REINKEN*

The production sample receivers are
chosen at random from the final as-
sembly line at Camden—about eighty
miles away—and shipped via daily
motor truck to Newark, At the labora-
tory they pass through the routines
shown in Fig. 1. The apparatus used
in the following routines is described
later in the article.

Production Check

After unpacking, the shook, skids,
balsa wood blocks, tubes and sepa-
rately packed items are inspected for
defects, and the shook inspected for
improper marking.

The receiver is given a mechanical
inspection for poor finish, damaged

finish, missing parts, damiaged knobs,
grille, ete,
An air test is made on the receiver

Mr. Marconi Tunes-in a Modern

Radio Receiver.

just as it would be made in a dealer’s
store, The receiver is tested with its
own tubes on standard line voltage,
and a listening test made for sensi-
tivity, selectivity, fidelity, hum and
power output. In addition, thie oper-
ator looks for such faults as noisy
volume controls. binding shafts, back-
lash—in fact anything that detracts
from perfect operation of the receiver,

The phonograph operations are fur-
ther tested for noisy or scraping turn-
tables, defective automatic starts or
stops. A listening test is made on
record reproduction, home recording,
radio recording, ete.

After the air test has been made and
any necessary repairs have been per-
formed, the voltage test with standard
tubes follows, All voltages and the
plate current of each tube are meas.

Tube
Aecesvyn
v am;', ”99 Mechanpal Air Voltage EM:’// /Dach'ng 7
Factory Zm,,., Mrspection Zasr o5 e ents > and Fockey
srrapmtetron) i 5 Shipprng
Vs
| | | e

: Defoch
n-'l M}r-{ "1
Ship Ship

Fig. 1. Production Sampile Test Routine.

WWW amewcanradiahictary com

Lwair I
Ship Shope
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ured. The voltage at two feeder points
in the socket power unit and the hum
voltage are also measured.

The tubes are individually tested,
The m, plate impedance, and mutual
conductance of each tube is determined
at standard voltages, Tubes not meet-
ing factory limits are noted on the
test report,

Overall performance neasurements
are made with standard tubes and
standard line voltage in a completely
shielded room. llere sensitivity, selec-
tivity and fidelity are measured and
compared with factory limits, Causes
of out-of-limit characteristics are de-
termined and noted, and if necessary
a detailed investigation is made,

Temperature and Humidity Tests

Occasionally a set, after completing
all other tests and found normal, is
placed in a chamber capable of main-

taining approximately 110 degrees
Falirenheit and nearly 100 per cent
humidity. Periodical measurements in-

dieate parts susceptible to moisture.
After drying the receiver, and restoring
to normal, the defective parts are
replaced with parts of different design
or treatment and the receiver again
subjected to humidity. These tests sup-
ply data on which are based specific
suggestions to the factory for changes
in impregating materials, ete.

A normal set is conneeted to the
power supply souree and is allowed to
run continunously—checking at regular
intervals for signs of breakdown or
deterioration. A move vatluable form
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Fig. 2. Living Room Conditions.

of life test for power supply units is
a device which turns the set on and
off repeatedly, subjecting the con-
densers to surges and the transformer
and chokes to heating and cooling
strains.

I'eriodically a normal set is placed
on a vibrating machine and shaken
until something breaks down. Some-
times it takes days of continuous
vibration before any change is deter-
mined. This test is much more severe
than any but the most unusual shipping
conditions encountered.

Competitive daily reports and weekly
snmmaries are sent to the New York

Fig. 3.
Transmission
Rack.

G
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Office. From these reports is prepared
a weekly letter to the factory com-
menting on production from an un-
biased, engineering, standpoint.

Development
In addition to the production check

briefly outlined above, the Proving
Laboratory performs several other
functions,

It maintains a keen interest in com-
petitive receivers in general—and par-
ticularly in the relative performance
of competitive receivers and of West-
inghouse receivers under home condi-
tions, Listening tests are conducted
in a listening room furnished to repro-
duce the acoustics of a living room,
and equipped with relays to permit
rapid comparison of receivers,

These listening tests are supple-
mented by field engineers' reports on
tests made by distributors and dealers,
and by overall performance measure-
ments of competitive receivers,

All of the men in the laboratory have
had experience in radio development
laboratories. and some have had addi-
tional experience in radio factories.
This experience, coupled with close con-
tact with the field, and with the mer-
chandising section, permits the labora-
tory to specify accurately the per-
formance requirements for new models
under development.

Development samples are submitted
to the I'roving Laboratory for criti-
cism. They are put through their paces
—compared with present competitive
merchandise, and checked against the
performance requirements originally
set up. Critieisms are obtained from
members of the sales department, and
the combined engineering and sales
conmments are sent to the development
laboratory.

Other Functions

'fhe laboratory contacts with dis-
tributors through field engineers. Serv-
fce bulleting, service problems, special
installations and distributor demon-
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strations are some of the field jobs
with which the laboratory is concerned.
Thix is the tield engineers’ province, of
course, hut the laboratory finds inti-
mate contact with the field to be of
importance in formulating ideas to be
incorporated in receivers.

Rack Apparatus

Most of the larger units in the labo-
ratory are mounted on standard steel
racks 72 inches high and 19 inches
wide. The units associated with each
set of racks termiinate on a central
jack panel.  Patch cords enable any
desired set-up to be obtained on the
rack. With the aid of circuits running
to other parts of the laboratory it is
possible to set up combinations

of apparatus located at separated
positions.
The transmission rack, designed

primarily for audio -frequency studies,
is the largest in the laboratory, At
the present time it contains push-pull
230 amplifiers, a heterodyne oscillator,
variable attenuators, volume indicator,
loudspeaker, low-pass filters, a phono-
graph turntable of the centralized
radio type and a cathode ray tube.
The rack is equipped with two rows of
pilot lamps associated with the power
supplies of the various units and with
battery chargers at a remote point,
Above the pilot lamps are voltmeters
and multi-switches for reading the
voltage of the battery feeders. Space
is provided for a complete centralized
radio installation, consisting of a super-
heterodyne receiver for broadcast fre-
quencies, a short wave adapter, am-
plifiers, power supply and clock control,

One of the unique pieces of appa-
ratus on this rack is the cathode ray.
The tube is the Western Electric 224-B,
mounted parallel to the rack panel. It
is viewed by means of an aluminum

L1 E T

Fu?. 4,
Bridge
Rack.

(L BTTTT MR

mirror mounted at a 45 degree angle,
and is completely controlled by the
switches and knobs on the panel. The
controls cover filament supply, plate
supply, focusing, spot-centering, view-
ing horizontal ordinate only, viewing
vertical ordinate only, and viewing
both ordinates simultaneously. This
biece of apparatus will later be sup-
plemented by a sweep-circuit device,
which will make it possible to view
the output of any piece of apparatus
as an actual sine wave, This will be
of use in studying amplifier over-
loading.

At the present time the transmis-
sion rack is capable of measuring
gains, frequency characteristics, over-
lond characteristics and losses. In
addition, radio or phonograph pro-
grams, or heterodyne oscillator supply
are available for testing amplifiers or
loudspeakers.

To facilitate loudspeaker study a

TR
Fig. 5.
Stock bins.
To the right,
the vibrator.

LTHINGTHO I
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stroboscope is being designed to per-
mit obtaining a “slow-motion picture”
view of loudspeaker parts while
vibrating. In addition a padded room
and condenser transmitter and volume
indicator are available for sound
pressure measurements.

The three-rack bay (bridge rack),
shown in Fig. 4, contains the follow-
ing apparatus:

A miller bridge for measuring tubes.

A ratio-of-transformation bridge for
transformer study.

Amplifiers and loudspeaker for use
with the bridge in securing an audible
null balance.

This rack will measure the mu and
plate impedance of all receiver tubes,
including 224's. Circuits from the
transmission rack appear on this rack
for patching together the units of the
separate racks.

The bridge rack also has a blank
panel anticipating future apparatus.
One of the advantages of rack
mounted apparatus is flexibility of
expansion, as well as flexibility of
operation.

A\ single rack, not shown in the ac-
companying photographs, is used in
the voltage test routine in production
sumple check. This rack is equipped
with a step.up transformer, and volt-
age regulator for maintaining receiver
supply voltage constant. Mounted
meters measure the supply voltage,
current, and wattage, A commercial
test kit has been modified for rapid
nmieasurement of all the voltage in the
receiver,

Also mounted on thls rack is an a-c.
driven vacuum tube voltmeter for
measuring hum voltage at the output
of the receiver under test.

Performance Measurements

The shielded room in which per-
formance measurements are made has
an inner and an outer shield of copper
screening, insulated from each other,
and grounded at a common point. The
signal generator and attenuator are
mounted outside the room and are con-
trolled by bakelite shafts passing
through the two copper walls, The
room is equipped with a modulating
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oscillator, output meter and monitor-
ing loudspeaker. A voltage regulator
is employed to maintain constant sup-
ply voltage for the receiver and
measuring devices.

The present overall measuring equip-
ment will eventually be replaced by
overall measuring equipment cali-
brated to read directly in kilocycles,
microvolts, modulation frequency, per-
centages modulation and milliwatts
output. This apparatus will probably
be rack mounted to conform with the
other units in the laboratory.

At the right of the stock bims, in
Fig. 5, is shown the vibrator. This
consists of a spring suspended plat-
form, vibrated by means of a motor
and eccentric fiywheel mounted be-
neath the platform. (The two units
to the right of this instrument consti.
tute a 25-cycle and d-c. motor-gen-
erator, and have no connection with
the vibrator).

In Fig. 6 are shown the humidity
chamber, storage batteries and chargers.
The humidity chamber is large enough
to accommodate the largest receiver in
the Westinghouse line. It is equipped
with a motor driven centrifugal
sprayer, heating resistors, and ther-
mometers for indicating temperature
and humidity in the chamber.

In addition to the above major units,
the laboratory maintains the usual
stock of meters. decade boxes, resist-
ors, standards. batteries, tubes, tools,
etc. Among the portable instruments
are an audio oscillator and amplifier,
a Wheatstone Bridge, a megger, a ca-
pacity bridge, a receiver test kit, a
radio frequency oscillator and a wave
meter.

Power Supply

The fundamental power supply for

FRENCH RADIO COMMUNICA-
TIONS

1IF, French system of radioteleg-
raphy is relatively well-developed
and comprises:

1. State-operiated system: A system
exploited by the State, using material
furnished cntirely by the national in-
dustry, notably by the companies affili-
ated with the Compagnie Generale
de Telegraphie Sans Fil, This sys-
tem, through the principal centers of
Lyon and Bordeanx, place Paris in di-
rect communication with the following
countries and cities: Portugal, Poland,
Sweden, Russia, Lithuania, Bulgaria,
Hungary, Cairo, Banako, Brazzaville,
Tananarive, Djibouti, Java and Ia-
noi. In collaboration with the French
companies which exploit the Guiana-
West Indies and Saigon-France-Nou-
mea-Tahiti systems, its network cov-
ers satisfactorily the French colonial
empire.

2, Privately operated system: A
system owned by the companies affili-
ated with the Compagnie Generale de

S i

Fig. 6.
Humidity cham-
ber and
battery charging
equipment.

the laboratory ix 110 volts a-c. l'ower
supply for d-c. and 25-cycle receivers
ix obtained from the motor-generators
previously referred to. Outlets for GO-
cyele, 25-cycle and d-¢, supply, appear
at numerous places in the laboratory
and listening room.

Necessary voltages for the trans-
mission racks are obtained from the
battery banks. Two plate supply
bunks are provided, one of 300 volts
for the cathode ray and one of 180
volts tapped at 130. Filament supply
is also obtained from two banks, 6
volts for the cathode ray and 24 volts
tapped at 12 and 6.

Mercury vapor rectifiers are used
for charging the plate batteries, and
Rectox chargers for the filament bat-
teries. Pilot lamps associated with
the charging circuits appear on the
transmission rack. The voltage of any
battery tap may be read at the trans-
mission rack by switching voltmeters
mounted for that purpose. These

o
Telegraphie Sans Fil, exploited under
State control in collaboration with for-
eign companies. This network, operat-
ing through the stations at Sainte-
Assise-Villecresnes, places France in
Qdirect communication with TLondon,
Madrid, Oslo, Prague, Belgrade, Bucha-
rest, Vienna, Beyrouth, New York,
Buenos Aires, Rio de Janeiro, Osako,
Mukden and Shanghai. The network
is completed by the transpacific
Saigzon-Honolulu and Saigon-San Fran-
cisco service.

The average daily number of words
transmitted by the privately operated
Sainte-Assise-Villecresnes station is 30,-
000, of which 14,900 are to European
stations. The average daily number of
words received is also 30,000 of
which about 20,900 are from stations
in Europe.

The Compagnie Generale de Tele-
graphie Sans Fil was founded in 1919.
It has a capital of 100.000,000 francs
(about $4,000,000) and controls the
activities of a number of affiliated
companies, its principal operating sub-
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meters, in combination with the
charger pilot lamps, minimize the pos-
sibility of allowing Datteries to run
down. Fuses for all battery voltages,
and a-c. supply, appear on the trans-
mission rack. This facilitates safe
repair of rack apparatus.

Machine Shop

The laboratory maintains a small
machine shop, equipped with a lathe,
drill press, brake, shear, grinder, filing
machine and of course, tool makers’
instruments and woodworking tools.

The machine shop, in addition to
maintenance, builds new apparatus de-
signed by the laboratory. This method
of obtaining apparatus has been found
economical as well as technically
satisfactory. Assembly or modification
of purchased instruments into such
devices as the cathode ray previously
referred to, make it possible to secure
useful apparatus hot commercially
available,

sidiary being Compagnie RRadio-France.
This latter company has its transmis-
sion center at Sainte-Assise, its receiv-
ing station at Villecresnes and its head
office in Paris.

wWCLO

IIE Janesville, Wis., Gazette has
purchased radio station WCLO,
formerly located at Kenosha. Wiscon-
sin, and has moved it to Janesville.
Lntirely new equipment throughout, of
the very latest type, has been installed
in both the studios and transmitting
station. Iligh-grade talent has been
employed by WCLO. Operating power
is 100 watts, 249.9 meters—1200 kilo-
cyeles, licensed to operate full time.
The studios are located at 204 E. Mil-
waukee Street, on the third floor of
the Gazette building. The transmit-
ting station is on the Milwaukee road,
one mile east of Janesville, I. H.
Bliss, publisher of the Janesville Ga-
zette, is president of WCLO Radio
Corporation.
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What
1S
Static?e

By CHAS. J. HIRSCH

Here is a Mathematical Ex-
planation of the Difficulties in
Eliminating from Receivers Ef-
fects of Undesired Oscillations

A

ROM the first days of radio
communication down to the pre-
sent time static has disturbed

radio receiving apparatus. Not
only does it mar enjoyment of broad-
cast problems, but it represents a large
economic loss by decreasing the range
of effective communication and tying
up expensive equipment.

As the nature of static Dbecomes
better known, the possibility of its
elimination scems more and more re-
mote.  What then is this thing called
statie?

In the last analysis, static is so much
like the desired signal that when we
get rid of one we also get rid of the
other. It is of the form of an elec-
trical shock and can be caused by a
large number of things: such as local
or distant lightning, the accumulation
and dixcharge of electrical charges hy
air currents, the closing of a switch,
man-made sparks, in fact, by anything
which disturbs the electrical charae-
teristics of space. Its waveform may

vary widely. The shock
once or repeat itself.

Ilow can a shock which occurs only
once disturb a radio set which is tuned
to a million oscillations per second?
A mechanical analogy will prove use-
ful to illustrate this point. Let us
consider the case of a simple pen-
dutum.  If we strike the pendulum,
it will oscillate at a frequency deter-
mined by its length, and no matter
what thisx length is it will oscillate.
If there is appreciable friction, it will
come to rest quickly. The pendulum
is very much like a tumed circuit.
If we shock the circuit electrically, it
will oscillate at a frequency (eter-
mined by the ecircuit's electrical con-
stants. If it has high resistance, these
oscillations  will die down quickly.
At first thought it would appear that
this might be used to decrease spurious

may occur

oscillations,  Unfortunately, however,
the signal is cut down equally.
There is another, more helpful

method of looking at the electrical
shock. Let us consider the electrical
wave shown in Fig. 1. An equation
for a wave of this type has been de-
rived by Fourier.

E—A, + A sin =% in2 2
=A,+ nsmTf.+Agsm2[T]
f.+....+A..sinn[2,1,:]L+....+B;cm
2%%+Bzcos2[2—;:]t+....
2=

[T]H.... )

In this equation, E represents the
instantancous voltage, t ix the time,
and T is the time required for a
complete oscillation. The frequeney,
f, is of course equal to 1/7T, so that
we can rewrite equation (1) in its
more usual form:

E= A, + Ay sin {.27t + A, sin 2.
27t +... .+ Aysinnf.27t +....+ B, cos
f.2x t+B;cos2f2rt+ +B.,cosnf
2=t 2)

We see from this that any periodic
wave, which is continuous and has no
sudden changes of slope, can be ex-
pressed as the sum of an infinite num-
ber of simple sine waves, the fre-
quency of each wave being a multiple
of the lowest frequency. These sim-
pler waves can be removed hy tuned
circuits. This is an experimental con-
firmation of Fourier's theorem.

Let us now suppose that this wave
recurs ten times a second. Substi-
tuting this in equation (2), we get :

E = A, + A; sin 10 [27t] 4+ A. sin 20
[27t] +. . + Ansin 10n [27t] + ... 4+ B,
cos 10 [27t] + Bz cos 20 [27t] +... .+ B,
cos 10n [27t] + 3)

Ilere we note thut each component
is separated from the next by ten

4+ Bn cos n

.+

AN

Fig. 1. Exam-
ple of distort.

TIME —

T. THE TIME FOR ONE COMPLETE
OSCILLATION IS CALLED
T THE *PERIOD

ed wave which

can be ana-

lyzed by Four-
ier's series.

LU DTG
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It is of the form:
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cycles.  This frequency
illustrated in Fig. 2A.

Let the wave slow down so that it
recurs only five times instead of ten
times a second. Equation (2) then
becomes :

E=A, + A sin 5([27t] + A; gin 10
[2=t] +.. .+ Aasin 5 [27t) 4. ...+ B, cos
5 [27t) + B cos 10 [27t] + .. + B, cos
5 n [27t] )

Notice that the components in the
frequency spectrum are separated hy
only five cycles instead of ten as before
and the lowest frequency is now five
cycles instead of ten.

spectrum js

10 e 10y 10 _,.
['veLes™ 'CveLes T oveLEs

FREQUENCY

FREQUENCY
- c -

Figure 2.
A. Frequency distribution of a gen-
eral irregular wave recurring every
tenth of a second, i.e., of ten cycles,
Note that the components occur
every ten cycles.

B. Frequency distribution of a gen-
eral irregular wave recurring every
fifth of a second. i.e., five cycles.
C. Frequency distribution of a gen-
eral irregular wave recurring every
second, i.e.. one cycle.

Let us carry this even further. Let
us suppose that the wave recurs once
a second. Equation (2) becomes:

E = A, + A, sin [27t] 4+ A,sin 2 [27t]
.+ A,sinn (27 t] +....4+ Bicos[27t]
+ Bz cos 2 [27t) +... .+ B cos n [27t)_(5)

We see now that the components
of different frequencies are only one
cyele apart and the fundamental is
one cycle. If the wave recurred only
once in a hundred seconds, the com-
ponents would occur once every hun-
dredth eycle and the lowest frequency
would be one hundredth cycle.

Thix shows that, asx the wave recurs
less and less freguently, the funda-
mental frequency becomes lower and
lower and the components crowd more
closely together. Let us now carry
thix to the limit and assume that the
wave occurs only once, We see that
the lowest frequency is zero or at
least infinitesimally small and the com-
ponents merge into each other to form
a continuous spectrum, each component
being separated from the next by an
infinitesimal frequency differenee,

Then if the shock occurs only once,
it contains every conceivable fre-
quency, The amplitude of these will
vary in accordance with a law that is
determined by the wave shape. Often
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A. Lines a and b represent the lim-
iting frequencies which must be
transmitted through the receiver
for good reception. Curve m o n
represents the selectivity curve of
the set. We see from this that the
area under m a and the area under
b n do not contribute anything to
the signal but allow noise fre-
quencies to pass through the cir-
cuit. In an ideal receiver, the
shaded portions of the resonance
curve would be eliminated.

B. Resonance curve coincides ex-
actly with limiting frequencies re-
quired for good reception. The only
outside noise frequencies trans-
mitted through the receiver are
those occuring under a b. We can-
not eliminate these frequencies
without also eliminating the de-
slred signal. This curve represents
the limit that can be obtained in
reducing noise by selective means.

most of the energy will be concentrated
in certain frequency bands. Howerver,
if the energy is in that part of the
spectrum where the signal is, we can-
not separate it from the signal.
Filtering it out will also filter out
the signal.

From this consideration it will be
scen that static cannot be completely
tuned out. Of course some improve-
ment ean be obtained by making the
receiver more selective, This is
another way of saying that the receiver
must not allow a greater band width
to be transmitted through it than is
absolutely necessary for good reception,
1f the signal requires a band width of
10 kilocyeles and the set allows a band
width of 20 kilocycles to pass through,
it will allow static to be transmitted
on frequencies which do not contribute
anything to the reception of good sig-
nals. This is shown in Fig. 3A and
Fig. 3B,

The amplitude of each component
when 2 sustained d-c. voltage is sud-
denly applied is glven by:

Where E is the maximum ampli-
tude of the component, E’' is the
amplitude of the impressed voltage,
f is the frequency of a frequency
increment df wide,

CHANNEL DESIGNATIONS BY
FEDERAL RADIO COMMISSION

A’l‘ a session of the Federal Radio
Commission held at its offices in
Washington, D. C.,, on November 14,
1930, the Commission amended Gen-
eral Order No. 88 as follows:

That in the frequencies exceeding
1500 ke. per second, a channel of
radio communication shall be regarded
as a band of frequencies, the width
of which varies according to its posi-
tion in the spectrum, The width of
these channels increases with the fre-
quency according to the following
table:

Frequency(ke.)  Channel Width (ke.)

1500-2198 4
2200-3313 6
33161400 8
4405-5490 10
H05-8202.5 15
§210-10980 20
10990-16405 3
16420-21960 40
21980-32780 60

Note: A visual broadcasting channel shall
not be more than 100 ke. in width., A
commercial telephone channel below 3313
ke. shall be regarded as 6 ke. In width.
A relay broadcasting channpel between 6000
nx;l(li”t)ﬁ()o ke. shall be regarded as 20 ke. in
width.,

In granting lcenses,
Radio Conmnission will
frequency in the center of the par-
ticular channel licensed to be used,
but the licensee may occupy the cen-
ter frequency and in addition such
adjacent frequencies (within the limit
indicated on the above table) as may
be permitted by the frequency main-
tenance tolerance and required by the
type of emission the station may be
anthorized to use, all of which will
be specified in the instrument of
authorization,

Licensees of fixed stations who have
been granied the use of a channel for
communieation with specified points,
upon application to the Commission
for lcenses may bhe granted the use
of the same channel for communieca-
tions with other peints on the condi-
tion that the public interest, conven-
ience, and necessity will be served
by such a grant.

the Federal
specify the

HOW THE TERM "GRID" ORIG-
INATED

N 1906, when Dr. deForest gave

the three-electrode vacuum tube
the name Audion, some scientists ob-
jected to the coining of new words for
clectrical devices. The word “stuck,”
however, and the world over the tube
is known as the Audion.

With reference to the first use of the
terms plate and grid it is recalled hy
Frank Butler, an early technical asso-
ciate of Dr, deForest's, that the term
grid came into use in the old labora-
tory in the Parker Building, New
York. Mr. Butler says:

“It was characteristic of Dr. Lee
deForest, to call every new item dis-
covered or utilized by a simple, homely
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name which is significant of its action
or the thing it resembles. Most of the
names coined by Dr. deForest many
yvears ago are still in use today, It
may be interesting to learn how the
name ‘grid’ happened to be selected
for that all-important part of a
vicuum tube. It received its name in
the old Parker building on Fourth
Avenue, in New York City, where the
audion was born. The first vacuum
tubes were made in the form of a
glass bulb, about fonr inches high,
with a small candelabra base for the
filament circuit, at the bottom, and
two wire leads protruding at the top.
One wire was green, the other red.
The ‘wing’, now called the plate, was
a flut piece of metal about 3% inch
square, to which was attached the red
wire, while the green wire led in a
zigzag length of wire beside it. In the
first tests it was customary to refer
to the ‘metal terminal’ or the ‘wire
terminal of the tube, when referring
to plate or grid, respectively. One day
Dr. deForest told us to call those
things by name, adding quickly the
suggestion that we call one the ‘wing’,
and the other the ‘grid’, because, as
he said, ‘that’s what the thing looks
like—just like a roaster grid.” And in
order to avoid mistakes in the future
by way of audion connections, a
plainly stenciled card was posted above
the workbench, bearing the slogan:
“Remember, boys—Green to Grid, al-
ways!”

A
COOLING SYSTEM FOR KDKA
TRANSMITTERS

TATION KDKA, Pittsburgh, has re-

cently installed a modern water
softening system to be used in connec-
tion with the cooling system for the
gigantic vacuum tubes used in radio
transmitters,

There is a practical reason for this
installation, hecause these giant tubes
are expensive, and unless properly pro-
tected, their nseful life period is lim-
ited. Therefore, anything that can be
done to increase their life constitutes
a saving in costly replacements.

According to E. I3, Landon, chief
operator of the Westinghouse ast
Pittsburgh transmitting station, the

water must he tested frequently to pro-
tect the tubes and the cooling system.
Ordinary city water cannot be used
becnuse it contains lime and other min-
erals which form harmful scale in the
coils, The well-known soap test, con-
sisting primarily of partially filling a
test tube with water to which is added
a drop of liquid soap. is used to deter-
mine whether the water is hard or
woft. If the water Dbecomes soapy
when shaken it is soft and is suitable
for nse in the cooling system.

At the KDKA station this ultra-soft
water is pamped to an outdoor cool-
ing pool before going to the cooling
coils and the tubes. HHot witer coming
from the station circulatory system en-
ters the pool through a fonntain-like
spray. After cooling in the pool, it is
pumped through the same circuit again,
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Common Difficulties

In

Receiver Measurements

By RALPH P. GLOVER

A

RTINS

The Dissemination of Incorrect Data on Receiver Per-
formance Causes Serious Servicing Difficulties

N spite of its youthful age of four
Years or so, overall receiver meas-
urement is seemingly being taken
for granted by the radio industry
at large, DPractically every radio
manufacturer worthy of the name
possesses equibment for this purpose
of greater or lesser range. Some
radio magazines are replete with char-
acteristic curves of each new re-
ceiver as it comes on the market, the
data supplied by the manufacturer or
obtained from measurements made in
the radio journal's laboratory. Some
set makers have already used meas-
urement data in the form of curves
or charts in their paid advertising.
What is seldom mentioned, outside

EFFECT OF STRAY R.F. PICKUP
ON MEASURED SENSITIVITY

A- TRUE CURVE, NO PICKUP
B INCORRECT CURVE, PICKUP PRESENT

—
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Figure 1.
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the inner circle of those actually en-
gaged in receiver measurement work,
is that innumerable difficulties and
painstaking care are involved in ob-
taining significant data; that the final
value of any such data depends on
careful interpretation of results, tem-
pered by due consideration for the
inherent limitations of the apparatus
and methods.

Misleading Information

The writer recalls having seen a
sensitivity curve, published in a radio
magazine not long ago, which showed
values of an entirely different order of
magnitude than were obtained in an-
other laboratory on a receiver of the
snme  type. Investigation disclosed
the fact that the receiver was
equipped with three antenna taps and
the published data had been taken on
the most unfavorable of the three.
There was no statement made in the
magazine as to the test conditions
which, as a matter of fact, were not
at all representative of those encount-
ered in actual service. Yet, this mis-
leading information had a large circu-
lation among dealers and servicemen
who read that particular magazine
and who were in no position to quex-
tion or verify the results,

Fortunately, such occeurrences are
not common, but the example serves
to emphasize the care and accuracy
which must be exercised, especially
when technieal facts are presented to
a public having as yet only a bowing
acquaintance wlth receiver measure-
ments.
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Needless to say, the design and
construction of receiver measuring
equipment is an art in itself and re-
sults depend in no small measure on
the correctness of the electrical de-
sign of the apparatus, For example,
in Fig. 1 are shown two sensitivity
curves taken on the same receiver.
Curve A represents the true sensitiv-
ity of the receiver while curve B was
taken with an auxiliary pilece of
apparatus connected to the signal
generator and fed through a high-level
r-f. lead. The effect of stray field, or
pickup, from the lead is quite appar-
ent. The lead was thoroughly
shielded and had caused no trouble
muntil this particular discrepancy was

noticed. Rearrangement of the appa-
COMPARISON OF SENSITIVITY
WITH INTERNAL AND EXTERNAL
ARTIFICIAL ANTENNAS
A- ARTIFICIAL ANTENNA IN
SIGNAL GENERATOR UNIT
8- ARTIFICIAL ANTENNA CLOSE TO
RECEIVER INPUT TERMINALS
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Figure 2,
ratus, eliminating the troublesome

lead, solved the difficulty.

Stray pickup, in all its various
forms, is perhaps the greatest bug-
bear of the receiver measurement
technician, especially when receivers
having a sensitivity corresponding to
one microvolt per meter are belng
dealt with. It should be remembered
that the qualities of ease of operation
and accessibility for maintenance
are of paramount importance in meas-
uring apparatus and perhaps rank
next to accuracy in order of desira-
bility. Unfortunately, apparatus for
receiver measurements, designed with
all these factors in mind, often pre-
sents the most difficult problems in
pickup elimination. The designer is
often forcibly reminded that short,
heavy pieces of copper busbar by no
means provide impedanceless access to
the ground point at radio frequencies.
Balanced-bridge effects and peculiar
potential gradients are frequently a
source of worry in perfecting a
grounding system on a particular
piece of equnipment. Experience, good
judgment and hard work are the most
uxeful tools in running down troubles
of this sort.
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Method of Receiver Measurement

There is another type of difficulty
which is frequently encountered in
receiver measurement work and for
which there seems to be no definite
answer at the present time. This is
best illustrated by a case in point. It
is customary to divide receiver meas-
uring booths into two compartments;
the signal generator is located in one
compartment and the receiver under
test in the other. The signal is fed
through the receiver through a standard
artificial antenna?! which may be built
into the signal generator or placed close
to the receiver. Both practices seem to
be equally common, yet Fig. 2 shows
quite plainly that somewhat different
measured sensitivities may be obtained
on the same receiver for these two
conditions., Curve A of Fig. 2 was
taken using an artificial antenna
which was built into the signal gen-
erator; curve B was obtained on the
same receiver, but the artificial an-
tenna was located close to the antenna
and ground terminals of the set. Both
antenna systems were composed of cir-
cuit elements of the prescribed values
and care was taken that all other
test conditions were identical for the
two measurements. Such discrepancies
are not difficult of explanation and
would not ordinarily be noticed where
one system or the other is in constant
use. They do, however, serve as a
reminder that some allowances must
necessarily he made in comparing
data from different sources.

Characteristics of Tubes

Correct operation of the receiver is
no less important than correct design
of the measuring equipment. This
applies particularly to all of the aux-
iliary apparatus which enters into the
measurements, such as vacuum tubes,

EFFECT OF MUTUAL CONDUCTANCE
OF SCREEN-GRID R.Ff TUBES ON
RECEIVER SENSITIVITY
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Figure 3,
speaker fields, load impedances and
the like,

As might be expected, the constants
of the tubes used in the receiver have
a great bearing on the results which
are obtained. Each tube should have
characteristics which represent the
arithmetic mean value as regards fila-
ment emission. plate current, plate
resistance. amplification factor and
mutual conductance for each particu-
lar type used in the receiver?.

1 Standardization chort Jor 1928, Year-
book of the I. R_ E,, 1 108.

=Rramlmdi~ar£on Report for 1928, Year-
book of the I. R, E., 1928; p. 117

The selection of tubes having these
characteristics is a task of no mean
proportions when the laboratory must
rely on regular production tubes for
its supply. Since no tolerances are
given2, it would probably be neces-
sary to inspect literally thousands of
tubes of each type in order to find a
sufficient number complying literally
with this requirement. However, most
laboratories of necessity content them-
selves with tubes of correct mutual
conductance and plate resistance, or
with some such similar compromise.
Fig. 3 shows the results of sensitivity
measurements on a receiver using low
and average mutual conductance
screen-grid r-f. tubes. Little need be
said about these curves except the sim-
ple statement that there is no routine
more important in receiver measuring
equipment maintenance than frequent
and accurate checks on the character-
istics of the tubes used in the receiv-
ers and all tubes should be maintained
at the standard values in so far as
this is feasible. cconomically. The
reason for this is self-evident after a
glance at Fig. 3.

Need for Tubes Having Average
Characteristics

It is to be hoped that some day
tubes of average characteristics will
be available from the tube manufac-
turers for this purpose.

These are only a few of the many
difficulties which are conunonly en-
countered in measurements of re-
ceiver performance. That they are
by no means insurmountable difficul-

tics, however, has been pzoven in
many receiver development labora-
tories.

A
EXPERIMENTING WITH THE

LIGHT SOCKET AERIAL

ISCUSSION relative to the light

socket aerial has been going on
for years. Some like this form of an-
tenna; some do not; some have had
excellent results with it, some have
not; and so on. A great deal has been
said yet no very definite conclusions
have been drawn.

It is interesting at this time, there-
fore, to hear the comments of Harry
W. Houck, chief engineer of the
Dubilier Condenser Corporation, which
has long specialized in a device of
this nature, known as the Dubilier
Ducon.

“You can no more throw together a
light socket plug antenna and apply
it to any house, than you can prescribe
the same pair of eye glasses for every-
body,” states Mr. Houck. *“Conditions
vary in every house, and, as the light
socket aerinl makes use of the house
wiring system as an aerial, the plug
should be adapted to the requirements
of the house, just as the eyeglasses
should be suited to the condition of the
individual.

“There are, of course, unusual cases
where a llght socket aerial will not
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function, generally due to the house
wiring circuit grounding out a large
percentage of the radio-frequency
energy of the signals, or again in the
case of buildings with steel frame-
work generally completely grounded.
These cases are the exception rather
than the rule, and do not form a
serious argument against the light soc-
ket aerial.

“In our antenna socket plug,” states
Mr. Houck, “we have endeavored to
meet the requirements of the average
house. We have succeeded not only in
that aim, but also in securing good
reception in houses that are decidedly
not average. In our aerial plugs we
have incorporated not one but two
coupling condcnsers, thus giving a
choice of three different capacity val-
nes. These three values halance prac-
tically every type of house-wiring in-
stallation encountered. The terminals
of these two condensers come out in
two binding posts on the end of the
plug. By connecting the radio antenna
connection post to one of these binding
posts, a comparatively small conden-
ser is employed, for use on a very
long aerial of house wiring system.
The other binding post provides a con-
denser of medium capacity and proves
adequate for the average installation.
Where the house wiring installation is
unusually limited, both binding posts
may be connected together and run to
the set. This gives a maximum trans-
fer of energy and brings the reception
up to standard.

A

A-C. OR D-C. RESISTANCE?

HE phenomenon known as skin ef-

fect, or the peculiar property of
alternating current especially at high
frequencies to travel only through the
outer portion and not through the core
of a conductor, is generally ignored in
figuring resistance values for radio
purposes. Thus the radio worker is
frequently puzzied by the fact that a
given solid resistor, rated at a given
resistance, actually has considerably
higher resistance value in actual use.
He may hasten to blame the resistor
manufacturer, whereas he has only a
well-known electrical phenomenon to
blame. A solid conductor offers con-
siderably greater resistance to high-
frequency current than to direct cur-
rent, due to the skin effect.

It is for the above-mentioned reason
that the metallized resistor is finding
more and more appications in radio
work. Such a resistor, having a metal-
lic coating deposited on a glass fila-
ment, presents a virtually uniform re-
sistance to either a-c. or d-c. energy.
Since there is no core to such a resist-
ance unit, the a-¢. or d-c. energy fiows
through practically the same thin film
or skin. Therefore, the resistance value
is the same in either case. and there
is no chance for error as when using
solid resistance units.
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Motor-Generators,

Dynamotors, and

Rotary Converters

for Radio Uses

By E. W, BERRY *

UCH of the residential sec-

tions of New York, Boston,

Chicago, Baltimore, and a

number of small isolated
towns are supplied with direct cur-
rent only. Also there are many farms
and perhaps boats or camps that de-
pend upon 32 volt or 110 volt d-c.
“farm lighting units® for their power
supply. These conditions have often
presented an obstacle to the sale and
use of radio sets. There are several
solutions,  There isx the use of the
battery-operated set, the use of the
direct-current set, and the use of a
converting unit to change the direet
current to alternating current.  Inas-
mueh as the d-¢. tube hax not been
developed to the perfection of the a-c.
tube, and being in the minority of use,
to stock and service the d-c. et would
be qguite a problem for the dealer.
Also the choice of a set from n large
assortment wonld be denied the user.

The best solntion of this problem
seems to he the us=e of the eonverting
unit.

These units are made to a great

many specifications: that is: rotary
converter. dynamotor, and notor
generator: with filters and  without
filters: high speed and low  speoid:

ball. wool packed, ring oiled and wick
oiled bearing<: primaries wound for
the standard voltages of 6-12-32-100 and
220, or for special voltages, The sec-
ondary  windings are generally 110
volts, G0 eyeles, but may be wound up
for 220 volts, 50 cycles, or most any

other combination, The purpose of
this  article ix  to disenss  the
mer and applications of the many

speci f.l(':lti(lll.\‘.
Types of Units

The rotary converter consists of a
nnit with a single field windinz for
both the alternating and the direct

*Engincer. Electric Spceialty Company.

current. The armature likewise has
a single winding which is eommon to
both primary and secondary. This is,
practically speaking, a motor arma-
ture with two leads tapped on to the
commutator at different points and
the two leads ecarried through the
motor core and connected to slip rings
at the end opposite the commutator.
In this simple combination “full volt-
age” is not obtained at the a-c. end.

Field for A-C. Tube

Receivers Extended by

Installation of Machine
Converters.

I I

That s, if 110 volts d-c¢, were used
at the primary end only about 78 volts
would be obtained at the secondary
end. This is overcome by the use of
a booster winding where higher volt-
age is wanted, and by the use of a
bucking winding where less voltage
is dexired. These auxilinry windings
are in series with the tapped leads
and are wound in the same slots of
the armature as the primary or motor
winding. A booster winding would be
used in a 110-110 volt converter and a

RADIO ENGINEERING

As there is a direct electrical con-
nection from the d-¢. commutator to
the a-c. collector rings this type of
machine is difficult to filter and is
generally used for the eoperation of
phonograph  motors and amplifiers
only.

The dynamotor has a field common
to both the primary and the secondary,
In this respect similar to the eonverter
but differing in the armature, Ilere
there are two separate windings inde-
pendent of each other. The primary
wimding is connected to the com-
mutator and the secondary winding
to the collector rings, This secondary
winding is wound in the same slots
as the primary, but is insulated from
it entirely. The use of the two sepa-
rate windings in the dynamotor re-
(quires more insulation and winding
space than in the rotary converter.
Therefore, the power output of a dyna-
motor is about two-thirds that of a
converter of the same size. To more
than compensate for this the dyna-
motor requires less filtering, gives less
interference and is free from uneven
commutator wear due to grounding
effects and heavy currents as the
tapped connection points come under
the brushes.,

The motor generator has two sepa-
rate and distinct fields and two sepa-
rate armature windings wound on dJdif-
ferent cores, That is, the primary
consists of a field and an armature
and the secondary of a different field
and armature, In the smaller machines
the two fields are generally placed in
the same frame or shell. The arma-
ture in this ease is of the two bearing
type, with the two cores on a com-
mon shaft. In the larger machines
separate motor and generator frames
are used. This type set is four bearing
with the two units mounted on a
common cast-iron sub-base and con-
nected by a fiexible coupling.

The advantage of the motor-gener-
ator set over the dynamotor is that
the voltage of the motor-generator
secondiary may he closely controlled by
means of a rheestat in the generator
field, This type of control is far
superior to the use of a line resistor.
Another advantage of the motor-gen-
erator unit is that an alternating
current motor operating from odd
frequency or voltage sueh ax 110/220
volts—23 ¢ycle may be nsed, thus pro-
dueing 110 volt, GO ¢yele or any other
desired combination.

From the above brief summary of
types we may well draw the following
conclusion :

For the phonograph amplifier unit

(Continuwed on page 46)
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FrRosT-RADIO

:

maintains a unique

service for your benefit

Why not use it?

Here at Volume Control Head-
quarters we maintain a complete
departinent devoted to engi-
neering research.

This department is organized
to serve you in solving any
problems that may come up in
connection with the fixed and
variable resistors necessary to
exactly meet your requirements.

We invite you to get in touch
with us concerning the applica-
tion of FROST-RADIO Volume
Controls to your product, or the
application of other controls in-
volving precise regulation by

No. 2880—2880

means of fixed or variable resis-
tors of the several types manu-
facturedbyHerbert 11.Frost,Inc.

Why not use this service, just
No. 890 as a considerable number of
others are doing? You will find
the resources of our Engineers
of great value in working out
your problems. You will dis-
cover, as many others have done,
that this department fully un-
derstands the requirements of

ot
present-day radio manufactur-
ing. And you will like the speed,
service and cooperation that is
directed toward the solution of
your problems.

No. 280—280

Aninquiry on your letterhead
will bring full particulars of this
unique service to the radio in-

No. 1880—1880 dustry.

HERBERT H. FROST, Inc.

Main Offices and Factory: Elkhart, Ind.
160 North La Salle Street, Chicago
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DIE
CAST
by
ALLIED

An almost indispensable Ally when harnessed for
Household and Factory use — it quickly becomes
an enemy when not properly controlled or resisted.

Producing burner tips made of an alloy that
allows sufficient strength and at the same time a
high resistance to heat is just one of the ways in
which the Allied Process is serving mankind.
Others lie in the simplification and the high speed
low cost production of parts that are produced
as accurate, strong and finely finished as those
produced by far more expensive methods.

To all those who are interested in the production
economies possible by the

die casting art—the Allied ﬁéé’i‘;_\?
E CASTER |

Die Caster,a magazine de-

voted to the application of
this science in modern in-
dustry, will be sent without
obligation. A letter from 'J
you on your business stationery will bring The
Die Caster regularly —free of charge.

Address The Allied Die Casting Corp., 43rd Ave.
from 38th to 39th Streets, Long Island City, N. Y.
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only, (no radio) the rotary converter
may be used with good results.

For the radio or combination radio-
phonographh the dynamotor is more
satisfactory unless accurate voltage
control is wanted, or a conversion of
odd voltage-frequency to a standard is
wanted in which case the motor gen-
erator should be used.

Filtering

Experience has proven that in most
cases the converter will operate a
phonograph  amplifier satisfactorily
without any filter. Slightly better
operation is obtained with the use of
a filter. The radio on the other hand
requires filtering. Much time and
money have been spent by manufac-
turers on this problem. From several
years of research and the sifting of
complicated systems there has been
developed several simple and most
effective filters.  Until recently im-
proved one of the most popular filters
on the market consisted of five 2 mfd.
condensers so placed that they effec-
tively quieted the noises caused by the
slight sparking of moving contacts.
Recently this filter has been improved
upon by the use of choke coils to iron
out the disturbances coming in over
the d-c. supply lines, in addition to
quieting the machine disturbances.

High Speed vs. Low Speed

For a given outside diameter and
length the two-pole machine has a
smaller armature diameter, turns at
a high rate of speed, and is capable
of much more power output than the
four-pote machine. The four-pole
dynamotor has a larger armature
diameter but turns at half the speed.
The advantages of this slow speed
machine are the longer brush wear
and to a smaller extent the longer
bearing wear. and the fact that it
runs more quietly mechanically. The
brush wear is not a serious considera-
tion. These are inexpensive and
easily changed, but of course are a
source of more or less inconvenience
in the case of the high speed machine.
Bearing wear is hardly worth con-
sidering as the modern type bearings
properly taken care of, or better said,
properly left alone, will probably in
either the high or low speed unit out-
wear the associnted apparatus. The
noise prohlem is worth considering,
for in spite of dynamic balancing,
usedd by progressive manufacturers,
the high speed machines are better
placed in out of the way rooms,
cellars, and closets while the slow
speed machines may he placed in the
same room as the other equipment.
The mounting of any type of machine
in a cabinet has not to date been
satisfactory,

Bearings

In the bearings of a maehine it is
desirable to have long wear, quietness
and freedom from fussy attention.
The principal types of bearings now

available are the ball bearing, wool
pack Dbearing, ring oil, and the
wick oil.

The ball bearing gives long wear,
needs little or no attention, but it is
noisy in operation and is the most
expensive.

The wool pack bearing gives long
wear, needs little attention, and is
quiet. This is medium priced.

The ring oil bearing will probably
give longer wear than any other type.
It is quiet in operation. Must have
a good supply of oil. The ring may
stick to the side in cold weather or
with dirty oil, or if mounted in a
tipped position. In other words it has
to be watched to make sure it is work-
ing. This type is medium priced.

The wick oil bearing depends upon
the oil feed through a wick. This is
often insufficient in cold weather, or
in aged felt wicks. At best it is not
to be compared with the oil feed of
the ring oil or the wool pack. Its
life is apt to be short, and it should
be watched. It is quiet in operation.
This is the least expensive type.

A
BROADCAST STATION LICENSES

LL requests for assignment of

radio broadcasting licenses are
being most carefully scrutinized by
the Federal Radio Commission, and
its various divisions, to determine the
financial responsibility of the new ap-
plicant for a license, his standing in
the community and the necessity, if
any, for continuing the station.

So many applications for change of
ownership of stations have been filed
recently that it appears tratlicking in
radio licenses is a new form of specu-
lation developing in this country.

Section 12 of the Radio Act provides
that no station license shall be trans-
ferred or assigned cither voluntarily
or involuntarily without the consent
in writing of the licensing authority.

Emphasis is placed on the fact that
all privileges granted under a license
expire at the end of a license period,
that the license is a franchise which
cannot be sold.

Another apparent effort to take ad-
vantage of the Commission is the fact
that numerous stations licensed to
broadcast daily for short periods for
the benetit of schools and churches
are making application for the assign-
ment of their licenses to commercial
corporations. In most cases the re-
quest is accompanied by an appeal for
more time on the air.

It is common knowledge that the
Commission, in its desire to promote
educationnl features and to carry
churehh programs to the homes of the
people, have been most liberal in
granting licenses to those groups of
applicants.

A few stations licensed to conduct
charitable and altruistic work have
been commercialized and now insist on
more time to take care of advertisers.

www americanradiohistorv com
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All applications for assignment of
such licenses will be carefully studied
by the Commission and its investi-
gators, and a real necessity for a com-
mercial station must exist before such
transfers are authorized.

It is likely that the Commission, in
many cases, will find it advisable to
cancel these licenses, rather than add
to the overloaded channels. It would
be a fine, patriotic service for these
licenses to retire voluntarily from the
field. if there is no longer any need
of radio in their service, thus aiding
the Commission in relieving some of
the congestion in the air.

The Commission has just authorized
an investigation of reports that the
harmonics emitted by some broad-
casting stations are causing much in-
terference with reception on some
frequencies used largely by commercial
stations.

A

DIAPHRAGM CENTER DESIGNS
AND THEIR MEANING

By Clifford E. Stcrens

MOST of us have observed the differ-
ent forms of center constructiion
for the usual dynamic speaker dia-
phragm or cone. Some have a solid
center member, perhaps formed by a
continuation of the diaphragm material
itself, and frequently with a center
screw. Others have the integral center
member, but with many holes about
the center screw. Still others have a
metal spring member or ‘‘spider” for
the center. Again there are those
without center member, =0 that the
pole piece of the pot magnet is visible.
Diaphragms with intact center mem-
ber, are capable of exceptionally high-
frequency response. The solid center
member serves as a radiator of high
notes. On the other hand., the dia-
phragm without center member per-
mits of appreciable air leakage, re-
ducing the general volume quite as
well as the higher frequency response.
The use of the spider or center spring
suspension, is for the purpose of driv-
ing the diaphragm in a straight line,
while getting away from the higher
frequencies caused by a solid center.
In some designs the spring suspension
is around the apex of the diaphragm,
at the rear and out of sight, so that the
pot magnet pole pieces are visible at
the center.

A compromise design which is gain-
ing popularity includes an integral
center piece formed of the impregnated
cloth or burtex diaphragm itself. This
center member may be without holes,
or again with a single hole taking the
centering screw which threads into
the pole piece of the pot magnet, or
again with the centering screw and a
number of other holes to permit of
air lenkage and the cutting off of the
higher frequencies.
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but there’s
one more point

you'd better check

by George Lewis, Vice-President
Arcturus Radio Tube Company

PROBABLY it’s been a tough job, designing thar
new model for 1931. Yet there it is, all OK in
every detail, approved by those who have the
big “yes-or-no.” ... Now is a good time to de-

cide an important question —“what tubes?”
Important, because tubes make a big differ-
ence in the performance of any set. Those
carefully selected condensers, well-
designed transformers, advanced circuit
layouts, etc., can’t insure first-class results
unless they get good tubes to work
with ... You can depend on Arcturus
Blue Tubes. Their tone is clear, true,
and life-like. They heat quickly, in
7 seconds. And they are absolutely
uniform; a big point in assur-
ing smooth performance...
Specify Arcturus Tubes for stan-
dard equipment and you’ll get
the “OK” of the purchasers
of your set as well as your

own selling organization.

The TUBE with the

LIFE-LIKE TONE

Avrcturus Radio Tube Co.
Newark, New Jersey
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For Grids- R
A New High Quality
MOLYBDENUM WIRE

77 by FANSTEEL

™\[EVER before has Molyb-

denum been produced
commercially so pure, so
uniform, so easy to fabricate
as this new Fansteel Molyb-
denum. It is easily degassed,
easily shaped, easily fastened
to support rods without em-
brittlement—and grids can be
depended upon to hold their
shape at high temperatures
without distortion.

Fansteel] Molybdenum Wire is made
in Fansteel’s own plant en a
quantity-production basis under
strict laboratory control—it’'s uni.
form. Give this new grid wire a
good fair trial—watch your quality
go up and your rejections and costs
come down.

Standard diameters are stocked for
immediate delivery—special sizes
quickly drawn to order. Fansteel
is your best source of supply for
vacuum tube metals in wire, sheets,
bars, rods and finished shapes.
Fansteel refines from basic materials.

Tube manufacturers are in-
vited to wire or wurite for
samples and prices.

FANSTEEL

Products Company, Inc.
NOoRTH CHICAGO, ILLINOIS

TANTALUM » TUNGSTEN + MOLYBDENUM |
+CAESIUM+RUBIDIUM AND ALLOYS ~
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ANACONDA COPPER COMPANY STAFF CHANGES

H. W. Simpson has resigned from the Chicago oche
of the Anaconda Wire & Cable Company. J.
Davis has been transferred from the Pittsburgh orﬂce
to the Chicago office where he will direct the western
sales of Apaconds magnet wire. J. W. Mallally has
been appointed district manager at the Dittsbargh
office. e was formerly attached to the New York
office. (. A. lleiser has been appointed district
manager in the hallas office. H. W. Thomasma has
joined the New York office.

A

ELECTRIC CLOCK CORPORATION

The Electric Clock Corporation of America, located
at 500 8. Throop Street, Chlcago, las issued its new
1931 catalog Illuslrallng a complete and \aried line
of Lincotn electric clocks and clock motors. Whale-
salers and deilers who have seen this catalog describe
it as containing the most thorough line of electric
clncks they have seen. There are 22 different models
of Lincoln electric clocks.

The Electric Clock Corporation 1s specializing on
clocks for the radio manufacturer who wants to in-
stall eleetrie_clocks as a merchandising feature of his
own line. Each of these clocks is equipped with a
dependable synchronwus motor—designed to operate
on 60-cycle, 105-120 volt a-c.  Individnal dials.
tiands. and tenses, as well as motors complete with
housings. may be had.

A

NORMAN M. SIMONS HOME FROM EUROPE

Norman M. Simons, of M. Simons & Son Co., Ine.,
25 Warren Street, New York, exporters, has rcturned
from a four months® trip abroad during which time
he visited eighteen countries in the interest of
American manufactured products. Mr. Simons reports
having made arrangements whereby a satisfactory
volume of business will result during the coming year.

A

“AQUADAG"” RETARDS SECONDARY EMISSION

If the grid of a tube and in some instances the
plate, are provided with a black coating of an inert
material, the npumber of secondary electrons is greatly
reduced.  One of the most efMcient materials for form-
ing sueh a coating is Squadag™ graphited water—a
concentrated colloidal solution of electric-furnace
graphite in distilled water.

When applicd to metallic surfaces by means of a
spray or brush. it forms velvety Dblack coatings which
radiate heat very effectively thus keeping the tube
parts to which it may have been applied at a relatively
low temperature.

Surfaces formed with “‘Aquadag’™ tend to prevent
the permanent alloying of particles from activated
fitaments with metal thus reducing to a considerable
extent, “back emission”” from grids which have be-
come over-heated or which are so charged as to be
subjected to the impact of primary electrons.

Graphite. an allotropic form of carbon, possesses
the desirable nmmrty in thls lnstnnce of pro\ldlng
very little wit
electrons from the ﬂlamen( and s very ponr photo-
electrically. The ease with which graphite in the
colloidal state may be applied to tube parts before
a:eembly makes it highly desirable.

‘‘Aquadag™ graphited water as marketed, Is a truly
coliotdal product containing 22 per cent electric-
furnace graphite (Acheson process). Tt may be used
in any desired dllution by the addition of distilled
water.  ““Aquadag” should not be subjected to ex-
tremely low temperatures as freezing destroys its
cotloidal properties.

ALLIED DIE CASTING CORPORATION
1. B. Kilroe has heen appointed the repre -entative
of the Allied Die Casting Corporation of Long Island
City, New York, for the soulhem ()hlo lerrllor) coser-
ing hayton, and
Mr. Kilroe's Imdqnmrlers are at 507 Dﬂ)(on Indus-
tries Building, Dayton, Obie.
A
H. S. TENNY ANNIHILATES DISTANCE
Henry 8. Tenny, president of the Itnla Company,
with  plants  in  Cleveland. thio. and Oakland.
California. has at last solved the prohlem of bring-
ing the two factories closer together with the recent
npurchase of a Stinson Junior Cabin Plane. Mr.
Tenny holds a private pilot‘s leense and has been
an aviation enthusiast for many years.
R. A. Engholm, vice pres., and leon Golder, sales
manager of the company, greeted Mr. Tenny re.
cently on his arrival at the Cleveland airport.

usL ANNOUNCES NEW RADIO "B’ BATTERY FOR
UTOMOBLILE SETS

The USL Batlery Corporation of Niagara Falls,
N. Y., has expanded its manufacturing and merchan-
dising fleld to inclnde a new line of Special *'B"’
batteries for mmtor-car radio sets. The new battery,
which is expected to have a continued increasing de-
mand because of the growing use of radios in auto-
mobiles, has been perfected by USL experts after
exhaustive laboratory and practical tests.

The USL organization las already heen awarded a
contract to furnish these batteries as standard equip-
ment for one of the leadlng motor car radio set
manufacturers,

In addition to the growing use of radio sets in
privately owned cars, the more recent moves of police
departments to equlp thetr cars with receiving sets
will also provide another outlet for these batteries.

A
RADIO SALES N 1931
1. H. Eby, radio parts manufacturer, of Thila-
delphia, Pa., returned on November 26, from an ex-
tended trip to all parts of the United States. during

which he discussed with radio manufacturers re-
quirements for 1031. Mr. Eby repoits prospects very

Mr. H. H. EBY

bright for next year's radio sales. It is his obser-
vation that surplus stocks of receivers will be largely
used up by the end of this year, and that all
properly organized manufacturers will do a satlsfactory
business in 1931,

On his trip to and from the West Coast Mr. Eby
made extensive use of airplane service.

A
WARD LEONARD APPOINTMENT
The Ward Leonard Electric Company. Mount Ver-
non, N. Y.. announces the appointment of R. C.
James as sales representative In the Seattle distriet.
Mr. Jlames” organization will be loeated at 2321
Second Avenue. Seattle, Washington.
A
AN IMPROVED SPOT WELDING MACHINE
A quick-Dreak contactor and adjustable pressure
are two unusual features incorporated in the new
Ameriean B-5 spot-welding machine which has just
heen announced by the American Transformer Com-
pany. of Newark. N. J.  The former, a semi-auto-
matic device which opens the primary ecircuit at
will, permits the weld to freeze under pressure ani
prevents arcing at the electrodes. Because the
pressure is adjustable for various types of work and
is appiied by a heavy spring rather than the opera-
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tor, the machine may be used for welding copper
and brass, resistance soldering, and applications
requiting heavy pressure.

The AmerTran type B-5 is a bench-type unit
mounted in a compact sheet-steel case requiring a
space of only 12 by 14 inches. It stands 28 inches
high and has two electrodes which protrude 15
inches from the front of the case. The device oper-
ates from a standard 220-volt, 50/60 c)cle circuit
and is available in three sizes 5, 7% and 10 kva.
Standard equipment includes a foo(-pednl control and
a six-point primary switch for adjusting the weld-
;'l)lg current to the value needed for the particular

Various electrodes are available, the type supplied
depending upon the character of the work. In all
cases the space between the points is adjustable, and,
where the welder is to be used continuously, water-
cooled electrodes are provided. The transformer em-
ployed is of the high-efficiency, short-coupled type;
that is. the secondary leads have been made as
short as possible to reduce heat losses to an
absolute minimum.

The machine is ecapahle of welding two sheets of
steel of 3/16“ thickness or less, or two sheets of

eopper or brass of 1/16" thickness — 14" spot
weld in each case.
A
NATIONAL UNION ANNOUNCES NEW
DISTRIBUTORS
Henry A. Hutchins. general sales manager of

Natjonal Union Radio Corporation. anncunced upen his
return to the New York office, after a trip covering
the eastern seaboard and the middle west. the ap-
pointment  of fifteen new distributing outlets for
National Union Radio tubes.

The new accounts are: Billings Hardware Co.. Bil-
lings, Montana: Southern New York Flectrical Supply
Co.. Binghamton. N. Y.: Sargent Raker. Inc., Ro-
chester, N. Y.; Standard Battery & Electric Co.,
Cedar Rapids. Towa: Baumgardner & Co., Toledo.
Ohio; Bush & Lane, lolland, Mich.: Wattydyne 4
Rue Bernard I'allisy. St. Etienne. France: The York
Supply Co.. bayton. Ohio: [fudson Valley Asbestos
Corp., Albal Y: Crason Electrical Supply. New
York City: R. K. Carter & Co.. New York City:
Friedman Klectric Company, Faston. Pa.: Collins
Plane Company, New Grleans, La.; Messrs. Itencoret

Y Cla. Santiago De Chile; Dixie Drug Company.
Goldshoro, N. C.
A
MUNGER DIRECTOR OF NORTHWEST
ASSOCIATION

The Northwest Radin Trade Association, in an-
nouncing its organization for 1931, has included as
a member of the hoard of directors, Rex L. Munger.
district sales manager of the National Union Radie
Corporation.  Mr. Munger, who has been actively
engaged in sales work thronghout the northwest terri-
tory for the National Union Radio Corporation sine:
its formation in September. 1929, makes his head-
quarters in Minneapolis, Minn.

NEW RADI0 SERVICE ORGANIZATION

The International Society of Radin Enzineers. with
offices in Indianapolis. Ind., now aMiliated with the
Societe Internatinnale Della Radioario, announces a
new policy in relation to radio manufacturers,

In the past the information service of the society
has supplied its hundreds of thousands of Inguirers
with all information on new radio releases, inven-
tions. patents, ete.

In the future. the International Soctety will supply
information only on devices tested in its laboiatories.
and will apply this rule not only to American manu-
facturers, but through its foreign burrsus also.

Ir, Dennis P, (VKennedy. furmerly of the Rnyal
Radio Commission is the new director-general of the
Laboratories of the soclety, in addition br. lliro
Natuchl. of Tokyo. and M. Andre lwViver of Taris.
have taken over such administration of the society
in Japan and France as was formerly administered
from headquariers.

Statisties. data, information. lists of accredited
agents are available throngh the central bureau of the
society, and the hureau of translations can translate
not only correspondence, but technical data, bulletins,
catalogs. ete.

The latest extenslon bulletin is on Soviet Russla,
with a very authoritative summary of Euro[mnn
Ttussia. with Siberia and the Asiatic provinces briefly
treated.
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Thinking in the
right material

The right workabilities, right functioning, right
appearance, right possibilities for simplification of de-
sign, production, assembling and inspection. For some
companies these have meant everything, for success
against competition. Men who want ideas, for better-
ments and economies, should study closely every
proditet in which NVF or Phenolite is used.

What they can learn

from Generators and modern
Power Plant Equipment

HIGH speeds, high voltages, terrific pressures.
... Think what properties a material must
possess to withstand all of these destructive forces.
Unusual properties you’ll admit. In fact, so un-
usual that were it not for such materials as NVF
and Phenolite these super-power plants would be
an impossibility. Since the birth of commercial
electricity, designers of generating and transmit-
ting equipment have turned to National for mate-
rials whose dielectric and structural strengths are
definite and calculable. With each year the demands
upon these materials increase, yet each advance in
design, each increase in size and output of the
machines finds NVF ready with a formula that
has anticipated the new specifications.
°

We make ten standard kinds of vuleanized fibre including Peerless
Insulation and Leatheroid—for eleetrieal insulation and for mechani-
cal uses.  We also make Phenolites (reinforeed laminated bakelite
materials) of many special formulae. Direct NVI representatives in
principal cities of the United States, Canada and Europe.

NATIONAL VULCANIZED FIBRE CO.
WILMINGTON, DELAWARE

NVF

Every advancement, great or small, in
ANY manufactured product, depends on
thinking in the

right

material

Low price lest set for
radio servicing

HIS new Weston test set is designed for
radio service men and dealers who special-
ize in servicing radio receiving sets in the homne.

These men will find this new two meter test set ideally
suited for their requirements beeause it combines the
highly desired Weston dependability of operation with
low cost.

Servicing Scope

Weston Model 566 checks all type tubes under the
same conditions as exists when in their sockets, giving
readings quickly, conveniently, and accurately. Model
566 furnishes adequate measurements for testing all
modcls of receiving sets—checking power transform-
ers; line voltage; heater voltage, and plate current
and voltage at power pack; battery voltages, resistance
and coutinuity of circuits, condensers and speaker coil
currents.

E UIPNIEVT Maodel 3686 contains two 3'4 inch standard
Q L high quality Weston meters with seales spe-
cialiy catibrated for convenience and ease in reading. The
meter on the left is a nine range AC, Maodel 456 for 1000/200 /-
16/8/4 wvolts, 8/4 amperes, and 100/20 mitlinmperes. The
meter on the right is a 10-range D. €. Model 301 for LOMN/-
250/100/253/H0  volts, 0-100,000/0-10,000 ohms and 100/25/2.5
milliamperes. The various ranges of the D. €. Volt-ohm
milliammeter are controlled by a 23 point Bi-polar switch.
The ranges of the A, C. meter are con-
trolled by n dia)l switeh, A polarity re-
versing switeh is provided: also blnding
posts, lends and tester nlugs for use in
taking c¢xternal readings.

For more
c o m plete
infor-
mation
write  for
Circu-

lar HII.

WESTON ELECTRICAL
INSTRUMENT CORPORATION
612 Frelingbuysen Avenue,
Newark, N. J.

PIONEERS
SINCE 1888

NTS
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LINE VOLTAGE REGULATION

After years of research. the engineers of the Sola
Corporation have perfected a voltage compensator
which they claim will deliver regulated voltage to
the a-c. radlo receiver and any other applications of
vacuum tubes and relays without a break or Jerk.
and will maintaln the incoming line voltage within
the narrow limits necessary for satisfactory receptlon.
This device will lengthen the life of vacuum tubes
because the tubes wlil operate on voltages within the
safety limits as allowed by the manufacturer and will
also protect condensers from early breakdown and
reduce costly replacements of or repairs to the power
compact.  Line disturbances which are caused by
high (frequencies such as are generated when lights
are switched on or off. when motors on househald
appllances are in operation, or when certain types of
oll burners are started will be unknown in installa-
tions where the voltage compensator has been placed
between the line and the radio recelver.

The compensator is light in weight (7% 1bs.) and
is exceedingly compact, being 31 inches by 4 inches

by 3% inches overall. Many other applications re-
quire regulated voltages, such as photoelectric cell
equipment, film printing lamps, synchronous sound
equipment, relay applications and signaling devices,
some of which require compensators having special
degrees of regulation. Descriptive clrcular with line
voltage curves may be obtained by readers of RADIO
ENGINEERING by addressing the Sola Corporation.
2525 Clybourne Avenue, Chicago, 1llinols.

A

THOMPSON BREMER APPOINTS
REPRESENTATIVES

The Thompson Bremer Company, 1750 Carroll
Avenue, Chicago, Illinois, manufacturers of Everlock
washers and terminals, announce the appointment of
V. Burl Knight as West Coast representative. Mr.
Knight has opened offices at 1646 West Adams
Street, Los Angeles, California. The appointment of
an eastern representative is also announced. Mr. J.
Ramsey Reese, who Is well and favorably known In
the radio and electrical industrles, has opened offices
at 110 West Thirty-Fourth Street, New York City.

Announcement of additional items to the line of

Everlock washers already manufactured by the
Thompson Bremer Company, will be made shortly.
A
MICROPHONES

Chauncey L. Delano of 274 Grove Street, Waltham,
Mass.. announces his resignation last July from the
General Industries Corporation of the same city.
He has organized a new company under his own name,
and is manufacturing a new and improved line of
microphones for all purposes, including a new two-
button hand type for announcing purposes; a superior
quality two-button type for all purposes; another
model of the same microphone with a built-in pack
filter another two-button type for speech only, and
very shortly will have two types of condenser micro-
phones ready. One of the hanging type which can
also be mounted on a stand, and a new style for
desk use.  Beveral territories are still available for
expert representation. Inquiries are solleited from
manufacturers’ agents selling assoclated equipment,

A
SPECIAL SCREEN-GRID TUBE FOR MIDGET SETS

In the design of the midget set In which a less
number of tubes are used for reasons of compactness
and cost, it Is most essential that the screen-grid
tubes provide as much voltage gain as possible. With
this requisite in mind, the DeForest engineers have
developed and placed In production a speclal sereen-
grid tube of much higher amplification constant than
the ordinary screen-grid tube. Tubes of this new
type have been checked in a number of midget sets,
and it has been found that the sensitivity of the
average midget set can be doubled by using the new
type tubes. For Instance, If a set has a gain of
20 microvolts per meter, with the usual screen-grid
tubes, the sensitivity may be increased to 10 micro-
volts per meter with the new type tubes.

Although the new type tubes were essentially de-
signed for use in midget sets, they are interchangeable
with the standard 24 tubes and can be employed In
any of the present-day radio sets for the purpose of
doubling the sensitivity.

SELF-TAPPING SHEET METAL SCREWS
In a new booklet Issued by the Parker-Kalon Com-
pany, 200 Varick Street, New York, the following
information appears:
““The famous Phileo balanced unit radio chassis is
scarcely delayed a moment along the assembly line
as part after part s securely attached, Assembly

time and trouble have been reduced to the minimum
by wise production heads of the Phlladelphia Storage
Battery Company.

‘'Tapping was once an obstacle to production economy
and speed. Philco engineers sought a way to over-
come it. They tested hardened sell-tapping sheet
metal screws and adopted them for six trial f: i

RADIO ENGINEERING

cause of the use of aluminum throughont, with a
few minor exceptions, and the voltage breakdown is
materiaily increased by reason of the use of polished
pll;e.;l. with rounded edges, in the transmitting
models.

Several ndvanlgge‘s are apparent—although fully
n r

formerly made with hine screws. 8o ful and
economical did these unlque screws prove that th a
short time the 6 fastenings grew to 10 . . . 18
. . . 30. And now 44 sell-tapping sheet metal
screws are used in place of machine screws! Forty-
four tapping operations have been eliminated on each
chassis! And the saving of time and labor amounts to
thousands of dollars annuatly.”

A

LISTENING IN ON CONDENSER PAPER
IMPERFECTIONS

The long strips of paper tissue that go into the
making of a fiiter or by-pass condenser must be
refatively (ree (rom metalllc or forelgn particles.
Every speck of conducting material tmbedded In the
tissue is a potential source of trouble, since the
electrical charge in the condenser concentrates its
full force on the weak spots In the long dielectric that
£eparates the two conducting tinfoll piates. Un-
fortunately, however, the troublesome specka are
usually too small to be detected by the naked eye.

Some troublesome specks can be seen by means
of a high-power mleroscope, appearing very much
like lumps of coal. Other specks are invisible,
irrespective of magnification. There are, however, two
positive methods of detecting and counting the metal-
lic particles per unit area of condenser tissue, which
have been developed by the Dubilfer condenser speclal-
ists. The first method is a chemical one, In which
the tissue is chemically treated so as to bring out
the metallic specks in the form of large discoloration
spots readily visible to the eye. This method, how-
ever, renders the tlssue unfit for use, although it
serves as a representative test of an entire lot of
tissue. This method detects only metallie particles,
The second method 1s 2 “listening-in’ process and
does not render the tissue unfit for use, so that the
tissue actually used in a condenser may be tested
for weak spots, Priefly, the condenser tissue roll is
placed in a device which comprises winding and un-
windIng rells and contact members. In passing from
one roll to another, the paper tissue passes Letween
two brass contact rolls in circuit with a direct-current
source and a pair of headphones., The pressure be-
tween the contact rolis may be adjusted. The oper-
ator, slowly tumning the winding erank. listens by
means of the headphones to the clicks caused by
metallle or condueting specks, and determines the
number per unit area, which must fall helow the
tolerance set for that grade of tissue. A (further
development is an automatic counter which keeps score
of the number of electrical weak spots per unit area
of the tissue belng inspected.

A

NEW RADIO TUBE WRAPPER
A practical application of the simple principle
of "‘suspension packing”’ is seen In the Holed-Tite
radio tube wrapper, a product of loled-Tite Packirg
Corp., New York.
As shown in the {llustzation, the depresslons on
the sides of this light weight moulded pulp wrapper

The tubes

Suspen-
sion packing not only protects the tube from actual
breakage but saves it from the shocks which might

grip the tube like an encireling hand.
also are held firmiy In place at the hase.

distort its elements. Tubes can be tested without
removing from carton and when inspected the wrapper
is not torn or defaced.

THE MIDWAY CONDENSER

The Midway Is a new, small and compact varlable
air condenser, manufactured by the A. D. Cardwell
MYg. Corpn.. 81 Prospect Street, Brooklyn, N. Y.,
which should find considerable application for many
purposes where extremely light weight and reduction
of buik are desirable in recelvers, transmitters and
oscillator-amplifier outfits. Condensers of this descrip-
tion having a breakdown rating of 8000 volts may
be had in capacities as high as 150 mmfs. A panel
surface of only 2% inches by 214 inches is required
and the condenser weighs from five to seven ounces,
as compared to the usual standard transmitting con-
denser of equivalent capacity requiring a panel surface
approximately 4 inches by 4 inches and weighing from
fifteen to eighteen ounces.

Extreme lightness of weight is made possible be-
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full size transmitting con-
densers of capacities up to 150 mmfs, the Mid-
way condensers are only slightly larger and heavier
than many so-called '"midget’’ condensers, at the
same time having the same solid and substantial con-
structlon and rotor shaft bearings found in the fuli
size Cardwell transmitting and receiving condensers.
They may be fitted into small spaces, allowing more
room bet ts, thus reducing capacity
fleld effects without substantially Increasing the bulk
of the complete instrument as would be necessary
were full sized condensers used.

A

LAMINATED BAKELITE

The laminated form of bakelite is used in radio
for front paneis, sub panels, coil forms, Insulating
bushings, and many small punched parts. In the
manufacture of the laminated materials, sheets of
paper or cloth are first impregnated in a solution
made by dissolving the initial bakelite resin in a
sultable solvent. The solvent is then evaporated and
when the sheets have been thoroughly dried they are
plled one upon the other, and are subjected to heat
and pressure in hydraulic steam-heated presses, The
product of this operation is a strong rigid plate
with lustrous surface finish. Both the electrical
Ingulation properties and the finish of this material
are absolutely permanent. Time or exposure to alr
will not In any way affect it.

A

TUBE CHECKER

Model 19 Supreme tube checker, manufactured by
Supreme Instruments Corpn., Greenwood, Mlss., pro-
vides an accurate test of all types of tubes at the
correct filament voltages, and without the ald of
adaptors, It is extremely simple in operation and
exceptionally speedy fn its testing work, thus being
ideal equipment for the dealer or serviceman. Full
size transformers are used, and the meter is a 334
inch General Eleetric copper-oxide type with two
seales of 80 and 8 milllamperes, affording easily
discernible readings. 8eparate sockets are employed
for each type of tube and average characteristics and
rejection points are indicated on the panel alongside
of each socket.

The Model 19 tube checker provides a very ae-
curate and dependable test of screen grid tubes, and
in addition, tests pentode and the new 2-voit, '30
series tubes, It Is furnished with an on and off
toggle-switch, and is encased in a2 handsome polished
hardwood case, making it exceptionally durable. The
portable model Is equipped with hinged cover, snap
catch. leather handle, detachable flexible cord. and
is suitable for either counter or portable work.

A
WIRE WOUND RESISTORS OF EXTREME
ACCURACY

A large and varled line of preciston resistors is
annonnced by the International Resistance Company,
Philadelphia, Pa. These units are intended (or
applications calling for precise resistance vaiues. posi-
tively maintained at all times.

The International Resistance precision wire-wound
resistors are of unique design. wire 1s of nicker
alloy. carefully gauged, speclally enameied and sub-
jected to a high insulation voltage test through mer-
cury contacts. Contrary to common practice. the wire
is the largest possible size consistent with the size of
the resistor. This overcomes insulation problems and
provides a more rugged unit. The wire is wound in
the sections formed by the finned ceramic form. A
high quality ceramic is employed. which has a low
coefficient of expansion. low molsture absorption. ex-
tremely high resistance, and very close mechanical
tolerances. Its low coefficlent of expansion prevents
breakage of wire under operating conditions. The
wound resistor fis impregnated in a special varnish
which hardens with higher temperatures instead of
softening as the wax coated forms do. The exclusive
winding process employed gives unbroken insulation
throughout. The units are tested by means of a
five-minute flash load at double normal wattage, which
locates the slightest flaw. The units are then tested
on accurate bridges to the tolerance required. which
may be 1 per cent, % of 1 per cent, or 1 of 1
per cent.

A

VEALE TO GOAT

Well known in the tube end of the radio industry
is R. Clifford Veale, until recently with the General
Eleetric Company, representing that company for its
tube bases, Mr, Veale has become the sales repre-
sentative for the numerous radio tube parts manufac-
tured by Goat Radio Tube Parts, Inc., at Bush Ter-
minal, Brooklyn. N

TOBEY ELECTED DUBIiLIER VICE-PRESIDENT

At the last meeting of the Roard of Directors of
the Dubilier Condenser Corporation. N. 8. Tobey, sales
manager, was elected executive vice-president of the
company. Mr. Tobey, who has been husily engaged in
bullding up the radio and industrial sales of }he Dubi-
Mer organization during the past year, is going to de-
vote a considerable portion of his time from now on
to production and other phases of the business,
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The readers of this paper, largely made up of

radio engineers and technicians, service en-
| gineers and service men, have done much in
the way of popularizing our DayRad Service
Instruments. We take this opportunity, at the
end of the year, to express our appreciation of
the good words they have said for, and the
recommendations they have made regarding
DayRad to their many friends amongst the

radio industry, including distributors and
dealers.
Another Announcement of

| D AY_RA D Progress

The rapid trend toward ownership of the new
Super-Heterodyne Receiving Sets has created a
need for an instrument for aligning the inter-
mediate radio Frequency Stages. We have antici-

pated this condition and have et the need by
perfecting the ’

DayRad, Type 180, Test Oscillator

The instrument
|is equipped
with an Output
Meter for visu-
alizing adjust-
ments, and not
only does it ren-
der service in
this way it is
also a
Broadcast

‘ Frequency
Oscillator—

| A universal instru-

DAYRAD

ment for aligning, TYPE 180 TEST OSCILLATOR
ganging, neutraliz. Designed for speedy and effeotive work on
ing and many other fu:::_- cHe:erodynn sets. Accurate to Ya of
functions, details of
which we will be
glad to send to you.
Send for Bulletin describing
it fully.

On the right is the practical,
i standard, popular

DAYRAD, TYPE B,
TUBE CHECKER

Thousands of them giving re-
markahle service in all sec-
tions of the world. Helps you

DAYRAD
TYPE B TUBE CHECKER

’ to get Tube Rleplacemenl a0 vortable or counter work.
business.  Costs little, does apid, simpls, compact,
| much. r"o“o.';?'.? .......... $19.60

Have you our ncw Catalog E? It g yours for the asking.

Tue Raoio Propucts CoMpPany
Department E

5th and Norwood

Dayton. Ohio

' Qur Thanks Are Due
' The Radio Engineers

Sound
Systems

Among the outstanding ad-
vances in sound reproduction
made by Amertran engineers
has been the development of
complete amplifier systems for
special applications. The 50
watt amplifier panel shown
was built for installation in a
Ford truck, where portable
equipment to provide excep-
tional fidelity and volume was
required.

Amertran sound systems,
although of standard design,
are constructed to fit the cus-
tomer’s exact specifications.
Of switchboard type, with in-
terchangeable panels, thereare
available many combinations
adaptable to various require-
ments. In addition to amplifier units of all types and
sizes, Amertran sectional panels are made for power sup-
ply and control systems.

Send us your specifications for any application, and
our engineering staff will furnish you promptly with
complete information. Our district representatives are
capable of giving special personal service which insures

your satisfaction.
MEE
@

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

‘ Representatives in following cities
Atlanta - Boston ° Chicago + Knoxville + Minneapolis *
Philadelphia ° San Francisco ° St.Louis

AMERTRAN

Montreal

www americanradiohistorv com
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RADIO ENGINEERING

Tubing that Stands Up

FROM tiny insulator tubing for heater type A.C.
tubes, to the largest tubing for transmitting tubes,
CROLITE is extensively employed in meeting the
most severe requirements of the radio industry. This I
material, custom-built to vour eleectrical, mechanical,

thermal and chemical requirements, can solve your |
most trying problems. Simply specify. |

and you secure an engineering service applied to your problems '
quite as well as the highest grade of ceramies available today.

ey by 18 TCGArding your server rei 1
IVrI[(’ 8 regar g wour gevere scrviec problems and we

shall gladly co-operate in their solution. Samples
and quotations cheerfully furnished.

HENRY L. CROWLEY & COMPANY, Ine.
Specialists in Severe Service Materials

1 Central Avenue tre West Orange, N. J.

HIGH
FREQUENCY

Electric Power
Converters

L

| Eb
P

| E’g!’ g

BOMBARDING

Radio Receiving
Rectifying ,

Gaseous Conduction
Thermionic
Negative Glow Lamps
Light Sensitive Cells
Oscillator Tubes

FURNACES

For Precious Metal Melting, Melting or Heating in
Vacuo or preferred atmosphere, Metallurgical re-
search, Tempering, Heat treating via

HIGH FREQUENCY INDUCTION

Lepel High Frequency Laboratories, Inc.
39 West 60th Street, New York

Designers and builders of High Fre-
L quency Converters for over 20 years l

FINISH IT WITH
B

THE very important part of the value we
contribute to Zapon is the pioneerning expe-
rience that has led to the present day highly
perfected development of

PYROXYLIN LACQUERS

Motivated by the same spirit as the pioneers J
of covered wagon days, we have blazed every

scientific trail leading to the highest degree of

pytoxylin lacquer quality and uniformity. Every

experimental test, every chemical process, ali

research and basic materials have been brought

directly under the complete control of our

laboratories.

As a resule users of pyroxylin lacquers for every

known purpose, the world over, are finding

there is no substitute for Zapon. No approach

to its leadership, no comparison as to its re-

sults, its satistaction and economy.

Behind the use or specification of this product |
stands a repuration rhat has made Zapon " The

acknowledged scandard since 1884."

Regardless of what your finishing problem may

be, the complete facilities of vur service labora-

tory are constantly at your disposal wichout

cost. Let this scientific knowledge and experi-

ence "aid you in the more practical and eco-

nomical solution of your problem. We invite

your inquiries. ‘

THE ZAPON COMPANY

STAMFORD, CONN.

Bubsidiary of Atlas Powder Company

THE
RECOGNIZED
STANDARD OF QUALITY
SINCE 1884

ormity .

Depend .';l;l :

inElectrical and Meehnical Properties

Tabes 7R od i Fabicated Pivts
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The American Electro Metal

Corporation
Executive and Sales Offices:
65-67 Madison Ave., New York
/

Producers

Superior
for
Radio Tubes
and
Incandescent
Lamps

Samples furnished
to your specifications Factory—Lewiston, Maine

STANDARD IN 100 UNITS|
EVEREADY RAYTHEON

B H RELIABLE, STEADY, EFFICIENT:
. FOR “B” ELIMINATOR UNITS

WE
KNOW
ALL THE
ANSWERS

There are no ordinary soldering
problems and few extraordinary ones

HERE'S the history-making tube, which uses ionized helium,
instead of a filament, for which most “B” eliminators have
been designed. It is “standard” for more than one hundred
makes of units.

Eveready Raytheon B-H Tubes are efficient, steady, long-
lived. Powerful voltage. Reliable voltage. Efficient D.C.
voltage. Try one in your “B” eliminator unit—the extraor-
dinary difference will surprise you. |

Note to experimenters: If you require
a source of steady, powerful D.C., you

e will find the B-H tube adaptable to many that KESTER SOLDER cannot solve.
/" a heavy-duty rectifying purposes. . ] ;
) - * * * Cutting solder costs is of the foremost.
| / The Eveready Hour, radio’s oldest com-
g mercial feature, is broadcast every Tues- Do vou know that the wrong solder
l day evening at nine (New York time) 3 3
{ from WEAF over a nation-wide N. B. C. can undo every good job you have done’
network of 27 stations. Sy R :
£ A TIONAL CARBGH=E0:, 16, Well, it can, and some day it may unless
General Offices: New York, N. Y. ou do as hundreds of others have done—
B hes: 3 . 2 ~ N NTS T
Chicago Kansas City - New York San Francisco standardize on KESTER SOLDEK.
Unit of Yy ' and Carbon
Union Carbide | Corporation Write us about KESTER today

EVERFADY JECNEEUB

COMPANY

Type B-H l TH EON 4224 Wrightwood Ave., Chicago
125 m. a. g ,

at 300 volts

Trade-marks
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ALUMINUM:
Aluminum Co. of America
Fairmont Aluminum Co.

ALUMINUM, SHEET, FOIL:

Fairmont Aluminum Co.
Johnson Tin Foll & Metal Co.

AMMETERS:

General Hlectric Co.
GQeneral Radio Co.
Weston Blec. lnstrument Corp.

AMPLIFIERS, POWER:

American Transformer Co.
General Radio Co.
Blee. Co.

ANTENNAE, LAMP SOCKET:
Dublilier Condenser Corp.

BASES, SPEAKER:

American Felt Co.
Booth Felt Co.
Wesatern Felt Compmy

BASES, VACUUM TUBE:
(Bee Tubo Pearts)

BINDING POSTS:
General Radio Co.

BRACKETS, ANGLE:
8covill Mfg. Co.

BRASS:
8Bcovill Mtg. Co.

BROADCAST STATION
EQUIP'T:
American Transformer Co.
Cardwell, Ajlen D., Mfg. Co.
Qeneral Radio Co.
Jenkins & Adair. Ine.
Littlefuse Laboratorles

BUTTS:
8covill Mtfg. Co.
CABINETS, METAL:
Aluminum Co. of America

CASTINGS:
Fajrmont Aluminum Co.

OELLS, PHOTOELECTRIC:
Natlonal Carbon Co., Inc.

OEMENT, LOUD SPEAKER:
Maas & Waldstein Co.

CENTRALIZED RADIO
BYSTEMS:

American Trnnsformer Co.
Samson Elec.

CHASSES:
Alaminum Co. of America
Metal 8pecialty Co.

OHOKES, AUDIO FREQUENCY:
American Transformer Co.
General Radlo Co.

Meissner Mtfg. Co.
Pelymet Mfg. Co.
Thordarson Blec. Mfg. Co.

DHOKES, RADIO FREQUENCY:

Cardwell. Allen D., Mfg. Co.
Gemeral Radio Co.
Hammarlund Mfg. Co., Inc.

CHOKES, POWER:
American Trangformer Co.
Dongan Elee. MfR. Co.
General Radio Co.
Polymet Mtg. Corp.

CLAMPS, GROUND:
Clarostat Mf% Co.
8Scovill Mfg. Co.

CLIPS, SPRING:
Electrad, Inc.
Scovill Mtg. Co.

CLOCKS, ELECTRIC:
(See Elcetric Clocks)

CLOTH, WIRE:
(See Wire Cloth)

COIL FORMS:
General Mfg. Co.
General Radio Co.

COIL WINDING:
Acme Elec. & Mtg. Co
Automatic Winding Co.
Concourse Electric Co.
Dudlo Mfg. Co
Easton Cofil Company
General Mfg. Co.
Inca Mfg. Co
Polymet Mfg. Corp.

COILS, CHOKE:
Acme Elec, & Mfg. Co.
Dudlo Mfg.
Easton Coil Compnny
Polymet Mfg. Corp.

COILS, IMPEDANCE:
Dudlo Mtg. Co.
Easton Cofil Compnny
General Mfg. Co.
Polymet M z Corp

COILS, INDUOTANCE:
Cardwell. Allen, D.. Mtg. Co.
Easton Cofl Company
General Radio Co.
Hammarlund Mtg. Co.

Inca Mfg. Co.

COILS, MAGNET:
Acme Wire Co,
Dudle Mfg Cea
Easton Coil Company
Inca Mftg, Co.
Polymet Mfz Corp.

COILS, SHORT WAVE:
Easton Cofl Company
General Mfg.

General Radio Co
Hammarlund Mfg. Co.

COILS, TRANSFORMER:
Acme Wire o.
Dudlo Mfg.
Easton Coil Company
Polymet Mfg. Corp.

CONDENSER PARTS:
Aluminum Co. of America
Henry L. Crowley & Co.
Scovill Mtg. Co.

CONDENSERS, BY-PABS:
Aerovox Wireless Corpn.
Amrad Co.

Condenser Corp. of America
Dongan Electric Mfg. Co.
Dubilier Condenser Mf! Co
Igrad Condenser & Mtg. Co..

Inc.
Polymet Mfg. Corp.
CONDENSERS, ELECTRO-
TIC:

Aerovox_ Wireless Corp.
Amrad Corporation
Condenser Corp. of America
Polymet Mfg. Co.

CONDENSERS, FILTER:
Aerovox Wireless Corpn.
Amrad Co.

Condenser Corp. of America
Dongan Blectric Mfg. Co.

= e =

RADIO ENGINEERING

Buyers Directory of Materials and Apparatus

Readers interested in products not listed in these columns are invited to tell us of their wants,

and we will inform the proper manufacturers. Address Readers’ Information Bureau.

Addresses of companics listed below, can be found in their advertisement—see indea on page 62,

Dubiller Condenser Corp.
Igfad Condenser & Mfg. Co.,

ne.
Kingston Products Corp.
Polymet Mfg. Corp.

CONDENSERS, FIXED:
Aerovox Wireless Corpn.
rad Corporatlon
Condenser Corp. of America
Dongan Blectric Mfg. Co.
Dubilier Condenser Mfg Co.
Polymet Mtg. Corp.

CONDENSERS, MIDGET:
Cardwell, Allen D, Mfg. Co.
General Radio Co,
Hammarlund Mfg. Co.
Polymet Mfg. Corp.
Scovill Mtg. Co.

CONDENSERS, MULTIPLE:
Cmiwoll,i Allen D, mz Co.
Hammariund Mtg.
8covill Mtg. Co.

co Nl? ENSERS, NEUTRALIZ-

Hammarlund Mfg. Co., Inc,
Polymet AMfg. Corp.

CONDENSERS, YARIABLE
TRANSMITTING:
Cardwell. Allen D. Mfz. Co.
eJur-Amsco. Corp.
Genersl Radio Co
Hammarlund Mtg. Co.
Jenkins & Adair, Inc.

CONDENSERS, VARIABLE:

Cardwell, Allen D, Mfg. Co.
Concourse Elec. Co. Inc.
Frost, Herbert Inec.
General Radio Co
Hammarlund Mfg. Co.
Bcovill Mfg. Co.

CONNECTORS:

Cornish Wire Co.
Scovill Mfg. Co.

CONTAINERS, BATTERY
BOX:
George F. Mitchell & Sons Co.

CONTROLS, CURRENT:

Central Radio Laboratories
Pol{met Mtg. Corp.
Shall

croes Mfg. Co.
CONTROLS, VOLUME:

American Transformer Co.
Central Radio Laboratories
Clarostat Co.

Ferranti, Inc.

Polymet M?fg. Corp.

CONVERTERS:
Cardwell, Allen D., Co.

COPPER:
Scovill Mfg. Co.

CORDS, EXTENSION:

Anaconda Wire & Cable Co.
Polymet Mfg. Co.

COUPLINGS, FLEXIBLE:

Chicago Gear Works
Hammarlund Mfg. Co., Ine.

CUSHIONS, SPEAKERS:
Aetna Felt Co.
Western Felt Co.

www americanradiohistorv com

DIALS:
Crowe Nlm%pllte & Mtz Co.
Hammarlun Mtz
Scovill Mfg
United Scuntlﬂc Laboratortes

DIALS, DRUM:
Crowe Name Plate & Mtfg. Co.
Hammarlund Mtg. Co.

DIE-CASTINGS:
Allled Die-Casting Corp.

DIKs:
Thomu &. Skinner Steel Prod-
ucts
Willor Mtl Corp.

DRYER-IMPREGNATORS:
F. J. Stokes Machine Co.

ELECTRIC CLOCKS:
Electric Clock Corp. of America
ESCUTCHEONS:

growe 1Nﬁm§?l“°& &M}nz Ce.
eneral Etchin .
Seovill H Ce

Mfg. Co.
EXPORT:
Ad. Aurfema, Inc.
FADERS:

Clarostat Mfg. Co.

FELT, ACOUSTICAL:
Aetna Felt Co.
American Felt Co.
Booth Felt Co.
Western Felt Co.

FELT, PACKING:
Aetna Felt Co.

Booth Felt Co.
Western Felt Co.

FILAMENTS:

(8ee Tubde Parts)

FILAMENT CONTROLS, AUTO
MATIC:

Amperite Corp.

Polymet Mtg. Corp.
FLEXIBLE SHAFTING

S, 8. White Dental Mfg. Co.
FOIL:

Aluminum Co. of America

Johnston Tin Foil & Metal Co.

FUSES, INSTRUMENT:
Littlefuse Laboratories

FUSES, LOW RANGE:
Littlefuse Laboratories

GALVANOMETERS:
General Electric Co.
General Radio Co.
Westinghouse Elec. & Mfg. Co.

GEARS:
Chicago Gear Works

GENERATORS
Electric Spechlty Co.

GETTER MATERIAL:
(8ee Tubde Parts)

GRAFPHITE
Acheson Ofldag. Co.

GRID LEAKS:
(8ee Resistances, Pized)

HANDLING EQUIPMENT:
Nat’l. Vulcanized Fibre Co.

HINGES:
Scovill Mfg. Co.

HORN
Ampllon Co. of Amer.

INDUCTANCES, TRANSMIT-
TING:

General Radio Co
Jenkins & Adair, Inc,

INSTRUMENTS., KLECTRICAL¢
General Electric Co.
‘Westinghouse Elec. & Mfg. Ce.

-~
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| By —;UB_E SOCI_(_ETS—
l Honor RO" OF Raclio WITH TOP PLATES

and
" Sound Projection Pioneers

' Beautiful Limited Edition of 150 Copies } '

| An historical record, commemorative of the
twenty-fifth anniversary of the invention of the "
three-electrode vacuum tube, in: TOP PLATES 6970-AA

"The Life and Works of TERMINAL STRIPS
Dr. Lee de Forest"

A Biography by

| C. S. Thompson

formerly publicity director of the
l De Forest Radio Company

i S )

1€
8950-A

! By advance subscription $32.50

Our plant and engineering faciiities lend them-
. ge selves to the production of special requirements
For descriptive folder, address: on short notice. Inquiries soliclted.

THE SMEDLEY PRESS || SORENG MANEGOLD Co.

10 East 43rd Street, New York City 771 Mather St Chicago, Il
o 771 Math >t. , 1L

.—-——————t—'—] —

|

JENKINS & ADAIR
‘ MIXING PANELS

For use in sound recording, broadcasting and similar
[ applications where ordinary potentiometer panels are
not acceptable.

Keep Pace with Developments
in Talking Movies and
Television

| pHITHITIT

Projection Engineering
deals editorially with the

manufacturing, engi- PROJECTION || |

neering, operating and B

servicing of all forms GBEIR L LG
Newsstands

of theatrical equip-

’
ment, home and SUBSCRIBE NOW: 3 E Mixer
theatrical movies, / ———————— l
lalking movies, Please Check Your The 3 E Mixer is designed for three condenser trans-
televisi Classification mitter channels. [t causes a hridging attenuation that
e e Manufacturer [J does not vary more than 1 DB from 50 to 6000 cycles.
paratus, etec. {Including exscutives BlARt SuBeri Price in U. S. A. f. o. h. Chicago $200.00 net. Other |
ste.) B mixing panels available for carbon button microphones,
Engineer [ Technician Tro- iRCom L 1 b ick Send f
ducer {J Distributor [J Theatre [J] I ""‘"g ines, phonograph pickups, etc. en or
6 Projectionist () Bulletin 7B
BRYAN DAVIS PUBLISHING CO., Ine. | ’
52 Vanderbilt Avenue, New York City JENKINS & ADAIR’ INC'
Enclosed find g?,gg for which enter my sub- 3333 BELMONT AVE.
seription for PROJECTION ENGINEERING | CHICAGO, U. 8. A.
for ?\:‘: ;:::. Cable Address: Telophones:
| | JENKADAIR Keystone 2130
N RIS i fe s esoaseessssenssossisanosisassssnsssen British Ofiices: 76 01d Hall St., Liverpool, Epngland ;

’ 40 Buckingham Gate, London, S, W.1 England
French Office: 16 Rue de Chateaudun, Asnleres, France

AAAress ... ...c.c.ccceevctiiiitiittitoetiiiconstssinons

Town and State.

R — |
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In Stock—Immediate Delivery

Gea #peed reducers, sprockete, thrust bearings,
ﬂl‘xll)llu couplings, pulleys, ete. A complete hne Lq
carri in our Chicargo stock,  Can slso yuote on
special gears of any kind,  Send us your blue prints
and inauiries.

Write for Catalog No. 200

CHICAGO GEAR WORKS
769-773 W. Jackson Blvd., CHICAGO, ILL.

RADIO TUBE
AND
INCANDESCENT LAMP
MACHINERY

EISLER ELECTRIC

CORPORATION

760 SOUTH I13TH ST, NEWARK, N. J.

For Every Radio Purpose

i AETNA FELT COMPANY
200 Centre Street - - New York Clty

“saFELT aaa

l

CONDENSER PAPER

ﬂ-:ft't'fs ﬂf Elizaheth, M. J.
PETER J. SCHWEITZER, Inc.,
200 Fifth Ave. New York

182 Cernrlisan
™

Avw,
Jdersey City A B

l AUTOMATIC STAMPINGS

Send For Samples P —
| Of Our WL =
S HOT TINNING 5

103
I F. R. Zierick Mfg. Works, 68-72 E. 131st St., New York, N. ig j

f. Baach-International |
Compound High Vacuum Pumps

Woe manufacture all sizes of High Vacuum Pumps from 1-200
cu. ft. per min, U pumps tested at !4 micron before leaving
factory. Write for details.

INTERNATIONAL MACHINE WORKS, Inc.
| 527-529 Thirty-Second St., Union City, New Jarsey

" AN Kinds from |
$7.50 to $350.00

“MICROPHONES

For Connection to Radio

$75
Condenser Modela for hlm and Record Work,
$3 . $350.00

Also Duk and Fl S nds, Luven Cords, etc.
EXPERT \IlLll()l‘lll)\'l- Rhl‘:\l[{S
UNIVERSAL MICROPH CO., LTD.

(nglewood. c.m

Export Rep.
Ad. Aurlunn lnc llr
__ Broad St. . N

Dealers in All Principal Cities
New York—Howard F. Smith—142 Liberty St.

LAMINATIONS
IN ALL TYPES FOR
AUDIO AND POWER TRANSFORMERS—CHOKES
In Stock for Immediate Deilrvery
Expert Tool and Die Making—
Metal Stampings
Let us dquote prices on
quantity you reguire,

WILLOR MFG. CORP.
117 Mercer St.. N. Y. C.__ |

INSULATION LAMINATED
Formica lnsulation Co.
General Electric Co.
National Vulcanized Fibre Co.
Synthane Corp.

INSULATION, MOULDED:
Bakelite Cor
Henry L. Crowley & Co.
Formica Insulation Co.
General Electric Co.
General Plastics Co.

National Vulcanized Fibre Co.

Synthane Corp.

Westinghouse Elee. & Mfg. Co.

INSULATION, REFRACTORY:
Henry L. Crowl ey & Co.
The Stupakoff Lahs.

JACKS:
General Radio Co.

KITS, TESTING:
(Bee Testing Kits)

LABOBATORIES, TESTING:
Electrical Testing Labs.

LACQUER, WOOD:
Maas & Waldstein Co.

LACQUER, METAL:
Maas & Waldstein Co.

LACQUER, ENAMEL:
Maas & Waldstein Co.

LAMINATIONS

Thomas & Skinner Steel Prod-
ucts Co.
Wiilor Mfg Corp.

LAMPS, MINIATURE:
Natlonal Carbon Co., Inc.
LAMPS, PANEL:
Natlonal Carbon Co., Inc.

LFAD-INS:
Clarostat Mfg. Co.
Electrad, Iuec.

LOCK WASHERS:
Shakeproof Lock Wanher Co.
Thompson-Bremer & Co.

LUBRICANTS, RADIO;
Acheson Oildag Co.

Seovlll Mfg.

Co.
F. R.

Zlerlck Mfg Works

MACHINERY, TUBE:
Arxr:w Mfg. & Machine Co.,

Central Scientific Labs.
Eisler Electric Co.

Int’l, Machinery Works, Inc.
Lepel High Frequency Labs.

MACHINES, SPEC
Willor Mfg. Corp.lu

MAGNESIA, TUBES:
Henry L. Crowley & Co.

MAGNESIUM:
Aluminum Co. of America

MAGNETS:
Thomas &
Products Co,

Skinner  Steel

METALS, RARE:
Fansteel Products Co., Inec.
American Electro Metal Corp.

METERS:
General Electric Co.
Weston Elec. Instr. Co.

MICROPHONES:
Amplinn Co. of America
Ellls Electrical Laborntory
Jenkins & Adair, In
kglogz Swltchbonrd & Supply

Universal Microphone Co.

MOLDING MATERIALS
(Nee Ingulation, Moulded)

MOUNTINGS, RESISTANCE:
Polymet Mfg. Corp.

NAILS:
Clamp Nail Company

wwWw americanradiohistorv com
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NAMEPLATES:
Crowe Nameplate & Mfg. Co.
General Etching & Mfg. Co.
Scovill Mfg. Co.

NICKEL SILVER:
Gilby Wire Co.

OHMMETERS:
General Radlo Co.
Weston Elec. Instr. Co.

OSCILLOGRAPH :
General Radio Co.

PACKING PADS, CABINET:
Aetna Felt Co.
American Felt Co.
Booth Felt Co.
Kimberly-Clark Corp.
Western Feit Co.

PACKING MATERIAL:
Holed-Tlte Packing. Ine.
Kimberly-Clark Corp.

PACKING AND SHIPPING:
Kimberiy-Clark Corp.

PANELS, METAL:
Alaminum Co. of America
Scovill Mfg. Co.

PAPER. CONDENSER:
Peter J. Schweitzer, Inc.

PHONOGRAPH MOTORR:
The Ilammond Clock Co.

PHOSPHOR BRONZE:

Baltimore Brass Co.
»

PHOTOELECTRIC CELLS:
(8ee COells)

PICK-UPS, PIIONOGRAI'H:
Amplion Co. of Amer.
Jensen Radio Mfg. Co.

PLATES, OUTLET:
Howard B, Jounes

PLUGS, ATTACHMENT:
General Radio Co.
Howard B. Jones
Polymet Mfg. Corp.

PORCELAIN TUBING:
Henry L. Crowiey & Co.

POTENTIOMETERS:
Clarostat Mfg. Co.
Central ftadio Laboratories
General I!mllo L‘u.
Polymet Mfg.
United Sclentlﬂc

POWER UNITS. A-:
Thordarson Electric Co.

Eabontorlo-

POWER UNITS, B-:
Dongan Elec. Mfz. Co.
General Radlo
Thordarson Electrlc Mfg. Co.

POWER UNITS, A-B-O:
American Transformer Co.
Dongan Elec. Mfg. Co.
General Radio Co.
Thordarson Electric Mfg. Co

POWER UNITS, PARTS FOR:
American Transformer Co.
Dongan Elec. Mfg. Co.
gelnenl lh!’lfdloCCo.

olymet . Corp.
Thordarson ‘Eleetrfc Mtg. Co.

PUBLIC ADDRESS BYSTEMS:

American _Transformer Co.
Amplion Corp. of America
Samson Elec. Co.

PULLEYS:
Chicago Gear Works

PUMPS, HIGH VACUUM:

Arrow Mfg. & Machine Co., Inc.
Central Sclentlﬂc Co.

Eirler Elee. Cor

Int’l. Machine Works. Inc.

PUNCHINGS:

Alumlnum Co, of America
George F. i \lltchell & Sons Co.
Scovill M Co.

Soreng ‘\lanegold Co.

RECEPTACLES, WALL:
Scovill Mfg. Co.
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REFRACTORY SPECIALTIES:
Henry L. Crowley & Co.

BEGULATORS, VOLTAGE:
Amperite Corp.
Central Radio Laboratories
Clarostat Co.
DeJur-Amsaco Corp.
Polymet Mfg. Corp.
Soreng Manegoid .
Ward Leonard Elec. Co.

RELAYS:
Cardwell, Allen D., Mfg. Co.
BESISTANCES, FIXED:
Aerovox Wireless Corp.
Central Radio Laboratories
Clarostat Mfg. Co.
The Daven Corp.
DeJur-Amsco Corp.
Frost, 1ierbert H.
General Electric Co.
Pnlymet Mtg. Corp.
The 8. 8. White Dentn Mtg. Co.
Ward Leonard Elec. Co.

BREBISTANCES, VARIABLE:
Central Radio Laboratories
Clarostat Mfg. Co.
DeJur-Amsco Corp.
Easton Coii Co.
Frost, Herbert H.,
General Electric Co.
international Resistance Co.
Polymet Mfg. Corp.
Shallcross Mfg. Co.

Ward Leonard Elec. Co.

Inc.

RESBISTANCE WIRE:
(See Wire, Resistance)

BHEOSTATS:
Central Radio T.aboratoriea
Clarostat Mfg. Co.
Frost, Herbert H.
General Radio Co.
Polymet Mfg. Corp.

SCREW MACHINE PRODUCTS:
Aluminum_Co. of America
Nationai Vulcanized Fibre Co.
8covill Mfg. Co.
8ynthane Corp.

HARDENED SELF-
TAPPING:
Parker-Kalon Corp.

SCREWS,

SCREWS, DRIVE, HARDENED
METALLIC:

Parker-Kalon Corp.

S8EALING COMPOUNDS

Candy &
Cochrane Chemlcnl Company

SHEET METAL PARTS:
George F. Mitchell & Sons Co.

SHIELDING METAL:
Aluminum Co. of America
Hammarlund Mfg. Co., Inc.
Radio Products Corp.

SHORT WAVE APPARATUS:
Cardwell. Allen D., Co.
De Forrest Radio Corp.
General Radjo Co.
Hammariund Mfg. Co., Inc.

BOCKETS, TUBE:
Central Radio Corp.
Ilenry L. Crowley & Co.
Frost. Herbert H.
General Radlo Co.
IToward B. Jones
Soreng Manegold Co.

SOLDER:
Kester Solder Co.

BPAGHETTI:
(Bee Wire, Spaghetti).

SPEAKERS:
Amplion Corp of Amer.
Jensen Rad ID Mtg. Co.
Rola Co.,
Transformer Co of Amer.

S8TAMPINGS, METAL:
Aluminum Co. of America
George F. Mitchell & Sons Co.
Radio Products Corp.

Reovlll Mfg.
Thcomu & Sklnner Steel Prod.
0.

S8UBPANELS:
Formica 1ns. Co,
General Radio Co.
Nationai Vuicanized Fibre

SWITCHES:
Polymet Mfg. Co.
Soreng Manegold Co.

TAPE, COIL:
Johnson and Johuson

Co.

TAPE, INDUSTRIAL:
Johnson and Johnson

TAPE, LOUD SPEAKER:
Johnson and Johnson

TELEVISION PARTS:
Clarostat Co.. Inc.

Shailcross Mfg. Co.

TERMINALS,
SCREWS, SPADE:

SOLDER.

Howard 8. Jones
Thompson-Bremer & Co.

TESTERS, B-ELIMINATOR:
General Radio Co.

TESTERS, TUBEK:
General Radio Co.
Radio Products Co.
Weston Elec. Inst. Co.

TESTING INSTRUMENTS:
General Electric Co.
Qeneral Radio Co.
Radio Products Co.
Westinghouse Elec. & Mfg. Co.
Weston Klec. Instrument Corp.

TESTING KITS:
General Radio Co.
Weston Elec. Inst. Co.

TEBTING LABORATORIES:
BElectrical Testing Labs.

TIN COATED METAL:
Baltimore Brass Co.

TIN FOIL:
(See Foil.)

TOOLS:
Wilior Mfg. Corp.

TRANSFORMERS, AUD10:
Acme Elec. & Mfg Co.
American Transformer Co.
hongan Elec. Mfg. Co.
Easton Coil Co.

General Hadio Co.
Samson Elec. Co.
Thordarson Electric Mfg. Co.

TRANSFORMERS.

B-POWER UNIT:
American Transtormer Co.
Dongan Elee. Mfg. Co.
{ieneral Radlo Co.

Kingston Products Corp.
Samson Elec. Co.
Thordarson Electric Mfg. Co.

TBANS!'ORMEBS BROADCAST
STA
Amerlcan Transformer Co.
Jenkins & Adair, Inec.
Samson Electric Co.

THRANSFORMERS. FILAMENT
HEATING:
American Transformer Co.
Loungan Klee. MfIg. Co.
General Radio Co.
Thordarson Electric Mfg. Co.
Transformer Corp. of America

TRANSFORMERS, OUTPUT:
American Transformer Co.
Dongan Biec. Mfg. Co.
General Radio Co.

Samson Elec, Co.
Thordarson Electric Mfg. Co.
Transformer Corp. of America

TRA\SFORVFRR POWER:
Acme Elec. & Mfg. Co.
Amerlcan_Transformer Co.
Dongan Elec. Mfg. Co.
Easton Coll Co.

General Radio Co.

Kingston Products Corp.
Polymet M!R Co.

Samson Elec. Co.

’I‘hordnrson Electric Mfg. Co.

TH.A\'S!‘ORMEBS R. F.,
TUNED
Cardwell. Allen D. Mfg. Co.

Hammarlund Mtg. Co., Inc.

TRANSFORMERS, STEP-
DOWN:
American Transformer Co.
Ampiion Corp. of Amer.

TCRBE MACIIINERY:
See (Machinery, Tube.)

TUBE. PACKING:
Holed-Tite I’acking, Inec.

0-by
outdoor Puhllc Addreu systems, R
and Home Recording, available in several models, at szs
$45, and §75 list. Alio a complete line of stands, cables,
and other accessories. New two button Hand-Mike
now ready, Have you seen our new DEMOUNTABLE? '
FLLIS ELECTRICAL LABORATORY

! 337 WEST MADISCN ST Seles Comarsban Chicage, Winoin

BARE AND TINNED

- COPPER WIRE
For All Purposes

Fine Sizes Our Speciaity

SPARGO WIRE COMPANY

ROME, NEW YORK
Established 1885

l

|

Hundreds of bargains in Radio and Electrical Merchandise
l NUBOR RADIO CO 12 R Warren St., New York City

WASHERS, GASKETS, STRIPS, DPACKINGS
Write for Catalog and Sample Card

THE BOOTH FELT CO, INC.

481-491 19th Street 737 Sherman Street
Brooklyn, N. Y. Chlcago, I1I.

STAMPINGS AND METAL BOXES
FOR RADIO MANUFACTURERS.

We have served the radio industry from its be inning. We
are equipped for quantity production. Submit drawings for
quotations.

The G. F. Mitchell & Sons Co.

Plant and Main Office, Cedar & E. 65th St.
Cleveland, O.

Felt

WESTERN FELT WORKS
4029- 4|33 onden Ave., Branches-—New York, Boston, Detroit, Ran
Francisoo, Clevelsnd, St. Louis, Los Angelea

Make s PROFIT *
from [Ife/fyfenfwe[é//

When tubes blow

. filter equipment fails . . . tone
| quality :u“:r:

mnall AMPE iTE. Aulomullcallv
up and down,
btmctn 100 und 140 volts to exact requirements.

Easilyinstailed inSmi ith hassisch j‘l
Satisfies customers...reduces free service... pav:*
you o profit. A type for every giectric radio.

1

PERITE | prparation

361 BROADWAY NEW YORK

PERITE

Self-Adjusting

write us giving set
name and model.
Address Dept.
RE-I12

Ask yourdealeror ]
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NICKEL
WIRE CLOTH

for the

RADIO TUBE INDUSTRY

Any mesh woven accurately to your 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 Streer, CLEVELAND, Ohio |

Accurate Mesh—Uniform Selvage For Screen Grids
Accurate mesh and uniform selvage are guaranteed by
power-loom weaving. Write telling us your require-

ments. Samples and prices furnished on request.

BUFFALO WIRE WORKS CO.,
INCORPORATED
(Formerly Scheeler’s Sons, Est. 1869) 1

588 Terrace Buffalo, N. Y.

CLAMP

NAILS §

~ John A. Roebling’s Sons Co., Trenton, N. J.

WIRE

STRAND—Antennae (plain or enameled)—Dou-

ble Galvanized.
WIRE—Antennae (phln or enameled). Connect-
h}li -)nd G (R covered, braided or
ain

BUS BAR—Litzendraht-Loop.
MAGNET (Cotton or 8ilk).

*WAXES and COMPOUNDS*

lmpregnahng, leallng, ﬁlllng
Made to indi

Write to

COCHRANE CHEMICAL CO. i

430 Danforth Ave. Jersey City, N. J.

~ 4TH ANNUAL
DESIGN NUMBER

receivers—public address systems—talking pictures

FEBRUARY-1931
RADIO ENGINEERING

wire jor every type ef hook-up
“Alnhox" [ cll

bask braided nwk-ul wire made
or & patented proce
Aipha “HITonuln" wm (oolored Ru»cr)
BARE-TINNED-ENAMELED.RUBBER COVERED
—~CABLES TO SPECIFICATIDN—
ALPHA WIRE CORPORATION
522 Broadway, New York City

TUBE PARTS:
Acheson Oildag Co.
American Electro Metal Corp.
Buffalo Wire Works Co.. Inec.
Llevelnnd Wire Cloth & Mtg. Co.
Henry L. Crowley & Co.
Fansieel Products Co., Inc.
General Plastles, Ine.
Gilby Wire Co.
Juno Fasteners. Inc.
Lepel High Freq. Labs.
Newark Wire Cloth Co.
Rtadlo Products Corp.
Synthane Corp., Inc.
(Bee Parts, Tube.)

TUBE TESTERS:
(8ce Testers, Tube)

TUBES, A.C.:

Arcturus Radio Co.

De Forest Radio Co.
National Carbon Co..
National Unlon Radio Corp

TUBES, RECTIFIER:

Arcturus Radio Co.

De Forest Radio Co.
National Carbon Co., Inec.
National Union Radio Corp

TUBES, SCREEN GRID:

Arcturus Radio Co.

De Forest Radio Co.
National Carbon Co., Inc.
Natlonal Union Radio Corp.

TUBES, TELEVISION
See (Cells, Photoelectric.)

TUBING, NICKEL:
Gilby Wire Company

TUBING, PAPER & FIBRE;
Paper Tube Co.

TUBING, REFRACTORY:

Henry L. Crowle

Stupakoff Labs, Inc,

TUBING, VARNISHED:
Alpha Wire Corp.

TUNING DEVICES:
Crowe Name Plate & Mfg. Co.

ONITS, SPEAKER:
Amplion Corp.
Jensen Radio Mfg. Co.

VARNISH:

Maas & Waldsteln Co.

VOLTAGE REGULATORS:
(8ee Regulators)

VOLTMETERS, A. C.:
General Electric Co.
General Radio (o.
Weston Elec. Instrument Corv.

VOLTMETERS, D. C.:

General Electric Co.
General Radio Co.

Weston Elec. Instrument Corp.

WASHERS:
American Felt Co.
Aluminum Co. of America
Booth Felt Co.
Scovill Mfg. Co.
Svnthane Corp.
Thompson-Bremer & Co.
Western Felt Co.

WAXES, IMPREGNATING:
Candy and Co.
Cochrane Chemical Company

WAXES, INSULATING:
Candy and Co.
Cochrane Chemical Company

WAXES, SEALING'
Candy and Co.
Cochrnne Chemical Co.

www americanradiohistorv com
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WIRE, ANTENNAx
Alpha Wire Cor
Anaconda era & Cable Co.
Dudlo Mfg. Corp.
Nationa} Vulcanlzed Fibre Co
Roebling, J. A., Sons Co.

“'IRE. BABE & TINNED COP-

Alphn ere Corp.

Anaconda Wire & Cable Co.
Dudlo Mfg. Corp.
Roebling, J. A., Sons, Co.
Spargo Wire C 0.

WIRE CLOTH:
Buftfalo Wire Works Co., Inec.
Cleveland Wire Cloth & Mfg. Co.
Gilby Wire Co.
Newark Wire Cloth Co.

WIRE, COTTON COVERED:
Apaconda Wire & Cable Co.
Alpha Wire Corp.

Dudlo Mfg. Corp.

Gilby Wire Co.

Polymet Mfg. Corp.
Roebling. J. A., Sons Co.

WIRE, ENAMELED COI'PER

Alpha Wire Corp.
Apaconda Wire & ‘Cable Co.
Dudlo Mf{; Cor

Polymet Mfg, orp
Roebllng, J. A., Sons Co.

WIRE, FILAMENT:
American Electro Meul Corp.
Callite Products Co.. Inc.
Fansteel Products Co Ine.
Gilby Wire Co.
Radio Products Corp.

WIRE, HOOK-UP:
Alpha Wire Corp.
Cornish Wire Co.
Dudlo Mfg. Co.
Roebling, J. A., Sons, Ca.

WIRE, LITZENDRAHT:

Dudlo Mfg. Corp.
Roebling, J. A, Sons Co.

WIRE, MAGNET:
Apaconda Wire & Cable Ce.
Dudlo Mfg. Corp.
Inca Mnnnracturlng Co.
Polymet Mfg. Corp.

WIRE, MOLYBDENUM:
American Electro Metal Corp.
Callite Products Co., Inc.
Fansteel Products Co., Ine.

WIRE, PIGTAIL:

Dudlo Mfg. Corp.
Roebling, J. A., Sons Co.

WIRE, RESISTANCE
Alloy Metal Wire Co.
Anaconda_Wire & Cable Co.
Fansteel Products Co., Ine.
Gllby Wire Co.

WIRE, SILK COVERED:

Alpha Wire Corp.

Anaconda Wire & Cable Co.
Cornish Wire Co.

Gilby Wire Co.

Radlo Wire Corp.
Roebiing. J. A., Sons Co.

WIRE, SPAGHETTI:

Alpha Wire Corp.
Cornish Wire Co.

WIRE, TANTALUM:
Fansteel Products Co., Inc.

WIRE. TINNED COPPER:

Alpha Wire C rz
Anaconda ere Cable Co.
Dudlo Mfg. Corp.
Roebdbling, J. A., Sons, Co.

ZINC:
St. Joseph IL.ead Co.
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Same type as illustrated but with 3 Contacts,
polarized, is popular for speaker connections.
Write for samples (No. 52). Small and neat.
Priced low for radio manufacturers. ‘

HOWARD B. JONES
2300 WABANSIA AVE. CHICAGO, ILL. l

"20dNAME PLATES
~LICENSE PLATES— |

Our large and modern plant affords excellent
facilities for the speedy production of your
requirements in etched and lithographed also ’

embossed metal sp:e-
cialties. Alargevariety
of stock dies enables
Radio Manufacturers
to effect great savings |
on escutcheons, for
regular models,
Midget sets, and auto
radio sets.

Cut slightly over half actual size.
Send your blueprints —our Art Department will gladly
submit original sketches for your approval.

Gieneral Stehi

MANUFACTURERS OF

| v i I I AU LT e
| METAL mRODUCTS

3070.82 W. Grand Ave., Chicago, Il |

Rl

E"ﬂf_lfjed-

Type 404 Test-Signal Generator. Price $95.00 |

Sensitivity Measurements For |

The Service Man l

HIS new General Radio instrument makes it |
T possible for the independent service man to |

make sensitivity measurements on radio re- |
ceivers in addition to the usual neutralizing and
aligning adjustment tests. When used in conjunc-
tion with an output power-measuring device the |
Type 404 Test-Signal Generator will show the ap- |
proximate sensitivity of a receiver at any point in
the broadcast band.

Further details will be supplied on request to all
who ask for them on their business letterhead.

GENERAL RADIO COMPANY

Offices Laboratories Factory
CAMBRIDGE A, MASSACHUSETTS

Pacific Coast Warehouse: 274 Brannan St., San Francisco

SCIENCE RECOGNIZES
SCIENCE

That’s Why
ON’S
INDUSTRIAL TAPE

is approved by

Radio Engineers!

NOT only is it popular because of the
variety of uses to which it can be put—
but because of its non-corrosive action and
insulating properties.

Made of the finest woven muslin, its adhe-
sion and protective attributes will outlast
any other tape put to similar usage.

A sample roll free, will convince you of our
statements, Write for it today.

JOHNSON & JOHNSON, New Bruaswick, N. J. .D.
Please send free sample rofl of Johnson’s Industrial Tape and
information on the Tape Dispenser.

Name. - _

Company _

Street and No.

City_
—————

State

www americanradiohistorv com
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Condensers..

FILTER » BY-PASS » IGNITION » TELEPHONE » TELEGRAPH

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

UICKER

than a
Short-Circuit

LITTELFUSE JH§|

NEW! 1000, 53000 and 10,000 Volts, 1/16, %, 14, 3.
¥, 1 nmp. Renewable, to protect power tube, recti-
fiers, ninplifiers, ete. Low-Voltage line: 1/100 amp., |
1/32, 1716, 14, %, %, Y, 1 and 2 amps. For galvano-

meters, millinmeters, instruments, ete, —-qln”ozne ﬂm

Nead today for our new cataloy.
Littelfuse Laboratories, 1774 Wilson Ave., Chicago | 45 VESEY STREET’ NEW YORK CITY

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

RADIO APPARATUS TESTING i .
Life tests and characteristics of D A rcy Labo rato rles

vacuum tubes. Calibration of all

kinds of instruments. Determina- place at your disposal their laboratory facili-
tion of inductance and capacitance ties for your assistance in volume control
at various frequencies. Resistance problems.
measurements, motor tests, mag- Bulletin M.1. is now ready for those who
netic tests, etc. inquire for it.
Electrical Testing Laboratories D’Arcy Laboratories
80th St. and East End Ave. Kno 160 A. East lllinois Street Chicago, lllinois
New York ylé’fl_ = : ———

EXPERIMENTAL RADIO

By R. R. Ramsey, Professor of
Physics, Indiana University, Mem-
ber Inst. Rad. Eng.

""""R“‘.’i;'w'.‘&r?"':;?au'{.‘:"“f{&'i':f"“’ IN THE HEART OF EVERYTHING WORTHWHILE
experiments |
The book is actually a group of some SINGLE ROOM £2.00 & UP

e gl ace ‘of " adio Witk tho DOUBLE ROOM $3.00 & UP

range of the averade experimenter.
(alibration and testing radio apparatns,

field im-;nshy measurements, respon-e Ex(‘()ll()"[ Resl(ulrant
curves, vtc,
The Fundamentals of Radio Breakfast 40c to 75¢
(372 pagrs, 6” x 97, 462 figures.) | Luncheon 85¢

- stud f radi iv- H q [3
ﬁ.,‘i&"ﬁ‘n‘.‘d{?n'mfl'&‘.‘. hiories and helr Table D'Hote Dinner $1.25

2 s t ractice. ex- .
PR many “theorcrical and - practical Popular priced Coffee Shop
points which have not found their way
into other book FIFTH AVENUE NEAR SMITHFIELD

rice postpaid |

P X R .
e i e PITTSBURGIL PENN.

Bloomington, Indiana
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i1 i
Giey WIRE PRODUCTS

Filament Wire—Gilby Selvage Mesh (pat. app.)
Plain Nickel Mesh—Support Wire—Nickel Rib-
bon, Plain and Carbonized—Grid Wire—Seamless
Tubing—Carbonized Nickel Ribbon.

Standard Nickel Chrome Resistance Wires.

TOPHET “A”, TOPHET “C”
Bare & Enameled & Textile Insulated

GILBY WIRE COMPANY

WILBUR B. DRIVER, Pres.
m

JLAMINATION S 1

for Audio & Power Transformers
SPECIALIZED METHODS—YEARS OF EXPERIENCE

Wide Variety of Stock Standard Sizes

Dimension and Price Sheets on request

We Also Make '
PERMANENT MAGNETS—DIES—~TOOLS—
METAL STAMPINGS
Facilities for prompt service

1930

NEWARK

oo te 120
Twenty-Third St

INDIANAPOLIS; IND,

Thomas & Skinner

§teel Products Co.

| BRASS—BRONZE—COPPER
' NICKEL SILVER—ZINC |
. PHOSPHOR BRONZE

In Gauges .001 and Thicker. 1/16” to 16" Wide ||

TIN COATED MFETALS IN COILS AND STRIPS

1206 WICOMICO ST., BALTIMORE, MD.

|
|
l THE BALTIMORE BRASS CO. I

NOW OPEN
'é‘/Vewyork,

HOTEL

GWERNOR (AINTON |

Opposite Penn. R. R. Station
New York's new hotel truly expressive of |
the anlcsl ﬂly 1200 p{eaunl rooms
each with Senvi 1, circulating

ice water an provisions,

ROOMS

31T

SALES COMPANY
1931 Warren Btrest  ntw voas crvy|

Radio & Electrical Wholesale 5
Bargain Bulletin No. 66

0"
O A\
% DEALERS, SERVICE - MEN,
?,O:‘ R4 JOBBERS, MANUFACTURERS
\og, ! | NOW READY ! ! b
o\,o' New Wholesale Bargain Bul- §'
C letin No. 66. Full of Real Low 3
Prices on: Condensers, Trans-
formers, Speakers, and Re-
WRITE placement Parts.
FOR IT
TODAY

B e

Amerlcan 2 Button Mike

For sound recording, studio, public
address system or sound research.
Uniform response curve flat from
30 to 7000 cycles. No carbon hiss.
Capacity 40 mills on each button.
Wgt. 315 lbs. List $75.00.

speciaL $9277.50
AMERICAN SALES CO.

__21-R WARREN ST. NEW YORK CITY

WE offer to manufac~
turers interested in

EXPORT

the services of a dependable organization,

well established in the entire foreign field

AD. AURIEMA, INC.

Manufacturers’ Export Managers
116 Broad Street, New York, N. Y.

_FREE!! FREE!!—

RADIO DEALERS—AGENTS—
SET BUILDERS—SERVICEMEN

OUR BARGAIN BULLETIN IS WAITING FOR YOU
Mail this coupon at once. It means money for you.

BALTIMORE RADIO CORPORATION
47 MURRAY ST, NEW YORK CITY

BALTIMORE RADIO CORP
47 Murray St.. N. Y. C.
Gentlemen: Kindly send me your latest Radio Bargain Builetin.

FL T L L o P P PR P P e PR PP
CY: fciivimd midbanparasinrscanss snniieess SOOI Canibansararis
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& | . o |

DEPENDABLE

QUALITY — UNIFORMITY
b SERVICE

ON
\ WAXES — & — MELTABLE
| INSULATING and WEATHER-
' PROOFING COMPOUNDS

WAXES—ALIl kinds.

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

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

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

‘ SPECIAL COMPOUNDS

Cathodes
Getter Cups
Filament Hooks
and Parts to Order

& c-c???:ﬁm _;)

e ¥ g

I 35th St. & Maplewood Ave.
Chicago, IiL

“For over 35 yrs.”

Send Your Specifications Today!

JUNO FASTENERS, Inc.

26-32 Sterling Street East Orange, N. J. — = ————
A F N
Ad. Aurlema. Inc....oooiiiiiiia 61 Fairmont Aumlnum Co..ooooniioan o 63 National Carbon Co.. Inc. . 63
Aetna Felt Co oG Fansteel I'roduets Co., Ine. .. .47 .\;\tlonnl Vul., Fibre Co . 49
Allied Die Casting Corp.. 3 .40 Formica Insulation Co. 1 Nubor Radio Co........... oo BT
Alpha Wire Corp............... . 98 I'rost, Herbert Il., Inc.. 435
American Electro Metal Corp. .. . 63
Amerlcan Sales 61 r
ﬁ;‘;{,‘r‘i’:g C'I(;‘;‘;,““.t‘?‘:'.nf'r A5 -:-} - Parker-Kalon Corp. ................. 5
‘Amplion Corp. of America. he o : N v Polymet Mfg, Coovriennnnnneerinnn 8
Anaconda Wire & Cable ( 3 ‘:""“l {_;I“ ci ‘;"l’ ~~~~~~~~~~~~
Arcturus Radlo Tube Co. 47 General Electric Co og0
General Etchlng & \lfg Co... R
General Radio Co.............. .o
Gilby Wire Co. .o vvviiviiiii i, Radio Products Co., The
B Ramsey Publishing Cao..
Bakelite Corp.......vuevvivenn Rack Cover Roebling, J. A, Sons Co.,
Baltimore Brass Co.,, The............ 61
Baltimore Radio Co........... N I
Booth Felt Co.. The,....... . Int'l. Machine Works, Inc........... 56 8
Buffalo Wire Works Co., 0 Samson Elec. Company 7
Buyers Directory...........on4 Schweitzer, Peter J., 1 56
Scovill Mfg. Company 13
3 Smedley“Press,l ;l‘he. 5 55
S A Co. 85
e c ” {exllklns && :}(lzﬁir. Inc......ovviniatn !'));5) S;;:'l;:(g) “%';gg"ct‘,ff’m o g-}
andy (h0B0oRE00000000800000800 62 Johnson & Johnson. ... ..o B Synthane Corp., Inec.......... T35
Central Radlo Laboratories.......... (-, Jones, Howard I3...... 1 DTRG04 3 i Chcacaes0caaaaancs (2
Central Sclentific Co........ Juno Fasteners, Inc 2
Chicago Gear Works. . F T
Clamp Naji Co.........
Clarostat Mfg. Co., Inc ‘.. Thomas & Skinner Stecl I'roducis Co. 61
glevelnnd Wire Cloth & Mfg. Co.. The. 58 K
¥Usaao0doacoa0aaas HE
C«;lc)wi:ge&C}é%mlﬁ]lc (-(;lenr\' 1 -:.1 Kellogg Switchboard & Supply Co. 60
" - o : Kester Sokter Co.......coovvune. .. 53 Uniy 1M . -
Kingston Products Corp............. 64 niversal Microphone t'o., Ltd....... 56
D W
ge‘}-‘r(fr’;slt‘nll:g?lzo%%s . . L Ward Leonard Elec. Co............. 64
Dongan Elec. Mfg. Co Leeds Radio €CO..oveeeneiuaeennann.. 60 a.“s‘e"‘ Felt }‘ O'k“é' - 87
Lepel Hligh Frequency Labs., Inc...... 52 T e e - 49
Littlefuse Laboratorles ........ .. " €0 OCEAL(E R OrPELTEEEEELLLEEEL .o 58
E
Eisler Electric Corp................. 56 g
Electrical Testing Labs. Loeu M Zapon Co.. The. . ....coviiinunna, 52
Eliis Elec. Laboratory............... LT Mitchell & Sons Co.,, The G. F....... 57 Zlerick \lfg \\ orks, F. R........... 56
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DECEMBER, 1930

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

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

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

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

Remember this Group
Plan when Your
Subscription Expires

(Radio Engineering)

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

Los Angeles Chicago Cleveland

TYPE H M
$25.00

TYPE ) M

TYPE T M
$65.00

Less sund  Trangverse Current Less Stand

MICROPHONES

Write for 20- -page catalogue and price list describing
mu:r‘o hones, microphone amplifiers. 50-watt power

s, giant dy air col units,
tial homl lym:hronous and non- tym:hronous turn
nbles and anel
Is, hotels, itals, parks, skati rlnh steam-

ships, airplanes, audntonums theatres, etc.

Centrahn Ruponnblllty [for the Success of Your
by Pur All the Parts From
One Source.

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

|

FAIRMONT
ALUMINUM

/ Special Aluminum She¢7

” for condenser plates and

"‘ Alummum Sheet for
// radio and allied indus-
// tries.

/‘ Your inquiries are in-,
. y
vited ’

Fairmont Aluminum Company
FAIRMONT, W. VA.

Branch Sales Offices at Warehouse Distributors
52 Vanderbilt Ave.
New York Centrai Steel and Wire Company, Chicagoe
Chas. A. Strelinger Co., Detroit
J. M. & L. A, Osborn Co., Cleveland

Ducommun Corporation, Los Angeles and

Monadnook Block
Chicago
General Motors Bldg.
Detroit
A, J. FitzGibbons, Mer.
47 W. Northrup Pi.
Buflalo San Francisco
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VITROHM (WL ) RESISTORS

KINGSTON
can keleou

with

Production
Problems —

I(INGSTON is ideally equipped to

render an unusual type of specialized service to

Quantity — One

IF your resistor requirements are modest
in quantity, and if you have been using
home-made or other resistors because the
question of cost deterred you from using
the best, we would appreciate quoting on
your requirements.

radio manufacturers. Here are five great manu-
facturing plants, with adequate facilities for
prompt, economical production. Here, also, is a
seasoned engineering staff, with the experience
and an ability to assist in problems of designing

and construction.

The pitchrod deter-
mines the accuracy
of wlndlng‘ wire on

The tension of the
wire must be correct

If a perfoct winding
like this Is to resuit

WARD. LEONARD

A million VITROHM ) RE-
SISTORS are made one at
a time. Each individual
resistor is carefully wound,
thoroughly protected with
enamel, and accurately
tested. Each resistor is
truly “hand-made’’ with all
advantages
of large
production.
May we re-
ceive your
next order
Lack of accuracy In of "Qucnﬁfy

pltch or tenslon will "
cause shorted turns == One’’ ?
or

“Swimming*’ of wire Control of thess fac-
after one coat of tors Is perfect. Two
enamel Is fused on wire sizes are often

wound on one tube.

ELECTRIC CO.

Mount Vernon, New York

resistaor specialists for more fhen 39 years

In fact, Kingston has for thirty years, rendered
a specialized mechanical and electrical manu-
facturing service to manufacturers which has

production problems and

Z:?é i

Our en- l

simplified  their
reduced their pro-
duction cosis.

Bring your radio
problems to Kings-
ton. Our production
facilities are at your
command.
gineering staff is

feudy 10 work vit KINGSTON

you.

KINGSTON PRODUCTS CORPORATIIN

Kokomo, Indiana

KINGSTON

Specialisls n Power Trans ~
ormery [ilter (ondensers, Reads

WiLLiaMs Press, INC., NEW YORK—ALBANY
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