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THE KIT THAT CARRIES SYLVANIA TUBES
Has Friends Wherever It Goes

Wherever the Sylvania Foresters are heard — Sylvania Tubes have
friends. And the service kit that carries them is welcome everywhere.

Long before the service man calls, the Sylvania Foresters have been
regular visitors in hundreds of neighboring homes. For more than two
years their fine quartette melodies and instrumental pleasantries have
made their program a bright spot of the broadcast week.

And when the Chief Forester mentions Sylvania Tubes in announce-
ments, it is the voice of a friend, giving good advice.

Equip your business with Sylvania Tubes for replacement service. And
see that your window wears the profitable Sylvania symbol—the

Flashing S, on a Green Oak Leaf.

SYLVANIA PRODUCTS COMPANY, Emporium, Penn.

The home of the Sylvania Foresters who are heard each
week over WJZ, KDKA, KWK, KYW, WBZ,
WBZA, WBT, WHAM, WREN, WRVA,

KGRC, KPRC, WFAA, KFYR, WCCO,

WHK, WBRC, WNBZ, KFAB.

RADIO TUBES
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358 Supreme Bldg., Greenwood, Miss.

SUPREME

“Supreme” Features

The Supreme oscillation test gives the only
dependable test on tubes; tubes tested
under actual operating conditions.

The Diagnometer tests all tubes, including
screen grid.

Tests both plates of 80 type rectifier tubes;

provides bias emission tests on tubes.

All tubes tested independent of radio.
Locates unbalanced secondaries.

lI)t.eads both positive or negative cathode
ias.

Provides D. C. continuity test without bat-

teries.

Furnishes modulated signal for testing

synchronizing, neutralizing, etc.

Aligning of condensers by Thermocouple

meter or A. C. meter.

Neutralizing with tubes used in the set.

Tests gain of audio amplifiers.

3 precision meters; one 4 scale D. C.

Voltmeter 0/750/250/100/10 volts, resist-
ance 1000 ohms per volt. One 4 scale A. C.

Voltmeter 0/750/150/16/4 volts. One 3

scale Mil-ameter 0/125/25 mills. 0/—1 /2
amps. External connection to all apparatus.
Universal analyzer plug.

Thermocouple meter for varied uses.

Measures resistances in three ranges, 150

to 30,000 ohms (calibration curve fur-

nished) 10—200 ohms .1 to 25 ohms.

Makes all analysis readings.

Screen grid socket analysis without pro-

ducing oscillation.

Measures capacity of condensers .1 mfd. to
9 mfd.

Tests charger output by meter.

Bridges open stages of audio for tests.

Contains 500,000 ohm variable resistor, 30

ohms rheostat and .001 mfd., .002 mfd. and
1 mfd. condensers for testing.

Detects shorted variable condensers with-

out disconnecting r.f. coil.

Provides low resistance measurement for
rosin joints.

Provides simultaneous plate current and

plate voltage readings and the customary
readings of A. C. and D. C. filament volt-
age, grid voltage, cathode bias, screen
grid voltage, line voltage, etc.

The Supreme laboratory test panel is
equipped with a variable condenser for
varying the frequency of the oscillator.

Provides many other tests,
readings and functions.

Symbol of a
higher type of
radio service.
Casli1 in on the
prestige of the
Supreme Service
League and the
benefits to its
meinbers, Write
for information.

tion, without obligation,

SUPREME INSTRUMENTS

CORPORATION

Most good distributors stock the
Supreme. If yours cannot supply
you, address, for full informa-
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in trouble-shooting
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AN[AZING!" That’s the way radio technical men speak of the
SUPREME DIAGNOMETER. Its numerous remarkable qualities have
brought the complete facilities of the laboratory to the home of the set-owner
—adding speed and accuracy to the skill of the service-man. No other device
approaches it in flexibility, completeness and range. Set testers check only
299%,-109%, efficient in comparison with its capacity.

By equipping with the SUPREME DIAGNOMETER +you assure 1009,
service satisfaction, service that no radio-man but one equipped with a
DIAGNOMETER can rival.

Comes in handy carrying case providing compartments for all tools and
spare tubes, or at the option of the purchaser, in an evcn smaller case, for
the service-man who does not wish to carry tools and tubes in same unit.
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—and now the most practical labora-
tory test panel ever produced

In keeping with SUPREME standards, unquestionably the most advanced
test panel ever produced. Of heavy re-inforced Bakelite, it adds to the
trim workmanlike appearance of laboratory or shop and assures sturdy
service. Makes the IgIAGNOMETER a dual purpose instrument—shop
or portable service—instantly disconnectable.

SLUPREME

Radio Diagnometer

concesvable
Makes every A test on any Radio Set-
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R. T. I. ANSWERS THE CGALL

R. T. L. training is so closely linked with the development of Radio—past, present and
future—that 1t deserves your consideration for what it can do for you or someone you
know who wants to step up in the field.

Complete Training for
“SERVICE MEN”

The problem of training men for Radio ser-

vicing is solved by R. T. I. Everything that

comes up in a service man’s daily work is

covered from the minute he rings the custom-

er’s door bell until he leaves her (or him) with

a satisfied smile. It’s the training that dealers

want their men to have. It is practical, thorough

and complete. An R. T. 1. service man also receives

a pocket size loose-leaf Radio Service Manual covering

the sets of 25 prominent manufacturers—pictures—

wiring diagrams — installation — “trouble-shooting” —

repair, etc. It goes along with the course and is very
valuable.

ALL BRANCHES COVERED

Television and Talking Pictures, too
R.T. I. training is so complete there is hardly a subject that is
not well covered. It includes] the latest in Television, Talking
Pictures, Public Address Systems, etc. The R. T. I. booklet

gives complete information.

It is time-tested (being founded upon a course of
training started early in 1922) and hundreds of suc-
cessful Radio Servicemen, dealers, salesmen, etc.
give the training full credit for their success.

Today, R. T. L. training constantly revised and
amplified, is as near perfect as time, money,
brains and experience can make it.

Supervised by Well
Known Radio Men

R. T. I. Training is practical and up-to-

date. It is prepared by experts. Both

lessons and training methods are
continually supervised by a board

of men who are actively engaged

in Radio as executives with

prominent  concerns —
manufacturing, = job- LIFETIME CONSULTATION
bing, retailing, Free ot Extra Cost to Everyone Who Enrolls

In addition to the regular training Work Sheets which are con-
stantly revised, every R. T, I. student is kept up-to-the-minute
with bulletins of latest information right out of the world’s
laboratories, work shops, factories, etc.

The Booklet Tells ho¥ _Consultation Service is also supplied on all problems of engineer-
a1 home training. ing, installation, etc. Answers promptly given by letter, wire or
air mail by the R. T. I. engineering staff out of their own ex-
perience, their library or by out-
side personal investigation.

R. T. L. Bookl et
Sent FREE 4

servicing, broad-
casting, en-

~  gineering,

how R. etc.

T. 1. gives pracl'\c

Inquiries
Invited

obligating me in any way).

The R. T. I. Advisory Board—of men actively engaged in the Radio Industry I

supervises the preparation, revision and rendering of training services. I Namesyes o0 svemeogonanes
i Address ....................

N Cicy.......................
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LET F. H. SCHNELL
AND R.T. 1.
ADVISORY BOARD

HELP YOU
Mr. Schnell, Chief of

the R, T. I. Staff, ig
one of the ablest and
best known radio men
in America. He has
twenty years of Radio
experience. First to es-
tablish two-way ama-
teur communication
with Europe.

Former trafic man-
ager of American Radio
Relay League. Lieuten~
ant Commander of the
U._S. N. R. Inventor
and designer_of Radio
apparatus. Consultant
Engineer to large Ra-
dio manufacturers.

Assisting him is the
R.T.I1. Advisory Board
composed of men prom=-
inent in the Radio in-
dustry.

DEALERS

Jobbers—Mfrs.
We shall be glad to

send you our booklet
and answer any inquiries

about the value of R. T. L.

training for your men.

RADIO & TELEVISION INSTITU
L Dept. 192, 4806 St. Anthony Ct., Chic;"gECI

RADIO & TELEVISION INSTITUTE
Dept. 192, 4806 St. Anthony Court, Chicago

Send me Free and prepaid your booklet and full
details of your three-in-one Home Training (without
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Buy Your

Transformers

Present business conditions offer positive proof. Set and ampli-
fier manufacturers who purchased their parts from outside sources
saved thousands of dollars. A wire to the supplier held up pro-
duction.

Manufacturers who built their own parts were found to carry a huge
inventory on parts as well as on sets.

The cycle has swung back in "the automobile industry. One of the
leaders, who formerly thought it good business to make all his parts
in his own plants, has discontinued that practice and now contracts
with outside manufacturers.

| Transformers built by Dongan have the undivided attention of a
20-year-old company highly specialized and organized in Transformer
engineering and manufacturing. Those who use Dongan as a source
are certain of securing the very latest in sound development, a con-
sistently first-class product, and the very lowest production price.

Chokes

Complete Parts for construction of Amplifiers for
theaters, dance halls or public address systems

Transformers Condenser Units

Dongan Electric Manufacturing Co.

Detroit
Michigan

2991-3001
Franklin Street

COVERS

SFULCO” covers are used by those dealers
who realize the importance of making de-
liveries in perfect condition — without
scratches or mars. For they know that com-
plaints mean dissatisfied customers and loss
of business.

“FULCO” covers are a real service feature
that helps sales and holds trade.
Substantially constructed, heavily padded,
box-shaped, providing perfect protection.
Give us the dimensions of radios handled
and let us quote spccial prices on your in-
dividual needs. Writc our nearest house.

FultonBag & Cotton Mills

Imanuvlactyrers Since 1870
« NEW ORLEANS +DALLAS « ST. LOUIS
7 EAPOLIS: BROOKLYN« KAN,CITY.KAN

ONANDOFF
IN A JIFFY
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Build Your Own
Voltage Multiplier

Super

¢ AKRA-nHMﬂHT :

wineé WouNo
Y

10,000

] 9
2|8
o

o2 S
P )
© o
Y] Lol

t0 50 100 250 500 1000 ~ Volts

The Super Akra-Ohm wire-wound Resis-
tor is especially adapted for use as a
Voltage Multiplier as shown in the above
diagram. It is carefully designed to in-
sure an accuracy of 1 per cent. and a
constant permanency of calibration. Its
use is also highly recommended for
Laboratory Standards, High Voltage
Regulators, Telephone Equipment, and
Television Amplifiers, Grid and Plate
Resistors, etc.

Send today for your copy of

BULLETIN 62

containing a complete chart for the use
of accurate resistors with microammeters
and milliammeters.

Address Dept. A,

Shallleross Mig. Company 23,
8 ... ELECTRICAL SPECIALYIES F—
s N%@i@;@}ﬁ;&:‘/’-//‘/ nesisTons

Tube Troubles
al the Source

Every A. C. set owner is a prospect
for the Vitrohm Unit. It saves A.
C. Tubes and insures full tube life.
Cuts costly service calls and cus-
tomer complaints due to tube fail-
ure. Send your order today for
twelve units paeked in three color
counter display carton.

WARD LEONARD ELECTRIC CO.
MT. VERNON NEW YORK

Retails for

VITROHM 507-109

For sets using 65 watts or less

VITROHM 507-109A

Far sets using more than 65 watts and
less than 130 watts




‘ Facrs RepLAcE EsTimaTEs.—Every
householder will be asked in the 1930
census ‘Do you own a radio set (Yes)
(No)?»” On completion of the census
for the first time in radio history since
broadcasting, the industry will know def-
initely how many sets actually are in
use. The best present estimate gives
12,000,000 sets in use. Statistics are
where the industry is weakest. Accurate
consolidated figures have never been
available to show the number of sets and
tubes made annually, sales to distribu-
tors and dealers, and sales by dealers to
customers. Companies all refuse figures
on their manufacture and sale with the
result that all do business in a thick haze
of incomplete information. Sources of
statistical estimates previously have
been: McGraw-Hill Company (Radio
Retailing): Department of Commerce
(Electrical Equipinent Division, aided
by National Electrical Manufacturers
Ass’n.); National Broadcasting Co.;
Research Division, Rap1io Broapcasr.

‘ More TrurH 1IN Rap1o ADVERTIS-
ING.—The National Better Business
Bureau, an independent organization set
up by advertisers themselves, calls set
manufacturers to task for the present
vogue of “circus advertising.” Copy of
26 leading manufacturers has been an-
alyzed showing most popular claims are:
(1) “greatest”; (2) “finest™; (3) “big-
gest,” “fastest,” “clearest,” ‘“‘highest,”
“longest,” “most beautiful.” Manu-
facturers are urged to discontinue vol-
untarily practising these absurdities.
Claims of not guilty were made by
Edison and others.

Meanwhile inside the trade itself are
charges and counter-charges that ad-
vertising concessions to dealers, large
chains and others, have been one of radio
merchandising’s worst evils during 1929.
Heavy ‘‘advertising” appropriations
granted to dealers and distributors by
set makers are said to be polite language
for price cutting in the battle for dis-
tribution.

‘ “PERMANENT CoMmissioN.”—On
December 19, the President signed the
bill passed by Congress to extend the life
of the Federal-Radio Commission from
December 31, 1929, *“‘until otherwise
provided by law.” The Act authorizes
the Commission to establish an engi-
neering department headed by a chief
engineer at $10,000 a year and two
assistants at $7500. Other much-
disputed sections in the Radio Act were
not disturbed, Congress being disposed

SoME OF the events in the )

world of radio in recent
weeks may have escaped
you. A few of the more
important, to our way
of thinking, are prescnted
¥ on this page. _J

to let these dogs sleep until the pending
Communications Commission Bill (S.6)
is disposed of.

The Commission is still in hot water
over the enforcement of provisions of the
so-called Davis “equalization” aiend-
ment to the Radio Act which the present
Act does not mention, although many
Senators and Representatives do not
approve of the equalization feature nor
the way in which the Commission has
carried it out.

‘ FrirTaTION.—Bishop, McCormick &
Bishop, Dodge distributors for New
York City and suburbs, in December
took on sales and service of Grebe radio
exclusively. Bishop, McCormick &
Bishop handle Transitone automobile
radios on Dodge cars. Douglas Rigney,
Grebe salesmanager, says: “ Automobile
Row, centrally located in every large
city, will soon become a radio salon in
addition. The public reaction is sure
to be favorable. Sets will be sold amid
engaging environment provided by
substantial and outstanding concerns to
whom people are accustomed to look for
quality products. . . . Probably the ser-
vice factor will appeal most strongly to
the public, knowing, I mean, that a
house especially trained in service is al-
ways at command when an emergency
requires.” The General Motors Radio
Corporation have as yet made no an-
nouncement of their future distribution
plans. While radio is aiding the automo-
bile dealer, Copeland refrigerators are
being advertised in dealer-trade papers
as a line advantageous to radio dealers
from sales and service standpoint.

‘ Rapio Business.—Overproduction
and overcapacity are word-tags seized
on by all in the radio business to ex-
plain away difficulties faced by the in-
dustry which began to be noticed just
before the Wall Street debacle. Radio Re-
tailing’s December number reveals an
early-Summer survey of plant capacity
showing tremendous increases. However,
their warning of danger to the industry
was presented two months afterresults of
the industry’s bad planning became ap-
parent. Average set prices are lower
than ever before and sales are generally
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reported as holding up well during the
holiday season. Public appetite for radio
has not decreased but manufacturers’
estimates of the public’s capacity to
absorb their products were generally
overestimated. Radio advertising is
slowing up with some cancellations in
general and trade magazines.

Earl, Freed, Sonora, A.C. Dayton,
Marti, Neonlite Tube, Buckingham,
United Reproducers, and Erla are re-
ported in receivership proceedings.

New models will probably not be
shown by any manufacturer of impor-
tance this year before the Atlantic City
Trade Show in June. In 1929, many new
models were announced long before
Trade Show. (Atwater Kent’s screen-grid
Model 55 was announced April 1, 1929).

Jenkins Television held a public dem-
onstration early in January, preceded
by a New York showing of Baird’s
English system. Sonora showed a home
sound movie device which will sell
around $350. It contains a projector,
disc phonograph, electrical amplifier, and
loud speaker system in one cabinet.

‘ New Uses ror Rapio?—The start
of a really intensive effort to cultivate
new markets for radio is shown in current
interest in radio sets for automobiles.
A leader in this field is the Automobile
Radio Corp. (Transitone), partly owned
by Chrysler, which has already equipped
some Dodge and Chrysler cars. All
Cadillac and Lasalle closed cars now
leave factory with concealed roof anten-
nas installed, and a set complete with
tubes and magnetic loud speaker, is
available for these cars at $150. Sonora
recently announced a five-tube set for
installation in any type of car. The
trade as yet is not enthusiastic over the
possibilities of the market, but signs
seem to point to widespread efforts next
season. Larger possibilities lie in the
portable receiver field, in our opinion.
A good portable can be used in the car,
the beach, your summer camp, boat,
while travelling by boat or train, or
put in the house and used as an alter-
native set there. The difficulty here, as
in the automobile set, is performance.
More efficient "tubes and loud speakers
are required before the ideal can be ap-
proached.

Majestic has organized a railroad de-
partment and installations have already
been made on some mid-western trains.
Canadian National Railway trains have
been radio-equipped for some time. The
Broadway Limited and Century, how-
ever, are still radio-less.
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By EDGAR H,

N 178 original definition, merger meant the complete absorp-
l tion and obliteration of a lesser unit by a larger one. Now
that term is applied to even such loose combinations as those
in which the component units maintain their individual iden-
tity, their freedom of policy, and their competitive relation-
ship with the other associated units. Even with so broad a
definition of merger, most of those which have taken place in
the radio industry have not been of a far-reaching character.
None arc the equivalent of the United Cigar-Schulte merger
for example, which joined the two largest and longest estab-
lished retail tobacco chains.

Two Large Mergers

Only two mergers in the history of the industry may be
termed as gigantic and both of them concern the same group.
The first is the historic patent pool of leading electrical manu-
facturing interests which led to the formation of the Radio
Corporation of America in 1920, and the second, the merger of
the company so formed with the Victor Talking Machine
Company in 1928. No other major units in the ficld reached a
position of leadership as the direct result of inerger operations.

For the purposes of analysis, it is convenient to classify
mergers in the radio field according to the purpose accom-
plished, as follows:

(1) Building of patcnt position
(2) Diversion of music industry into radio
(3) Expansion

The merger which led to the formation of the Radio Corpor-
ation of America in 1920 is the outstanding example of the
first classification. Government officials encouraged its forina-
tion in order that there might be established an American

194 o
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international communications systein, independent of foreign-
owned cable links or radio stations. To this end, the General
Electric Company, the Westinghouse Electric and Manu-
facturing Company, the American Telephone and Telegraph
Company, the United Fruit Company, and the Wireless
Specialty Apparatus Company advanced capital and pooled
patent rights in behalf of a new company, the Radio Corpor-
ation of America. The pooling of patent rights of the founding
companies was considered necessary because no one of them
had sufficient patent rights individually to embark upon the
manufacture of radio transmitting and receiving equipment
without fear of litigation brought by the others.

Having agrecd on these first stcps, however, the advantages
of further extending the scope of the agreement became ap-
parent. Each of the companies involved secured free license
to the patents held by all the members of the group for specific
fields; for example, the American Telephone and Telegraph
Company in wire and radio telephony; the Westinghouse
Company in non-commercial receiver equipment manufacture:
the General Electric Company in the manufacture of coni-
mercial ship telegraph transmitters and receivers, and so on.
They also remembered the then insignificant amateur radio
experimenter business, which totaled about $200,000 a year.
Rights to manufacture equipment for this field was extended
to the Westinghouse and General Electric companies and its
sale was made a side line of the Radio Corporation.

The Mackay Group

The Mackay interests have attempted to build up a com-
petitive communications system through the acquisition of
Federal Teclegraph. DeForest successfully sustained his
vacuuni-tube circuit patents over Armstrong recently and,
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through shop rights under them, owned by the Fedcral Telc-
graph Company, the Mackay interests have been able to
establish a communications system with at least one trans-
oceanic link already in operation. Extensive plans for the
establishment of an intracontinental communications system
have been formulated and frequencies have been allocated by
the Federal Radio Commission to make its consummation
possible. Allied with the Mackay group is the Kolster Radio
Corporation, which possesses manufacturing facilities for
making the receiver and transmitter equipment required,
while the DeForest Company is available for production of the
necessary tubes.

A number of other instances may be cited of the merger of
companies by purchase for the acquisition of patent rights.
For example, Grigsby-Grunow-Hinds (now Grigsby-Grunow,
manufacturers of Majestic receivers) purchased the Pfan-
stiehl Company to secure its R.C.A. license. In the same
manner, the Philadelphia Storage Battery Company bought
the D. J. Murdock Company, a pioneer part and set manu-
facturer. These last two were true mergers in that they repre-
sented the extinction of the smaller units merged.

The United States Radio Corporation will be remembered
as.a similar combination, established to divide the obligations
of an R.C.A. license among five receiver manufacturers. The
U. S. Radio and Television Corporation is the successor to
this group.

The Second Classtficalion

In the second classification, the surrender of the music in-
dustry to its former rival, the radio industry, the most im-
portant is the merger of Victor and the Radio Corporation of
America. In this instance, both companies contributed equally,
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Victor having a well-established distribution position through
the,,rhusic trade, valuable contracts with world-famous artists,
and excellently organized manufacturing facilities. The Radio
Corporation of America contributed patent rights and ex-
perience in the radio field.Its close affiliation with the National
Broadcasting Company offered a valuable outlet for the
utilization of Victor artists. Thc substantial character of
this merger is evidenced by the fact that Westinghouse and
General Electric have recently transferred their radio engi-
neering activities to the unified laboratories in Camden and
that thcse companies are to discontinue the manufacture of
rececivers for distribution through the Radio Corporation of
America in favor of concentrating that production in the
Victor plant at Camden. RCA, not confining its alliance with
the music field to this country alone, quietly purchased, not
long ago, a controlling intercsting in His Master’s Voice,
“HMYV,” of London, which is quite the largest gramophone
company in the world, excecding even Victor in this country in
size.

Radio-Phonograph Mergers

Each of the leading phonograph companies have established
a radio connection of one kind or another. Brunswick is linked
with Bremer Tully through a major purchase of stock. Edison
entered the radio field through thc acquisition of Splitdorf.
Sonora recently purchased Federal. Columbia has a close
contract arrangement with Kolster, somewhat similar to that
which the Radio Corporation extended to Victor before the
merger took place. Some of the piano companies have
also gone into the radio field, for example, Everctt Piano is
merged with the Howard Radio Company, the latter moving

(Continued on page 243)
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ATTERY-OPERATED receivers, with the sensitivity, selec-
B tivity, simplicity, economy, volume, and fidelity re-
quirements comparable with socket-powered radio sets have
been conspicuous by their absence from the market. Recent
announcements from several manufacturers indicate that
efficient battery-operated receivers, equal in every respect
to the best screen-grid socket-powered set, have been devel-
oped.

How important is the need for this type of receiver? Will it
actually greatly increase radio sales and where will it sell most
readily?

It is estimated that 10,300,000 homes in the United States
are unwired and that in at least 5,000,000 of these are live
radio prospects. The National Carbon Company states that
out of 5,371,000 farms owned by white families only 1,000,000
are served by electricity and only 25 per cent. are equipped
with radio. In addition, many small towns do not have electric
current. These homes constitute the primary battery set
market.

How important is the present battery set market and where
are battery sets now sold? This type of receiver represents
about 12 per cent. of total set sales. More than one third
are sold in towns under 10,000 population and one half in
towns under 50,000 population. Only a little more than one
quarter of all radio sales, however, are in towns under 50,000
population.

Further study discloses that battery scts constitute from 15
to 40 per cent. of total set sales in small towns and less than
5 per cent. of total set sales in towns over 50,000 population.
It can be taken for granted, then, that battery scts will find
their best market in the small towns of rural districts.

How important is the rural town market? If only 28 per cent.
of all radio sales arc in small towns and farms, and only 12 per
cent. of all sets sokl are battery sets, is it worth while to pay
much attention to the small-town and farin market? The
automobilc manufacturers know the small-town and farm
market is very important. Five out of six farmers own automo-
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By T. A. PHILLIPS

Manager, Research Division, Doubleday, Doran & Co., Inc.

biles. Of the automobile registrations 55 per cent. are in towns
under 10,000 population and 75 per cent. in towns under 50,-
000 population. Of all cars in use 25 per cent. are farm owned.
It should be equally important to set manufacturers.

Let us take a bird's eye view of the wholesale trading area
of four towns, all in the State of Indiana and within fairly
close proximity of each other. Many other communities might
be chosen but out of fifty towns studied these four cities are

Battery Set vs. Total Set Sales

[ ]
] ‘X IN TOWNS
‘ ; UNDER 10000
t
\‘ALL RADIO SET SALES ! POPULATION
\ A.C. AND BATTERY SETS ,' >4

N ﬁ

\\ PN TOWNS

b / 10000 to 50,000
Tes -7 POPULATION

- -
had SSPEOSY

¢ FEBRUARY 1930 e




BATTERY SET

FOUR REPRESENTATIVE TRADING AREAS

Evans- Terre Fort South

ville Haute Wayne Bend

City population (1920) 85,264 66,083 86,549 70,983

Trading area popula-

tion 766,470 386,093 383,789 356,064

Rural population 536,150 250,503 207,521 155,311
Per cent. rural 0% 65 549, 43 %
Per cent. wired homes 429, 57% 62% 5%

Relative set sales® 193 198 765 1,789
Battery set salcst 20% 27% 5% 5%

*Relative radio set sales represent total set sales for a recent three
months’ period reduced to sets sold per 100,000 population.
tBattery set sales are given in per cent. of total set sales.

more typical of the various local conditions we will discuss.
The towns to be studied are, Evansville, Terre Haute, Fort
Wayne, and South Bend, Indiana. (A map on facing page illus-
trates the extent of the territories considered in the study.)
Here are four cities with many common attributes. They
are all about the same size. Their trading areas are practically
the same in population also, with the exception of Evansville.
There are significant differences, however. Evansville and

How Various Trading Areas Compare

Towns WHOSE WHOLESALE TRADING AREAs SELL THE
SMALLEST PrOPORTION OF BATTERY SETs TO ToOTAL SALES

Percenlage Percentage
. - Batlery Ballery
Wholesale Territories of Set Sales Wholesale Territories of Set Sales
1. Erie, P 0.45 16. Detroit, Mich. 3.92
25 Corpus Chnstl, Tex. 1.27 17. St. Petersburg, Fla. 4.00
3. Scranton, Pa. 1.51 18. Chicago, 11l 4.10
4. Charleston, N.C. 1.56 19. San Francisco, Cal. 4.20
5. New Orleans, La. 1.73 20. Lynochburg, Va. 4.26
6. Dallas, Tex. 2.47 21. Augusta, Me. 4.35
7. Huntington, W. Va. 2.68 22. Beaumont, Tex. 4.35
8. Charlotte, N. C. 2.74 23. New York, N. Y. 4.43
9. Cleveland, Ohio 3.06 24. Richmond, Va. 4.62
10. Sacramento, Cal. 3.28 25. Norfolk, Va. 4.63
11. Wilmington, Del. 3.33 26. South Bend, Ind. 4.68
12. Los Angeles, Cal. 3.39 27. Greenville, S. C. 4.76
13. Baltimore, Md. 353 28. Milwaukee, Wis. 4.82
14. Springfield, Mass. 3.58 29. Miami, Fla. 4.90
15. Denver, Colo. 2.%] 30. Fort Wayne, Ind. 4.97
Towns WHosE WHOLESALE TRADING AREAS SELL THE

GREATEST PRoPORTION OF BATTERY SETs TO ToraL SALES

Percenlage Percentage
B Batter: Battery

Wholesale Territories of Set Sales Wholesale Territories of Set Sales
1. Grand Forks, N. D. 39.62 13. Evansville, 1od. 19.65
2. Orlando, Fla. 35.71 14. Altoona, Pa 19.44
3. Mason City, Iowa 30.26 15. Davenport, Iowa 18.62
4. Charlottesville, Va. 28.57 16. Winona, Kan. 18.62
5. Savannah, Ga 28.57 17. Ottumwa, Iowa 18.42
6. Sioux City, Iowa 28.37 18. Knooxyville, Tenn. 18.09
7. Terre Haute, Ind. 27.17 19. Wichita, Kan. 17.26
8. Aberdeen, S. D. 26.24 20. Bloomington, Iil. 17.00
9. Minot, N. D. 26.32 21. Wilkes Barre, Pa. 16.29
10. Bismarck, N. D. 25.00 22. Cedar Rapids, Mich. 15.79
11. Hutchinson, Kan. 25.00 23. Atlanta, 15.09
12. Paducah, Ky. 25.00 24, Williamsport, Pa. 15.00
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Terre Haute are surrounded by farming communities while
Fort Wayne and South Bend are the focal points for small
suburban towns. In other words, the two former cities are the
shopping centers of rural communities, while the latter are
the shopping centers of suburban homes. It naturally follows,
also, that Fort Wayne and South Bend have more domestic
lighting customers than Evansville and Terre Haute.

Note that as the rural population increases with a corres-
ponding decrease in the number of domestic lighting customers,
radiosalesdecrease tremendously. South Bend with the smallest
rural population sold four times as many radios as Evansville
and eight times as many as Terre Haute. Fort Wayne sold
twice as many as Evansville and three times as many as Terre
Haute.

The purchasing power in these four areas is practically the
same. Isit not reasonable to suppose that a battery-operated set
giving the same satisfaction as the screen-grid a.c. receivers
would lessen the discrepancies between sales in these towns?

It is, of course, dangerous to draw any specific conclusions
from a study of four cities but there is no question that this
state of affairs can be duplicated many times throughout the
United States. Is it possible that instead of a 3,000,000 pro-
duction year we will have a 6,000,000 production year as soon
as families not able to take advantage of the a.c. receiver
discover a battery set that meets their requirements?

Why not? Let us quote from a letter sent to a radio manu-
facturer by a dealer in Shelbyville, Indiana:

*“The farmers in this district have had two poor years and
general business conditions in Shelbyville are considerably
below average but the new battery set is helping to put radio
sales ahead of last year. Our only regret is our failure to see
the enormous possibilities of the market and make an earlier
start. We had been under the delusion that the market for
battery-operated sets was a thing of the past along with the
crystal receiver.

“Inquiries from farmers concerning the new screen-grid
battery sets opened our eyes and in October, and in November

we sold them as fast as we could get them in stock. This profit
is like finding money on the street.”
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¥ ‘The New Day in Radio

~NDREW C. PEARsON, president of the National Publish-
A ers’ Association, in a nationwide broadcast addressed
by the United States Chamber of Commerce to business and
industrial leaders of the country, remarked that only the radio
and automotive industries are seriously inflated. It is easy
to generalize upon the causes which have led up to this situa-
tion, but to appraise the po-
sition of individual manufac-
turers and the prospective
developments of the imme-
diate future is made exceed-
ingly difficult by the limited
statistical data available.

The leaders of the industry
are given to buoyant optim-
ism and to no small amount of exaggeration. Were we to
credit the publicity issued by manufacturers during the last
year, the production capacity of the industry would be com-
puted at somewhere between 12,000,000 and 15,000,000
receivers. Unquestionably, the mere possession of these facil-
ities represents an overhead which adds materially to the
cost of receivers actually sold the public.

On the other hand, so large a proportion of radio manu-
facture is bench assembly, involving inexpensive tooling,
that converting these excessive facilities to other uses is a
task of small magnitude, considerably smaller than was re-

quired, for instance, to change over munitions plants to peace-

time uses. Diversification of activities is one of the best ways
to stabilize receiver manufacture and to defeat the seasonal
character of radio production. Another avenue is the develop-
ment of export business, necessarily a slow and difficult pro-
cess, but one which will ultimately exert as great a stabilizing
influence as it has already done for the automotive industry.
None of these possibilities, however, bear upon the immediate
situation because of the time and capital required to develop
them. The industry must learn, in times of prosperity, to erect
defenses against troubled times,

The measures being applied in the present emergency are
not of a character to inspire confidence in their effectiveness.
The most definite trend discernible at the present writing is
reduction of list prices. That invites a broader market and
also the maintenance of excessively large production facilities.
It may exert an immediate curative tendency, but it also
brings us nearer to the point of profitless production. The trend
toward lower prices is of advantage only if accompanied by a
reduction in the number of active manufacturing units.

Another measure stimulated by the emergency situation
is the attempt to increase the number of selling outlets through
consolidation with automotive distribution. This promises
to doom us to another crisis as complex as that engendered by
excessive expansion of production. The logic of combining
automotive and radio distribution is irresistible but it cannot
be accomplished on a widesprcad scale without painful dis-
turbance of existing distribution relationships, and an edu-
cational process of no small magnitude. Dcsirable as the ulti-
mate effccts of such a readjustment may be, by rcason of the
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A Purification Process is Under Way
Export—Another Avenue for Development

more efficient sales system resulting, the transition stage re-
quires the elimination of the lesser radio retail outlets, with
accompanying liquidation of their stocks under unfavorable
conditions. The invariable effect of distress merchandising is to
hold up the conservative buyer who waits for still lower prices.

Consequently, the adjustments required by the industry
are of a fundamental rather than a superficial character. The
problem is somewhat larger than waiting for a storm to blow
over; it requires a complete realignment of production and
distribution. Such a major readjustment is not effected in a
day. Those organizations possessing far-seeing executive
leadership, which can penetrate the fog that obscures the
future, are destined to reap a tremendous reward. The oppor-
tunities in the radio industry are greater to-day than they
have been at any time in its history. For once there is no band
wagon upon which all may leap for an easy ride to success.
The day of opportunism is over. Success requires intelligent
direction and foresight. A process of purification is under way
on a large scale, eliminating every weakness in the structure
of the industry, the executive who is an engineer and not a
business man, the optimist who knows only multiplication
and has forgotten addition, the retailer who waits for cus-
tomers, the manufacturer who imposes burdens upon the re-
tailer too large for his abilities.

We venture to predict the coming of new leaders in the field,
assuming management of existing companies with courage
enough to support them. They will effect consolidations,
diversification of manufacture into broader fields, reconstruc-
tion of selling outlets and distribution methods, and rounding
out of receiver design to appeal to new markets. The radio
market is still virgin territory, with less than one fourth of
American fami-
lies owning radio
receivers and
only a small pro-
portion of the re-
ceivers Iin use
sufficiently mod-
ern to resist the
appeal of revi-
talized merchandising. This is the day of opportunity in
radio, opportunity for intelligence, ingenuity, and leadership.

Educational Broadcasting

The gradual growth of educational broadcasting is beginning
to reflect itself in the number of schools which are equipped
for radio reception and the distribution of programs through
loud speakers in every classroom. Most of the new schools in
the more progressive cities, constructed within the last year,
are fully wired so that program distribution systcms can be
installed. Some enterprising manufacturers have taken ad-
vantage of this trend either to present programs for school
purposes or through the preparation of promotion material
to aid dealers in selling schools. Atwater Kent has issued a
pamplilet, *“The Value of Radio to and in the Schools,” and
the Grigsby-Grunow Company, aided by the advice of Coni-
missioner of Education Dr. John William Coopcr, is presenting
a bi-weekly featurc, “Thc American School of the Air,”
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Who Is the Radio Protective Association?
New Progress in Broadcasting for Schools

on Tuesday and Thursday afternoons at 2:30. The programs
are addressed to junior high school pupils. Tuesdays are de-
voted to the teaching and development of American history
and Thursdays to a diversified prograin of literature, political
science, health hygiene, American music, and nature study.

The Payne Fund of New York City has issued a report,
“Radio in Education,” prepared by Armstrong Perry, out-
lining in detail the educational experiments undertaken by
stations throughout the country.

A questionnaire, sent by the Fund to 3000 county superin-
tendents, principals, and teachers, indicates that 441 of the
471 replying would like a school of the air for the benefit of
the 12,905 schools with the 42,043 teachers which they repre-
sent. Of the schools represented 5741 would become radio
equipped as soon as prograins are assured.

A check-up made by the Atwater Kent Company indicates
that 360 sets have been sold to educational institutions for
classroom broadcast reception. Somne 20 to 45 per cent. in-
volve multiple loud speaker installations, the
largest being one of 30 loud speakers at
Ferndale; Mich. The two educational broad-
casts attracting the greatest attention arc
the Ohio School of the Air through wLw and
the daily school programs of the Chicago
Daily News through wmaq. While the recog-
nition of the Damrosch program has been
widespread, the investigation did not disclose
any schools in larger centers which have incor-
porated his lessons on music appreciation in
their curricula. The same situation was found to apply to the
music appreciation programs broadcast on the west coast by
the Standard Oil Company of California.

Too Much Icing is Indigestible

Accompanied by a statement of altruistic objectives, the
National Broadcasting Company announces that it has com-
bined with Carl Fisher, Inc., and Leo Feist, Inc., to form the
Radio Music Company. No one, after reading the statement,
would be surprised if the R. M. Co.,’s employes were required
to wear white wings and halos. The object of the shrine of
idealism which has been formed by this combination of inter-
ests is “the improvement of music in general, the advance-
ment of American culture,” and ‘‘to encourage young com-
posers to write finer scores and to restore harmony and melody
tomusic.” Itsoperating policy
is to be “almost revolution-
ary.” We suspect that, if the
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595' S company makes profits, the
9 ’ directors are pledged to com-

mit suicide. It is pcculiar to
radio broadcasting that any
enterprise which it under-
takes must be labeled as a lofty inspiration, patently unat-
tainable by persons not in close contact with the moral forces.

E. C. Mills, who will be remembered as the shrewd bar-
gainer who held the radio broadcasting industry at his mercy
as negotiator for the American Society of Authors, Composers
and Publishers, is president of this majestic institution. It is
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announced that there will be no boycotting of music not con-
trolled by this new organization which should cause a sigh
of relief to Frimnl, Schilkret, and Pasternack, if not to lovers of
Beethoven, Wagner, and Puccini. The Radio Music Company
will secure control of a suffi-
cient number of composers so
that it can dictate satisfactory
terms for the vast amount of
musical composition necessary
to commercial broadcasting.
It will profit not only through
the payments made by radio
advertisers for scripts and
special arrangements, but by sharing in the profits inade by
inerchandising the composer’s works in every other field,
such as music publishing and talking motion picture compo-
sition. In other words, it is to operate like the present
N. B. C. Artists’ bureau which bargains for radio talent
at the lowest prices when it is the agent of
commercial sponsors, assures artists, under
its exclusive management, of maximun radio
earnings and, to itself, commissions for every
appearance of the artists under its control.

An Invitation to Mr. Schuelte

There is no more mysterious characterin the
radio industry than that delight of the press,
Oswald Schuette, spokesman for the Radio Pro-
tective Association and the public relations
counsel to the newly founded Audio Research Foundation.
Mr. Schuette makes a specialty of annoying the Radio Cor-
poration of America and its associates by a skilfully executed
policy of political palestrics and prolific publicity. He is
seen frequently at the offices of the Federal Radio Commission,
the Department of Justice, at the House and Senate, and the
Federal Trade Commission. The utterances of certain public
officials sometimes seem so remarkably like echoes of Mr.
Schuette’s whisperings that one is led to credit him with potent
influence. Possibly monopoly baiting is so popular in political
circles that scrutinizing the auspices under which monopoly
baiters speak is not always carried out with the care which it
deserves.

In fairness to the public and the press, Mr. Schuette should
make public a complete list of his backers. These columns are
open for the publication of such a list. Mr. Schuette’s steadfast
refusal to announce the membership of his Radio Protective
Association lays him wide open to charges that he represents
no one but himself, a charge which is probably entirely unfair.

The principal characteristics which commend Mr. Schuette
are his zealousness and resourcefulness in his relentless fight
against the predominant influences in the radio field. If there
are monopolistic leanings in the radio field, Mr. Schuette is the
watchful protector of the public interest. It is unfortunate
that the foundation for his activities is so completely shrouded
in mystery and that one cannot silence the suspicion that he
does not speak for any of the leaders or any substantial ele-
ment of the radio industry.
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TWO NEEDED DEVELOPMENTS

WO developments are needed to bring radio to the
farmer; either one will do the trick, and both may re-
volutionize the entire radio business.

Of several eharaeteristic radio receivers which are
manufaetured especially for the farm market, two require a
plate current of 60 milliamperes from the B batteries, three
require 25 milliamperes, one needs 20 milliamperes, and one
operates eeconomically on only 15 milliamperes. All need
more than one ampere from the
storage battery and most of them
take about 1.5 amperes.

Considering a set which takes but
15 milliampercs from the B batteries,
it is probable that one set of three
batteries will last a year. This eosts
about $12.00 and, when added to the
cost of charging the storage battery
($6.00 for the year), brings the farm-
er’s cost of operating a set up to about
$1.50 a month. Such economy is se-
cured by taking advantage of the
superior sensitivity of the 200a special detector tube, and
using a single 1124 as power tube. Those sets which require 20
or more milliamperes of B power use the 171 type of power
tube, and those whieh consume the uneconomieal amount
of 60 milliamperes use two of these tubes in push pull.

Contrast $1.50 a month upkecep on the simplest farm set
with a report of the Toledo Edison Company showing that 91
owners of a.c. sets on a 7-cent rate paid an average of $6.02
per year for the pleasure of home entertainmnent via radio.
Additional proof that the farmer must pay more than the city
dweller for his radio is data from Stromberg-Carlson which
states that Model 642 receiver consumes 90 watts, a eharge of
$9.00 at a 10-cent rate for 1000 hours of serviee.

All of this points to the faet that the fariner pays heavily for
his radio in spite of the fact that he needs it more than the
eity dweller, and should be able to get it at lower cost.

Without casting refleetions on those set manufacturers who
equip their farm radios with 112-type power tubes, it must be
said that such receivers are reminders of the days of 1926.
In order to supply a loud speaker from a single 112 tube
the set must cither operate at a very low level or at poor fidel-
ity,so that overloading is not evident. It ean be done by using
a poor loud speaker, or by having an a.f. amplifier that defi-
nitely cuts off both high and low frequencies. In other words,
an eeonomieal farm radio must operate at the expense of
fidelity or volume!

What is needed is a ncw tube, one whieh will produce eon-
siderable power without the expenditure of 20-30 milliam-
peres of B battery current. Or, what is wanted is a new loud
spcaker, one that is mueh more effieient than present-day loud
speakers so that on a power tube plate eurrent of 10 milliam-
peres. considerable volume at high fidelity will be possible.
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M Citternition—

A new and more effieient lype of loud speaker could
revolulionize lhe radio indusiry.

Wanted—A power lube whieh requires only 10 mA.
of B current and provides ample oulpul.

Lel’s not add one-ear aulomobile drivers lo our
long list of polenlial dangers in cilies.

An effieient, inerpensive porlable receiver would
solve many of our problems.

 SPEAKING

The new tube will fix up the farmer; the new loud speaker
niay revolutionize the radio business. Suppose it were possible
to obtain present-day volume and fidelity by using a 112 tube?
Gone would be the day of 250-volt power packs taking 100
milliamperes; then the announcer eould say of radio as he does
of tobacco, ‘* progress has been made.”

REGARDING RADIOS IN AUTOMOBILES

Without appearing to judge the ease before it is tried, we
venture to offer an opinion on this business of radios for
automobiles (see page 193). It seems
to us that there are several people
to be considered—the automobilist,
the innocent bystander already both-
ered with noise from autos and in
danger of being run over by one-arm
drivers, and finally the set manufac-
turer. '

The automobilist has about all he
can do now to stay on the straight
and narrow. Are we to have one-ear
drivers to add potential soureces of ae-
cident? And we cannot see how any-
one could enjoy mueh radio music while journeying about in
an auto. The rumble of the motor and of other cars’ motors
would eompletely mask any low frequenecies, even if they
could be obtained from the small loud speaker that will be put
in the ear. The pedestrian or dweller by the road sideis already
complaining about traffic noise. The din from autos that pass
your house, if equipped with radio sets, would be worse than
your neighbor’s set which may be very loud—it usually is—
but is tuned to one program. Instead you would listen to a
dozen programs at onee going up and down the street.

It is our opinion that the only people who will benefit by
radios for automobiles are those who make—and sell—the
sets. The technieal diffieulties of building a high-quality set
for installation within the confines of the average ear are
almost insurmountable. The loud speaker eannot be very
efficient at low frequencies because there is not sufficient
spaee available.

If manufacturers really want a new field to eonquer, let
them develop cheap portable sets that can be lugged about
the house, into the garden, put in the car, taken to the canp,
given to the ehildren or merely plugged into a really good loud
speaker when a high degree of fidelity is desired.

The magistrates and citizens of New York City are making
a determined investigation of the sources of noise in that city.
Loud speakers which blat forth day or night in dealers’ door-
ways are eoming in for their share of condenmation as being
against the publie liealth and comnfort. Imagine the task if half
the cars that tore along had radios going full tilt to add to the
din. There is still plenty for engineering departments to do to
perfect present-day radio without turning them loose on a
ficld where radio is neither needed or wanted, and where it is
almost ecrtain to become a nuisance.
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THE INSIDE STORY OF THE BRUNSWICK

The six pictures on this page were taken from a booklet, “The Inside Slory of Brunswick,” which is
published by the Brunswick-Balke-Collender Co., Chicago, Ill., to illustrate and describe the all-eleclric
radio and Panalrope which they manufacture. The pictures are so filled with human inlerest that we con-
sidered them well worth reprinting. It is hoped thal they will suggest other inferesting forms of advertising.

Q@ Above left: “Upon enlering the set the ease of opera-
tion is demonstraled; three convenienl control knobs,
tlluminated dial.”

Q_ Center left: “Every part of lhe receiver chassis is
as delicalely altuned as a fine pocketf watch.”

 Below left: “Both inside and oul the transformers and tuning @ Above right: “Careful doweling in cabinet construction prevenls
coils of the receiver are buill with absolute precision.” any possibility of warping after the sel leaves the factory.”

 Below right: “Vibralionless tone is assured in the Brunswick by € Center right: “Modern electrically cut records are reproduced
the mounting of lhe super-electrodynamic loud speaker.” Sfaultlessly with a new magnetic pick-up unit.”
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A New Musical Instrument for the Home

THE

R. C. A. THEREMIN

of the Thereminvox, an invention

of Professor Leon Theremin, of the
Institute Physico-Technique of Lenin-
grad. It was first demonstrated before a
small and select audience of musicians and
critics and soon after (January 31, 1927)
before a much larger (and enthusias-
tic) audience at the Metropolitan Opera
House.

It is a musical instrument operating en-
tirely by clectrical circuits. It has no
stops, key boards, or any of the other
mechanical contrivances with which mu-
sicians on other instruments must labor.
The music which can be obtained from the
device depends upon thc operator only,
and the motion of his hands with rcspect
to two electrodes, one for controlling vol-
ume, and the other for controlling pitch.
The highest tone that can be secured is
about 1400 cycles which is about the limit
of the average soprano or the oboe. The
lowest note is some three and one half oc-
taves below. In other words, the approxi-
mate range is from the second G below
middle C to the F sharp two octaves above
middle C. This is somewhat greater than
the viola.

T}m RCA THEREMIN is a development

Principle of Theremin

The principle of the Theremin is that
of the beat-frequency oscillator, i.e., two
oscillators whose outputs are mixed and am-
plified. One oscillator is fixed in frequency
and the other is variable by changing the
capacity of the tuned circuit. This change
is produced by mcvements of the opera-
tor’'s hand. An additional oscillator fur-
nishes filament current for a ux-120 tube
which acts as volume control.

The pitch-control rod is connected to a
coil having a very high inductance. In
addition there is connected to this coil a
small condenser and a small concentrated
coil. This entire circuit is tuned by the
distributed capacity of its coils and reson-
ates at approximately 172 kc. Not having
any fixed capacitor connected across it for
tuning, the ratio of inductance to capaci-
tance is very high. Thus the small in-
crease of capacity caused by the hand
closc to the pitch rod will cause the circuit
to change its natural period considerably,
a great deal more than if a largc capacity
and small inductance were used.

Pitch-Control Circuit

This pitch-control circuit is connccted
to the grid side of the variable pitch-con-
trol oscillator, the frequency of which is
slightly greater than that of the pitch-
control circuit. Bringing the hand close
to the pitch rod will incrcase the parallel
capacity in that circuit and thus reduce
its frequency. As this capacity is reflected
in the oscillator circuit a similar dccrease
in frequency will result in that circuit, the
amount of decrease depcnding on the prox-
imity of the frequency of the two circuits.
Thus a greatcr decreasc in the frequency
of the oscillator circuit is obtained when
the pitch-control circuit is close to the os-
cillator circuit in frequency than when it
is at a greater frequency difference.

The fixed-pitch oscillator opcrates at a
frequency, when correctly adjusted, at a
maximum of 1400 cycles greater than
the variable-pitch oscillator. The amount
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of this difference is dependent on the
frequency of the variable-pitch oscillator
the frequency of which is determined by the
position of theoperator’s hand inrelation to
the pitch-control rod. The frequency of the
fixed-pitch oscillator does not change while

playing.
Circuil Funclions
An example of the functioning of these

three circuits follows:—
The hand approaches the pitch-control

Prof. Leon Theremin demon-

strating his new invention.

rod and increases the capacity across the
pitch-control circuit. This capacity is re-
flected across the variable pitch-control
oscillator and thus reduces its frequency.
This causes an audible frequency differ-
ence between this oscillator and the fixed-
pitch oscillator, the frequency of this note
dcpending on the position of the hand.
Bringing the hand close to the rod will
increase the capacity in the pitch-control
circuit, reduce the frequency of the vari-
able-pitch oscillator, and increase the dif-
fercnce bctween the frequency of this
oscillator and the fixed-pitch oscillator.
Thus an audible note is obtained, the note
increasing in frcquency as the hand ap-
proaches the pitch-control rod.

The two oscillators are UY-227 tubes.
The oscillator grids are connected to the
control and screen grid respectivcly of a
UY-221. As the scrcen grid has the largest
area, a 10,000-ohin resistor is connccted in
serics with it to balance the input to this
tube and to make each oscillator have the
same effect on the detector action. This
tube is a dctector or combining tube that
functions much in the same manner as
the first detector in a super-heterodyne

® FEBRUARY 1930 e

circuit. The output of the detector is then
amplified by a two-stage audio-frequency
amplifier using a Uy-227 and a Ux-171Aa,
the output of which goes to the loud
speaker.

Volume-Control System

The remaining two tubes, ux-120 and
UX-1714, together with the first audio-
frequency amplifier constitute the volume-
control system. The ux-1714 is in an os-
cillating circuit that operates at about 420
kc. Connected to the grid side of the os-
cillator is the volume-control loop circuit.
This circuit resonates at a frequency be-
low the oscillator frequency when the hand
is entirely removed from the volume-
control loop. This is done for two reasons.
If the two circuits were in exact reso-
nance, the load on the oscillator would be
too great and operation would be un-
stable. Also the pick-up current would be
high and might damage the tube. The
ratio of inductance to capacity in this cir-
cuit is also quitc high. A small pick-up
coil is wound around the inductance coil
of the volume-control circuit comprising a
looped control rod of low capacity to frame,
in series with the high-inductance primary
of a r.f. transformer. This circuit resonates
at a frequency below (but close to) the
oscillator frequency when the hand is en-
tirely removed from the volume-control
loop. The circuits are not put in exact
resonance bccause the load on the oscil-
lator would be too great and operation
would be unstable. The secondary winding
is a small pick-up coil of few turns wound
around the low end of the primary wind-
ing.

When the oscillator and hand-tuned
primary circuits are nearly in resonance
(hand entirely removed) sufficient radio-
frequency current flows in this pick-up
coil to light the filament of the ux-120
to which 1t is connected. When the hand
approaches the volume-control loop, the
natural period of its circuit is decreased in
frequency, the circuit is out of resonance
with the oscillator by an amount depend-
ing on the proximity of the hand, and less
current {lows in the pick-up coil resulting
in a decreased brilllancy of the vux-120
filament.

The plate current of the first audio-fre-
quency amplifier tube (Uy-227) is fed
through the ux-120. Thus if the ux-120
werc at maximum brilliancy, maximum
volume would be obtained. Likewise if it
were not lighted, no signal output would
be obtained due to the fact that amplifier
plate current would not flow.

A condenser and resistor are placed in
the plate voltage supply to the first audio-
frequency tube which regulates the time
constant of the volune control. They are
adjusted to prevent any undue lag in
operation of the volume control, while
preventing quick accidental variations in
volume due to a slight unsteadiness of the
hand. The condcnser also increases the
efficiency of the audio-frequency amplifier
by preventing a loss of a.c. voltage across
the ux-120. The low side of the resistance
instead of being connected to ground is
connected to a tap on the grid lcak of the
volume-control oscillator. This supplies
a small negative potential to thc plate of
the first a.f. tube and insures that zero.

(Continued on page 945)
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RADIO BROADCAST
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VARIABLE PITCH
OSCILLATOR COILS

FIXED PITCH

OSCILLATOR COILS

BY-PASS VOLTAGE DIVIDING
CONDENSERS RESISTANCE UNIT

VOLUME CONTROL BY-PASS
OSCILLATOR COILS

CONDENSERS

FILOT LAMP PLAY-OFF

SOCKET SWITCH

Above: The
Theremin
chassis as
viewed below,
clearly show-
ing the wiring
and location of
parts.

VOLUME CONTROL
Loop

PILOT LAMP—0____

VOLUME CONTROL
AOJUSTMENT

PITCH CONTROL
ADJUSTMENT

PITCH CONTROL
ROD

PLAY-OFF
SWITCH

OPERATING

The THEREMIN
IN PICTURES

Below: The location of the chassis

assembly and the power supply

unit is clearly shown in this rear
view of the Theremin cabinet.

PITCH CONTROL THEREMIN VOLUME CONTROL
RESONANT COIL ASSEMBLY RESONANT COIL

SAFETY SOCKETY
SWITCH POWER.

SWITCH

Above: View of R.C.A. Theremin with all operating

controlslabeled. Right: Top viewof Theremin chassis.

The five tube sockets are located between the coils
and in front of the a.f. transformer.
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Bassoon
French Horn

Trumpet
Cornet
Trombone

Bass Clarinet

Bass Tuba

STRINGS

Violn
Viola
Cello

Bass Viol
HUMAN VOICE
Tenor

Bantone

Soprana
Bass
Alto
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Left: The frequency ‘range of the

Theremin is indicated by the shaded

line directly under the piano scale.

The chart also shows how the new in-

strument compares in range with the

human voice and other musical in-
struments.
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Part II—Iron-Core Inductances and Transformers

A PRODUCTION TESTING SYSTEM

By J. A. CALLANAN

Stewart Warner Corporation

OUYNT
[O-l Amp:

0~100 Amps. BLE.
I‘D .C: Component

oUTPUT

SR OWa. 1
QUTPUT CONTRBL

<o tecon

The choke coil test set.

appeared on page 152 of January,

1930, Rapro Broapcasrt the testing
of all types of condensers—compensating,
variable, by-pass, filter, etc.—that are
used in the construction of a broadcast
receiver was considered from the view-
point of the manufacturer’s production
department. In this article we will con-
tinue the discussion of production testing
and various iron-core items, such as trans-
formers, choke coils, etc., will be consid-
ered.

The testing of iron-core items may be
divided into three distinct classes as fol-
lows:

(1) The testing of power-pack trans-
formers

(2) The testing of audio-frequency input
and output transformers

(3) The testing of audio-frequency choke
coils.

With thcse items it has been found that
severe tests are very much worth while,
the reason being that after the unit has
been sealed with pitch in a container, as
is the usual practice, replacing a defective
part is both costly and difficult.

Power-Pack Transformers

Following the order of the above listing,
the tests on power-pack coils and trans-
formers will be considered first. These
parts, upon receipt from the coil-winding
department, are immediately tested for

IN THE FIRST article of this series which

opens and shorted turns with an ordinary
continuity meter and a short-circuit-turn
test set. Complete details of the shorted-
turn test sct are given in Fig. 1 and the
apparatus is pictured on the next page.
The shorted-turn test merely consists
of placing the coil over the solenoid and
noting whether or not the meter deflects,
deflection indicating shorted turns. Simply
described, when there are no shorted turns
the flux density of the two legs is equal and
the potential across each coil is the same.
Then, as the two circuits are bucking, there
is no potential difference across the recti-
fier indicator circuit. However, when
shorted turns are added current flows
through them and generates an opposing

I A
Ao

Ll l I I l 10.000 OHM
BUTTON 2500 T ADJUSTER
SWITCH  Ne22SCE
f e e I—
AR AT A
110v I | l | l | CARBORUNDUM
RaE L DETECTOR
1500 T
O— Ne22scCE
[T

25007
N¢22SCE

Fig. I—Shorted-turn test circuit for
output transformers.

BLACK

X

REO AND
* YELLOW

BREAKDOWN
PRIMARY //

The output transformer test set.

flux, thereby lowering the potential across
the coil on one leg while that of the other
remains unchanged. This causes a po-
tential difference across the rectifier which,
in turn, is indicated by the meter.- The
windings are not tested for number of turns
as this is determined by automatic wind-
ing counters.

After the test described above has been
completed the winding is assembled with
the core, leads are attached and the as-
sembly is tested by the power-pack tester
shown in a picture and in Fig. 2. When the
transformer leads are connected to this
apparatus the primary is connected to the
110 a.c. supply through a resistor, Ry,
by throwing a switch to ‘‘test” position.
The rcsistor used is of the order of our bal-
last resistor and is used rather than a bal-
last so that imperfections in the windings
may be indicated by an incorrect reading
of the primary current meter. If a ballast
were used here it would tend to give identi-
cal readings for all transformers even
though the winding or core were faulty.

The secondaries of the transformers
are connected across loads R., Rj, etc.,
which simulate those of the receiver and
the potential drops across them are meas-
ured with a.c. voltmeters. Switch No. 2
is used to connect the high-potential
meter, V,, across either half of the rectifier
secondary and to switch the 0-3 voltmeter,
V;, from one 2.5-volt filament winding to
the other. This scheme not only affects a

STANDARD
CHOKE COILS
RED ” sSwi 201A
Sw,

110V.CLEAR R I
(D (INOICATES <
SHORT BETWEEN ° 1
PRIMARY AND CORE) BLACK o
=
=

CURRENT |
1IDVAC BLACK-YELLOW

204 o

4 o L
A% 20
\Lo
20 A 5 v: LOW { .
b OHM
o] “sow 53 ANO BLACK zgx”' \
31 | %
g
0, ¢ S4q

]
220V-A-C
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FEDERAL
TEST SWITCH 7
220v. RED 1a2aWeg
)) INOICATES I4 AR
SHORT CIRCUIT — WWA-VWW
BETWEEN 51 4 52) 2 200
0-100 R A OHMS [OHMS
!AF-FIL. Q o v
ho—o"" CONTACTS ’ ee ~ OZHON?S
sw 2 ! W-E CO-41Y
—l—\... TEST RINGER “L }
—— PLATE 0
) 220V-A C: B+ A= A+

Fig. 2 (left)—Poirer transformer test circuit; Fig. 3 (above)
—test for choke inductance.
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saving of meters but also, as in the case of
the rectifier winding, where the limits are
less than 1 per cent., guards against possi-
ble error due to dltfermo meters. The test
limits are painted on “the meter scale.
When switch No. 1 is thrown to the break-
down position a continuity test is made
with 110 volts a.c. between the primary

RED

TRANSFORMER
UNDER TEST-..

1'0 MEGOHM

FULL

WHITE
HALF
SECTION

winding and the core., a shorted condition =~ r---—= UX-112A
being indicated with a 25-watt clear lamp.
At the same time a continuity test 1s H
made with 220 volts a.c. from t};ﬁ high- -
potential winding to the adjacent filament 2
winding. In this case a shorted condition T A—Jorms BREAKDOWN _"—' 20 | IMFD
is indicated with a 220-volt 25-watt red I ] WAW m
lamp. While other break-down combina- l1sv Joooz
tions are possible, we have as yet to ex- 2 | 1L s X
perience one coil which passed this test 1 v il
and did not perform satisfactorily in a 3 I e S
receiver. The design of such apparatus, 32 sy, gﬁ:m"cﬂm
however, depends upon the characteris- T | s\ e
tics of the coil and the points of greatest : y - A
stress; the proximity of the leads, etc., =dk=s = -
must be taken into consideration when ! N\ p\
building similar test equipment. Loy — -
’ WE CO' RINGER
A. F. Transformers (Input) : (To INDICATE BREAKDOWN)
Testing audio-frequency input and out- | ___ ™~ - (s)Xo) o == a2i6¥.

put transformers is a simpler matter. While

we test 3 per cent. of the entire production Fig. 5.—Audio-frequency input

WHITE 7
ORANGE
20 THERMO -
OHMS GALVO.
! »
2000 .
OHMS 1
—o—BReakoown ]
30 OHMS
i L'_COILTO_'_,_é
CORE
COIL TO cons WE CO-41Y
RINGER
Faal VW ™
b ™. e\
$— oX)
) o “
8+ B- 8+
673V. 90V.

Fig. 4—Circuit for testing output transformers.

at three frequencies, 60, 500, and 5000
cycles, the production test is made with
60-cycle supply and conducted in the fol-
lowing 1nanner.

Upon receipt of the coils they are tested

P
#

VY

o LAMPS
INDICATE
SHORT
CIRCUIT

Power-pack transformer test set.

for shorted turns, break-down between
windings, and the number of turns. This is
accomplished in one operation by placing
the coil on a partial core, connecting the
primary to the output of a bell-ringing
transformer, and connecting the secondary
to a vacuum-tube voltmeter. Spring clips
make the connecting quick and positive.
The deflection of the V.T.V.M. indicates
whether or not the coil has been correctly
wound while a possible short between
primary and secondary is indicated by a
45-volt B battery and a meter connected
between the low sides of these windings.
After the assembly has been completed
the transformers are placed on one of two
conveyors, depending upon whether they
are input or output transformers. The
conveyors take the units to the test fixture
shown in Figs. 4 and 5 and the ac-
companying pictures. The input trans-
former test fixture tests the circuit by con-
necting it between two tubes and measur-
ing its gain at 60 cycles with a V.T.V.}M.
The transformer is placed in the jig and the
leads are connected tospring clips. When the
switch is thrown to test position one half
of the secondary is first connected and
then the whole secondary. The reader
would no doubt expect that each half
would be tested, but we have found coils
in which one half the secondary was buck-
ing the other half so the above method was
selected.

Coils which are not of the push-pull
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transformer test circuit.

type are tested by omitting the switching.
When the switch is thrown to break down.
continuity at 220 volts a.c. is first made
from coil to core and then from coil to
coil, with the aid of a third switch as
shown in the diagram and picture. Adjust-
ment of the input potential is made with
the 200-ohm potentiometer while the
sensitivity of the V.T.V.M. is controlied
with a 50,000-ohm resistor connected in
the plate lead of the tube. The circuit is
shown in Fig. 5.

Outpul Transformers

The output transformer test fixture is
very similar to the input as can be seen
by reference to Fig. 4. It differs only in
that a larger a.c. input is used and that
the output is connected to a thermo-
galvanometer rather than a V.T.V.M.
as the load is more nearly correct. In this
case we first test one half of the primary
and then the other. The input potential is
controlled by a 200-ohm potentiometer
and the galvanometer reading by a 30-ohm
rheostat. The filament and break-down po-
tential of both these machines are obtained
from a.c. lines while the B supply is from

(Continued on page 243)

The shorted-turn coil tester.
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An Installation For Apartment Houses

THE MULTICOUPLER ANTENNA SYSTEM

By ERNEST V. AMY and J. G. ACEVES

Amy, Aceves, and King, Inc.

O LONGER need com-
mittees of civic beau-
tification rack their

brains to find ways and means s
of ridding the housetops and
apartment house roofs of their
maze of unsightly poles, an-
tennas, wires, and cables. The 7

5
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multicoupler antenna system, Z
a group antenna for the opera-
tion of from 1 to 15 radio re- ;

ceivers, is both sightly and e
simple. It makes use of a
small coupling device between P =
thecommon antenna and each  |**“““[/4§

TOP FLOOR

radio set, requiring no addi- ’5

tional equipment or pre-
amplification.

A sall

The system comprises a
pick-up device, such as an
antenna, preferably mounted
on the roof of the building,
and a lead-in conductor pass-
ing from floor to floor and, if
desired, to a plurality of loca-

tions on one floor. A number
of radio sets are coupled to
the lead-in by running the
antenna connection of each
receiver to the binding post
on a device called the multi-
coupler, which is a combina-

T FLOOR

tion of inductance and capa-
city enclosed in a bakelite
cylinder some six inches long.

mission line, the end of the
line or lead-in is grounded
through a resistance, approxi-
mating the line surge imped-
ance, that is, R = 4/L./C. We
have found that very satis-
factory results are obtained
when the intermediate load-
ing coils have inductances of
80 microhenrys, the initial
and final loading coils have
40 microhenrys, the coupling
condensers for the various

receivers have capacities of
250 mmfd., and the terminal
resistors have a value of from
500 to 1000 ohms. Under such
conditions the transmission
line will pass frequencies as
high as 1600 kilocycles.

The insertion of the radio
receiver in series with the
coupling condenser will change
the value of the resistance as
well as the reactance of the
shunt element at that point.
But it is desirable that this
change be so small that the
effect on the other receivers
will not be greater than the
interaction present were each
receiver connected to its own
antenna.

In order to determine the

These multicouplers are in-
serted in the lead-in, one for
each radio set to be operated.
The antenna connection of
the radio receiver goes to a
condenser in the multicoupler, which in
turn goes to the center of two loading coils
interposed in the lead-in conductor be-
tween the various receivers. The values of
the condensers and loading coils are chosen
so that the lead-in conductor and appara-
tus attached to it will act like a loaded
transmission line, the upper frequency of

L

'-'[=C TC

L

ol =c T

Showing how the multicoupler system
is installed in an apartment house.

1
which is equal to \7IT—C . The intermediate

loading coils all have substantially equal in-
ductance, while the initial and final loading
coils have an inductance equal to one half
that of the intermediates. (Figs. 1 and 2).

To prevent standing waves on the trans-

L 2L

- R

F

P —

\% b L

T T

L

I W i

ece/ver Recelver

Fig. 1—Circuit arrangement in test where coupling condensers
C are grounded and transmission line is terminated in resistor R

L 5L

I
i
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Fig. 2—The fundamental circuit arrangement show-
ing how receivers are connected to the system.

reaction of a number of typi-
cal radio sets upon the prop-
erties of the loaded line to
which they were connected,
a number of tests were
mmade which are herein classified under
three main headings: First, when the
sets were not connected to the line and
the condensers (C in Fig. 3) grounded;
second, with all the sets connected to the
line but not tuned to the same frequency;
third, the same measurementsrepeated with
the sets all tuned to the same frequency.

B~
e e
Top Floor i #
e Llc .
Intermediate ] ,Eb
Floors o g
e
Ground R =
Fla:r- ? '°}?L
£ R
Fig. 3
Attenvation
Box
librated
N N Ca /br: e
G P Recerver

—_
?
Fig. 4—Connections to the at-
tenuator used in calibrating the
apparatus.
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Since the tuning of one set may affect the

tion slightly detuned, first to a higher and
then to a lowcer frequency. A second series
of tests was made, to determine the effec-
tive resistance and reactance of typical
tuned input circuits such as are used in the
average commercial radio receiver. Follow-

A ||
LLNY

H\

rest of the line when the resonance point
is just reached, some tests were also madc
with all sets except the one under observa-
>l

ing this, a third series of experiments was
conducted to measure terminal impedance
of the loaded transmission line with differ-
ent values of terminating resistances, to
show whether or not the line acts as a
uniformly loaded conductor with minimum

i
IN

N

Fig. 5—The circuit of the
portable calibrated receiver

terminal reflection. Briefly, then, thesc ‘ used in making sensitivity

tests may be classed as; first, e.m.f.

measurements under various conditions

along the loaded line; second, effective con-

stants of typical tuners; third, effective Loud

constants 02, the loaded line. =
Speaker

First Series of Tests

_Q

measurements.

Coupling Tube
- 7o Points

1714 .
J of Line

In the first series of tests the receivers

(hN

o—0 o—1o Set o
SetNol 1~ N o lonse g

d-g o0

were located at the second, third, fourth,
fifth, and sixth floors of the building, the
terminating resistance being located at
the ground floor. The lead-in came down the
side of the building with a glass insulator  knob of which was located outside of the
inserted at each floor, leads being run from box and had a scale calibrated in bs.
cither side of the insulators through the The calibration was obtained by means of
windows to the rooms where the coupling a G.IR. attenuation box connected between
condensers and tuner units were located, antenna and input circuit. as shown in
as illustrated in Fig. 3. Each tuner con- Fig. 4. By reducing or increasing the
sisted of an auto-transformer, tuned by number of pB in the box, the scale of the
means of a variable condenser of 500 mmfd. volume control was determined, while
The auto-transformer inductance con-

tained about 50 turns in the secondary —— e o ——

circuit and five to eight turns in the pri-

r b}
mary circuit. .
A portable receiving set (see Fig. 5) m ¥ .. ..' .E
with a volume control calibrated in pB and

-

Fig.

an indicating instrument acting as volume L____ ———J
indicator was built for these tests. The re- Y

ceiver was carried to all floors and con- . . )
nected in place of the tuner unit. It will be Fig. 9—Fundamental carcuit ar-
noted that in the circuit of this receiver, rangement of a maulticoupler.

Fig. 5, the input contains a series re-
sistance which makes the input impedance keeping the reading of the volume-
almost constant for all wavelengths. It was  jndicating instrument constant.
adjusted at approximately 600 ohms. The In order to avoid fluctuations of the
primary of the first tuning transformer was  eter with the modulations of the broad-
in the form of a tickler coil, the controlling  oast program, the ineasurements were
made with the carrier wave. An auxiliary
oscillator was provided so that the result-
Moa"u/afor ant audio-frequency beat was impressed
Osci/fator upon the volume-indicating galvanometer

o Detector o LT
and
Standard R~ f o Amp/iﬁ‘ep o Speaker
Standard C-~

Fig. 7—Method of deter-

mining input reactance

and resistance of radio
receivers.

Standard L ="

——

9 10

Fig. 8—Normal circuit arrangement of receivers
connected to the multicoupler antenna system.
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(with rectifying crystal in series) and the
pitch of that note was kept constant
throughout the tests. A second volume
control was provided in the regenerative
detector to produce a suitable deflection
in the meter from very weak signals.
The calibration of this control was
achieved in the same manner as that of
volume control No. 1, but was slightly
different for the various wavelengths.
The sum of the two readings of the volume
controls gave an arbitrary “level” for
any particular broadcast station, the mcas-
urements showing only differcnces in level.

Conditions of Test

Tests were conducted with all the sets
disconnected, then with all the sets tuned
to a given station, and finally with all the
sets detuned by a very small amount.
Following these tests, the terminating re-
sistances were varied and the tests re-
peated. It was found that with a 750-ohm
terminating resistance, and coupling con-
densers in the multicouplers of 500 mmfd.,
there was a sufficient degree of freedom
from interference for all the low-frequency
broadcasting stations, but not quite
enough for those high ones above 1000 kc.

It was realized that by applying the
loaded line to sets on the same floor, the
action of the short vertical wires connect-
ing two consecutive floors might help the
signal transmission. It was decided to try
the same experiments with all the tuners
in the same room, and the loaded line
located therein and supplied from an
antenna on the roof above the sixth floor.
The tests were made in the laboratory on
the third floor. This would considerably
simplify the problem of measuring voltage
distribution, since it would eliminate the
necessity of carrying the portable receiver
to each floor and making innumerable
re-calibrations. Also, the results could be
obtained directly in terms of the G.R.
attenuation box, without calibrating the
radio set controls. To this end, two radio
sets were used; one fed from an inde-
pendent antenna and the other from a
coupling tube through the attenuation
box, as shown in Fig. 6.

First, the two sets were tuned to a given
station and the volumes equalized by
throwing the loud speaker from one set to
the other while manipulating the attenu-
ation box for equal intensity. With the
free grid terminal of the coupling tube. set
No. 2 could be connected to any point in
the loaded line. By connecting the free
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terminal of the coupling tube to the second-
ary of the tuners, resonance was obtained
in these circuits for any desired station.
In later tests a local oscillator, modulated
with & 1100-cycle audio frequency, was
used instead of the regular broadcasting
station. An a.c. instrument with a suitable
step-down transformer was connected in
place of the loud speaker, or in multiple
with it, and its indications registered the
volume within less than 4 pB. There being
no longer any need for set No. 1, it was

i

up a practical case, a standard commercial
radio receiver—a Kolster d.c. set—was
selected and measureinents were made of
the effective resistance of the input of
that set at various frequencies when thc
set was sharply tuned to each particular
frequency. In each instance, by definition,
the reactance was zero and the resistancc
assumed the values shown in Fig. 13, where
the dotted line represents the effective
resistance of the input of the set when
tuned to each of the frequencies given

by the abscissae. The

) T line in full gives the rc-
- ] | actance of a 250-mmfd.
3 /\ condenser at the same fre-
ook w quencies. It will be noted
g 3% , / \‘ Yo | RESISTANCE that they are not very
<1eolr - much different from each
w ou {
€ |99 / \ other, and consequently
2 sop<a RN the effect would be that
" / W REACTANCE of condenser with aleakage
40 i :
s} —1 . & F 1
2 T // ] Ny~ ] having the samne admit
= 3 - ! gl tance as the condenser, or
7 | _50 52 sa 356 /S8 60 62 64 66 68 a 45-degrec phase circuit
Y 40 WL UL . with most unfavorablc
~ ' EFFECTIVE RESISTANCE ANO itl 1
y |wy (S J ’ REACTANCE OF TYPICAL cond(lithns. When sets with
Feorz2 =t RAOIO TUNER AT 620 K C tuned Input circuits are
2 |95 Y I T connected to the loaded
120 %é — ﬂ_ SO TURNS line, it may be expected
W= ‘ 5 TURNS . TO BRIOGE that the adjustment of
l REACTANCE OF A 250 MMFO one of them may alter the
CONOENSER AT 620 KC=10270Hms|  signal energy level at the

Fig. 10

dispensed with since the input frequency
remained constant.

Tests were conducted to determnine the
performance of thc tuners when the con-
denser was varied, to see whether the effec-
tive impedance of the combination was
small enough in comparison with the re-
actance of the coupling condensers of the
loaded line. For this purpose the primary
of one of the tuners was connected to an
a.c. Wheatstone Bridgc, as shown in Fig.
7. The bridge was balanced for various
positions of the dial of the tuning con-
denser. Figs. 10, 11, and 13 show the re-
sults in graphic form.

Resistance vs Reaclance

It will be noted that the effective resist-
ance and reactance of the tuner, as it
appears from the primary side, is used as
ordinates, while the abscissae represent
scale divisions In the tuning condenser.
The condenser is of the straight-line-
capacity type. At 620 kc., Fig. 10, the
resistance i1s a maximum at 57.2 divisions
and reaches a value of 200 ohms; at the
same position, the reactance is zero. The
maxima of the reactance were 100 ohms
and occurred at 56 and 58.5 divisions, al-
most symmetrically located with respect to
the zero reactance point. As the reactance
of a 250-mmfd. condenser at 620 kc. is
1027 ohms, it will be seen that thc effect of
the tuner in series with the condenser of the
loaded line, Fig. 10, is negligibly small at
all values of the condenser in the tuner of
a typical radio receiver.

Iig. 11 shows exactly the same relations
that Fig. 10 indicates, but at 1100 kc. in-
stead of 620. It will be noted that the cffect
is more pronounced at this frequency as
might be expected from thcoretical con-
siderations. Howcver, the maxima of thc
reactance, which occur at 16.2 and 15.8
scale divisions, reach a peak of 265 ohins
which is sinaller than the rcactance of the
coupling condenscr of 250 mmfd., namely,
579 ohins. The cffective resistance at 16
scalc divisions is fairly large—730 ohms
—but in practicc it would require a con-
siderable number of scts, all tuned to rc-
ccive a station operating on 1100 ke. to
producc an undesirable ainount of inter-
ference with cach othcr. In order to take
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input of the others to somc
extent. Therefore, in order

this set was tuned nearer and nearer to
the frequency of the supplied e.m.f. and
the attenuation box was correspondingly
adjusted so that the indicated volume in
the V.T. voltmeter remained the same.

Detuning Effects

The readings of the attenuation box
showed the effect upon the volume of
set C caused by the tuning and detuning
of set D. The results are shown graphically
in Fig. 12 where the line in full represents
energy gains or losses in DB over an arbi-
trary level, versus scale divisions of the
tuning equipment of set D. It will be
noted that the maximum deviation from
normal does not exceed ten pm, which is
about as much reaction as has been found
to exist between parallel runing antennas
in, say, a six-story building. However.
this amount seemed too much for good
performance, and it was reduced materi-
ally by the insertion of a series resistor in
the antenna connection to the interfering
set D at point F (See Fig. 14). The dotted
lines in Fig. 12 show the effect of resistors
of 1000 and 1500 ohms, respectively, upon
the amount of interference of set D upon
sets C, and, by inspection, it will be seen
that it was cut down to 3 pB maximum
deviation from normal volume. The in-
sertion of the 1000- and 1500-ohm re-
sistors reduced the sensitivity of the inter-
fering set D by 5 and 6 pB, respectively,
which is a very small amount. The re-

+8 T . placement of individual antenna wires, as
LI EFFECT OF TUNING a rule badly installed, by a good receiving
= N ot T 1R antenna, will more than bring back the
o \ resisTance upon outpuT | cnergy level lost due to the insertion of
R21000"5 4=\ 96 Beceive HEN oo USTES these resistors in isolated cases, where
D2zl . : —  special radio sets need them.
2+ 4 <TJr-1500 \ The difference in DB level between_the
oo \ — various sets from beginning to end is given
& - \ N g L in the accompanying tables. It will be
z-2 N’ / noted that the line acts almost perfectly
x| \ / whenever the sets are not tuned to exact
a \ / resonance. When only half of them are
3-6 / tuned to one station and the other half de-
/ tuned, there is a negligible amount of inter-
-8 J ference, even in the high-frequency end of
the broadcast band. The tables refer to the
e 7 W6 50 5T S s 70 normal circuit arrangement as indicated
SCALE OIVISIONS OF TUNER OF SET C in Fig. 8. The terminal resistor R was
Fiz. 12 500 ohms and the tests were made with the
e local oscillator modulated at 1100 cycles.
to determine liow much 1
reaction a set of this type geg
will produce in the en- 5
ergy distribution of the o}
linc, a test was madc as ‘o’soo»ém
follows: A set with a 2 Q¥ < .} -RESISTANCE
tuncd input circuit (with- §400 ‘&‘%
out series condenser other & {wi
than th;e one at the multi- o 309 52
coupler) was connected to % ,,,22
theploaded linc, and an- 3200 £ f
othcr set of any character £ 1001 v
at another point of the b S
same linc. The volume of { © T e e e
the output of the second & |_ |cCONDENSER SCALE OwisioNs | | |
set was determined for &'% “ I/ | EFFECTIVE RESISTANCE ANO
various positions of thc 50083 e VI e K G e
tuning condenser of the & g REACTANCE" |V
Ilirlst sl(lxt asAsh.own in l;llg. il 300-52’ _Eg_rso TURNS
4, wherc A 1S a modu- v 'QWS_‘TO BRIOGE
lated oscillator supplying T
the antenna system with SEATuce o7 & e
r.f. energy throulgh an at-
tenuation box gradu- i
ated in pB. The output of Fig. 11
set C, the performancc of
which may D¢ influcnced by adjustments It will be noticed that the level changes
made on set D, is to be studied, measurc- from point to point. The variation is quitc
ments being made by meansof aV.T. voli- tolerable and the departure from the aver-

meter, 5. A certain arbitrary level was cho-
scn to start with, and the set under test was
tuncd to the particular frequency of the
inodulated r.f. supply, with set D far out of
tunc or disconnectcd from the line. Then
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age value is smaller than the coupling
effect of two antennas running side by side,
six fect apart, namely 10 DpB.

The figures given in thcse tables repre-
sent arbitrary levels and werc obtained as
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Table 1

StaTioN wov, 1130 kcC.

Point in Fig. 8. Short circuiled Tuned to WOV  Detuned 4+ 1 Defuned — 1

1 33 28
2 32 21
3 31 18
4 31 16.5
5 33 16
6 33 11
7 27 2.5
8 27.5 6
9 26.5 4
10 25.5 1
R 26.5 3

follows; first, the oscillator was very loosely
coupled to the antenna lead-in and the
radio set carefully tuned to the impressed
frequency, while the volume control was
adjusted so as 1o be far above noise level,
but sufficiently low to permit the detector
to act under normal conditions. A certain
value of DB. was inserted in the attenua-
ation box to obtain sufficient margin on
each side. After that, the lead connecting
the free grid of the 171a coupling tube
(Fig. 6) was made to touch the various
points in the line, with all the tuners short-
circuited and the figures of the first
column of the tables were obtained. Then
all the tuners were inserted as in Fig. 8,
with the grid wire attached to the non-
grounded end of the primary of the tuning
coils. The tuning condenser was adjusted
to resonance by listening in on the test
set for maximum response. After the tuners
were adjusted the grid wire was again
touched to each point of the line, as before,
and the figures of the second column were
obtained. By detuning the various con-
densers of the tuners by 1 or -1

Condition of tuners

StaTION WABC, 860 KC.

Table 11

.Condition of tuners

Point in Fig. 8 Short circuiled Tuned {o WABC Detuned + I Detuned — 1

33.5 30 1 29.5 28 30 29.5
33 30.5 2 29 27 29.5 2

31 30 3 29 24 29 28
31 28 4 29.5 21 29 28.5
33.5 31 5 29 21 28 29
33 27 6 29 18 27 29
27 27 7 29 17 25.5 29
27.5 28.5 8 29 15.35 26 28.5
26.5 27 9 29 12 24.35 27
25.5 27.5 10 30 10.5 22 26.5
26.5 28 R 30 10 22 27

seriously considered. A subsequent test
was made, however, in which the odd
numbered sets were tuned and the even
numbered ones tuned away, from a particu-
lar station. Thus, No. 1 was tuned to wov,
No. 2 detuned, No. 3 tuned to wov, No. 4
detuned, etc. The results of this test are
shown in Table IV.

We conducted one final test to determine
if the transmission line acts as a true in-
finite line when the terminating resistance
has a suitable value. To accomplish this,
Wheatstone Bridge measurements of
terminal impedance were taken and graphs
plotted from thc calculated results. The
results are shown in Table 5, which gives
the values of effective resistance of the
loaded line terminated by a 600-ohm re-
sistor. This is shown graphically in Fig. 15.

The results of the investigations de-
scribed warranted the application of the
loaded supply line to commercial installa-

.00t

condenser scale division, and re-
peating the process of measuring
the levels at the various points
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of the line, the figures in the third
and fourth columns of Tables I,
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Fig. 13—Input impedance char-
acteristic of Kolster receiver.
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EFFECTIVE IMPEDANCE IN OHMS

I1, and III were obtained. It will be noted in
Tables I, I, and III, that the loaded line
performs very satisfactorily ex-
cept when all the sets are tuned
to the same short wavelength
station. But this is such a rare
occurrence that it need not be

Table 111

STAaTION WMCA, 570 KC.

A

Frequency in kc.
Effective Resistance
Effective Reactance

Condition of tuners

s |

INDICATOR |

mutual induction did not affect the opera-
tion of the system, there being no differ-
ence in performance between separate
coils or coils of half the same inductance,
placed close together, so that the effective

-
. 700
w
:2: 600 \\
L N
¢ 500 AN
) N
WS 400 —
oCT
w© 300
>z
FZ
5 200
e
L 100
(73
600 800 1000 1200

FREQUENCY IN KILOCYCLES

Fig. 15—FEffective resistance
of the loaded line termin-
ated in a 600-ohm resistor.

total value would be 80 inicro-
henrys.

‘With the construction of the an-
< tenna couplers standardized, many

Fig. 14—Method of determining
amount of interaction between
receivers.

tions, and, to that end, suitable units,
known as ‘‘multicouplers” wcre designed.
With the idea of simplifying the construc-
tion and installation of these units, in-
stead of employing a coil of half the in-
ductance at the beginning and end of the
line, as outlined in the theory of opera-
tion, a universal “T” unit was devised.
It consists of two coils of 40 microhenrys
each, with a 250-mmfd. condenser con-
nected to the mid-point, enclosed in a
bakelite cylinder for outdoor as well as
indoor installation. Fig. 9 shows the cir-
cuit as well as the outside appearance of
the multicoupler.

Tests covering the same properties of
transmission, impedance, etc., were made
with the completed units in which the two
coils of the “T” filter together had the re-
quired 80 microhenry inductance, with a
certain amount of mutual induction in-
cluded. It was found that the presence of

Table V

635 526 452 418 400

Point in Fig. 8

Point in Fig. 8 Short circuiled Tuned to WMCA Deluned + 1 Deluned — 1

1 21 19

2 21 X

3 21 17

4 20 17

5 19 16

6 19 14.5

7 21 14

8 21 12

9 20 10
10 19 7.5

R 19 10

19 20 1
19 20 2
18.5 20.5 3
18 20 4
17 18.5 5
17 19 6
17 20 7
17 18.5 8
15 18 9
14 18.5 10
14 19 R
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Negligible at all frequcncies

practical applications will suggest
themselves. Installations made in New
York City are proving more than satis-
factory. We consider this a truly practical
solution to the apartment house congested-
antenna problem.

In conclusion a few words regarding the
sale of multicoupler systems may be of
interest. Newly erected apartments offer
the easiest market for sales. These build-
ings, being new, the owners must offer
every modern convenience. In Greater
New York and New Jersey estimates are
made upon request and submitted after a
general survey of the building, including a
careful inspection of the roof and floor plans
to determine the number and location
of down leads and associated aerials. Price
per outlet is the form usually used in sub-
mifting quotations, and the length of the
inside runs and where the owner wants thc
lead-in to terminate govern to a great
extent the amount of the cost. The average
cost for an installation of about fifty out-
lets is $15.00 per outlet, but the cost may
be as low as $10.00 per outlet or as high as
$25.00. Out of town, a multicoupler system
complete with plans and speci-
fications is sold to electrical
contractors and radio compa-
nies who have an adequate

370 .
force to do this type of work.

Table 1V

All sels de.uned Every other sel luned

to WOV, 1130 k.c.

33 38
32 37
31 28
32 31
32 29
31 24.5
32 22
32 22
32 22
33 225
33 23
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A New Trend in Radio Kit Design

THE 1930 MODEL HI-Q RECEIVER

By CURTIS W. HAMILTON

Hammarlund-Roberts, Inc.

HE MANUFACTURE and sale of

kit receivers have seen a gradual

change from the old days when
a circuit was designed, the parts of
half a dozen different manufacturers
specified in a construction article, and
the radio-constructor invited to go to
the corner radio store and purchase
them. To-day the kit manufacturer
designs a circuit, and puts all the
units into a single box together with
complete assembling data and operat-
ing instructions—and, further, the kit
manufacturer now goes to consider-
able effort to design complete tested
units so that the construction of a kit
becomes, not a matter of assembling
a large number of individual parts,
but rather that of wiring together a
few major units. This practice has
been followed by Hammarlund-Rob-
erts, Incorporated, in the design of
of the Hi-Q receiver. All of the major
units required for the assembly of the
receiver are received by the con-
structor completely wired and care-
fully tested.

Eight Fealures

Eight major features stand out in
the new 1930 model of the Hi-Q re-
ceiver. They are as follows:

(a) A three-stage band-pass selector
preceding the first screen-grid r.f.
amplifier tube. This gives high selec-
tivity and prevents cross talk.

(b) A three-stage, screen-grid, radio-
frequency amplifier using screen-grid
tubes coupled by tuned r.f. trans-
formers.

(c) Single-control tuning. All of the
six variable condensers of the receiver
are controlled by the single tuning

The Hi-Q 30 mounted in an attractive
console cabinet.
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dial. The only other control is for the
volume. The volume control uses a
potentiometer arrangement to vary
the screen-grid voltage of the first and
second r.f. amplifiers.

(d) A grid leak-condenser type de-
tector of high sensitivity. The detector
1s coupled to only part of the tuned
circuit feeding it so as to compensate
the differences in impedance between
the input circuit of the tube and the
impedance of the tuned circuit.

(e) Complete shielding of the tuned
circuits composing the pre-selector
unit and the tuned circuits coupling
the r.f. amplifier tubes.

(f) Filter circuits consisting of r.f.
choke coils and by-pass condensers in
the plate circuits of all the r.f. ampli-
fier tubes. Filtering of the supply to
the screen grids of these tubes is by
means of series resistors and by-pass
condensers.

(g) A two-stage, transformer-coup-
led a.f. amplifier using a 227-type
tube in the first stage and two 245-
type tubes in push pull in the output.

h) A phonograph-radio switch
which, when closed, connects the
pick-up unit to the grid circuit of the
detector.

The Band-Pass Filter

The most important feature of
the Hi-Q 30 is, probably the band-
pass filter connected ahead of the first
r.f. amplifier. It is a characteristic of
the screen-grid tube that it can handle
but comparatively small input volt-
ages before it begins to overload and
Froduce “cross talk” so that a power-
ul local station is heard when listening
to a weaker station. One solution of

)
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—
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!

Fig. 1—The complete
schematic diagram of
the Hi-Q 1930 receiver.
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The picture below shows
the chassis of the Hi-Q 30
as viewed from above. All
shields are in place and the
important parts are labeled.
On the left is a close-up
view of the r.f. amplifier
unit and on the right is
shown the pre-selector
unit.

this difficulty is to
incorporate suffici-
ent selectivity in
the receiver be-
tween the antenna
circuit and the first
r.f. amplifier tube so
that all signals but
the desired one are
reduced in strength
to a point where
they cannot pro-
duce ““cross talk”—

and this is the func-
tion of the band-
pass filter in the
Hi-Q 30, i.c., the
band-pass system is
used to give the se-
lectivity necessary
ahead of the first
224 tube to pre-
vent “cross talk.’’
The required selec-

BAND
SELECTOR
UNIT *

R.F
AMPLIFIER
UNIT

must be connected
to the sub-panel.
The fact that the
two major units are
completely assem-
bled, of course,
greatly  simplifies
the work of con-
structing the com-
plete set.

On the front
panel of the com-
pletedreceiver there
are four controls,
the main tuning dial
which turns all of
the variable con-
densers, the volume
control, the on-off
switch, and the
phonograph - radio
switch. Since, as in-
dicated by the cir-
cuit, the phono-
graph switch con-

BLACK
TIP JACK

RED
TP UACK

tivity might have
been obtained by
the use of ordinary tuned circuits, but, then,
the side-band suppression would have been
greater. In a sense, therefore, we can con-
sider the r.f. circuits as being composed of
two parts; first the pre-selector circuitfunc-
tioning to reduce undesired signals as much
as possible, thereby preventing “cross talk,’’
and second the following tuned circuits
associated with the r.f. amplifier tubes
functioning to complete the selection of
the desired signal and at the same time to
couple together the various stages of r.f.
amplification. The output of the r.f. ampli-
fier feeds into a grid leak-condenser de-
tector. This type of circuit was used
because of its greater sensitivity and be-
cause it was considered that for all around
use it was entirely satisfactory.

The task of the
constructor of a

posc the filter circuits are also located
in the shields) and another shielded
compartment for the three variable con-
densers used to tune the three r.f. trans-
formers. Leads are brought out of the
shields for connection to the tubes and
other parts of the circuit. Both of these
units are completely wired and tested at
the factory so that the constructor doesn’t
have the problem, generally of major
importance in the construction of a re-
ceiver, of securing coils and condensers
which will gang together accurately.

The kit includes a completely drilled
metal sub-panel to which the band-pass
unit and r.f. amplifier units can quickly
be attached. In addition the sockets, a.f.
transformers, and a few other small units

nects the pick-up
unit directly to the grid of the detector
tube, it was not considered advisable
to run a long lead from the detector
grid to the center of the panel where the
control is located. As a result, the switch
actually controlling the connection to the
phonograph pick-up is located on the sub-
panel close to the detector socket and this
switch is connected by a wire link to an-
other switch on the front panel. The
phonograph-radio switch on the front
panel, therefore, makes the nececssary
change in the electrical circuits through the
additional switch located near the detector
socket.

In previous years kit receivers were
usually sold either without a cabinet or
complcte with a metal cabinet and the
constructor who de-
sired to build a set

Hi-Q 30 receiver is
simplified because
the receiver is pur-
chased in the form
of several complete-
ly wired units which
need only be con-
nected together.
For example, the
pre-selector unit
consists of three
shielded compart-
ments for the coils
and another shield-
ed compartment for
the three variable
condensers associ-
ated with the band-
pass unit. The
three-stage r.f. am-
plifier consists of
three shielded com-
partments for the
tuned r.f. trans-
formers (the neces-
sary r.f. choke coils

into a console had
to arrange to pur-
chase the console
separately. This
season, however,
Hammarlund-Rob-
erts, Inc. has had
designed several
special cabinets and
consoles, especially
for use with the
Hi-Q 30.
Thereceiver itself
is available in vari-
ous models for a.c.
or d.c. opcration,
and cither complete
with a.f. amplifier
or just the tuner
circuit up to and
including the de-
tector.
Hammarlund-
Roberts, Inc., has
issued a complete
48-page manual

and by-pass con-
densers that com-

View of the Hi-Q 30 chassis.
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Mathematical Considerations tn Design

BAND-PASS FILTER CIRCUITS

common of the phenomena with

which the engineer has to deal. Very
often he will consider this phenomenon to
be among the most useful as well, and one
without which he would attain with great
difficulty the results that are achieved
easily with the aid of this principle. On the
other hand, the phenomenon of coupling is
so prevalent in nature that its complete
isolation under certain experimental con-
ditions is often a serious obstacle, with
the result that errors in measurement of
which the experimenter is not aware are
often introduced. Coupled circuits are not
confined to electrical work alone. They arc
probably even more common in mechanics.
and perhaps in this field they are even
more difficult to control.

Imporlance of Phenomenon

There can be no question about the
importance of this phenomenon. This im-
portance becomes especially apparent
when we realize that the band-pass filter
is but a specialized case of a general
condition of coupling existing everywhere
in nature where electrical oscillations
or nechanical vibrations are to be found.
Systems may be coupled to one another
either electrically or mechanically, and
under certain conditions the coupling
between them will be felt in each of the
circuits as an actual change in the imped-
ance of the circuit, without, however, any
evidence of the band-pass phenomenon.
Very specialized conditions must be ap-
plied to the circuits to produce the latter
results. These conditions and the exact
nature of the effects produced form the
subject matter of any discussion of band-
pass filters.

In this article we consider such band-
pass circuits as are suitable for use in radio
broadcast receivers, remembering, how-
ever, that the subject has been artificially
narrowed, and that the same methods can
be and are readily applied to other fields
of work, one of these being the subject
of mechanical vibratory structures. The
latter application as well as the former
has been given a very thorough experimen-
tal treatment within recent years.

It seems hardly necessary to
point out the advantage of a
rectangular selectivity character-
istic in a radio broadcast receiver.

It is true that the width of the
rectangle must fall within very
narrow limits to be valuable,
and its failure to do so in many
cases is responsible for a certain
amount of skepticism regarding
the value of the band-pass circuit
itself. This method of signal selec-
tion is only slightly more com-
plicated than ordinary tuuned cir-
cuits, and from the mechanical
point of view is more compli-
cated only in the requirement of
an additional one or two cou-
densers, dcpending on the num-
ber of sectious of filter used and
whether or not the band-pass
filter is to constitute the entire sig-
nal selection unit of the receiver
or whether it is to be combined
with tuned circuits. At the same

G OUPLED CIRCUITS are among the most
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time there may be certain simplifications
in mechanical design introduced, especially
if there are many sections of filtering
used. The shielding requirements in the
filter itself need be only sueh that the
coupling between circuits should be as
calculated and designed, and these require-
ments may not be nearly so rigorous as
are the requirements of shielding in the
stages of amplification. In such a receiver
the amplification unit may consist only of
r.f. tubes and untuned r.f. coils, making
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Fig. 1

possible a mechanical design that is very
compact and economical.

Ezxplanation of Operation

To be appreciated the band-pass filter
must be understood physically. We should
desirc to know what 1t is that causes a
system of circuits of this type to offer an
extremely low impedance to currents of a
given range of frequencies, and then to
change its characteristics very sharply,
offering for another and a very narrow
range of frequencies a very high imped-
ance, and then, at a certain frequency, to
return to its former characteristics for
all remaining frequencies and offer again a
low impedance. typical circuit having
characteristics of this kind is shown in
Fig. 1. Ly and C, are resonant at a certain
frequency, {. If L, and C, are equal to L,
and C, respectively, the entire series cir-

The Fada Model 35 chassis which uses a band-pass
input circuit; the cable at the right connects with
the power unit.
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cuit that includes these four reactance
elements is resonant at the same fre-
quency, f. Points A and B are then at the
same potential and there can be no current
flowing through the capacity C,. This zero
current through C, can be replaced by two
currents 180° out of phase with each other
flowing through C, giving a resulting cur-
rent in C, that is zero. Then what we have
said regarding the equality of the potentials
at point A and B is equivalent to saying
that the current I, of circuit I isin the same
phase as the current I, of circuit IT at this
frequency, f. IFor frequencies lower than f
the reactance of 1,, and C;, and L, and
C, is negative and the capacity C, acts
as a short circuit across both reactances so
that there can be no current flowing in
L;C.. But as the frequency is increased
above f the reactances of 1.C; and L.C,
become positive. If the frequency is only
shightly higher than f, this positive react-
ance is low in value and a low value of
potential is developed across Co. Current
then flows in Cy, the value of this current
depending on the potential across C,,
which in turn depends upon the positive
reactance of L;C;, and 1.C,. Since this
current through C, is the resultant of two
currents, that in circuit I and that in circuit
II, the relative phase of the currents in
circuits I and IT must have changed from
zcro to some other value less than 1800,
As a consequence there is no change in the
actual magnitude of the current ineither
circuit, and, therefore, the voltage across
either L; or C,, which is the voltage to be
amplified, is approximately equal to its
value at frequency f. As the frequency
is further increased the relative phase of
currents I; and I, continues to increase
with no change in the actual magnitude of
either I; or I,, and consequently with
no change in the voltage that is to be
amplified, until the frequency has been
raised sufficiently high above f that the
currents I; and I, are 180° out of phase.
Then, for any further increase in fre-
quency, the positive reactance of 1,C,
and 1,C, is so high that the potential
developed across them and across Co
can no longer be given as the product of
the impedance of the condenser C,
with the vectorial sum of I, and
I; unless both I, and I, are re-
duced in value. This reduction
in the value of I; and I, for
further increases in frequency is
a very rapid one.

This explanation of the phys-
ical operation of a band-pass
filter can be shown even nore
graphically by the use of an ap-
plication of the filter in mechan-
ical structures. But, as we are
concerned at this timne principally
with the band-pass filter as used
for the purpose of selecting a
given band of radio-frequency
signals, an explanation of its
operation in mechanical struc-
tures would not contribute a
great deal to the present subject.

Electrical Characlerisiics

Several important conclu-
sions become obvious when the
principle of the band-pass
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filter is understood. The first of these con-
cerns the slope of the sides of the band-
pass transmission characteristics, on which
the selectivity advantage of the band-pass
filter depends. Thke radio engineer is es-
pecially interested in the nature of the
characteristic at the lowest and the highest
frequencies of the band-pass transmission
characteristic. It has been shown that for
circuits coupled capacitatively the lowest
frequency transmitted by the filter occurs
when the reactances of each of the elements,
1,C; and L.C,, is equal to zero. In practice
I,C; and L.C; contain resistance and
therefore the current through C, at this
frequency is not quite zero, “and I, and I
as a consequence do not have quite a zero
phase relationship. At the upper frequency
of transmission they do not for the same
reason have quite a 180° phase relationship
before there is a reduction in the value of
I, and I,. We see that with increasing
resistance we have not only a reduction
in the width of the transmitted band, but
we have also a more gradual approach to
the maximum value of the currents as well
as a reduction in the actual value of I,
and I, throughout the band. The result is
reduced selectivity and reduced trans-
mission.

In Fig. 2 there is a graphical representa-
tion of the changing frequency characteris-
tic with variation in the circuit constants
of the filter. The voltage acting in circuit
I is held constant, and I; is plotted as a
function of frequency for each of several
conditions of the circuits. It becomes obvi-
ous at once that the maximum value of I,
depends only on the circuit resistances,
that the slope of the sides of the charac-
teristic at the lower and higher cut-off
frequencies depends on the resistances,
and that for a given value of C, the width
of the transmitted band depends on the
circuit resistances.

Though the entire discussion so far has
been on the capacitatively coupled filter
it is probably obvious that these state-
ments hold, qualitatively at least, for
filters with any type of coupling, the differ-
ence being usually one of sign, or degree,
or both. Before entering into a discussion
of the relative merits of the different types

U

of filters we shall need certain design
equations which can be applied to any
type of filter regardless of coupling and
regardless of the number of sections, the
discussion being confined, however, to
successively coupled circuits as dis-
tinguished from lines with lumped con-
stants. In other words, the equations that
will be given are directly applicable to
typical circuits used in broadcast receivers.
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standard equations for a chain of circuits.
These equations can be fitted to any
specific case by omitting the unnecessary
factors and substituting the proper values.
Consider the circuit of Fig. 1. The maxi-
mum values of I, and I, are given by the
equations—

Bg e (1)
u- gy

Pae. Ml B, @

2 23 (223

where I£ is the equivalent voltage acting
in circuit I due to the voltage e, m is the
complex mutual impedance which may be
capacitative, inductive, or a combination
of both, and z; and 2; are the total complex
impedances of circuit I and 11. Rationaliz-
ing z; we obtain a more convenient ex-
pression for the denominator of the equa-
tion which expresses the value of I,—

m2
7 3)

2= 2;-

and if the coupling is inductive
2= Ry 2R, )
2

+ (X~ —Zz—‘x)

The current I: is a maximum when the
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Design Equations

The design equations relating to band-
pass filters are obtained directly from

g 3
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® ©
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denominator z Z, is a minimum. To de-
termine the minimum value of z{ 2z, we
must eliminate j and differentiate with
respect to the reactances. Then—

wiM% 2 W?MAR,R,- X; X,)
+ RFR + X2RY
+ XEX7+ Ry X{ (5)

VATAS

As used in a radio receiver R; is usually
equal to Re and X is equal to X;. Then—

2%7%- wimt2w?m? (R-X%)

+ R4X'+ 2 X2R (6)
aAZZZE _ 5
= 4X%+ 4 XR
-4X w*M? )

For a maximum value of I, this quantity
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is equal to zero. Then the following for-
mulas apply—

4X% 4XR-4 X WP M%=0 (8)
X%= w? M2 -R? 9)
X= * vV W*M%-PR* (10)

and if the coupling is capacitative
T Y —_p? (11
X= *Vgicr ~R ’

The upper and lower cut-off frequencies
of the transmitted band occur when the
reactances of the circuits take on the
positive and negative values given by
these equations. Then the frequency width
of the band is given by—

= Y w2 M2-RZ for inductive (12)

2L coupling
v 1__ _p2 for capacitative
—o72cz R
f=—“¥7r—(i— coupling (13)
- ]{:Bz- RZ for any type of
= 2TL coupling where B (14

is the absolute value
of the coupling
impedance

The value of I, at the upper and lower
frequencies is—

_ B (15)
I,= 2%

These equations, together with the
design data relating to ordinary radio-
frequency circuits, are sufficient for the
design of any two-section band-pass filter.
The performance of the filter at various
values of w is expressed implicitly, and
some consideration of thesc equations is
necessary for a complete understanding
of the most suitable type of filter for a
given purpose. The principal requirement
in a radio receiver is that for variations
in w over the broadcast range there should
be as little variation in the width ofthc
transmitted band as possible. An approxi-
mation to this ideal can be obtained in
several ways, each of which will be discus-
sed with a little detail.

We. have to deal first of all with the
inductively coupled filter. The mutual
impedance is obtained by coupling two
circuits together very loosely by any one
ol three or more different methods as
shown in Fig. 3. In this type of filter the
mutual impedance varies considerably
with frequency, and as a consequence the
frequency width of the transmitted band
varies with frequency. There are, however,
conditions undcr which this variation in
band width can be considerably reduced.
Well-known methods in the design of the
r.f. coils can be used to obtain coils that
have a considerable variation in resistanee
with variation in frequency. Such coils will
have a rather high rcsistance at low frc-
quencies as well, and the transmission
characteristic of the filter will not, in
general, be very good at any frequency.
But if a number of sections of band-pass
filtcr are used, and if the function of signal
selcction is performed hy this filter alonc
without the aid of ordinary tuned resonant
circuits the overall characteristic may be
very good with rcspect to both selectivity
and constancy of width of the band-pass
characteristic.

Similar results can hc obtained using a
single-section, capacity-coupled, band-pass
filter in conjunction with several stages
of tuned-radio-frequency amplification.
The width of the transmitted band of a
capacity-coupled filtcr decreases with in-
creasing frequency. The selectivity of
ordinary tuncd circuits, on the other hand,
decreases with incrcasing frequency. As a
result, the combination of thesc circuits
may have a very good frequency charac-
teristic, and the selectivity may not vary
appreciably over the broadcast range.

A third typc of two-section, band-pass
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filter has a eoupling between sections that
is a combination of capacitative and in-
ductive elements. It has a very useful
application for certain kinds of work but
is not suitable for multi-frequency pur-
poses as in a radio receiver. This 1s true
because the variation of reactance with
frequency of any combination of induc-
tances and capacities is greater than that
of either inductive or capacitative cou-
pling. Of the two latter types of coupling
the arithinetic variation of reactance with
frequency of the capacitative type of
coupling is less than that of inductive
coupling. (See Rapio Broapcasr, page
171, July, 1929.)

Another Type

We will now leave the two-section filter
and consider several types of circuits that
are capable of performing the entire fune-
tion of signal selection. Such a circuit
would constitute one unit of a receiver,
distinct in every particular from the ampli-
fication unit which would follow it. The
most obvious method, and the one we will
consider first, of attaining this result is to
couple together several such filters as al-
ready discussed by means of a coupling
unit in which the value of coupling is de-
ficient. Several such cireuits are shown in
Fig. 4. If the coupling between alternate
sections is deficient, thc overall charac-
teristic will be similar to that of a two-
section filter of the same type as the com-
ponent members and superior to the
characteristic of one such member in the
same way that two or more resonant cir-
cuits are superior to one. Four resonant
circuits grouped together in this way will
provide a filtering system that will meet
the sclectivity requirements of all but
the most exacting conditions. The charac-
teristic of such a filter will consist of two
frequencies of maximum transmission
with a frequency region of slightly reduced
transmission between them, and external
to this region and sharply divided from it
are two regions of practically zero trans-
mission. Uniformity or lack of uniformity
in performance over the broadcast range
will depend upon the sane factors as those
which influence the separate units as al-
ready discussed under the heading of two-
scction filters.

A very interesting type of structure is
shown in Fig. 4&. Filter circuits of differ-
ent characteristics are coupled to each
other deficiently. In this filter the capaci-
tatively coupled section would probably
be adjusted to havc the same width of
transmitted band at 200 meters that the
inductively coupled section has at 515
meters. The characteristic of the entire
circuit at one end of the broadcast range
would then be almost identical with its
characteristic at the other end. The selec-
tivity of this circuit is not exceptionally
good but there is a close approximation to
uniformity over the entire broadcast rangc.
Such circuits present many interesting
possibilities, and many such combinations
have been found to be more successful in
practice than would be anticipated from
theoretical considerations alone. Results
closcly approaching a good band-pass
transmission characteristic that is main-
tained over the entire broadcast band have
becen obtained with circuit arrangements
similar to those shown in Fig. 4.

Conclusions

It is not absolutely essential that the
coupling between groups of circuits be
deficient. If this coupling is not deficient,
howcever, the band-pass characteristic will
hc altered in a inanner difficult to cstimate
or 1o express in equations. Under circum-
stances of suflieient coupling between all
circuits more than two frcquencics of
maxiinum transmission will exist. The
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characteristic may, however, be well
suited to radio broadcast reception pur-
poses, the principal consideration when
more than two peaks exist being that the
maximum width of the transmitted band
be less than the 10,000 cycle limit generally
accepted as the frequency width of the
channel. If, on the other hand, the cou-
pling between any two of the entire group
of circuits is far below that of sufficient
coupling the transmission loss will be high
and the amplification required following
the signal selector will be greater than
otherwise necessary.

Circuits that give more than two fre-
quencies of maximum transmission give
results superior to those obtained with cir-
euits similar to the ones already discussed
in that the curve is more nearly flat be-
tween the lowest and the highest transmit-
ted frequency. Characteristies of this
nature are obtained if three or more con-
secutive tuned circuits are coupled to one
another with approximately equal values
of coupling. Such circuits have not be-
eome very important in receiver design.
but for the sake of completeness they
should be mentioned. The design charac-
teristics might be determined in the same
manner as used in determining the design
equations for two-section filters, using cor-
responding equations for the currents
in the individual circuits, as for example—

E
Il=__—z_ 2 (16)
Z—

where there are as many (z)s appearing
in the chain of the denominator as there
are circuits in the chain of the filter. These
equations for a three-section filter are—

- E _ E

L —%m = - a7

z =%

L

I 1 E

e Bl = s 1)
L= mly m2E (19)

= "7 T zz2"

when the individual circuits are identical

and equal coupling is used between cir-

cuits.

Rationalizing the expressions for z’ and
we have—

z= R+jX (20)

ZII

2 M2
2= R+ 22 thl R

] (x—%ﬂ‘—z-x) @1
= R+jX' (22)
Z"= R+ u)ZMZ R'
z"
252
+j(x- £H=-x1 (23)
4
=R" +ijX” (24)

Of the various band-pass filters con-
sidered, the double two-section type has
been found most satisfactory. If designed
aceording to the principles discussed
above, filters of this type can be made to
provide all the signal selcction required in
a radio receiver, and these properties
can be made practically uniforin over the
entire broadcast range. Uniforin signal
selection is a property that is very im-
perfeetly realized at best, and tuned cir-
cuits are subject to the same eriticism
in this regard as band-pass filters. Band-.
pass filters have the great advantage
that they are subject to manipulation.
as has been shown, and compromise
characteristics can be obtained under cer-
tain conditions without any sacrifice in
actual scleetivity, and without a very large
loss in transinission properties.
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TUBES 1N modern radio receivers serve three
functions, they amplify, they detect, and
they rectify. Although many sets have six or
seven tubes only one of them detects and one,
or at most two, rectify. All the rest amplify.

The question that interests the person who
wants to know more about tubes is, how does
the tube amplify, and how much?

To understand how the process goes oun,
consider Fig. 1 which represents the plate cur-
rent in milliamperes at any value of grid voltage.
Thus, at 3.0 volts on the grid, the plate current
is 3.0 milliamperes. If this voltage changes, the
current changes. If the voltage is made to
change at some regular rate, at 60 cycles, for
example, the plate current will go up and down
from some average value in unison with this
changing grid voltage. This changing plate
current must flow through the internal resist-
ance of the tube and with any external rcsist-
ance (called the load) connectcd in the plate
circuit. This changing current in flowing through
these resistances causes a voltage drop to ap-
pear along the resistances.

For example, a change of one volt, plus and
minus from the average valuc of the grid bias,
may cause a change of one milliampere plus
and minus in plate current. If the internal
(plate) resistance of the tube is 12,000 ohms,
one milliampere flowing through it causes a
potential drop of 12 volts. But note that only
one volt on tge input of the tube results in 12
volts appearing in the plate circuit. The tube
has amplified a voltage.

In the above case there is a total of 12 volts
available. If a load resistance is in series with
the tube, the changing plate current must flow
through it too, and thus a voltage will appear
across this external load resistance. This voltage
may be utilized. That lost within the tube itself
cannot be usefully employed. But 12 volts is
the total available. ITow much can be made to
appear across the load?

f two equal resistors are in series and 12
volls appear across them, 6 volts will be across
one resistor and 6 across the other. If, how-
ever, one resistor is much greater than the
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other, say 5 times as great, a much greater pro-
portion of the total voltage will appear across it.
Its share will be correspondmgly greater. If,
then, a 12,000-ohm tuhe (201-A) has in series
with its plate circuit a 36,000-ohm resistor and
12 volts are available, 9 volts will appcar across
the resistor and 3 volts will be lost in the tube.

The actual relation between useful voltage
and the two resistances is shown in equation (1)
in which Rp is the tuhe resistance and R, is
the output resistance.

Total voltage X ———— °+R 1)

Now the fact that more voltage (a.c.) appears
in the output of the tube than is put into its
input is expressed in one of the so-called defining
constant of the tube, the amplification factor
or mu (). Thus if the mu of the tube is 8, there
will be a total a.c. plate voltage of 8 wheu 1.0
volt (a.c.) is put on its grid. The voltage am-
plification, G, that results from using a tube
and load resistance is given by

- RO 2]
G = “"X_R_'+ Rp @
and the total available a.c. voltage is equal to

Useful voltage =

E-Eg because an input voltage Eg is multiplied -

Yy i and reappears in the plate circuit as {AEg.

If the second part of Equation (2), ——2——is
2 = @ Ry

very large (i.e. approaches unity) the value of
G will be very nearly equal to the mu of the
tube.

When there is a voltage of Eg in the plate
circmt the curreut (a.c.) that will flow is equal
to—
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plate current (a.c.) = ¢ Eg/Rp (6)]

oritisequal to Eg X Gm in which Gm is the sym-
bol for mutual conductance, another of the
factors which describes a tube to an engineer.

Thus if one volt (a.c.) is put on the grid of a
tube whose mu is 8 and whose plate resistance
is 8000 ohms, an a.c. plate current of one mil-
liampere will flow. Thus Ip = (Eg X &) /Rpor
(1 X 8) /8000 = 0.008 amperes or 8 milliamperes.

This does not mean that if there is some external
load resistance there will be 8 milliamperes
flowing for such is not the casc. The current will
fall off according to Ohm'’s law and the mutual
conductance of the circuit decreases as the load
resistance increases. If, in the above case, an
8000-ohm load is in series with the tuhe, the

late current (a.c.) will be only 4 mllhamperes
ause the total resistance, through which w.Eg
must force current, has heen doubled. Thus an
input of 1 volt (a. c) will cause an a.c. current
of only 4 mA. and the Gm of the entire circuit
will be half that of thc tuhe alone.

We now know all the major factors of the
tube and their relation to the input and output
voltages, and the a.c. plate current. They may
be summarized as in Table 1.

A. C. plate current

The fact that there may be an a.c. current
in the plate circuit as well as a current which
affects a d.c. meter mystifies many readers of
radio articles. Is it possible for a d.c. current
and an a.c. current to flow through the same
circuit? Yes it is. Look at Fig. 2 which is the
familiar output coupling system of a power
tube. A. C. currents are prevented from going
through the choke L by its high impedance to
these currents; d.c. currents are prevented from
going through the loud speaker by the conden-
Sﬁll‘)C‘ but both currents must flow through the
tube

There are two ways of looking at this alter-
nating plate current business. One is to say
that when an a.c. grid voltage is put on the tube,
an a.c. plate current flows in addition to the
direct current (Fig. 3A). Another way is to
state that when an a.c. grid voltage is applied,
it adds to or subtracts from the steady or d.c.
voltage already there due to the C bias. When
this steady bias is decreased because the a.c.
voltage is positive, the plate current increases;
when the steady bias is increased because the
a.c. input is negative and adds to the C bias,
the plate current decreases. Thus the no-sngnal
value of the plate current goes up and down in
unison with the changes occurring in the grid
voltage (Flg 3B). A plate current meter is too
sluggish in its motions to follow these variations,
and so indicates the average value.

So long as the plate current increases and

Table 1

Total a.c. plate voltage ..............

Useful a.c. plate voltage (LEg X Ro/(Ro + Rp)
Voltage (a.c.) lost on tube w-Eg X Rp/ (R, + Rp)
Voltage amplification in tuhe circuit

& X Ro/(R, + Rp)
Alternating plate current
wEg /(Ro+RP) = Eg X Gm
Mutual conductance Gm (R, = R)

a. c¢. plale current
a.c. grid vollage
Mutual conductance (R, = 0) ...... W/Rp

February, 1930

deccreascs equal amounts from the steady no-
signal value, there will be no change in the
value of current indicated by the d.c. meter.
If, however, the current on the positive half
cycle increases more than it decreases when the
grid is less positive, the average current will
change and the plate current meter will show
an increase in plate current. Such a change is an
indication that the plate current (a.c.) is not
an exact replica of the a.c. input voltage. In
other words, distortiou is taking place.

Screen-Grid Tube

Suppose a tube has such a high plate resist-
ance that whatever you put in series with it
makes little differeucc to the plate current (a.c.),
For example, a 227 with 10,000 ohms would
have almost the same altcrnatmg plate current
if 1000 ohms wcre added to the plate circuit.
But if you were to add another 10,000 ohms, or
even more, the alternating plate current would
decrease. In other words, the mutual conduct-
ance of the circuit, i.e., the relation between
alternating current output and input alternat-
ing voltage, decreases.

The plate resistance of the screen-grid tuhe
(uy224) is about 400,000 ohms. Its mutual
conductance is about one 1000 micromhos.
Now if you put 50,000 ohms in series with the
tube the a.c. plate current will only decrease
by about ten per cent, and the mutual conduct-
ance will decrease the same extent.

We can say, then, that with a high-resistance
tube, the mutual conductance of the circuit is
about the same as for thc tube with no-load
resistance, that the .alternating plate current
in the entire circuit is equal to the alternating
grid voltage multiplied by the mutual conduct-
ance, and that the voltage amplification fromn
such a tube is equal to the product of the mutual
conductance and the load resistance. Thus—

A.C. current (with or without load) =Eg X Gm

Voltage amplification =Gu X Ro
||€
- 1l
AC
L
A-C- D-C
LS
?‘C
< A-C
Fig. 2

It is interesting to note that the maximum
amplification that can bc secured from a three-
element tube working iuto a resistance is the
mu of the tube, but that the maximum ampli-
fication attainable from a screen-grid tube de-
pends not so much upon its amplification factor
but upon the mutual conductance. This is
because the load resistance tliat can be built
up for the tube to work into is limited—we
cannot get resistances beyond perhaps 200, 000
ohms in an r.f. circuit at broadcast frequencies,
or much less than this figure at higher fre-
quencies.

Problems

1. A 227-type tube(Rp = 10,000 ohms, (£ =9)
is worked into a load of 30,000 ohms. What is
the voltage amplification?

2. Itis desired to use 90 per cent. of the possi-
hle ampllﬁcatlon from a 240-type tube. Its . =
30, Rp = 150,000 ohms. Wbat load resistance
is required?

3. The plate resistance of a tube is 2000 ochms;
its amplification factor is 3. If 10 volts were
put on its grid what would be the a.c. plate
current? What would be the a.c..current through
a load of 4000 ohms?

4. A 250-type tube with 450 volts on the
plate requires a_C bias of 84 volts. If a peak
m ut voltage of 75 could be put on the tube,

at would be the actual grid voltage range?
The amplification factor of the tube is 3.8;
its Rpis 1800 ohms. If it were worked in to 3600
ohms, what would be the a.c. current through
the load and the a.c. voltage across it under
the above conditions?

Note. Answers to these problems will be found on page 239.
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SIMPLE L x C MEASUREMENTS

IIOME Stupy SHEET” No. 20 in April, 1929,
Rapio Bnoapcast gave directions for
winding an inductance which could be used as
a standard in the serviceman's or tbhe experi-
menter’s laboratory. In *“llome Study Sheet”
No. 21 (May issue) is a description of a bridge
for use in comparing unknown inductances to
this laboratory standard, or in measuring un-
known capacities in terms of a standard made
according to “IHome Study Sheet’’ No. 24;
the following Sheet, No. 25, deseribed a buzzer
whicb may be used to good advantage in the
laboratory.

It is a simple matter to measure unknown
inductances or capacities if a standard and a
grid-dip meter oscillator is available, but fre-
quently such an oscillator is not bandy. If the
lahoratory has a high-pitched buzzer and the
above mentioned standards, an unknown capac-
ity or inductance can be measured by a very
simple experiment. In addition to the above
apparatus, it requires only a crystal detector
and a pair of beadphones. As a matter of fact
tbe method described in the following para-
graphs is often of greater convenience than the
bridge since it takes up less room, requircs less
apparatus, and measnres the coil under operat-
ing conditions.

The Crystal Delector
There is probably nothing about the lahora-

tory that can be more anuoying or more satis-
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Fig. 3

factory than a crystal detector. When the
latter condition is the case, it provides, in
connection with a telepbone receiver, a means
of detecting radio currents that are almost in-
finitesimal. Almost invariably when trouble is
experienced in using a contact detector, it is
due to tbe use of iuferior crystals. If about an
ounce of fairly fine grained steel galena of good
quality can he procured, no further trouble will
be encountered. Many crystals, more often
the smootb surfaced cubes are practically
worthless, but with galena of the proper sort,
it is more difficult to find an insensitive point
than one that is sensitive. In tbis so-called
steel galcna the rough surface is simply due to
the thousands of minute crystals that form its
structure, and when it is used, the cat whisker
is not displaced easily.

As the crystal detector in laboratory work is
frequently connected to the circnit with only
one wire. it is very couvenient to provide a
small inclosed detector that may be snapped
onto the binding post of a condenser or some
other piece of apparatus. Fig. 1 will prove sug-
gestive. The shell is a piece of tubing cut {rom a
small fountain pen or rubber pen-bolder. On
one end a heavy brass cap is forced on, and is
threaded for a set screw to hold the crystal.
Soldered to this cap is a spring clip, which holds
the detector in place and inakes the one-way
connection. On tbe othcr cnd is anotber cap,
beld by friction, but not so tightly that it
cannot be removed with the fingers. Through
the center of this ruus a small brass rod, tipped
with a springy cat whisker of fine hronze wire,
about number 30. The rod is surrounded by a
compression spring, which, with the flangc
outside the brass cap, operates to hold the rod
in position, but by pulling on the rod and turn-
ing it a little, a new spot on the crystal may bc
found quickly. This fact is not very apparent
from the illustration, but it is so in actual use,
as the cat whisker is ncver exaclly central, and
numerons points arc accordingly found. To
hold the tips of thc recciver cord, spring clips
should be provided and soldercd to the two
brass caps.

Such a detector, lieing sinall and condcnsed,
adds but httlc: capacity to disturb the circuit.
1t is dust proof, and, with good galcna, it may
be removed and replaccd rcpcatedly without
losing thc sensitive point. Incloscd detectors
may now bc purchascd, but usually they are
so large as to be inconvenicnt.

Sometimes it is desirahle to avoid an outside
connection with a circuit involved in some

quantitative determination, and, in such a
case, the detector must be provided with a
little pick-up coil of its own, so that the neccs-
sary current iay be secured through induction.
Fig. 2 shows a convenicnt way of arranging
this. A small spiderwcb or diamond-weave
coil is attacbed to a hase block in any conve-
nient manner that will permit of it heing re-
placed by another coil ilpd%ired. This will be
necessary only in dealing with very short
waves, when the natural wavelength of an
ordinary coil might he identical or very close,
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and thus draw so much current as to disturb
seriously the circuit under consideration. In
any event it is not advisable to use more turns
than are necessary—sometimes three or four
are sufficient.

The crystal is snugly packed with tinfoil
into the bottom of a brass tnbe or cartridge
shell that has been well polished inside and
out. This is held in sition by inserting it
into a suitahle hole drilled into the base block
about a quarter of an inch, and connection
is made to it by bending into the hole the end
of thc spring clip which holds the tip of the
receiver cord. The cat whisker is in the form
of a spring, and comes up through a smaller
hole in the base block. To obtain a new contact
point on the crystal, it is only necessary to
withdraw the cartridge shell partly, turn it a
little, and pusb it down again. Such a detector
is dust proof, and will give practically no trouble
when good steel galena is used.

The tips of tbe receiver cord are beld by slip-
ﬁing them under two strips of spring brass or

ronze. The one referred to above makes con-
nection with the crystal holder, and the other
is placed crosswise on tbe base block and is con-
nected directly to the coil, the otber terminal of
which goes to the cat whisker. By cutting a
half-round groove in tbe base block under each
spriug_clip, tbe cord tips will be held securely
in position.

n using such a detector, a single recciver is
sufficient and much more convenient than a
pair with a head-band. The comhination con-
stitntes a sort of elcctrical divining rod, re-
sponsive to all wavelengths.

Measuring L or C

As sbown in Fig. 3, a bigh-pitched buzzer
and one or two dry-cell batteries are used to
gcenerate radio currents in the oscillatory cir-
cuit LC. It is not necessary that the values of
this inductance and capacity be known, and if
an extra variable condenser is not available,
C) may be a fixed condenscr. L is the inductance
standard, and C is a calibrated variable con-
denscr to the shielded side of which is connected
a crystal detector and telephone receiver.

If the buzzer is now started, and the capacity
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of C is varied, a point on the dial will be found
where the buzzer note is clearly at a maximum.
As the coils are scparated, this point will ‘be-
come sharper. Therefore, the coils sbould be
separated as far as will permit of a definite
dctermmination—say to a distance cqual to
about twice the diameter of the coils being used.

Ilaving noted the point on the dial where
resonance occurs, replace the known inductance
with the unknown coil and retiune, carefully
noting the second point. Then the inductance
of the unknown coil will be found from Lx =

Ls X C—: .That s, to obtain the unknown induc-

tance, multiply the inductance of the standard.
Ls, by the capacity at whicb it was found
resonant, Cs, and divide by the corresponding
capacity, Cx, for tbe unknown coil. If this
seems a little complicated, just remember that
the same wavelength was used iu botb cases, in
consequence of whicb L X C is the same in both
cases. Therefore, if one coil requires balf as
much capacity as the other, its inductance must
be twice as great.

In making such a determination, it is desira-
ble that the inductance and capacity used in
the generating circuit (L1 C1) be chosen so as
to yield fairly higb readings on the calibrated
condenser, as the errors in reading small values
are prog])ortionau:ly larger.

Simple though thc foregoing procedure may
seem, it is very significant, and illustrates the
fundamental fact that for any given wavelength
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there is only one value for the product of the
inductance and capacity that will result in a
maximum current.

If the laboratory worker has ealculated, as he
eventually should, the inductance of more than
one coil, and has used the bridge to transfer
his capacity values to another condenser, he
may then use known values in the generatin
circuit. As a result he will bave an additiona
check on his work.

Sometimes it is convenient to provide a coil
with a fixed condenser, and then carefully
determine tbe value of L X C and the cor-
responding wavelengtb, so tbat wben they are
used in a generating circuit, it will only be
necessary to divide by the value of the cali-
brated condenser, at tbe point at whicb reso-
nance occurs, in order to obtain the inductance
of an unknown coil. Thus, if a coil has an in-
ductance of 200 microhenries and tbe fixed
condenser a capacity of 0.0005 microfarads,
L X C would be 0.1 and the corresponding
wavelength a little under 600 meters. Such a
combination would not only serve the above
purpose, but would immediately show whether a
given coil and condenser would cover the upper
limit of the broadcasting range.

The foregoing is all strictly true if the capaci-
ties C and él are the total capacities across each
coil, but we have purposely omitted to state
that these capacities are not entirely within
the respective condensers, but are, to a slight
extent, found in the coils themsclves, and are
termed distribuled capacily. 1f, however, the
fixed or tunable capacities across tbe coils are
fairly large (100 mmfd.) we can neglect the
distributed capuacity except in experiments
wbere great accuracy is required.

The distributed capacity of a coil arises from
the fact that each turn js composed of a me-
tallic conductor separated from its neighbor-
ing turns by a non-conductor. This forms thc
essential elements of a condenser. All of these
elcmental capacities are in series so that a long
lean coil has a lower distributed capacity thau
a short fat one.

Coils for use in the hroadcast frequency band
have capacities of less than 10 micro-microfarads.

It has been found by experiment that coils
whose length is twice the diameter have a dis-
trihuted capacity of 0.64 R where R is the radius
of the coil in centimeters. If the length is half
of the diameter the distributed capacity will be
about 0.6 R. L.

Other experiments indicate that the distrib-
uted capacity of good coils is always less than
the radius of the coil in centimeters.
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An Instrument for Diagnosing Trouble in Radio Sels

THE SUPREME DIAGNOMETER

radio may be appreciated by the

ear, but there are times when a radio
suffers from certain ailments which the ear
can diagnose only by stating that the radio
sounds terrible, or does not sound at all.
In such instances diagnosis of
the difficulty must depend up-

Tm: QUALITATIVE performance of a

By FLOYD FAUSETT

Supreme Instrument Company

(3) modulated oscillator, and (1) continuity
indicator. All of these four essential
measurements are performed without the
necessity of batteries by utilizing a built-in
transformer designed for operation with a
110-volt a.c. supply through a protective

of making comparative tests of tubes, and
is preferable to testing tubes with power
supplied by an operative radio. In fact,
the serviceman quite frequently finds that
a radio is inoperative so that no radio
power is available for tube testing. Not
being able to ascertain the
conditions of the tube equip-

on mecters which can be read
by the eye. The Supreme
Diagnometer (*‘diagnosis by
meter’’) has been designed
for this purpose. It is a con-
solidation into a single unit
of many different instrumen s
each performing a distinct and
useful function.

In addition to plate voltage
and current readings which
are obtainable with any set-
tester, the Supreme instru-
ment is equipped with an
oscillator, a thermocouple
meter, and other equipment
so that the widest possible
range of measurement is pos-
sible. There are more than
forty different circuits in the
Diagnometer with ready ac-

ment in such a case, the
customer cannot be given
a fair estimate of the total
cost of putting the radio
equipment in a satisfactory
operating condition. Even
where operative radios are
available, the tube socket
potentials differ between
different sockets, and are
affected by the differences of
load conditions imposed by
the transposition of tubes of
more or less non-uniform
characteristics among the
different sockets of the re-
ceiver, one tube with poor
characteristics being sufficient.
to make a material difference
in the load carried by all other
tubes. While the power plant

cess to them all. The optional
Weston or Jewell meter equip-
ment of the Diagnometer
consists of three instruments:
(1) a d.c. voltmeter of the ‘““1000-ohms-
per-volt” type, having 750/250/100/10/0
voltage scales and an a.c. thermocouple
range of 250 milliamperes; (2) a d.c.
ammeter-milliammeter of 2}/0 ampere
and 125/25/0 milliampere scales; and (3)
ana.c. voltmeter of 750/150/16/4/0 scales.
Nine scales of these meters are brought
into the desired circuits by a special
plunger selector “ wiping-contact” switch-
ing system, and all of the eleven scales are
available at external pin jacks for test
uses.

The Diagnometer performs the func-
tions of five separate units; namely, (1)
tube-socket analyzer, (2) tube-tester,

The Diagnomelter and ils accessories.

lamp and radio-frequency by-pass filter,
and delivering secondary potentials of
1.5, 2.5, 3.3., 5.0, 7.0, 7.5, 10.3, and 15.0
volts. The protective lamp affords protec-
tion to the meters and circuits and offers
visual indication of tubes having shorted
elements. The a.c. line vo'tage may be ob-
served during tests utilizing the power
plant where the a.c. voltmeter is not other-
wise employed.

The Power Plant

The power plant embodicd in the Diag-
nometer provides circuits of definite
characteristics, affording a reliable means

feature is unquestionably ad-
vantageous, the Diagnomcter
oscillator circuits may be sup-
plied with the conventional
battery power for tube testing where desir-
ablc, as 1n the rare situations where a 110-
volt, 60-cycle a.c. supply is not available.

The tube socket analyzer utilizes a plug
which affords analysis from the sockets of
all radios, including screen-grid and ““top-
heater’” types, all connections bcing
brought into the Diagnometer through a
single 6-wire cable, the design affording
screen-grid analysis without causing these
tubes to oscillate while the tubcs and cir-
cuits are under test. Screen-grid, control-
grid, positive and negative cathode, a.c.
or d.c. filament, and plate potentials may
be read by manipulation olpoorresponding
switches while the plate current is simul-

For use in the shop the Diagnometer may be
mounted on a test panel.
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In general service work the Diagnometer is carried
in a compact leather case of the type shown above.
The case also provides space for accessories and tubes.
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taneously indicated on the milliammeter.
The single analyzer adapter required for
UY sockets is provided with a snap catch to
prevent the separation of the adapter from
the plug in radio sockets.

The Diagnometer analyzer arrange-
ment is useful in the preliminary analysis
of radio faults, its usefulness extending to
power-pack analysis through the rectifier
tube socket for isolating power-supply
troubles where plate voltages are not de-
livered to the radio tube sockets. Where a
rectifier tube is good, shorted filter con-
densers or shorted voltage

N

equipped with tubes of matched oscilla-
tion test readings, the sensitivity being ob-
served by ear and also by utilizing the
meter output measurements with the
thermocouple method and with the a.c.
voltmeter method. During the sensitivity
observations, the same tube was used as
the oscillator in the Diagnometer. The
sensitivity of the radio was greater when
matched tubes were used, irrespective of
whether or not the tubes used were
matched from tubes chosen at tcst ratings
above or bclow the average.

in competition with other receivers in the
prospective customer’s home. Under these
conditions it is very important that a radio
be operating at its maximum efficiency
before being installed. In practice, a radio
is “tuned up” with well-chosen, tested,
and matched tubes. Neutrodyne sets are
always re-neutralized with the tubes which
are to constitule the radio-frequency
and delector tube equipment of the re-
ceiver. For this purpose the special
neutralizing adapter, marketed as an ac-
cessory to the Diagnometer for either

four or five-prong tubes and

dividers are indicated by full
or ' excessive rectifier plate
current readings, while open
filter chokes and open plate-
supply secondary circuits are
indicated by low or no recti-
fier plate currenl readings.
The 750-volt a.c. voltineter
scale is very useful for locat-
ing open and shorted rectifier
plate transformer secondary
windings.

The Circuil

The schematic diagram of
the Diagnometer’s modulated
radiator and self-rectifying

sockets, is used in leu of
q “dummy’’ neutralizing tubes.
. This adapter provides a
means for neutralizing a radio-
frequency stage to the tube
which remains in that stage
for the operation of the radio,
thereby removing! the possi-
bility of inefficient neutraliza-
tion through the use of a
“dummy” tube, the inter-
electrode arrangement and
capacities of which may not
maich those of the tube which
will normally operate in the
neutralized stage.

Checking Condensers

tube-testing circuits shown in
Fig. 1 shows the simplicity
of its various functions. The
closely-coupled plug-in radia-
tor coil is shown separated from the power
circuit. The grid circuit is tuned with a
fixed 0.0005-mfd. condenser and may be
shunted by dcpressing the “stop-
oscillation” switch shown. A biasing toggle
switch is shown for shifting the grid return
from either side of the power transformer
secondary to the othcr side for changing
the grid potential as a mutual conductance
test for tubes. A by-pass condenser is con-
nected across the line supply to kecp the
radio-frequency currents from the a.c.
line. Fixed tuning of the oscillator circuits,
with close coupling to afford several har-
monics over the broadcast band, is utilized
to maintain constant circuit values for
matching and classification of tubes with
the oscillation test.

The mutual conductance test with the
Diagnometer is accomplished by keeping
the ‘“‘stop-oscillation” button depressed
while changing the grid potential of the
tube under test by means of the *zero-
bias” switch, and observing the amount of
change in plate current as read on the
milliammeter. A tube which is within 25 per-
cent. of the average mutual conductance
index for the type of tube under test is a
good tube and should not be discarded.

In an eflort to dctermine the effect of
tube variations upon receiver performance
the following test was mmade. A large quan-
tity of new 226-type tubes were tested
undcr identical conditions with *‘bias”
oscillation plate current readings varying
between 12 and 30, and averaging 18 mil-
liamperes. These tubes showed little
difference in mutual conductance and
seemed to be equally sensitive by audible
tests in a.f. amplifiers, and were all classi-
fied as good tubes. However, as each tubc
attained its maxiinum rcading under the
oscillation test, the signal produced by the
oscillating tube was tuned to maximuin
audibility on an accuratcly calibrated
recciver, and the fundamcental radio fre-
quency was determnined. A variation of 60
kilocycles was noted hetween the extremes
mentioned, the signals from the tubes
showing identical oscillation test rcadings
tuning at practically the same reading on
the radio receiver. A receiver of the *“ band-
pass” type was then cquipped with tubes
picked at random, and 1ts sensitivity com-
parcd to the scnsitivity of thc same sct
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Rear view of Diagnometer showing external pen

Malching Tubes

These studies in tube variations led the
wriler to the conclusion that the careful
malching and allocation of tubes is ad-
vantageous where it is desired to insure
maximuin radio performance, and this
procedure has been followed in practice
to the extent of using tubes of identical
oscillation test ratings in the tuned stages
of areceiver and utilizing the tubes of 1nore
radical oscillation ratings having good
non-oscillation plate current ratings in a.f.
stages. However, matched tubes are used
in push-pull stages so as to eliminate or
minimize hum and distortion, and full-
wave rectifier tubes are chosen which have
identical plate current readings for the
two plates. Comparison of the plate cur-
rent readings of both plates of full-wave
rectifier tubes is interesting and often
important in hum minimizing.

These service observations have been
conducted in a territory in which prac-
tically every radio is sold by demonstration
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After neutralizing, the tun-

Jacks. ing condenser ad justments

are checked by means of one
of the output meter synchronizing
methods, such as the a.c. voltineter

method which is recommended in the
service literature of some of the leading
radio manufacturers. It is an excellent
method, the a.c. voltmeter being rugged
and the current required for a full low-
scale deflection (about 100 milliamperes)
being safely beyond the full-load output of
any commercial power tube. With the
model 400-B, the output of the moving-coil
speaker terminals of the receiver may be
connected directly into either of the low-
scale movements of the a.c. voltmeter of
the Diagnometer, or the output may be
coupled to the meter through the primary
and third windings of a special built-in
a.f. transformer.

The thermocouple output meter syn-
chronizing method available in late models
offers the advantage of enabling the opera-
tor to control the range of deflection on the
meter during the procedure by means of
the 30-ohm rheostat. For neutralizing and
synchronizing, harmonics of the modulated
oscillator are chosen within the frequency
limits recommended by the manufacturer
of the receiver under test.

The continuity testing methods avail-
able with the Diagnometer are very useful.
The thermocouple method is especially
valuable for a comparative indication of re-
sistor values from 0.1 ohm to 20 ohms, en-
abling one to check accurately the center
tapping of transformer secondaries and
filament resistors, to locale short cir-
cuited variable or fixed condensers without
removing them froin their position across
radio-frequency transformmers, lo locate
poorly soldered joints, etc. The a.c.
voltmetcr, in series with one of the power
transformer secondary windings, is useful
for continuity testing and comparative
measurements of non-reactive resistors
ranging between 10 ohins and 100 ohins.
The d.c. milliamimeter in series with the
plate supply of a rectifier tube is used for
conlinuity and comparative resistance
measurements in uon-reactive circuits of
from 150 ohins to 30,000 ohins. Resistances
up lo several megohims can be calculated
from readings obtained with the d.c. volt-
mcler in series with one or more I3 batteries.
This hook-up is also useful in detecting

(Conlinued on page 245)



Harmonic Analysis and Power Oulput

PUSH-PULL A.F. AMPLIFIERS

By J. M. STINCHFIELD

E. T. Cunn‘ngham, Inc.

HE ALMOST uDi-

versal adoption of

the push-pull out-
put stage for loud speaker
operation indicates that
it must possess advan-
tages from the view-
points of economy of de-
sign and performance.
These advantages prob-
ably outweigh any con-
sideration of the amount
by which the maximum
undistorted power out-
put may be increased
beyond twice that ob-
tainable from a single
tube. It is, however, in-
teresting to seehowmuch
power output can be
obtained from the push-
pull stage and what dis-
tortion will result. Re-
production of voice and
music having not over 5
per cent. harmonics add-
ed to the original is gen-
erally admitted to be dis-
tortionless high-quality
reproduction. Asamatter
of fact, by comparing the
original sound by means of a quick change-
over switch with the reproduced sound
containing 10 per cent. of harmonics, it
was difficult in the experiments described
to hear any audible difference in quality.
It was also difficult to determine whether
second harmonics are more or less objec-
tionable than third harmonics.

Measurements of the undistorted power
output are usually determined for 5 per
cent. of harmonics and no grid current
flow. Until the signal voltage is large
enough to start a flow of grid current,
practically the entire harmonic output of a
single three-electrode tube is second har-
monic. When two tubes are connected in
a push-pull circuit the second harmonics
and all even harmonics introduced by the
tubes should largely balance out in the
output circuit leaving only harmonics
which are odd multiples of the signal fre-
quency.

When a sine wave of signal voltage is
applied to the grid circuit of a single tube
and gradually increased in value, the wave-
form of the current in the load appears to
be a sine wave initially, and then gradu-

The author at work in his laboratory.

ally flattens on one side and continues to
rise on the other side. This eflect is most
noticeab’e when the load resistance is
about equal to, or less than, the tube re-
sistance. Fig. 1 shows such a wave-form.
It is equal to the sum of a sine wave and

...... WAVE FORM OF
PLATE CURRENT IN
SINGLE OVERLOADED

TUBE.

\& "SINE WAVE
\

Fig. 1

a second harmonic. The dotted curve in
Fig. 1 is the sine wave. If a sine wave of
signal voltage is applied to the grid circuit
of Fig. 6 the wave-form of the output

current appears to be a
sine wave until the signal
is quite large. The load
resistance had very little
effect on the wave form.

To determine how the
distortion increases with
increasing signal voltage,
two |cx-112A tubes were
connected in a push-pull
circuit as shown in Fig. 6.
The signal voltage was
taken from the 60-cycle
supplyand was connected
through a low-pass filter
to eliminate harmonics,
so that a 60-cycle sine
wave of voltage was ap-
plied to the grids. The
wave form of the output
alternating current
through the load resist-
ance, Rp, was observed
on a G.E. oscillograph.
The meters for reading
the effective d.c. grid
voltage, E, and d.c. plate
voltage, Ky, each con-
sisted of a million-ohm
wire-wound resistor and
a microammeter so that
they could remain permanently connected.
Some of the oscillograms were analyzed by
measuring the ordinates at 12 equally
spaced points per cycle and computing the
coeflicients for a Fouriers series.

The inductance across the output (plate
to plate) was about 180 henries. The
exact value depended, of course, upon the
a.c. and d.c. values through the chokes.
The impedance measured 98,000 ohms
when 100 volts at 60 cycles and no d.c. were
applied and 123,000 ohms when 200 volts
at 60 cycles and no d.c. were applied across
the inductance. The tubes for these tests
were similar in a.c. characteristics. A pre-
liminary check showed that the plate
currents and grid currents were nearly
the same for each tube. On other tests we
found that tubes with matched plate
current and a.c. characteristics showed
nearly the same percentage of distortion as
with two tubes with plate current and a.c.
characteristics as much different as could
be found in normal good tubes.

A 1.5-mA. meter (not shown) was used
with a battery and low-resistance potentio-
meter in series with the load to balance
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TYPE OF TUBE CX-112A | CX-112A | CX-112A | CX-371A {CX-371A | CX-371A
NUMBER OF TUBES 2 2 2 2 2 2
CIRCUIT PUSH-PULL{P USH-PULLIPUSH-PULLIPUSH-PULL|PUSH- PULLIPUSH-PULL
Ig (mA) .002 .46 4.1 .002 0.6 6.7
THIRD HARMONIC 5.0 % 10.2% | 24.2% 56% { 10.5% | 21.0%
Po .(WATTS) .45 1.16 2.62 1.37 2.89 6.38
INPUT (VOLTS R-M-S)| 19.7 36.5 82.4 59.5 86.5 175.0
Fig. 5

out a small fraction of one milliampere d.c.
which flowed through it.

In some earlier listening tests we used
resistors bridging the input and output to
overcome a slight tendency to sing at some
high frequency. While no difficulty was ex-
perienced with singing in the set-up shown
in Fig. 6, we continued the use of bridging
input and output resistors.

The percentage of harmonics
registered by the oscillograph may
be somewhat high because of loss
of fundamental in the output in-

the quality is good for any signal amplitude.
The corresponding amounts of third har-
monic were, respectively, 5.0 per cent.,
10.2 per cent., and 24.2 per cent. The
percentage of higher harmonics was rel-
atively small. Evidently the third har-
monic is the principal distortion com-
ponent from a push-pull amplifier, the

produced and the second harmonic dis-
tortion will not increase in direct propor-
tion to the signal voltage.

These tests were repeated with two
cx—371A tubes. Fig. 5 (b, E, and ) shows
the wave form of the output current. The
corresponding data are given in Table I.
The results indicate, as in the tests with
the ¢x-1124 tubes, that for highest quality
output the signal voltage amplitude should
not exceed twice the normal bias voltage
for the tube.

The load resistance required for max-
imum undistorted power output from a
single tube, considering 5 per cent. of
second harmonic as a criterion of distortion,
is equal to approximately twice the plate
resistance of the tube. In the push-pull
stage the load resistance has less e[?ect
upon the percentage of harmonics. Since
the maximum power output from a tube
(or any source of power) 1s obtained when
the resistance of the load equals the re-
sistance of the tube (source), the max-
imum power output will be obtained from
the push-pull stage when the load resist-
ance equals the sum of the plate resistances
of the tubes.

With the load resistance equal to twice
the plate resistance of one tube and normal
bias voltage, the distortion is usually
negligible until the signal is large enough
to start a flow of grid current. The flow of
grid current lowers the grid-filament re-
sistance of the tubes putting a load on the
input transformer. In Fig. 6 the input im-
pedance was shunted with two 10,000-ohm
resistors. The effect of loading the input
transformer was then eliminated. The
data, Fig. 5 (A toF) in Table 1, show an in-
crease in the bias voltage due to the flow
of grid current through the d.c. resistance
of the input. Figs. 2, 3, and 4 and
the data of the table show an inter-

ductances, but it is not believed
that this discrepancy is very great.

In Fig. 5A is shown the wave
form of the output current when

FILTER

a
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10,000 OHMS

19.7 volts (r.m.s.) is indicated on
the meter, E;, in Fig. 6. The load
resistance Rp was 18.100 ohms.
The peak value of the 19.7-volt
(r.m.s.) signal is 27.9 peak volts.
This is slightly over twice the bias
voltage which was 13.5 volts.
Each tube was drawing about 2
microamperes of grid current.

On increasing the signal voltage the
grid current increased rapidly and both
the upper and lower peaks of the output
current were seen to flatten somewhat.
When the signal reached 36.5 volts (r.m.s.)
each tube had an average d.c. grid current
flow of 460 microamperes. (Fig. 5B.)

The r.m.s. plate current in Fig. 5a was
5.0 milliamperes and the power output
450 milliwatts, or 225 milliwatts per tube.
In Fig. 58 the r.m.s. plate current was 8.0
milliamperes and the power output 1160
milliwatts or 5.15 times the out-
put per tube obtained in Fig. 5a.

Fig. 5¢ shows the result of increas-
ing the signal to an extreme value

of 82.4 volts (r.n.s.). The power Figure

output is 2620. milliwatts or 11.6

times the output per tube obtained

in Fig. 5a. SA*
The data and the results of an gg.

analysis of Fig. 5 (A, B, and c) are

shown in Table 1 The second har- sg::

monics in Fig. 5 (A, B, and ¢) in gﬁ**

order of increasing signal, are, re-
spectively, 2.6 per cent.. 6.8 per
cent., and 4.8 per ceut. The per- EJ
centage was calculated from the 4t
ratio of harmonic to fundainental.
Considering second harmonics
alone as a measure of the distortion,
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#2 ~ cx-112a tubes in push pull. E, =
#%2 - ex~371a tubes in push pull. Ep =
t 2 —ex-1124 tubes in push pull. Ep =

50.000 OHMS| SO000 OHMS

10000 OHMS

percentage increasing (roughly) in direct
proportion to the signal voltage. Similarly
it will be found that with a single-tube
amplifier the percentage second harmonic
(principal distortion component) increases
in direct proportion with the signal volt-
age. As the operation of the single tube
extends into the grid-current region, or
into the region of plate-current satura-
tion, and the second derivative of the
plate current with respect to plate voltage
is negative, third harmonic distortion is

7
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esting result due to the flow of the
grid current through the impedance
of the input circuit. Fig. 2 shows
the wave-formof theoutput current
when the resistances R in Fig. 6 are
100 ohms. The signal was 39.0 volts
(r.m.s.), thed.c. grid current 1.05
milliamperes, and the output alter-
nating current 10 milliamperes. The
resistances R were then changed to
10,000 ohms. For the same signal
voltage, 39 volts, the grid cur-
rent was reduced to 0.45 milli-
ampere and the output alternat-
ing current was reduced to 9.15
milliamperes (see Fig. 3). Increas-
ing the signal until the d.c. grid cur-
rent rises to 1.05 milliamperes, as it was
initially, the required signal voltage is
found to be 52 volts (r.m.s.) The output
is 10.4 mA. a.c. The output is 8.3 per cent.
higher than was obtained with the low-
impedance input, though the signal
voltage was increased 33 per cent. Fig.
shows the wave-form of the output current.
It is apparent that the distortion also is
greater. In other words, a low-impedance
input circuit is to be preferred.

LOAD RESISTANCE

Table I—Data and Results of Analysis

D.C. Plale D.C. Grid D.C. Grid Grid Signal
Cur. (Ip) Mil- Bias, (B Cur. (Ig) Ep)
Milliamp. R.M.S. volls

liamperes Volls

26.4 13.5 .002 19.7
34.0 11.7 .460 36.5
46.0 241 4.1 82.1

40.5 .002 59.5
60 . 40.8 .60 86.5
81. 56.7 6.7 175.0
33.5 11.5 1.05 39.0
30.5 16.8 AAD 39.0
33.7 19. 1 1.05 52.0

+ 180 volls. E¢ =

¢ FEBRUARY 1930 o

A.C. Plale Poicer Oul- Per cenl. Harmonics
Cur. (Ip) pul (20 Rp) 2nd 3rd 4th  Sth
R.M.S. Mil. Milliwalls
5.0 450. 2.6 5:0 1.¢ 23
8.0 1160. 6.8 102 1.8 2.0
12.0 2620. 4.8 222 13 09
12.9 1370. 3.1 5.6 3 2.0
18.7 2890. b 10.5 1318 T35
27.9 6380. 1 2L 21,10, P13 B5E
Inpul resislance
10.0 1612. 100 ohuns
9.15 1350. 10000 ohimxs
10.1 1715, 10000 ohms

— 13.5 volts. Rp = 18,100 ohms.
+ 180 volts. Ec = — 40.5 volts. Rp = 8260 ohwns.
+ 180 volts. 15¢ = 13.8 volts. Rp = 16,120 ohms.



From now on—

HE set manufacturer
to stay in business will
be the one who plays safe by refusing
to take the risk of using parts of un-
certain performance or dependability.
When competition whets its blade
and selling costs go up, it becomes
increasingly important
to hold assembly costs
as low as possible.
Take mica condensers
for example. Unless ca-
pacity ratings are accu-
rate, a terrible burden is

SANGAMO
High Voltage

Condensers

Tested at s000 volts d. c. and 3500
a. C. and built to Sangamo standards,
known throughout the radio world,
amateurs, commercial men and manu-

they exceed the stock of usable con-
densers on hand. It doesn’t require
much imagination to picture what
happens to production costs under
such circumstances.

When you order Sangamo Con-
densers you need not make over-
allowances for ‘‘re-
jects.” The reliability
of Sangamo ratings is
attested to by a num-
ber of nationally
known radio manu-
facturers.

facturers have learned to depend on

thrown on the inspec-
tion department and
“rejects” pile up until

quency circuits.

SANGAMO ELECTRIC CO.

SPRINGFIELD, ILLINOIS, U. S. A.
Manufacturers of Precision Electrical Apparatus for 30 Years

Sangamo High Voltage Condensers.
Accurately rated and adequately tested
—these condensers offer the maximum
protection in high voltage, high fre-

And Sangamo is
equally reliable as a
source of supply.

Side

See Reverse




