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UNITARY

STRUCTURE

Note the exweme rigidity
of these tubes. The Unitary
Structure principle of inter-
locking the elements main-
tains the precise inter-
relation of parts through
interdependence. Each
rugged element is securely
clamped atthe topand bot-
tom and the complete as-
sembly is asturdyunit—in.
suring constant unifotmity.

¢r. TRANSMITTING TUBES

assures matched
tubes ... enduring
uniformity...long-

lived performance

Seldom have new products offered
such a decided improvement over
existing devices. The uniformity, per-
formance and unique construction of
Arcturus transmitting tubes establish
a new basis for considering operation
cost per hour.

The exclusive “wwitary structure’
principle employed in these tubes—
the same as used in the well-known
Arcturus Blue receiving tubes—as-
suresunvaryinguniformity evenunder
most rigorous conditions. “Unitary
structure” also insures matched tubes,
s0 necessary for critical operation.
These tubes are interchangeable with
other makes whose last two digits
are similar.

Write for technical data bulletins
on the Arcturus Types E703-A, E711,
E711-E,E745 (50-watt tubes) and E766
and E772 (mercury vapor rectifiers).

Arcrurus Radio Tube Co., Newark, N. J.

TURUS

Quality=Tabes.
and Industrial Uses
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Is distribution sound? Does the adver-
tising hit the market? How about overhead?
How about the product itself?

Any radio manufacturer at this conven-
tion whoasks himself these questions must
come, sooner or later, to a consid-
eration of the materials he uses.
Which explains in part, at least,
why Durez is being put to hun-
dreds of new uses—not only in
the radio industry, but in almost
every other line of business!

A better product, at low cost

Durez frequently enables a manu-
facturer to make his product better,
more quickly, and at less cost than
he has made it before. A powdery,

under terrific pressure to take almost any
required shape, pattern or design.

That finished product is tough, hard,
durable. It needs no laborious finishing or
polishing. It seldom chips or cracks. It has
high tensile and dielectric strength.
Its surface is naturally as smooth
and beautiful as burnished ebony.
Studs and inserts can be imbedded
in the one molding operation. In-
tricate designs, trade-marks, insig-
nias are accurately reproduced.

People who *“do it with Durez™

The list of Durez users in the
radio and electric fields alone reads
like a Who's Who of business.
Stewart- Warner, Delco, Turner

dust-like substance, Durez molds

Timer, Wagner Motor, Ford,

wwWw americanradiohistorv com

Westinghouse, Telechron, USL Battery
—these are only a handful of hun-
dreds of nationally known concerns who
find Durez ideally suited to their needs.
Remler Radio products, shown in the illus-
tration, show how versatile this perfect
molding compound really is.

This is a good time to check up on the
way Durez fits into the plan of progressive
manufacturers. Write now for free book-
let. General Plastics, Inc., 55 Walck
Rd., N. Tonawanda, N. Y. Also New
York, Chicago, San Francisco, Los Angeles.

DUREZ

THE PERFECT MOLDING COMPOUND
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the coinfort of the goose that lays the golden
eggs that prompted S. N. Shure, of Shure
Brothers, Chicago, to launch a drive in the
mterest of radio advertised products. Mr. Shure
has recognized the relationship between suc-
cess for broadcast stations and success for
everyone engaged in radio manufacturing.

The idea is that if every person directly
or indirectly earning his and her living from
radio sources would upon occasion sound the
tocsin for and purchase products the manufac-
turers of which sponsor and pay for radio pro-
grams, there would follow a buying response
that would rebound to the advantage of radio.
Gains in sales by radio advertisers would
strengthen the positions of broadcast stations
supported by advertising revenue.
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St. Louis Office—505 Star Building—F. J. Wright - New Zealand—Tearo Bdok Depot—Wellington.
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TRIPLE ER\D
SUreRCONR!

TAKING THE BRAKES OFF
THE AUDIO SYSTEM

UE principally to the increase in power

of broadcasting transmitters, radio en-
gineers since 1927 have concentrated their
attention on the radio-frequency system of
the radio set.

Now, with the introduction of the type
46 Dual-Grid Power-Output Amplifier and
its companion, the type 82 Mercury-Vapor
Rectifier, set designers can “open up” on
the audio system and provide a strong, new
appeal to the set buyer in the form of grati-
fyingly greater realism.

The large reserve power available through
the use of the 46 and 82 is an efficient pre-
ventative of ‘blasting”, rattling, and dis-
tortion—bugaboos of sets whose power tubes
were subject to overload. While the maxi-

RCA RADIOTRON CO., INC.

mum available power may seldom be needed,
the fact that it is available will make for
better all-round performance. An 8-cylinder
engine provides more horsepower than a
light car ordinarily needs, but the car’s
average performance is better for the fact
that such power 1s in reserve.

It should be borne in mind that even a
barely perceptible increase in volume re-
quites a very large increase in power sup-
plied to the foud speaker.

Radiotrons 46 and 82, together with
companion types 56, 57, and 58 of the new
Super-phonic Series, enable set manufacturers
to ‘‘step on the gas’ " with strikingly new receiv-
ers having an instantaneous attrdction for
the buying public.

HARRISON, N. J.

A Radio Corporation of America Subsidiary

RCA Radiotrons

THE HEART OF YOUR RAD/O

www americanradiohistorv com
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AT Ottawa, Canada, a par-

liamentary  committee
has been holding hearings
with the hope of bringing to
the surface constructive ideas which might
guide the government in formulating a national
radio broadcasting policy.

" The makeup of the Canadian House of Com-
mons possibly includes some few members
whose habits of thought have made it natural
for them to lean toward paternalism in govern-
ment. Fortunately, the majority of the mem-
bers, of both political faiths, is made up of men
who have learned that what the government
engages to pay out in expense must be collected
from the taxpayers.

At one of these hearings a representative of
the All-Canadian Congress of Labor is said
to have advocated the establishment of a pow-
erful chain of broadcasting stations by the gov-
ernment.

If we may judge by the sanity exercised by
Canadian legislators in handling liquor control,
whereby millions of dollars are saved the tax-
payers annually, and at the same time law ob-
servance is maintained, it seems unlikely that
the parliament will saddle the entire cost of
broadcast stations directly upon the taxpayers.

The entering wedge of government owner-
ship of broadcast stations would no doubt open
the way for government ownership of automo-
bile factories and harvesting machinery estab-
lishments, and so on toward Communism.

If this should come to pass it would not be
difficult to imagine certain of the pioneers who
started Canada toward nationhood becoming
restless in their graves.

BROADCASTING
IN CANADA

A

AT the Pittsburgh conven-
tion of the Institute of
Radio Engineers, in April,
Dr. A. E. Kennelly, of Har-
vard University, was awarded the Institute’s
Gold Medal. which each year goes to an engi-
neer who has contributed largely to radio
science.

The first book on the subject of wireless
telegraphy was published in 1898. The
seventh book, written by Dr. Kennelly, was
published in 1906. This work was sent forth

DR. KENNELLY
RECEIVES
INSTITUTE PRIZE

to the students of that early day as “a simple
treatise,” and yet it was perhaps the first sound
treatment of electromagnetic radiation.

In the intervening twenty-six years Dr. Ken-
nelly has made many contributions of a mathe-
matical nature which enabled other engineers
to explore and to unfold. Dr. Kennelly was the
first to advance a logical explanation of the
mechanism of wave transmission over dis-
tances which involved the curvature of the
earth. His announcement on this subject, dated
March 15, 1902 (three months after Marconi’s
first trans-Atlantic tests) suggested the action
of an upper reflecting layer in furthering the
progress of waves sent out from a signaling
station. This announcement preceded by three
nonths the independent observation made by
Otliver Heaviside, which carried the same sig-
nificance.

The award of the Institute’s gold medal to
Dr. Kennelly will have the approval of engi-
neers and physicists all over the world who
have benefited from his writings and his teach-
ing.

A

T is illuminating to read

the recorded arguments
of those who criticize the
present means of support for
radio broadcast programs. For years past tax-
payers have, ostrich like, allowed themselves to
be “kidded” bankrupt by those who dealt in
free education, free libraries, free concerts.
free art galleries, free highways, etc. What an
awakening there is in this year 1932 when tax-
payers throughout the land have for the first
time in decades time to analyze what the tax bill
covers!

It is an old saw that “critics never have to
make good.” If anyone can work out a scheme
of financial support for present day broadcast-
ing, other than that now practiced, which will
not mean added governmental expense and con-
sequent added taxation, there is a present op-
portunity for him to become world famous.

FREE
RADIO

OaO’naIw%CK(,

Edstor
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Self-tapping Screw economies

do not depend on
volume production

AMPLEX
BALDER = GRAY
PHILMORE
PIERCE AIRO
TELERADIO
HALSON « TROY

e Fa v

Unit Savings are the same for one or a thousand sets

To obtain the substantial assembly economies and other
advantages which Self-tapping Screws bring to radia manu-
facture, it is not necessary to have o volume productian
like that of Philco, Zenith, Stromberg-Carlson, Crosley and
otherlarge concerns.The percentage of economy an asingle
unit per day is the saome as on a thousand sets per day.

Listed in the illustration above are eight of the many
radio manufacturers with comparatively small production
volume who make better and cheaper assemblies with
these unique Screws. Philmore Radio, for instance, states:—
“Adoption of Self-tapping Screws for fastening units

m Type “Z‘ Hardened Self-tapping Sheet Metal Screws
For joining and making fastenings lo sheet metal up fo six
5 gauge ; also aluminum, die castings, Bakelite, etc. Simply turn
Screw into drilled, pierced or molded hole. It forms o thread in
" «| the material as it is turned in. Can be removed and replaced.

and dial panels to chassis, speeded-up our production
and reduced costs by eliminating tapping and unhandy
nuts and bolts. Also the Screws made possible an im-
pravement in design” Offering all those odvantages,
Self-tapping Screws also make stronger fastenings —
fastenings that do not jar laose in transit.
No special equipment or skill required

You need no special equipment or skill to use Self-tapping
Screws. Find out what they will save you. Our Assembly
Engineers will tell you, if you attach a description of one
or more assemblies when you mail the coupon below.

Type ‘U’ Hardened Metallic Drive Scrows
This type of Self-tapping Screw is used for making perma- &
nent fastenings to iron, brass and aluminum castings, steel, i
Bakelite, Durez, etc. Just hammer the Screw into o drilled or x:% e
molded hole. It forms a thread in the material as it is driven ¥ b

PARKER-KALON Hardened Self-tapping Screws

PAT. IN U. 5, AND FOREIGN COUNTRIES

~<— Application to well known radios.cucrueruvarenenmeusaaaaScientists Explain F ing Security —>»

PARKER-KALON CORPORATION, Dept. L, 190-198 Varick Street, New York, N. Y. . |
|

[J Send free baoklets on Security and Uses of Self-tapping Screws in radia assemblies.
[0 Tell me whether | can successfully use them for fastenings described on ottached sheet.

Nome and Company

sans gtBONCIR

SELETAPPING 1CRPWY I

ABILNINLY

Address

www americanradiohistorvy com
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A chronological history of electrical communication
—telegraph, telephone and radio

1850 (189) A submarine telegraph

1851

A

This history was begun in the January, 1932,
issue of RADIO ENGINEERING, and will be
continued in successive monthly issues through-
out the year. The history is authoritative and
will record all important dates, discoveries, in-
ventions, necrology and statistics, with numer-
ous contemporary chronological tie-in references
to events in associated scientific developments.
The entries will be carried along to our times.

v

Part V

line is laid across the
English channel, but due to failing insulation was
operated only a short time. .

(190) During this year considerable improvement is made
in telegraph line construction methods. The House
lines built between New York and Buffalo and
Isetween Buffalo and Cincinnati are the most sub-
stantial lines thus far built.

(191) Judge Samuel L. Selden, of Rochester, N. Y.,
secures the agency for the extension of House sys-
tem lines throughout the United States.

(192) Charles T. Chester, in America, develops a stand-
ard telegraph battery, employing dilute sulphuric
acid only.

(193) A Bain telegraph line is built by Henry D. Rogers
between New York and Washington, the main office
at 29 Wall St., New York. A New York and Boston

Bain line, called the Merchants Line opened under -

the presidency of Marshall Lefferts.

(194) Anson Stager employs a common battery to feed
a number of individual telegraph circuits. Previ-
ously each line had its own battery.

(195) W. M. Swain elected president of the Magnetic
Telegraph Company, operating the line between
New York and Washington. (Remained president
until 1858.)

(196) Prof. Nollet, of Brussels, Belgium, plans large
magneto machines for electric lighting purposes.

(197) Bakewell, of London, invents a facsimile hand-
writing telegraph.

(198) C. S. Bulkley, in America, invents an automatic
telegraph repeater.

(199) William Sturgeon dies. (Born in England 1783.)

(200) After the failure of previous attempts to maintain
cables, and aerial wires across the Hudson river,
Simeon Borden, civil engineer, erects a pole-sup-
ported line between Washington Heights, N. Y.,
and the Palisades, N. J., for the Magnetic Tele-
graph Company.

(201) Dumont, in England, procures a patent (February)
for a central office telegraph switching system.

(202) Farrar, in England, writes: “If current power
could be varied by some slight variation of a
vibrator, to be affected by the atmosphere as the
tympanus of the ear is, the supposition is that
the sounds of the voice might be reproduced.”

(203) Henry S. Potter elected president of the New
York and Mississippi Valley Printing Telegraph
.Company (April 2), the immediate predecessor
of the Western Union Telegraphh Company. Mr.
Potter was the first president of the Western
Union Company, holding that position until July
30, 1856.

(204) 11-71?;5) Christian Oersted dies. (Born Demmark,

{205) Aurora borealis electrical disturbances interfere
with telegraph line operation throughout the New
England states.

1852

1853

-(214)

(206) Heinrich Ruhmkorff, in Germany, constructs his
first induction coil.

During this year there were over fifty different
telegraph companies doing business in the United
States.

The telegraph is first used for train-order niove-
ment of railway trains (on the Erie Railroad).
A Bain telegraph line is constructed hetween New
York and Buffalo by Henry V. O’Reilly. Mar-
shall Lefferts served as president of the company.
This line was extended also between Portland,
Maine and Boston, Mass.,, and between Boston
and Montreal. John W, Wilkins, an English tele-
graph electrician, inventor of a sensitive relay, is
engaged by O'Reilly.

A cable containing four copper wires, insulated
gutta-percha and surrounded by tarred hemp and
protectéd by ten galvanized iron wires wound
spirally about it, laid across the English Channel
by a company of British and French capitalists.
Opened for service on November 13. The cable
weighed seven tons to the mile and was twenty-
five miles long. This, the first successful subma-
rine cable, remained in service many years.

(207)

(208)

(209)

(210)

21
(212)

Farmer and Channing apply the telegraph to fire-
alarm signaling purposes in Boston, Mass.

Aurora borealis disturbances (February 19) inter-
fere with telegraph line operation in the North-
eastern states.

Latimer Clark, in England, confirms theories pre-
viously suggested by Ronalds and Faraday in
regard to retardation of signals in long cables, as
a result of electrostatic capacity.

Referring to the proposal to connect Europe and
America by telegraph cable, Alexander Jones, in
his book on “The Electric Telegraph,” published
in New York, this year, says on page 6: “All idea
of connecting Europe with America by lines di-
rectly extending across the Atlantic is utterly
impracticable and absurd.”

(213)

(215)
(216)

Moses G. Farmer, of Framington, Mass., experi-
ments with a system of duplex telegraphy.
Professor Buff, of the University of Giessen, pub-
lishes a paper dealing with the electrical proper-
ties of flames. He concludes that gaseous bodies
which have been rendered conductive by heating
are capable of exciting other conductors, solid as
well as gaseous, electrically. Insulated electrodes
of platinum were inclosed in a glass container and
the exterior of the container subjected to the heat
of a spirit lamp. When the heat was most intense
an exterior battery circuit connected to the elec-
trodes, through a galvanometer, indicated the
passage of current.
Arago dies. (Born in France, 1786.)
Gintl, of Vienna, Austria; also Siemens and Halske,
in Germany, bring out systems of duplex telegra-
phy. Neither of these systems was successful on
long lines.
The first telegraph convention is held, in Wash-
ington, D. C. (March 5).
The House telegraph system is placed in operation
on 1,200 miles of line in Cuba.
The Erie Railroad Company has 497 miles of tele-
graph line in operation, with fifty-two offices.
Sixty-five telegraph operators are employed by
the company.
During the vear six submarine cables are laid,
connecting England with Ireland, Scotland and
the Continent. The longest cable laid is 100 nauti-
cal miles in length. The cable between England
and Ireland has six conductors.

(To be continued)

(217)
(218)

(219)
(220)
(221)
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Transmitting
Radiotrons

that surpass even RCA Victor’s
previous high standards

At this time we especially invite the profes-
sion to inspect the new Transmitting Radio-
trons. These new tubes have established feats
of performance of which RCA Victor has
good cause to be proud.

The new Transmitting Radiotrons are
products that the technical man might ex-

pect to come from radio’s foremost engi-
neering organization.

TRANSMITTING RADIOTRON SALES
ENGINEERING PRODUCTS DIVISION

RCA Victor Co.. Inc.

A Radio Corporation of America Subsidiary

Camden, N. J.

Broadcast Station WEAF—so kllowall:

Page 7
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Announcing No. 11—

the new, long-lived, low-contact
resistance snap switch with
positive kick-off . . .

No. 11 Switch, for
panel mounting

F primary interest to set manufacturers

is the announcement of our new snap
switch. This is now available in two forms,
No. 11, a separate S. P. S. T. switch for panel
mounting, or Type “T,” in combination with
our complete line of positive-wiping-contact
volume controls.

In either type this new switch has an ex-
tremely low and a remarkably uniform con-
tact resistance. It possesses exceptionally long
life, as proved by our extensive breakdown
tests. Because of its positive kick-off the open-
ing or closing of the circuit is doubly assured.

No. 20 Series, with switch

The operating torque of No. 11 is the lowest
of any commercial switch now offered the set
manufacturer. In addition to its low torque
this new switch operates with the smallest
knob movement of any switch on the market,
making available the maximum length of
resistance element for controlling volume or
tone.

Other features of this switch that you will
be quick to appreciate are its “cold” cam,
which is double bearing and cannot bind or
wabble in operation; the wide separation of
all live parts from the cam; electrostatic shield,
that effectively prevents hum pickup by the
volume control from live parts of the switch;
heavy silver-plated terminals, insuring low
contact resistance and ease of soldering; and
approval by Underwriters’ Laboratories for
3 A, 125 v., 1.5 A, 250 v., ac. or dc. We can
supply these switches with or without leads.

We invite inquiries from interested manufacturers
regarding this new switch, either for panel mount-
ing or in association with our complete line of wire
wound or carbon element volume and tone controls.
Write us fully regarding your needs and allow us

=

No. 80 Series Sine Unit, with switch to submit samples made to your specifications. No. 2-80 Series Tanem Unit, without switch
CHICAGO TELEPHONE SurPLY CO.
HERBERT H. FROST, Inc. r SALES DIVISION /

ELKHART, INDIANA

www americanradiohistorv com
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THE FUTURE OF A

GIANT INDUSTRY

As the towering heights of Radio City become a
reality they will foreshadow the radio industry of
the future.

Ll e, D

n.ﬁ‘.w:-'*'l-t_,‘_

I
s

"TeTRPew-taRae

LY

To the public this project will symbolize a great in=
dustry. To the radio engineer it will symbolize a
new cra built around the electronic theory.

= e N e

e
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The part that copper plays in this developmert
cannot be oversemphasized.

> T

e
=9

Among the most vital components of every radio
% system . . . broadcasting, recciving, television cr
communication . . . arc the wires that conduct and
the coils which transform the electrical energy.

aa.

1 Inca magnet wire and coils have demonstrated in
many critical Appllcatlons their fitness for radio’s
most exacting needs,

J INCA

v-—"‘) MANUFACTURING DIVISION

of Phelps Dodge Copper Products Corp., Fort Wayne, Ind.

Fastern Office: Western Office;
40 Wall Si., New York, N. Y, 2375 E, 27th St., Los Angeles, Calii.
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Assured

Performance

The Type 60 Frequency Monitor em-
braces features not found in any simi-
lar unit. Exhaustive tests have shown
conclusively that its performance
greatly exceeds the requirements of
General Order 116.

Precision

Maximum frequency error is the drift
over one week. Monitor may be checked
against Station WWYV (Bureau of
Standards, Washington, D. C.) and, if
necessary, easily corrected.

Universal

The International Type 60 Unit, with-
out change, will check ANY U. S. fre-
quency.

Accuracy

Frequency adherence, plus or minus 5
cycles at 1,000 ke. Frequency variation
from one cycle in ten seconds to 100
cycles per second may be observed.

Stability

The quartz crystal is clamped, thus
eliminating frequency changes due to
vibration.

A. C. Operated
Immediate Delivery

Type 60 Universal Frequency Monitor
with
Type 106 Frequency Meler

Write for Bulletin 17, which contains
price list, and describes this apparatus
in detail.

International Broadrasting Equipment Co.

3112 West 51st St.

Chicago, Illinois

www americanradiohistorvy com
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SHAKEPR DOE

i - -
VERY day more manufacturers ” &
are realizing the fact that
faulty lock washers are the great-
est cause of poor performance.
They have found out that loose
connections hinder sales—increase serv-
ice costs and discourage valuable cus-
tomer good will.

That’'s why Shakeproof is winning its
place on a steadily increasing number of
products. This positive lockmg principle
defeats vibration because its twisted teeth
bite into both the nut and work surface,
forming a solid contact and an absolutely

SHAKEPROOF

Page |1

tight lock. In facr, as vibration increases
the teeth bite in deeper and only applied
force can release their hold.

Take advantage of this profit saving lock
washer and give your product the pro-
tection it deserves. You can prove the
worth of Shakeproof by a trial in your
own shop. Free testing samples will be
gladly sentonrequest—mail coupontoday.

U. S. Patents
her A
1‘782‘381
v Lock Washeyr Company .\
Foreign Patents, Teeth that
{Division of Ilinois Tool Works} LOCK”
2509 North Keeler Avenue, Chicago, Illinois
COUPON

Type Size
Type Size
Type 12. ln/erual pe 20
Type 11. External  Type15. Countersunk k Firm Name .
S A E. and Slandard For Slaudard Bolis ol:‘all Cou’ylt'lle:‘:u,lll’z L?"{or’ ”15;32"5’:‘.‘31’ g
Machine Screws and -Nuts Screws Electrical Work
P 7 L A ———
Shakeproof representatives are located in the following eities: City State
New York City Philadelphia  Boston Pittsburgh Schenectady  Cleveland i e
‘Detroit  Toledo  Cincinnati Birmingham, Ala.  Dallas, Texas  Milwaukee B Title.
Los Angeles Seattle San Francisco Toronto, Ontario, Canada 4

Gentlemen: We want to test your Shakeproof Lock
Washers. Kindly send us samples as indicated.

www americanradiohistorvy com
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15 Textolite laminated parts
were used in this timing deviee

OTHER PRODUCTS:
Textolite molded
Cetec cold-molded

EASTERN 'FABRICATOR

General Fabricating Co.
37 East 18th Street
New York City

WESTERN FABRICATOR

Electrical Insulating Corp.
308 Washington Street
Chicago, Ill,

EXTOLITE laminated, a General Electric product, manu-

factured in sheets, tubes, and rods, was chosen for the fabrica-
tion of these parts because of its dependable uniformity, high
dielectric and mechanical strength, and the ease with which it
can be fabricated.

An increasing number of manufacturers in the electrical, radio,
and electronic fields are using Textolite laminated—it assures
positive, dependable operation of their products.

Investigate Textolite laminated. By adapting it to your product,
you may be able to effect great savings for your company.

Ask for a copy of GEA-1458. Simply address General Electric
Company, Plastics Department, Meriden, Conn.

831-15

GENERAL@ ELECTRIC

www americanradiohistorvy com
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Chicago and radio

In May

EASONS why every radio dealer

and jobber should attend the
eighth annual RMA convention

and trade show at Chicago dur-

ing “radio week,” begiuning May 23.
are detailed in a statement issued by
President J. Clarke Coit of the RMA.
“No live radio distributor or dealer
can afford to miss the annual RMA
trade show in Chicago. May 23-26,”
said President Coit. ~Virtually every
prominent manufacturer will display and
to the trade only the newest radio and
electrical products and lines for the
forthcoming vear. The coutacts at this
annual industry gathering are invalu-
able to those who attend in Chicago.
Never before were so many difficult
and important problems pressing upon
the industry. The problems of distribu-
tion are especially complex and rapidly
changing, The closest contacts with
not only the newest radio and electrical

N. P. BLOOM
Third Vice-President.

RMA

products, but the newest and changing
channels of distribution are essential.
The opportunities of those who attend
at Chicago during radio weeck are ob-
vious.

“No individual who expects to profit
in the selling, engineering or manufac-
turing of radio can afford to miss be-
ing present at Chicago during the week
of May 23. Practically every one of
any importance in these branches of
the trade will be there during “radio
week.” The opportunity offered to view
new merchandise, styles and trends, to
liccome posted on manufacturing and
technical developments, to make per-
sonal contacts, to secure the opinion of
all those vitally interested in radio is
invaluable. At Chicago it will be pos-
sible for an entire selling or buying
organization to make business contacts,
secure information and in a few days
do what would otherwise take many
nmonths and at much greater expense.

"There will be a cordial welcome for
everyone interested in radio at Chicago
and the business contacts possible there,
May 23-26, are incalculable.”

Final plans for the big annual radio
gathiering at Chicago and for vigorous
opposition in the Senate against the
proposed radio sales tax have been made
by the RMA board of directors. J.
Clarke Coit. of Chicago, president of the
Association, presided at the meeting at
ot Springs, Va., on April 8, which
required special RMA cars for directors
from the east and west. In addition to
the industry gathering at Chicago in
May and the sales tax. closer relations
with jobbers and dealers, policies in
connection with public radio shows, en-
gineering developments and others, were
considered. Nominations of new RMA
officers to be elected at the May wmem-
bership meetings in Chicago were ap-
proved by the Board. N. P. Bloom, of
Louisville, Ky., third vice-president of
the RMA, is chairman of the wnomi-
nating committee,

13
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J. CLARKE COIT
President, RMA

Short-Wave Sets

Following its policy in connection
with television and other new radio
developments, to correctly inform the
public regarding limitations of short-
wave reception, a statement will be
issued soon by the RMA. The state-
ment on the development of short-wave
apparatus and reception was prepared
by the association’s engineering division
of which Dr. C. E. Brigham, of Newark,
N. J, is director, and was approved
by the RMA board of directors. The
statement is designed to promote sales
and also meet a situation harmful to
sales through exaggerated claims aid
advertisements in connection with short-
wave reception.

Radio Jobbers' Relations

An intensive study of radio distribu-
tion is to be made by the RMA. The
entire problem of wholesale distribution
of radio through jobbers, manufacturers’
representatives and, to some extent, in
connection with retail sales is planned,
by order of the RMA board of directors.
A special committee has been authorized
and will be appointed soon by the presi-
dent of the RMA for the work. In-
cluded in the committee’s survey will
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be the problem of trades organizations
with the intent of the entire inquiry
to increase cooperation between dis-

tributors and manufacturers and the
RMA.

Public Shows

The value of public radio shows to
manufacturers will be considered by a
special committee of the RMA to deter-
mine the association’s future policy in
connection with public shows. For
about two years the RMA refrained
from sponsoring or endorsing any pub-
lic shows or radio exhibitions other
than its own well-established annual
trade show, from which the public is
excluded and to which only the trade is
admitted. The committee to studv the
public show question, especially prob-
lems relating to the New York and
Chicago public shows held in past years.
will be appointed soon.

School Promotion Manual

Manuscript and photographs for the
manual being prepared by the RMA in
cooperation with the U. S. Office of
Education, Department of the Interior,
to promote installations of radio and
sound equipment in schools, have been
assembled. The special RMA commit-
tee engaged on the sales promotion
project, headed by A. C. Kleckner, of
Racine, Wisconsin, plans to complete
and issue the manual late in May or
soon thereafter. Many RMA manufac-
turers of radio and sound apparatus
have contributed valuable engineering
assistance and data for inclusion in
the school installation manual which is
expected to develop wide equipment of
schools and result in sales. The manual

is especially designed to assist and ad-
vise school authorities and others in

B. G. ERSKINE
Chairman., Show Committee,

the use of radio in education and will
be an authoritative and official manual
for educators. The manual is to be
distributed not only by the RMA and
manufacturers, but also as an official
document of the Government with the
approval of the Office of Education,
U. S. Department of the Interior.

E. V. HUGHES
Director, RMA

Left:
ARTHUR MOSS
Director, RMA

Right:
W, J. BARKLEY
Director., RMA
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Railroad Rate Reductions Sustained

Greatly reduced railroad rates on re-
ceiving sets which were secured necarly
two vears ago by the RMA and attacked
by interests of Omaha, Nebraska, have
been sustained by the Interstate Com-
merce Commission at Washington, ac-
cording to advice to the RMA traffic
burcau. The action of the Iederal
Commission  dismissing  complaints
against the new rates is another im-
portant victory for the RMA and its
traffic bureau. The ruling permits the
reduced rates on receiving sets to re-
main in effect and they save sct manu-
facturers abont ten per cent on ship-
ments. A total saving last vear was
estimated at $1.500.000.

Automotive and Aeronautic Radio

To promote and stimulate automotive
radio and coouperative engineering work
in its development, the Society of Auto-
motive Engineers has been invited by
the RMA to form a joint conmmnittee
for engineering studies in connection
with automotive radio. The National
Automobile Chamber of Commerce also
has been consulted in the matter which
was suggested by Dr. C. E. Brigham,
chief of the RMA engineering division,
and Virgil M. Graham. chairman of the
RMA standards committee.

Work in the development of aero-
nautic radio also has been done by the
RMA liaison committee with the De-
partment of Commerce organizations
on aeronautic radio.

Radio Standards

Under the direction of Virgil M.
Graham, of Rochester, N. Y., chairman
of the RMA standards committee, many
important standards for radio manufac-
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ture have been considered at committee
meetings and by letter ballot with re-
sults distributed to RMA members. The
RMA was invited to representation in
the Acoustical Society of America
and the appointment was accepted by
Director Brigham of the engineering
division. Much work also has been
done by the section committee on radio
of the American Standards Association.

In addition to the important work of
standardizing radio manufacture more
effectually, service, safety and other
problems have been considered by other
engineering divisions. A meeting of
the service section was held February

Radio test

HE paper deals with the test
engineering division of the RCA-
Victor Company, Inc., where
radio activities of several manu-
facturing plants were centralized. The
problems of this type of organization
to control adequately the quality of, not
only broadcast receivers and combina-
tion instruments, but also sound equip-
ment, direction finders, special receivers,
and miscellancous instruments are dis-
cussed. Special emphasis is given to
descriptions of the particular methods
and apparatus used in this control of
quality.
The quality control of manufactured

products by inspection groups and test-’

ing devices is not new to modern in-
dustry. In the larger manufacturing
plants, consideration has been given to
the particular setup for handling this
inspection, and the equipment employed
and methods resorted to are frequently
changed to mieet the high standards re-
quired by the industry.

Certain industries depend on visual
inspection and simple mechanical checks.
others on elaborate chemical analyses.
and some on electrical measurements.
In our plant, however, use is made of
all such tests in the control of raw
material, component parts, and the fin-
ished product. By utilizing laboratory
methods and equipment modified to meet
production requirements, we are able
today to effect accurate control in the
factory to a higher degree than was
even known to the laboratory in the
earlier days.

The more exacting requirements de-
manded of radio merchandise today,
makes it impossible to resort to the old-
fashioned method of simple listening

1A papcr presented at the I. R. E. convention,
Pitisburah, Pa., April 8, 1932,
*RCA Victor Company, Camden, N. J.

11 at New York by E. M. Hartley, of
Camden, N. J., chairman.

Important standardizations on correct
dial markings for short-wave, long-
wave and all-wave receivers were made
at a meeting of the engineering com-
mittee on receivers March 24 A.
Crossley, of South Haven, Mich., is
chairman of this committee, which also
made standard recommendations for a
new six-pin tube socket to fit the new
six-prong tubes recently released by
tube manufacturers.

A meeting of the vacumm tube com-
mittee. of which Roger M. Wise, of
Emporium, Pa., is chairman, was held

A A A

methods and

By Wn. F. DigaL*

tests by skilled operators. Furthermore,
it is important not only to know the
performance of the product as shipped,
but to have assurance that materials and
component parts purchased from outside
suppliers are according to specifications,
which if met, will assure us that con-
tinued service under various operating
conditions will not materially affect this
performance.

Equipment used in different labora-
tories must be standardized and values
used in the test specifications must be
determined by standard equipment from
which secondary standards can be made;
thereby, insuring consistent results.

The principal test cquipment and
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April 6 at Pittsburgh during the spring
convention of the Institute of Radio En-
gineers. At Pittsburgh also the RMA
standards committee on component
parts, of which D. S. W. Kelly, of Mil-
waukee, Wisc.,, is chairman. held a
meeting.

Many of the new and valuable en-
gineering standards have been distrib-
uted to RMA members by Chairman
Graham of the standards and engineer-
ing information section. Every effort
is being made to maintain the RMA
manual of standards and make it more
useful and up-to-date for RMA
members.

equipmentt

methods of test which will be discussed
and described. are as follows:
1. Chassis and final overall sensitiv-
ity.
. Hum.
. Selectivity and i-f. alignment.
. Continuity.
. Method of checking gang capac-
itors.
6. Inductance of iron core reactors.
7. Test on electrolytic capacitors.
8. Filter capacitor life test equip-
ment.
9. Automatic power transformer test.
10. Hum analysis.
11. Flux density test on speakers.
12, Visual testing.

[T 0 SN V)

TEST ENGINEERING

Special Raw
Material and
Ass’d Part at
Centralized Mfe.
Point
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Sources of light for

television

By A. ErNest LyLe*

IGHT sources as utilized in tele-

vision reception are of two main

types, the first a “flat plate” lamp

in which the glow discharge is
uniformly distributed over a cathode one
or two inches square and the second a
crater or “point source” lamp in which
the glow, while greatly intensified, is
restricted in size to a small area usually
between 10 and 50 thousandths of an
inch in diameter.

The “flat plate” type lamp finds its
employment principally in conjunction
with simple Nipkow scanning discs of
the punched or drilted, hole type. Be-
cause of the poor efficiency of such scan-
ning systems, approximately only 1/4200
or less of the light available being
viewed at any given instant, it is of ut-
most importance that the lamp used in
conjunction with such a disc be of as
high an efficiency as is compatible with
a reasonable life expectancy.

New Flat Plate Lamp

There has recently been developed a
novel type of “flat plate” lamp having
among its advantages an extremely high
efficiency, a greatly improved frequency
response, and an increased useful life.

This “wall electrode” television lantp
achieves its high efficiency from the
formation of an intense glow discharge
by positive ion bombardment of a spe-
cially treated, flat cathode. The glow
is restricted to the front portion of the

cathode in order that the entire energy-

applied to the tube may be utilized as
useful light. Operating at 20 ma. the
light output is in excess of 4 C.P.
Modern television, which, after all, is
merely the resolving of a picture, and
its recombination from numerous com-
ponent parts, requires a wide frequency
band. To obtain the detail which alone
makes a television picture recognizable
and comparable with other pictures, a
band of from 30 to 50 kilocycles must be
employed. During the early stages of
development work it was found that the

*Chief Engineer, Cable Radio Tube Corpn.
A
Descriptions of modern

type, flat plate and crater
lamps for television uses.

average commercially available tele-
vision lamp responded very poorly to
the higher frequencies. This, seemingly,
was due to the negative charge which
accumulated during operation upon the
glass envelope and acted as a third elec-
trode-—a negatively charged grid—tend-
ing to increase the de-ionization time of
the gas with the result that the lamp suf-
fered greatly from frequency restric-
tion, often failing to respond to most
of the high frequency signal component.

From this study resulted the “wall
electrode” type of television glow lamp
in which the anode is in the form of a
metallic coating on the inside of the
lamp envelope itself. In this way the
effect of the negative charge on the
wall is avoided.

This type of construction offers other
important advantages both from the
standpoint of efficiency and increased
life. During manufacture the metals
vaporized to form the wall electrode,
exerting a powerful getter action insur-
ing an exceedingly pure gas content.
Similarly, during life this large exposed
getter area, continually activated by the
gas discharge, greatly retards one ma-
jor cause of tube failure—gas contami-
nation—and thus increases the expected
tube life.

The characteristics of the wall elec-
trode television lamp are as follows:

Cathode surface............ linch by 1 inch
Ignition voltage............. 130-140-v. d-c.
Operating voltage........... 120-150-v. d-c.

Maximum d-c. operating current. . ..20 ma.
Recommended d-c. operating cur-

- | 10-15 ma.
Ignition current (approx.).......... 5 ma.
Extinguishing current (approx.)....2 ma.
D-c. resistance at 20 ma. (ap-

PIOX.) .ivniiiiiiiniiiiaan,, 6,500 ohms
Dynamic impedance at 20 ma. (ap-
PIOX.) vivienirranrrannnnen. 1,000 ohms

A-c. power necessary for complete modu-
lation of light values at:

10 ma. operating current..... 35 milliwatts

20 ma. operating current.., .., 175 milliwatts

The Crater Lamp

Another widely employed television
lamp is the so-called crater or point
source type used generally in conjunc-
tion with television projecting apparatus
such as lens discs, mirror wheels and
other optical scanning arrangements.

The requirements for a light source
of the crater type differ considerably
from those of the flat plate tvpe. In the

www americanradiohistorvy com
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crater lamp the light must be of an ex-
tremely high intensity and restricted to
a small area, generally within 0.0001 to
0.0025 square inch, in order that it may
be sharply focussed as a tiny intense
spot on the screen.

The gas discharge must be of a type
susceptible to rapid modulation with-
out undue lag and because of the amount
of heat generated in a constricted space,
special provisions for heat radiation
must be incorporated.

Recently a crater lamp having these
characteristics was developed and is now
finding a wide application. This lamp
is of a particularly rugged construction
and has its light beam propagated in a
direction parallel to the main tube axis.
Its angle of radiation is extremely nar-
row, in order that all generated light
may be utilized, even with a small diam-
eter lens. It is so designed mechanically
that it may readily be emploved with
lenses of focal length as short as omne-
half inch.

Light Output

The intrinsic brilliancy is of a high
order. A unique design and a specially
developed coating process, incorporating
the use of radio-active elements, not
only assures improved performance ancd
lowered ignition voltage, but also that
a large percentage of the total radiation
falls within the visible portion of the
spectrum. The light output averages
about 0.75 candle power per square nim.
of light emitting surface.

The glow discharge in this crater
lanmp is concentrated in a small canal
which comipresses the Faraday dark
space to an infinitesimal thickness and
results in the discharge persisting in a
semi-unstable condition, thus lending it-
self well to modulation at high fre-
quencies.

The operating impedance of gas dis-
charge lamps of the crater type is ex-
tremely low and as the frequency range
to be accommodated is wide, extending
to approximately 50 kc., the difficulty
of obtaining an impedance match be-
tween the output tube and the crater
lamp is very great, so great, in fact,
that it generally is not even attempted.

Thus the problem of crater lamp mod-
ulation generally resolves itself simply
into one of obtaining a sufficiently large
peak current swing from the output
tube. For complete modulation of light
values the peak a-c. current must be of
sufficient magnitude to approach the
value of the d-c. operating current.

Particular study has been made to
design a rugged tube electrically as well
as mechanically. The crater lamp here
described, while rated at 25 ma. d-c.,
operating current, will safely permit
considerable overloads for short periods.

(Concluded on page 24)
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The application of
permeability tuning
to broadcast receivers'

By R. H. LANGLEY*

HFE chief difficulty with condenser

tuning is that it is inherently in-

capable of producing uniform per-

formance. By the use of compound
couplings it is possible to secure reason-
ably uniform gain, but no arrangement
so far proposed will give uniform selec-
tivity and fidelity except at the expense
of a large decrease in the efficiency of
each circuit. It was realized as early as
1922 that inductance tuning offered de-
cided advantages in the solution of this
problem.

Inductance tuning is a general term
for any method in which the total effec-
tive inductance in the circuit is varied.
The variometer, which enjoyed a con-
siderable vogue in 1922-1924, was a de-
vice for securing this variation. The
reason it did not succeed was because
its resistance varied with frequency in
exactly the same way as the resistance
of the fixed inductance of the condenser
tuned systems, and it was therefore
equally incapable of producing uniform
performance.

There have been other suggestions
for varying the inductance. One pro-
posed to decrease the inductance by
introducing a copper shield. The eddy
currents in this shield effectively de-
creased the inductance, but they simul-
taneously increased the losses and,
therefore, the effective resistance, at a
rate even greater than in the variome-
ter. Here again there was no possibility
of securing uniform performance over
the range.

The problem, however, is not to pro-
duce a variation of inductance, but to
produce a simultaneous and proportion-
al variation of inductance and resistance.
The recognition of this fact has come
only recently. This is the result se-
cured in the new tuning method which

?Pre.rmwdzbcforc Radio Club of America,

March 9. 19,
*Consulting Enginecer.

A

Description of a new

method of providing vari-

able inductance tuning for
radio receivers.

we are examining tonight. It is called
“‘permeability tuning” first to distinguish
it from other methods of inductance
variation, and second. because this term
is adequately descriptive of its mechan-
ism.

With permeability tuning, it is not
only possible to secure uniform per-
formance over the broadcast range, or
any other range, on all three counts,
with a degree of mechanical and electri-
cal simplicity quite beyond anything so
far suggested, but other new and valua-
ble results can be secured.

It now becomes necessary to direct
attention to a fact which has been too
much neglected in the study of the
problem of selectivity. The channels on
which broadcasting, as well as all other
radio services are carried out are
equally spaced in frequency. The pub-
lished mathematical investigations deal
exclusively with per cent frequency dif-
ference, which has no practical inter-
pretation in terms of actual receiver
performance. Even the current state-
ment of selectivity in terms of band-
width has no physical meaning as an
indication of the signals that will be
successfully rejected. What we desire
to know is not the width of an inverted
resonance curve, but just what signal
strength, for signals on the channels
immediately above and below resonance,

A

Page

can be tolerated without producing audi-
ble interference.

The situation with respect to selec-
tivity can be summarized in a diagram,
as is shown in Fig. 1.

This diagram represents the perform-
ance of five different types of receivers.
The horizontal scale in all four graphs
is frequency, and the divisions are the
actual channels of broadcasting. Graph
A is for a tuned radio-frequency re-
ceiver in which straight-line capacity
condensers are used. The spacing of
the channels on the dial of such a re-
ceiver will be as shown, that is. very
badly crowded toward the high fre-
quency end. The black curves on this
graph represent the apparent width, on
the dial, of three signals of equal
strength at three different frequencies.
Note that, although the actual selectivity
of the receiver is much worse at the
high frequency end, the apparent selec-
tivity is much better at the high fre-
quency end. It shows how completely
one fault masked another. It makes
clear the fact that the straight line ca-
pacity condenser, because it crowded the
high frequency channels, completely
ccvered up the glaring fault of the
system in which it was used.

Let us mnow put straight-line-fre-
quency condensers into this receiver.
The channels will now be equally spaced
on the dial, as in graph B, but the broad
tuning at the high frequency end will
be strikingly obvious, as indicated by
the width of the band covered by the
high frequency signal. Such a receiver
would meet definite sales resistance be-
cause of the lack of apparent selectivity,
although the actual selectivity would be
the same as in type A, thousands of
which were successfully sold. Thus we
see the reason the straight-line fre-
ceiver condenser, otherwise an entirely
logical and desirable improvement, was
so slow to find its way into broadcast
receivers.

If, by some method not yet suggested,

. A A
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Fig. 1. Selectivity
of five types of
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Fig. 2. Selectivity equations.

we could arrange so that the actual per
cent selectivity, the selectivity of the
mathematical treatments, were constant
over the frequency range, we should
have the situation shown in graph C.
Still the apparent selectivity would be
noticeably worse at the high frequency
end, and so would be the actual selec-
tivity, so far as ability to reject unde-
sired signals is concerned.

Graph D may be taken as represent-
ing a superheterodyne receiver, or a
properly designed receiver of the per-
meability-tuned type. In either case the
actual channel selectivity is constant
over the range. In the superheterodyne,
there would be some slight deviation,
depending upon the amount of con-
denser-tuned-radio-frequency amplifica-
tion employed. In the permeability-
tuned receiver there would be substan-
tially no deviation, and, incidentally, it
would not be necessary to employ spe-
cial mechanical arrangements to secure
the equal spacing of the channels on
the dial. There can, of course, be no
question that the performance of graph
D is superior to A, B or C, and that
it is the ideal result.

To understand why permeability tun-
ing can accomplish this result, with
less tubes and fewer tuned circuits than
a superheterodyne, it is necessary to
examine the mathematics of the situa-
tion.

The usual expression for selectivity
is given in equation (1), Fig. 2. This
states the ratio of the voltages devel-
oped across the tuned circuit by a reso-
nant signal and a non-resonant signal,
in terms of K which is the ratio of the
two frequencies, and Q which is the
ratio of the inductive reactance at reso-
nance to the resistance. Q has been
called the figure of merit of the circuit.
Note that both K and Q vary with fre-
quency.

In order to determine the conditions
for constant selectivity, we use small
letters to represent quantities at the low
frequency end of the range, and large
letters for the high frequency end, and
we write equation (2) directly from
equation (1). Upon simplification this
yields equation (3) which gives, im-
plicitly, the ratio which the values of
Q, one at the low frequency end, and

one at the high frequency end, must
have for constant selectivity.

Numerical substitution in equation
(3) for the broadcast case, and for the
actual 10 kc. separation for the broad-
cast signals, justifies the writing of
equation (4) with the assurance that
it is correct, at least to a very close or-
der of approximation. Equation (4)
gives the important conclusion that for
constant selectivity the ratio of induct-
ance to resistance must remain constant.

In normal condenser tuned circuits,
and in inductance tuned circuits of the
variometer types, the resistance in-
creases approximately as the square of
the frequency. Thus Q (equals omega
L over R) decreases as the frequency
is increased. 1f R could be made di-
rectly proportional to frequency, then
Q would be constant, but even then the
selectivity would not be constant, be-
cause K, the ratio of the frequencies,
is also changing. Selectivity, in terms
of actual ability to reject signals on
undesired channels, can only be con-
stant over the range when the ratio of
inductance to resistance does not change.

In condenser tuned circuits, the in-
ductance is held constant and the re-
sistance increases as the square of the
frequency. Such a circuit, therefore,
cannot have constant selectivity, except
by the expedient of artificially increas-
ing the resistance at the low frequency
end. A good tuned circuit has a resist-
ance of about 4 ohms at 550 kc. and
30 ohms at 1,500 kc. If we can con-
trive to keep the resistance up to 30
ohms throughout the range, then we
can have constant selectivity over the
range, and it will be just as broad as
550 kc. as it now is at 1.500.

In inductance tuning, the inductance
must change inversely as the square of
the frequency. For constant selectivity,
the resistance must also change in-
versely as the square of the frequency.
This is expressed in equation (5) which
states that the resistance and the induct-
ance are to be approximately eight
times as large at the low frequency end
of the range as they are at the high
frequency end.

How can we design a variometer, for
use in an inductance tuned circuit, such
that the inductance and the resistance
will increase together, and their ratio

— P

Porcelain ........ccoeivaiiainn 2150 x 1012
GIASS vvevverenraniannnenaanns 990 x 1012
Bakelite ....covveaeiniiiiaans 36 x 1012
Polydoroff iron .............. 50
Carbon (filament) ......... 004
Nichrome .....covviveevnn. .000 109
Steel veveniiiiiiiiiiian .000 045 6
Iron (pure) ........ R .000 008 85
COPPET wveeeieinennannnnns .000 001 589

Fig. 3. Comparative resistivity in ohms

per centimenter cube.
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remain constant? By a very simple ex-
pedient. We will design our circuit at
the high frequency end, at 1,500 kc., to
have whatever properties we desire to
get, high gain and a high order of se-
lectivity. We will use a relatively small
inductance and a relatively large fixed
condenser. Naturally both of these will
have to be designed so as to have low
losses.

Variable Inductance

We will then tune this combination
down to 550 kc. by gradually inserting
an iron core into the inductance. This
will increase both its inductance and
its resistance, and we may expect that
they will increase together, since both
depend upon the amount of iron which
is actually inserted in the magnetic field.
It will, of course, take a very special
form of iron. No form that we have
known in the past can be brought any-
where near a tuned radio-frequency cir-
cuit without increasing its apparent re-
sistance out of all proportion to the gain
in inductance.

Before we examine the material and
the core, let us see what some of the
other consequences of this method of
tuning are going to be. We are not in-
creasing the inductance of the coil it-
self. What we are doing is to increase
the permeability of the surrounding me-
dium. We are actually inserting a new
factor in the equation for the frequency
of the system. This factor is the ef-
fective permeability of the space around
the coil. This is the reason for calling
the system permeability tuning.

We should assume. from the nature
of the method, that if we have two coils
of different inductances, but of the same
physical dimensions, and if we insert
two identical cores into them, the per-
centage change in inductance would be
the same. If we tune these two coils,
with different fixed condensers to the
same frequency, then as the cores are
inserted they should remain in step with
each other.

This result can easily be secured, and
it has tremendous consequences. It
means that for the first time we have
a method of tuning the antenna circuit
of a broadcast receiver, and keeping it
exactly aligned with the other tuned
circuits. It means that we can thus
secure a gain ahead of the first grid,
due to resonance in the antenna circuit,
which gives a very noticeable and valu-
able decrease in the amount of subse-
quent amplification necessary. But the
most important result, so far as the
user is concerned, is the marked im-
provement in the signal-to-noise ratio.
This, more than any other feature of
the performance of a permeability-tuned
receiver, is its outstanding advantage
over other present types.
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Another result, not quite so obvious,
perhaps, is that the frequency to which
the system is tuned at any time is al-
most exactly proportional to the dis-
tance to which the core has been re-
moved from the coil. By a slight cor-
rection in the shape of the core the rela-
tion may be made exact, and this gives,
without additional mechanical gear, a
uniform or “straight-line-frequency”
distribution of the channels on the in-
dicator. Thus the result so difficult to
secure with condenser tuning is easily
and naturally accomplished in the per-
meability method.

Since the resistance and the induct-
ance increase at the same rate, an os-
cillator can be built in which the out-
put is very nearly constant. And, by
the use of a series inductance, not af-
fected by the core, such an oscillator
can be kept at any desired absolute
frequency difference from other tuned
circuits on the same uni-control system.
Such an oscillator would have wide use-
fulness in superheterodyne receivers.

If it is desired to build a receiver
having two or three ranges, each as
wide as the present broadcast range.
this can be accomplished by using as
many taps on the fixed condensers in
each tuned circuit. These taps can be
selected by a gang switch without ap-
preciable increase in losses, and the ar-
rangement is mechanically convenient
and simple. The ranges in such a re-
ceiver will not have quite the same per-
formance, but the difference can be
minimized by proper choice of the in-
ductance and the capacity steps. Here,
therefore, is a new and simple answer
to the problem of an “all-wave” receiver
for European service, or for any other
service requiring an extremely wide
range.

In a condenser tuned system there is
a certain minimum capacity, represent-
ed by the maximum spacing obtainable
between the rotor and the stator, and
by the various capacities which exist in
the circuits. This minimum capacity
determines the value of inductance to
be used, since the two together must
produce resonance at 1,500 kc. The
maximum value of the condenser is thus
also determined, since this value taken
with the same value of inductance must
tune to 550 kc.

With permeability tuning, there is no
such limitation. The inductance may
have any value desirable to produce the
required performance. Whatever the
value of the inductance may be, it will
be increased approximately eight times
by the insertion of the core. Whatever
the resonant frequency of coil and con-
denser may be, it will be decreased to
approximately one-third this value,
when the core goes into the coil. Thus
we really have a new, an independent
variable. It is not the inductance of

the coil itself that we are varying: it
is the effective permeability of the me-
dium surrounding the coil.

When the research to find a form of
iron that could be successfully used at
radio frequencies was first undertaken,
it was appreciated that the task was no
small one. In fact, quite a group of
scientists had said that it could not be
done, and this same statement was re-
peated after the work was well under
way. The core material that we have
today is no chance discovery. It is the
result of a carefully planned and ade-
quately financed research.

Core Material

Iron sulphate is reduced by hydrogen
to a metallic powder. The sulphate is
rhombic in crystalline form, the iron
cubic. In passing from rhombic to cubic
the material must go through atomic or
at least molecular dimensions. By
proper control of the process it is pos-
sible to obtain the powdered iron in any
desired degree of fineness. Iron dust
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so fine that it will float in the air can
be produced. The particle size which
has been chosen for this use is 10
microns, approximately 0.00039 inch.
The powder is, of course, of very high
purity.

Before this powder is allowed to come
into contact with air, the individual par-
ticles are insulated. This requires an
entirely new insulator, especially devel-
oped for the purpose. None of the ex-
isting insulating materials was suited to
the work. The film surrounding each
particle is approximately one micron
thick. This amount of insulation is ade-
quate for the minute voltages gener-
ated in the particles by the magnetic
field. Current is therefore effectively
prevented from flowing between parti-
cles. The eddy current loss is therefore
limited to the energy that can be dis-
sipated within the particles, and this
loss, in particles of the size mentioned,
is low enough to permit successful use
at the frequencies used in broadcasting.

This insulated iron powder is now
molded with bakelite in much the same
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way that any other dry powdered filler,
such as wood flour, would be molded.
The molds are made of steel, as usual.
Any desired form that is capable of
molding in any material can be molded
in this new iron, but the usual forms
are circular in section, and the molds
are therefore simple and inexpensive.

This new molded magnetic material
is 92% iron by weight. But the remain-
ing 89, which is insulating material, so
completely changes the electrical and
magnetic behavior that it is really incor-
rect to still call it iron. At present we
are referring to it as “Polydoroff iron”
or as “‘Polyiron” which has the advan-
tage of suggesting the minute subdi-
vision of the iron. Eventually we shall
have to have an entirely new name.

Permeability, in general, is the ratio
between a magnetizing force and the
flux which it produces in the material
under consideration. But when alternat-
ing currents are involved, even at com-
mercial frequencies, a more precise and
complicated definition must be used. The
presence of direct as well as alternating
current still further complicates the mat-
ter. There is an extensive literature on
this subject alone. As we approach the
frequencies used in radio, all the usual
definitions and methods of measurement
cease to have any rational meaning. We
are left, therefore, with no alternative
except to state the permeability of the
new material in terms of its effect upon
the inductance of an air-core radio fre-
quency coil into which it is inserted.
On this basis, the permeability of Poly-
iron is about 8, which is adequate for
the use we are describing, but I must
caution that this figure is not to be
compared with the direct current per-
meability of commercial sheet steels.

Hysteresis loss in magnetic materials
at commercial frequencies, is propor-
tional to the area of the hysteresis loop,
and increases with frequency. But as
we approach the frequencies used in ra-
dio, the area of the loop becomes dis-
appearingly small, and the loss from
this cause becomes negligible.
ever effect the introduction of an iron
core in a radio-frequency coil may have
upon its effective resistance, is due,
therefore, to the eddy-current loss. This
loss may be reduced by shortening the
paths which the induced currents can

What-
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Fig. 5. Overall
dimensions of
tuning unmit.
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take, and by decreasing the resistance
of these paths. This result is secured by
lamination, which was carried to its
practical limit in the one mil steel of
the Alexanderson high frequency alter-
nator. Beyond this, we may resort to
powdered material, with the particles
insulated, and this has been carried to
the limit in Polyiron.

The extent to which the attempt to
insulate the particles has been success-
ful is indicated by the measured re-
sistivity of the material. Here is per-
haps the most unique property of Poly-
iron. It measures 50 ohms per centi-
meter cube, and, as you will see from
the tabulation in Fig. 3, lies intermedi-
ate between insulators and conductors.
No known material, whether ferric or
not, lies within several orders of mag-
nitude of this value. Polyiron has over
five million times the resistivity of or-
dinary pure iron.

The losses in this new material are
extremely low, but they increase with
frequency. The core loss, in ergs per
cycle, increases at a rate somewhat be-
low the second power of the frequency,
as shown in the upper curve of Fig. 4.
The effective radio-frequency resistance
of the core, however, increases almost
as the fourth power of the frequency.
How, then, can we make the high fre-
quency resistance of the complete tuned
circuit decrease with frequency, as it
must if the performance is to remain
constant? To answer this, I have only
to remind you that the core is with-
drawn to increase the frequency. so that
as the frequency is increased. there is
less and less of the iron present in the
field.

The tuned circuit consists of a coil.
wound on the usual bakelite form, a
Polyiron core arranged so that it can
slide into the coil, and a fixed condenser,
usually of mica, with an adjustable
blade, tu secure initial resonance, with
the core all the way out, at 1,500 kc.
The condenser is mounted on a suitable
ceramic base, and the coil and condenser
on its base are mounted inside a cylin-
drical shield of aluminum or copper.
The condenser is connected across the
coil. There is no electrical connection
to the core, but it is usually insulated
from the grounded frame of the net,
to prevent capacity effects. As shown
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in Fig. 5, the overall dimensions of the
complete tuned circuit, with the core all
the 'way out, are only 2 inches diameter
by 334 inches long, a total volume of
less than 12 cubic inches.

Note that there will be no leads to
variable condensers at seme distance.
Also note that there is no primary on
this coil, that it is not a transformer.
There are only three leads from such
a tuned circuit, one to a grid or plate,
one to a B or C voltage supply, and one
ground or to a coupling condenser. The
circuit is therefore simple, and the
shielding simple and inexpensive. The
circuits may be placed as close together
as desired, so long as the cans do not
touch.

The internal member of the core is
an easy fit inside the coil form. The
inside diameter of the outside member
of the core is made sufficiently large so
that there is no possibility of its touch-
ing the winding. The total movement
of the core is 114 inches. The winding
is preferably of Litzendraht. In the
usual condenser-tuned circuit this wire
does not have sufficient advantage to
justify its use, but in the very much
smaller inductances used in the per-
meability-tuned system, the stranded
conductor gives a worthwhile decrease
in the resistance at 1,500 kc., the fre-
quency for which the coil is designed.
The preferred wire has 10 strands of
No. 41, which is a size standard with
the wire manufacturers.

In Fig. 6 is shown the first perme-
ability-tuned receiver employing the
new core material. It had three radio
stages, and four tuned circuits, with
detector, output tube and rectifier, six
tubes in all. The tuned circuits were
assembled as a unit, and mounted under
the chassis pan in such a way that the
coil terminals came directly under the
socket terminals making the leads ex-
tremely short. You will notice. at the
bottom, the bridle which carries the
four cores and the screws by which the
positions of the cores were adjusted.
This bridle slid back and forth on guide
plates, one at either side, and was driven
by a linkage at each end of a shaft run-

Fig. 6. First model of permeability tuned

receiver.
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ning across the back of the unit. The
sensitivity of this receiver was better
than 1 microvolt, and it would success-
fully reject a signal 10 times as strong
as the desired signal on the adjacent
channels.

Practical Application

The development since this first re-
ceiver was produced has been chiefly
in two directions: first, to produce a
more effective and less expensive mech-
anism and, sccond, to determine the
form of circuit best adapted to take full
advantage of the unique properties of
the new system and the high amplifying
capabilities of the later screen grid
tubes. As a result of this work, the lat-
est chasses are quite different, both me-
chanically and electrically, and they are
correspondingly better in performance,
lower in cost, and more completely
adapted to quantity production in a mod-
ern factory. Because of the inherent
savings of space which result from the
method, no attempt has been made to
crowd the new designs into the small-
est possible compass. There is, there-
fore, ample room for easy wiring and
assembly, and yet the complete chassis
is smaller and lighter than any of the
current condenser tuned chasses of
equivalent performance.

The circuit development has led to
the adoption of a condenser coupled ar-
rangement with both plate and grid cir-
cuits tuned, as is shown in Fig. 7. The
antenna circuit, which directly feeds the
grid of the first tube is also tuned so
that we have five tuned circuits, but
only two radio-frequency amplifier
tubes. The antenna circuit is made to

follow the other tuned circuits exactly
by initial adjustment of the series an-
tenna condenser and gives a gain on the
first grid of from 18 to 22. The value
of this preliminary tuning, before any
amplification takes place, reducing the
value' of interfering signals and induc-
tive disturbances before they reach the
first grid cannot be over-estimated. That
this produces a marked improvement in
performance is apparent the moment
the receiver is tuned to the first’signal.

In all the tuned circuits the induct-
ance value, measured without the core,
is 65 microhenrys, and the capacitance
is 160 mmifd., which is approximately
three times the minimum capacitance,
effective at 1,500 kc., in condenser tuned
systems. The coupling condensers are
.02 mfd. Other constants of the radio
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amplifier and the complete audio am-
plifier are normal.

The symbol used here to indicate vari-
able permeability has simplicity if noth-
ing else to recommend it, and it has
been found to be not easily confused
with other features usual in radio dia-
grams.

At the lower left is shown an alter-
nate arrangement for the tuned circuits
between the tubes which more nearly
corresponds to the forms that have been
used with condenser tuning, but, per-
haps for that very reason, is not quite so
constant in performance over the range.
There is also shown, at the bottom right,
the circuit for an oscillator, which will
have very nearly constant output.

The five tuned circuits are assemnbled
into a mechanical umit illustrated in
Fig. 8 actually smaller than the usual
five-gang condenser. The cores are
mounted on a rigid bridle, actuated by a
short rack and a cooperating pinion on
the knob shaft. Any reasonable mo-
tion reduction can thus be easily se-
cured, and this without complicating the
very simple indicator, which can be
adapted to either “full-vision” or the
more usual type of dial, and is auto-
matically “‘straight-line-frequency.”

In the view at the lower right, some
of the shield cans have been removed
to show the coils and cores, and the
insulating bases that support the mica
condensers. The three top wires, with
clips, connect to the grids of the two
radio tubes and the detector, the black
wire to the antenna terminal, and the
four remaining wires to the two plates,
and to the B supply. The coils are
mounted directly on the back plate, not
on the porcelain, in such a way that
they may be adjusted to give the initial
correct position with respect to the
cores which are rigidly mounted on the
bridle.

Since both the inductance and the
capacitance are capable of adjustment,

Fig. 8. Assembly of tuning units.
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Fig. 9. Completed
chassis.
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the inductance by the relative position
of the core and coil, and the capacitance
by the small adjustable leaf on the fixed
condenser, the receiver is aligned after
it has been completely assembled. There
is no step equivalent to the necessity,
in condenser-tuned systems, of aligning
the gang unit before it is assembled on
the set. The only source of variation is
the moulded cores, and these are made
in the same mould, under the same tem-
perature and pressure, from a weighed
quantity of material from a large and
thoroughly mixed batch. Careful checks
have shown that the degree of repro-
ducibility is very high, and that the
maximum error in a five gang unit will
be less than one-half of one per cent.
There is the further advantage that the
maximum error occurs at 550 kc. where
the stations have the greatest per cent
separation. The method of alignment
produces exact agreement at two points
in the range. With the cores all the
way out, the circuits are definitely tuned
to a 1500 kc. signal, by adjustment of
the condensers. The cores are then ad-
vanced to a mid position, and exact re-
sonance to a 1000 kc. signal is secured
by adjustment of the position of the
coils with respect to the cores.

The overall alignment is thus actually
better than can be secured by the prior
calibration of variable condensers and

coils in the usual system, and nothing
short of actual tinkering will change it
after it has once been established. The
effect of changes in temperature is nil,
and there are no parts sufficiently deli-
cate to be displaced due to jars received
in shipment. Slight differences between
the inductance values of the coils are of
no consequence, provided the coils are
geometrically alike, and this is secured
by using moulded forms.

Another form of unit, shown at the
center, Fig. 8, is directly adjusted by a
screw passing through the bridle. This
type may be more adaptable in some ap-
plications. There is also shown, at the
left, a three core unit intended for pos-
sible use as a pretuner in superhetero-
dynes.

In the completed chassis shown in
Fig. 9, the units have been so arranged
as to bring the three controls out at
the center, so that adaptation to any
cabinet design would be easy. Other ar-
rangements, to suit particular cabinet
designs can of course be made. Because
there is no variable condenser gang, and
because each tuned circuit is complete
in itself, the wiring under the chassis
pan is very much simplified. The re-
ceiver shown is only an “engineering
model” and still requires the attention
of the factory or production engineers
to eliminate those little difficulties of as-
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sembly and wiring which make such a
large difference in the speed of pro-
duction and in the cost. Being almost
completely hand made, it does not pre-
sent the finished appearance of a factory
product.

It is a matter of some difficulty to
give anything amounting to an accurate
cost comparison. The cores themselves
will cost no more than the variable con-
densers which they replace. Beyond this
there are a number of direct and indirect
savings. The coils, for example, have a
very much smaller secondary winding,
and no primary. Nor have they any
compensating windings. They are
smaller in diameter, and so are the
shield cans. Thus the space now occu-
pied by the variable condenser gang is
completely saved, and the space required
for the coils greatly reduced. The high
frequency wiring is materially simplified
and shortened. Since the tuning and
coupling condensers are mounted inside
the shield cans, which are magnetically
closed by the cores, the shielding is also
greatly simplified. Compared to the
superheterodynes, the oscillator and its
tuned circuit and coupling means are
saved. Even if the cores had to be sold
at a slight advance over the cost of the
variable condenser sections, there would
still be a considerable saving.

One factor deserves to be emphasized.
Receivers built in accordance with the
new method will be strikingly new and
different, both in appearance and in per-
formance. The dealer first, and the
public later, will be conscious of this
difference. And they will conclude that
a worthwhile new contribution has been
made to the art of radio reception. This
is the factor which more than any other
recommends permeability tuning to the
sales managers and the executive heads
of the industry.

To the inventor, Mr. Polydoroff, and
to Mr. Victor S. Johnson, who sup-
ported him, goes the credit for having
successfully completed an important and
courageous research addressed to the
problem of radio reception.

New Canadian Station

Ground was broken in April in Sandwich, Ontaric for the transmitter house for radio station
CKWO, which will be the first radio station on the Ontaric western side .of the border and will
start broadcasting May 3Ist. The towers, which will be 200 feet high and 500 feet apart, will be

the highest in the Dominion.

The station will broadcast the best of Canadian programs, as well as features of international
interest through its hookup with the Columbia Broadcasting System.
Studios will occupy the twelfth floor of the Guaranty Trust Building in Windsor, with sup-

plementary studios in Detroit.

The Border Cities Star, one of the acknowledged leaders in Canadian newspaperdom, will use the
station to broadcast news. The station is owned by Essex Broadcasters, Limited, the directors of which
are: Malcolm G. Campbell, president of Kelsey Wheel Company; W. B. Perley, president of Canadian
Steel Company; A. F. Healy, president, and C. W. McDiarmid, vice-president, The Guaranty Trust
Company, and W. F. Morgan-Deane, retired industrialist.
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Radio dissemination
of the nationdl

standard of

frequency

By J. H. DeELLINGER and E. L. HarLp*

HE fundamental standard in radio

communications is that of fre-

quency. In order that the maxi-

mum nuinber of radio messages
or programs may be transmitted simul-
taneously, it is necessary that the fre-
quencies of the radio waves which
carry them be maintained very accur-
ately. If the frequency varies, the
message or program will interfere with
others carried on adjacent frequencies.
Therefore accurately maintaining fre-
quency is a basic requirement of all
radio operation.

Means must be provided to insure
that all stations operate accurately on
the same frequency basis. Fortunately,
the standard of frequency has the
unique property that it can be made
widely available by means of radio
transmission. Radio waves of which the
frequency is carefully controlled and
accurately known furnish a standard of
frequency which is simultaneously avail-
able everywhere that the waves can be
received.

To meet this need, the Bureau of
Standards has provided a standard fre-
quency service regularly for the past
nine years. It has transmitted special
waves from its own station, on an-
nounced frequencies which have been
carefully maintained in terms of the
national primary standard of frequency
kept by the Bureau. The transmissions
are at scheduled times announced and
published in advance. Their accuracy
has at all times been more than ade-
quate for the needs of radio service.
These needs have become more and
more rigorous, and the accuracy of the
Bureau’s standards and of the transmis-
sions has progressively increased. The
technique of the transmissions has also
improved; the waves actually trans-
mitted are held constant to the same ac-
curacy as that of the primary standard
itself, upon which the transmissions are
based. The accuracy is better than a
part in 5 million, and is being steadily
improved.

It is the goal of the Bureau to make
these transmissions with adequate
power and on suitable frequencies to

T4 paper presemted at the I. R. E. Convention,
April 8, 1932, Pittsburgh, Penna.
*Bureaw of Standards, Wasrington, D. C.

provide reliable frequency standards at
all times everywhere in ‘Ythe United
States. The nature of radio wave trans-
mission is such that when this is
achieved, a fair service of the same
kind will be rendered throughout a
large part of the world; and it may be
possible eventually to make the service
actually reliable and available through-
out the whole world. During the pres-
ent year the transmissions are made
every Tuesday for two hours in the
afternoon and two hours in the even-
ing. Arrangements have been made to
extend this so as to provide the same
service every day instead of only one
day a week. It is expected that this
extended service will be on the air be-
fore the end of the year. The program
contemplates eventually making the ser-
vice continuous all day every day. If
this goal is achieved a frequency ser-
vice will then be available at all times
and places.

A New Transmitter

At the present time the transmissions
are carried on with a transmitter of
one-kilowatt power. In the new trans-
mitter about to be installed this will be
increased to 30 kilowatts, which should
be adequate. The principal transmis-
sions are on a frequency of 5,000 kilo-
cycles per second. They have been re-
ceived and utilized satisfactorily, prac-
tically everywhere in the United States,
including the west coast, Alaska, and
Canal Zone. They have also been meas-
ured in Italy and England. The fre-
quency mentioned is a satisfactory one
for night use. It is expected to use
15,000 as well as 5,000 kilocycles for
the daytime transmissions. Other fre-
quencies, such as 10,000, 20,000, and
25,000 may be used if found necessary
to cover greater distances reliably. Be-
sides the carrier frequencies mentioned,
it is expected to have the transmitted
waves carry one or more modulation
frequencies, The frequencies tentative-
ly in view are 10,000 cycles per second
and 60 cycles per second. The former
will have a variety of uses for radio and
physical purposes. The use of a 60-
cycle modulation is discussed further
herein.
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The physical equipment for transmit-
ting the standard frequencies and insur-
ing their accuracy is in two major parts,
a transmitting station and a monitoring
station. The transmitting station is at
Beltsvilte. Md., 12 miles northeast of
the main radio laboratory of the Bureau
of Standards in Washington, D. C. The
monitoring station is in the Bureau's
main radio laboratory.

The transmitting set is essentially a
harmonic amplifier, successive stages
multiplying the frequency up from an
input frequency of 200 kilocycles. Sym-
metrical doublet antennas are used. The
input frequency is taken directly from
the primary frequency standard of the
Bureau; i.e., the national standard of
frequency. This is done in either of
two ways. The primary frequency
standard consists of a group of seven
piezo oscillators of special design; five
of these ptezo oscillators are maintained
at the main Bureau laboratory, but two
of them are at the transmitting station.
All of them are intercompared regular-
ly, and the absolute frequency is meas-
ured daily; their means constitutes the
primary standard. The transmitter fre-
quency can be controlled by any one of
them. When one of the piezo oscil-
lators at the transmitting station is used,
its frequency (200 kc.) is applied directly
to the transmitter input. When one of
those at the main Bureau laboratory is
used, its frequency is demultiplied to
10 ke. this frequency is carried over a
wire line to the transmitting station,
and there multiplied up to 200 kc. and
applied to the transmitter input. This
method of line control has been made
practicable by the development of a
quartz plate filter to eliminate line noise.

The transmitter was designed particu-
larly for constancy of frequency. Meas-
urements made continuously at the
monitering station during every trans-
mission show that this has been gratify-
ingly achieved. With the temporary 1-
kilowatt transmitter, in use up to the
present, the frequency is held steady
throughout the whole of each transmis-
sion better than a part in ten million;
it is furthermore held accurately on the
stated frequency within that amount.

The measurements at the monitoring
station (12 miles from the transmitting
station) have been showing a character-
istic difference between afternoon and
evening transmissions. The frequency
of the received waves at this distance is
quite constant during the evening trans-
missions, but shows variations of one or
two parts in ten million during the af-
transmissions. At this fre-
quency (5000 kc.) and time of day (2
to 4 p.m.) and distance (12 miles), the
received waves evidently consist in con-
siderable part of waves returned from
the upper atmosphere which vary slight-
ly in frequency because of Doppler effect


www.americanradiohistory.com

Page 24

in the ionized upper atmosphere.

The received waves are regularly ob-
served by personnel of the arniy, the
navy, the Department of Commerce
radio division, and airways division, as
well as operators of non-government
transmitting stations and radio labora-
tories. One of the results of the mass
of data thus accumulated is its con-
tribution to our knowledge of radio
transmission phenomena. We now have
data on the reception of 5000 kilocycles
at all distances up to 3000 miles, after-
noon and night, for more than a year.
This will aid greatly in the planning
of future transmission schedules. The
5000 kilocycles now used covers the
whole United States reasonably well in
the evening transmissions, but gives
service over only about. 600 miles in the
afternoon. The latter situation will
doubtless be improved when the power
is increased to 30 kilowatts, but as
already stated the use of a higher fre-
quency, probably 15,000 kc., is expected
to provide wholly satisfactory day serv-
ice. The regular availability of the
transmissions for reception measure-
ments, with a view to increasing the
knowledge of wave transmission phe-
nomena, is one of the valuable features
of the service.

One of the uses of the transmissions
is the maintenance of the frequency
standards of the radio supervisors of the
radio division, Department of Com-
merce, all on the same frequency basis.
All of the offices of that service regu-
larly observe the standard frequency
transmissions, and set their standards
to agree with them. Thus the radio
enforcement service of the country is
placed directly on the mnational fre-
quency basis.

Wide Use

The standard frequency transmissions
are used for the calibration of fre-
quency standards by radio laboratories.
manufacturers, and transmitting sta-
tions. Their use by transmitting sta-
tions will doubtless increase, thus get-
ting the radio stations of the country
more and more on a single frequency
basis and minimizing radio station in-
terference. At present this is done by
periodic checking of the station fre-
quency standard. In time, when the
standard frequency service becomes
continuous, direct control of the fre-
- quency of many stations will be possible.
Even under present conditions. the
available service is a substantial aid in
the approximate synchronization of
broadcast stations, elimination of hetero-
dyne interference, and extension of
service area.

The accuracy of the standard fre-
quency transmissions is so good that
they serve adequately every purpose of
time-difference or time-rate standards
as well as frequency standards. They

are specially convenient for this purpose
because they give a standard which is
available from instant to instant in-
stead of available only by integrating
processes over long intervals (as in the
case of time-signals). If it is found
useful. a special signal can be put on
the standard frequency transmission at
prearranged times to indicate a specific
summation of a number of cycles, thus
facilitating the use of the transmissions
as time-duration signals. Jewelers and
persons engaged in physical measure-
ments, geodetic, seismological, and sim-
ifar work, can by the use of simple
receiving equipment, receive the sig-
nals and utilize them, by means of
chronographs, etc., for whatever time-
rate or time-duration purposes they de-
sire. The accuracy is far superior to
that obtainable with chronographs
checked by time signals.

Another purpose served by the trans-
missions is the furnishing of a con-
venient means of intercomparison of the
principal frequency standards and
clocks of the world.

Mention has been made of the plan

to have the transmitted waves carry
certain modulation frequencies. Ten-
tatively, 10,000 and 60 cycles per sec-
ond are in view. If some other fre-
quency would be useful, as for example
for a television synchronizing frequency.
it may be added. The 10,000-cycle
modulation frequency may be useful as
a basis for radio broadcast station
standards.

The 60-cycle modulation frequency
has two possible applications to electric
power company operations. Electric
clocks are now operated from power
supply systems in which special means
are provided at the power station to
correct the frequency from time to time
so that the departures (of the order of
one-half per cent) of frequency from
minute to minute shall integrate to zero
and keep the time correct over long
periods. The means of introducing the
correction from time to time would be
facilitated by the availability of the
highly accurate 60-cycle frequency pro-
vided by our transmissions. The other
possible application may be the utiliza-
tion of the frequency as a master con-
trol which would determine the rate of
a steadily operating control device in
turn amplified and serving as a speed
regulator of primary power plants. It
is not yet known whether this applica-
tion can be worked out in practice, but
it would be very valuable in the inter-
connecting of power plants in a net-
work. There would be much greater
smoothness of operation when sudden
shifts of load take place between power
plants if all were of identically the same
frequency.

In conclusion, the standard frequency
transmissions of the Bureau of Stand-
ards have a growing value in the per-
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fecting of radio technique, they furnish
a reliable and accurate basis of deter-
mining time rates and intervals, and
may be of service in power station op-
eration. The accuracy required is al-
ready assured. The reliability and
availability of the service is being con-
stantly improved. Good progress is be-
ing made toward the ultimate goal of
making the service available at all times
and places.
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A
SOURCES OF LIGHT FOR
TELEVISION

(Concluded from page 16)

Tts expected life at 25 ma. d-c. operat-
ing current is in excess of 300 hours and
at 15 ma. is in excess of 500 hours.

Any coupling arrangement may be
used provided that the recommended
current ratings are not exceeded.

The characteristics of the Speed cra-
ter lamp are as follows:

Cathode spot sizes....... 015, .020, .030, .040
Ignition voltage (av.)...170-200 volts d-c.
Operating voltage (av.)...... 130 volts d-c.
Extinguishing current (approx.)..... 3 ma.
Maximum operating current........ ma.
Recommended operating current. .20-25 ma.
D-c. resistance at 25 ma. (ap-

DPrOX.) teveenevennronennenns 5,000 ohms
A-c. current necessary for complete modu-

lation approximately 5 ma. less than d-c.

operating current.

A
CKWO, WINDSOR, CANADA

The twin towers for radio station
CKWO, the Windsor station which will
be operated by Essex Broadcasters Ltd.,
were completed in May. These towers
are the highest in Canada, rising 200
feet, and are spaced 500 feet apart.

The first part of the construction work
on the station, which in addition to
broadcasting the finest Canadian pro-
grams will carry features of interna-
tional interest through a hookup with
the Columbia Broadcasting System, is
completed on schedule and work is
progressine with the building, which
will be 53 feet across the front and 40
feet deep.
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Further description,
and characteristics

of the

Wunderlich radio tube

By Freperick E.

HE Wunderlich tube can be
T thought of as a triode to which
there has been added a second
grid that is wound between the
meshes of the usual grid. This tube
has been developed for grid leak power
detection purposes, and gives full-wave
grid rectification in a balanced circuit
in  which negligible radio-frequency
current flows in the plate circuit,
The fundamental circuit for obtain-
ing rectification is shown in Fig. 1a,

TERMAN, Sc. D.*

amplified in the plate circuit by ordin-
ary amplifier action, considering the
Wunderlich tube to be a triode in
which the grid is formed by the two
grids connected in parallel.

When the circuit of Fig. 1 is em-
ployed there will he negligible radio-
frequency energy flowing in the plate
circuit. This is hecause the radio-fre-
quency voltages applied to the two
grids are of equal magnitude but op-
posite phase, and hence neutralize each

other so far as any effect

on the plate current is
concerned. This balanced
input feature has two very

1LY

=

GRID LEAK

== GRID CONDENSER

1H

f

important advantages. In
the first place, it approxi-
mately doubles the avail-
able output voltage by
eliminating all possibility
of simultaneous plate and
grid rectification’, and in
the second place, it makes
unnecessary the usual
radio-frequency filter in
the plate circuit of the

+8

Fig. 1a

and consists in applying for the radio
signal between the two grids with a
center tap made to the cathode through
the grid leak and grid condenser com-
bination. Drawing this input circuit
separately as is done in Fig. 1b shows
it to be exactly the same as the full-
wave center tapped rectifier circuit
commonly employed in B supply sys-
tems, with the grid-leak condenser com-
bination representing the load imped-
ance to which the rectifier current is
delivered. The voltage which the rec-
tified current develops across the leak-
condenser combination is applied to the
two grids in the same phase, and so is

*Professor of Communication
Stanford University,

. !For a discussion of the undesirable effects of
simultaneons grid and plate rectification in grid-
leak power detectors, see F. E. Terman and N. R.

Engineering,

Morgan ““Some Properties of Grid Leak Power
Detection,” Proc. . E., wol. 18, p. 2160.
Dec., 1930.

detector.

Tests show that the
rectified grid current in the Wunder-
lich tube is largely independent of the
plate potential. This, coupled with the
fact that the balanced input circuit pre-
vents plate rectification, makes it pos-
sible to consider the rectifying and am-
plifying functions of the tube quite in-
dependently of each other. The analy-
sis of the operation of the tube hence
involves two distinct and independent
steps which are: first, the determination
of voltage which the rec-
tifying action in the input
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ly proportioned the voltage developed
across them by the rectified grid cur-
rent is almost exactly proportional to
amplitude of the radio-frequency sig-
nal, and hence is a faithful reproduc-
tion of the modulation envelope. The
voltage across the leak-condenser com-
bination consists of a d-c. component
proportional to the carrier amplitude,
and an alternating component that
varies with the signal modulated upon
the carrier. The d-c. component places
a negative bias upon the grids, and is
of the correct polarity for automatic
volume control purposes. The alternat-
ing modulation voltage is superimposed
on this bias, and is amplified by ordin-
ary amplifier action (considering the
two grids to be connected in parallel)
to produce the detector output.

The d-c. and a-c. voltages developed
across the leak condenser combination
as a result of the rectification process
can be most conveniently expressed in
terms of the efficiency of rectification
B. The d-c. bias voltage which the
rectification applies to the grids of the
detecter and which is also available for
automatic volume control purposes is
then BE,, where E, is the crest ampli-
tude of the carrier voltage, and B is
the ratio of d-c. voltage developed
across the grid leak by the signal to
the crest amplitude of the carrier wave.
Likewise the audio or modulation volt-
age developed across the leak is B'mE,,
where m is the degree of modulation
and B’ is the efficiency with which the
modulation of the carrier is rectified.

Thére are two principal ways of de-
termining the efficiency of rectification.
The first consists in applying a known
carrier voltage modulated a known
degree to the grids, and measuring the
resulting d-c. and modulation frequen-
cy voltages developed across the grid
leak. This method has the advantage
of obtaining results under actual work-
ing conditions, but at the same time
requires a rather extensive experi-
mental setup and careful technique if
good accuracy is to be obtained. A
simpler method of determining detec-
tor efficiency with an accuracy satis-
factory for all ordinary design purposes
is shown in Fig. 2. Here an unmodu-
lated voltage of any convenient fre-
quency, such as 60 cycles, and of known
amplitude, is applied to the detector
input and the change in d-c. plate

circuit develops across the

grid feak and condenser,
and second, the determina-
tion of the amplification
which this voltage under-
goes when applied to the

.
CONTROL

GRIDS
P

+ OO,

two grids in parallel.
When the grid leak and

grid condenser are proper-
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larty when the plate volt-

CONDENSER HAVING LOW : R
~REACTANCE COMPARED dgg i loiy  Whe cfh;
{ WITH LEAK RESISTANCE ciency is  noticeably
— == higher for the high re-
_’il_ sistance leak, and for the
higher plate voltage. In
60ns making estimates of d-c.

[ ] O]

bias developed across the
leak by the carrier wave,
reasonably accurate re-
sults can be obtained by

-

“D.c. VOLTAGE

assuming B to be of the
order of 80 to 90 per
cent when the signal be-

Fig. 2

current noted. The input voltage is
then removed, and a d-c. voltage ap-
plied to the two grids and adjusted until
the d-c. plate current is the same as
when the alternating voltage is present.
The ratio of d-c. voltage to crest a-c.
alternating voltage is the efficiency of
rectification B that should be used in
calculating the d-c. bias which is placed
on the grids by the carrier, while the
slope of the curve giving the required
d-c. voltage plotted as a function of
crest a-c. gives the efficiency of recti-
fication B’ used in determining the
modulation frequency voltage developed
across the grid leak resistance. The re-
sults given by the two methods of mea-
surement are in very close agreement
when the proportions of grid leak re-
sistance and grid condenser capacity
are those required to give distortionless
rectification.

Values of rectification efficiency under
typical operating conditions are shown
in Figs. 3 and 4. The efficiency B
giving the relation between d-c. voltage
developed across the grid leak and the
carrier amplitude is seen to rise rapidly
toward 90 per cent or more at signal
voltages in the order of several volts,
and then to drop slowly with further
increases in carrier amplitude, particu-

tween grid and center
tap is a few volts, and about 60 to 75
per cent when the carrier is in excess
of ten volts.

The efficiency of rectification B’ that
gives the ratio of modulation voltage
developed across the grid leak to the
modulation voltage con-

RADIO ENGINEERING

ess may cause a distorted voltage to be
developed across the grid leak as a
result of: (1) improper grid leak grid
condenser proportions, and (2) varia-
tion of rectification efficiency with sig-
nal amplitude. Improper leak and con-
denser proportions makes it impossible
for the voltage developed across the
leak-condenser combination to follow
the variations in the modulation en-
velope of the signal at high audio fre-
quencies when the degree of modula-
tion is high, and thus introduces a dis-
crimination against the higher fre-
quencies that is also accompanied by an
excessive second harmonic distortion.
Variation of rectification efficiency with
signal amplitude is always present to
the extent that the relation between
d-c. voltage developed across the grid
leak to the amplitude of an unmodu-

tained in the signal en-

velope is of the same 100 |

order of magnitude as B

for small carrier waves, 90

but becomes somewhat

less as the carrier wave eg

becomes large, as the & .o 1
grid leak resistance is ¢ N

lowered, and as the plate & 60 I~ =
voltage becomes less. In o . \Rﬂ‘&
general, the value of B 3 50 M
that holds for the &ao 38000 s
Waunderlich  tube  will E

range from a maximum “3°

of about 90 per cent at 0

small signals to above 40

per cent at the very 10 N

largest signals, with val-

ues in the neighborhood
of 50 per cent existing
over the most probable
operating range.

The detector output should be a
faithful reproduction of the modulation
envelope of the radio-frequency signal,
and in so far as this is
not the case, distortion
results. This distortion

t00

can be divided into two

90| . | £

distinct types. The first
of these is distortion in-

£ =150
[ yaid

troduced by the rectifi-

80

cation process, as a re-
sult of which the alter-
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nating voltage developed
across the leak-condenser

combination fails-to be a
true replica of the modu-
lation envelope. The

| second is amplified dis-
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| tortion, and is present
| when the amplified out-

put of the detector is not
] an exact reproduction of
| the voltage which the
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leak-condenser combina-
tion applies to the grids.
The rectification proc-
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Fig. 4

lated signal, fails to be linear over the
range of signal amplitudes represented
by the variations in amplitude covered
during the modulation cycle. This type
of distortion is greatest when the de-
gree of modulation is high, and when
the carrier amplitude is small.

The grid leak resistance and grid
condenser capacity for use with the
Wunderlich detector should be chosen
with regard to distortion, rectification
efficiency, input resistance to radio fre-
quencies, and the radio-frequency input
circuit to the tube. The first and most
important requirement is that the volt-
age across the leak condenser combina-
tion be able to follow the variations in
the modulation envelopes of the signal.
It is shown in the article previously
referred to that this consideration will
be satisfied if the ratio of X/R satisfies
the following equation :

X

=y m

A
R vV 1—m2 i
where X is the reactance of the effective
grid condenser capacity of the tube to

(6}
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the following relation:
Equivalent input capacity=
Cgi + Cgp (1+4) (@
where A is the ratio of
output voltage developed
between plate and fila-
ment, to the input voltage
acting on the grids.
Under normal conditions
this input capacity will
be not less than 50 uufds.

e

— =
/ ==Cf capaciTy /
h H BETWEEN GRIDS
/
GRID CONDENSER
CAPACITY
Fig. 5

the audio irequency in question, taking
into account the input capacity of the
tube; R is the grid leak resistance, and
m the degree of modulation. It will be
observed that distortion becomes more
difficult to avoid the larger the grid con-
denser capacity, the higher the leak re-
sistance, the greater the modulation fre-
quency, and the higher the degree of
modulation. In making practical use
of (1) it is to be kept in mind that the
higher pitched sounds are of relatively
low intensity, and so seldom appear
with a high degree of modulation.
Furthermore, broadcast signals are
completely modulated only at occasion-
al peaks of high intensity. Finally,
when distortion occurs on the high fre-
quencies, the principle result is to pro-
duce second order harmonics which
will be suppressed by the audio system
and loudspeaker of ordinary radio re-
ceivers, and so will not introduce seri-
ous consequences. As a result of these
factors, it is probable that satisfactory
results will be obtained in power grid
rectification of broadcast signals if the
grid leak and condenser are so propor-
tioned to satisfy (1) at an audio fre-
quency in the order of 3,000 cycles
appearing with 50 per cent modulation.
The equivalent grid condenser capacity
appearing in (1) consists of the input
capacity of the tube at audio frequency
(taking into account the feedback effect
from plate circuit) plus the grid con-
denser capacity actually placed across
the grid leak resistance. The equiva-
lent input capacity of the tube to audio
frequency is given approximately by

and may reach 100 uufds.
In addition to this tube
capacity, there must be at least 50 uufds.
present across the grid leak resistance
in order to form an effective radio-fre-
quency circuit from the center tap of
the input coil to the cathode. This last
capacity can normally be supplied by
the stray capacities of the tuning con-
denser and input coil to ground. The

total effective capacity for
use in (1) will therefore
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capacity, while the center tap connection
to the cathode is completed by the grid
condenser capacity. In order to obtain
an effective center tap connection it is
necessary that the grid condenser ca-
pacity be considerably larger than grid-
cathode capacities Cg, for otherwise the
balance in the input circuit will be de-
stroyed.

When the grid condenser and grid
leak are proportioned with regard to
the considerations that have been out-
lined above, and the carrier voltage is
not too small (i.e. not less than about
one volt), the distortion introduced
by the rectification process is negli-
gibly small. The distortion varies with
the degree of modulation, but with rea-
sonable modulation is small, particu-
larly at carrier amplitude that does not
exceed 15 volts crest.

A convenient method of checking

normally be at least 100
uufds. and may reach 150
uufds., although unneces-

sarily large values are to

be avoided.

With the effective ca-
pacity determined by fac-
tors that have been out-
lined, the grid leak re-
sistance is made as high

as possible while still satis-
fying (1). When it is

desired to obtain extremely
high quality, the leak re-

sistance should be in the
order of ¥4 megohm, but
if a certain amount of dis-
tort