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For Fvery Make

HROUGHOUT the entirec country to-day

Cunningham Radio Tubes are recognized
as the ideal tube for use in all makes of Radio
Receiving Sets.
The famous Cunningham C-301A Amplifier
shown above is a hlgh vacuum tube designed
for use as an amplifier and detector containing
a new Tungsten Filament, the characteristics
of which are long life, low power consumption,
low operating temperature and greater power
amplification than any previous amphﬁer tube.
This tube has a standard four prong base, and
the glass bulb has the same dimensions a
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Home Office:
182 Second Street
San Francisco

154 West Lak > Stre=t
Chicazo

TUBES

of Receiving Set

C-300 and C-301. The filament current is only
one-fourth of the filament current of the pre-
vious type of Amplifier tube, and it is, there-
fore, possible to usc four of these tubes in a set,
without exhausting the storage battery any
faster than when using only one of the previous
types of tubes.

The care and operation of each model of Re-
ceiving Tube is fully explained in our new 4o
page “Radio Tube Data Book.”
Copies may be obtained by sending
ten cents in stamps to our San
Francisco ofhce.
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Rheostats - Potentiometers

ENERAL RADIO type 214 rheostats and potentiometers are

a quality product. The base is made of genuine moulded

bakelite and the wire is tightly wound on a specially treated fibre
strip. A perfect, non-arcing contact is thus assured.

Where a smaller rheostat or potentiometer
is required the type 301 will be found very
satisfactory. These units are similar in
construction to our type 214.

The diameter of the 214 rheostat is three
inches and that of the 301 is two inches.

G R rheostats and potentiometers also
embody—

Fineness in adjustment
Smoothness in operation
Temperature resistance stability

TYPE PRICE
214A 2 obhm Rheostat.............. 82.25
214A 7 0 » e, 225
214A 20 *° E 2.25
214A 50 *° e 2.25
214A 400 ohm Potentiometer ........ 3.00
301 10 > Rheostat.............. 1.25
300 30 » ” e 1.25
: 301 200 *° Potentiometer........ 1.25
Type 301 Send for Bulletin 916B

GENERAL RADIO COMPANY ¥

Manufacturers of Electrical and Radio Laboratory Apparatus

MASSACHUSETTS AVENUE AND WINDSOR STREET
CAMBRIDGE MASSACHUSETTS
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A PAGE IN RADIO HISTORY

At 12:40 P. M., on Thursday, December 6, 1923, the President’s voice as he delivered his annual message to the

Congress was heard not only by the Congress, but by all who could listen-in on any one of six stations (WCAP,

WEAF, WJAR, WDAF, KSD, and WFAA). People from Maine to Texas heard the speech so clearly that the

President’s New England inflection was easily noticeable. Two microphones may be seen in front of the President’s

manuscript. UPPER LEFT: The amplifying panel located in the basement of the Capitol. uUPPER RIGHT: The
microphone control operator in the balcony of the house
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The March of Radio

BROADCASTING BROWNING

VERY interesting experiment has
been inaugurated through the co-
operation of the management of
Station WEAF and the Home

-Study Department of Columbia
University. The question has frequently been
put: Is there a demand for the transmission of
réal educational material over the radio
channel? Does the radio public want only
amusement from the evening’s radio hour or
would an educational course of high order,
presented by an authority, be welcomed and
appreciatedr

Undoubtedly, a very large part of the pres-
ent-day radio audience prefers jazz to a Phil-
harmonic concert; of two equally available
stations, one modulated by the whining tones of
a saxophone orchestra and the other by the
voice of an eminent Shakesperean scholar, there
is no doubt as to what wavelength most of the
sets would be tuned to. Elementary talks on
radio and kindred subjects, such as storage
batteries, loud speakers, and the like, un-
questionably get the attention of the average
radio listener, but probably this is because the
knowledge thus gained is to be used the follow-
ing evening in improving the reception of
popular music. This is not the type of talk we
have in mind in asking the question about the
value of radio as a means of education.

A certain amount of sound education is un-

doubtedly being absorbed by the radio listeners
as a result of the excellent musical programs
being broadcasted nowadays by the better
class of stations; one cannot listen, for example,
to a worth-while rendition of “Elijah” ac-
companied by explanatory comments on the
work and its composer without absorbing some
knowledge of music and its masters. The
well known and much appreciated “Roxie,”
with his excellent staff of artists, is doing
much to make us appreciate good music.
Many people have heard better music at
Roxie’s Capitol Theatre concerts than they
ever heard before, and their taste for good
music by high-grade performers has been
whetted as a result. A radio impressario of the
right kind can educate the musical tastes and
appreciation of his audiences quite painlessly.
We remember a mildly sarcastic comment
directed at our well loved Professor of Chemis-
try, whose lecture notes were liberally diluted
with stories, good and otherwise. A more
sober-minded colleague, whose son had at-
tended the chemistry lectures, inquired whether
the chemistry department considered story
telling as a major course, and if they. didn’t
why were there so many stories in a course in
general chemistry? ““Well, you see,” was the
retort, “many of the boys really don’t like
chemistry; it seems to them dry and uninterest-
ing—but they do like stories of the kind I tell
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Hoxie Neale Fairchild, Supervisor of Home Study Courses
at Columbia University, whose first radio lectures on
Robert Browning were favorably received

them. So they swallow the stories, | inject a
little chemistry, and that goes right down at the
same time as the stories and before they know it
they have really learned a little chemistry,
and have enjoyed doing so.”

But education gained in this fashion isn’t
what we have in mind when we consider the
question whetherradio can be used as an educa-
ting medium. s there a demand for out-and-
out educational lectures on art or literature?
Is there an appreciable percentage of the radio
listeners who wish serious talks by acknow-
ledged authorities? Furthermore, 1s the de-
mand for such a radio program sufficiently real
to induce people to pay enough for it to make
the work self-supporting? This is the question
to which WEAF and Columbia are seeking the
answer. One of Columbia’s scholars, an
authority on Robert Browning and his work, is
giving a series of ten twenty-minute talks on
this poet alone. A synopsis of the ground
covered is sent to those interested, for the sum
of five dollars. 'The synopsis is so arranged that
much more benefit may be derived from the
lectures themselves if one has properly studied
it before listening to the evening’s lecture, as

Radio Broadcast

the lecturer continually refers to it during his
talk.

This 1s probably the first time that an at-
tempt has been carried out to make radio di-
rectly self-supporting. Fortunately, the lec-
turer was well chosen. He is gifted with a
good radio voice, it is as easy to listen to him
by radio as though one were in his class room.
Now the interesting point is this: although any
one can listen-in on these talks without paying
the five dollars, and although the talks are of
no material value to the listener (i. e., they do
not increase his earning capacity or make the
adjustment of his radio set any easier), the
demand for the Browning synopsis has been im-
mediate and after the first lecture the director
of the work told us that the cost of conducting
the work had already been paid for by the .
copies sold! The American Telephone and
Telegraph Company has been sufficiently in-
terested 1n this experimeit to give the use of its
station to the University, without cost, for
carrying out this experiment in education.
In the course of the next two months we shall
get more interesting information as to the
success of this course.

Bureau of Standards Tests Recerving Sets

LENGHTHY report is at hand giving
[ \ the work of the Bureau of Standards in

making comparative tests of the better
known receiving sets on the market. The
sets tested are, of course, not tabulated by
name, but those familiar with the radio re-
ceiver market will easily identify them since
they are described in detail: )

An extremely wide range in sensitiveness and
selectivity - is - shown - when comparing the
different types of receivers; we have known
that such was the fact but have never seen
before an unprejudiced compilation of the
merits of the sets put on the market by the
various manufacturers. The comparative mer-
its of the sets tested is probably not of very
great importance because of the frequency with
which changes in receiver design are incor:
porated by any wide awake manufacturer.
This publication of the Bureau will probably
be of considerable value to radio engineers and
manufacturers, however, as-indicating what
sezems to be a very reasonable ground upon
which to judge the merits of a set, and
thereby pointing the way to improvement in
design.
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General Electric Company to Invade the
Middle West

HE General Electric Company has

chosen Denver, Colorado, as the site of

a broadcasting station to be erected as
soon as the station
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while putting out a circular on single-layer
coils, but the Bureau has thought it sufficiently
important to publish the data, undoubtedly
with the idea of cutting down the amount of
standardization measurement work which the
staff is called upon to do. A whole series of
coils is minutely

at Oakland Cali-

described, the wval-

tornia,iscompleted.
Work in Denver
will probably be
in progress be-
fore the spring of
this year.

Denver will have
the third, and prob-
ably the last, sta-
tion in the G. E.
string of broadcast-
ing stations. The
first, WGY in Sche-
nectady, has been
in successful opera-
tion for the last
eighteen months
and both the Oak-
land and Denver

ues of inductance
Iving between eight
and five thousand
microhenries, there
being a practically
constant ratio be-
tween the adjacent
coils of the series.

With Justice for
All

ND still they
ask: “Who
1s going to

pay for broadcast-
ing?”” Several per-
formers recently
demanded pay for

stations will be
modeled after it in
so far as technical
equipment 1S con-
cerned. They will
each have the same
power and sending
radius, it 1s pre-
sumed, as WGY,
which station has,
under favorable
conditions, been

JOHN GREER HIBBEN

President of Princeton University. In a recent
letter to Rapio Broabcast, President Hibben
summed up his conception of the educational possi-
bilities of radio as follows:

I am in bearty sympathy with your efforts and I feel
that much may be done in disseminating broadcast to
the people of the United States a knowledge of the world,
both of the past and present, in its physical constitution
and the intellectual, moral, and spiritual influences
which move, control, and direct the activities of man-
kind. [ feel that radio does not realize the large scope
of its possibilities if 1t aims only to give momentary

their services,
their managers
having refused to
allow them to ap-
pear before the
microphone with-
out suitable remu-
neration. Certainly
the radio public
should pay. But

heard simultane-

pleasure and diversion.
ously all over the

how much, and
how?
The tacticsof the

self-styled Ameri-

United States, 1n
England, Hawaii, and several countries of
South America.

Data on Standard Single-Layer Coils

coils with which to compare those you are

using in your experiments, it is worth your
whiie to send to the Bureau of Standards for
Letter Circular No. 103, entitled “Descrip-
tion of a Series of Single-Layer Inductance
Coils Suitable for Radio-Frequency Stand-
ards.” One wouldn’t ordinarily think it worth

IF YOU are interested in having standard

can Society of Com-
posers, Authors, and Publishers, in trying to
force broadcasting stations to take out licenses
for the privilege of putting their jazz on
the air have been frequently commented
upon and frequently condemned. The argu-
ments of their counsel at meetings of the
broadcasters, as well as at court proceedings,
were specious, beside the point, frequently
untrue. Their statements were conjecture
rather than fact. On investigation, it was
found that the society did not include as much
musical talent as its high-sounding name would
lead one to believe. A survey showed that
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among the members were only 253 out of
5,000 authors and composers. The con-
servative writers and publishers were not
appreciably represented in their membership,
and it was found that much of the most success-
ful music of the day did not originate in this
society. This is true, for instance, of such
popular hits as “ Three O’Clock in the ‘Morn-
ing”’ and “No Bananas.”

Representative broadcasters ignored alto-
gether the demands of the small but noisy band
of jazz writers. As we have mentioned before,

Radio Broadcast

radio is in making songs popular. The result
of such advertising was sure and decisive. In
one case, a two-year-old song was selected as a
test piece. This song had been put ocut on
phonograph records but the sale had not been
large. At the time of the test, the piece was
stagnant, most stores reporting practically no
sales. An inventory of the records in stock
was taken by an'agent of the broadcasters. A
short time after a good station had broad-
casted this song, using an accomplished artist
to “put it over”, another canvass of the stores
showed that 8o per cent. of

5, T (R R e
b e e 5

PLOTTING A SHIP'S POSITION

The compass bearings of a given ship, reported to the central station in New York
by several radio compass stations, are indicated by lines drawn from the receiving
stations on a map. The ship’s position is the point at which the lines cross

the outcome was the formation of the National
Association of Broadcasters. A successful
business man, having intimate knowledge of
the musical game, Mr. Paul B. Klugh, was
selected as executive chairman to guide the
destinies of this new society which is attempt-
ing to solve the question of broadcasting rights
and income for the broadcasting station. The
story of their present and anticipated activities
convinces one that they are attacking the
problem in a fair and unbiased fashion.

The Broadcasters’ first activity was devoted
to the question as to whether or not broadcast-
ing did have a real advertising value. So
they set about to get real information on the
matter. Two experiments they made show,
beyond peradventure, how powerful an agent

the phonograph houses had
sold out the record. With
such facts to go on, the
broadcasters knew what
they were talking about.

A composer now sends
in his song and it is ex-
amined by well - qualified
musical critics. If it passes
the judges, the members of
the association put it on the
air. If the song is a hit,
the author at once begins
to receive whatever royal-
ties on the sheet music the
copyright law entitles him
to. With no advertising
expense of his own, he be-
gins to reap the benefit of
the radio advertising. If

the song proves sufficiently
popular to justify its repro-
duction for the phonograph
and player piano, the broad-
casters begin to get some
return for selling the song to the public. Their
contract with the author stipulates that a cer-
tain reasonable percentage of the mechanical
royalties shall accrue to the Association of
Broadcasters; if the song is successful, the
author receives all the royalties from the sheet
music sales. But he shares the royalties from
the records and piano rolls, with the National
Association of Broadcasters.

This solution of the problem looks logical,
and eminently fair to the author. He stands
to lose nothing if his song doesn’t “go,”” and
if it does, his interests are identical with those
of the Broadcasters’ Association, so he may be
sure that his song will be given as much prom-
inence as possible. We hope the new scheme
proves a success.
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Guiding Our Mail Planes

E SCARCELY realize the extent
to which aviation 1is gradually
L working itself into the transporta-
tlon scheme of our country. Trips of the air
route-mail carriers are now expected as re-
gularly as those of the mail cars. 1t is evident
that fog and snow present very great danger
to the air mail carrier, and that anything which
will- increase his safety must be developed and
utilized as soon as possible. The General
Electric Company has un-
dertaken the development
of transmitting and receiv-
ing sets which are suitable
for airplane installation,
and tests recently carried
out indicate that two-way
communication from plane
to ground may be reason-
ably expected with these
sets, up to a distance of
about one hundred miles,
under average conditions.
One contribution to the
safety of the airmen, which
has had no wide application
up to the present, is the
“radio beacon’’; this is a
transmitting station, lo-
cated at a landing field,
which sends out signals in
such a manner that when
an aviator picks up the
signal he knows at once his
bearing from the field. In
its present form, the radio
beacon consists of a trans-
mitter which sends out directional signals,
the direction of transmission being adjustable.
A characteristic signal, say two dots, is sent
due north for a second or two and then the
station is silent; five seconds later the two
dots are again sent out, but the maximum signal
is now a certain number of degrees from north,
say thirty degrees west of north. This process
is repeated until the signal has been sent all
the way around the compass and then after a
longer silent period another cycle of signalsissent
out. As soon as an aviator comes within the
range of such a radio beacon he can at once tell
his bearing from the landing field. These
beacons will probably be installed at the air
mail fields as soon as funds are available .

At Sandy Hook, N. ]J.
position of the big loop aerial.
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WGY and KDKA Recommended as
Wavelength Standards

S A result of the supervision the Bureau
of Standards has been exercising over
some of our broadcasting stations, they

have found that two of the better known sta-
tions have maintained their frequency suffici-
ently constant to enable them to be recommen-
ded as secondary wavelength standards. For
those who are within range of the Bureau of
Standards, of course, observations of the

A RADIO COMPASS RECEIVING STATION

The operator is shown turning the wheel which adjusts the
This station is connected by land wire to the control
station shown on page 274

standard frequencies periodically transmitted
from WWYV give the best method of calibrating
a receiving set, but WGY and KD KA have kept
their assigned frequencies so closely that for
ordinary purposes, their daily transmission
may be used. WGY sends on 790 kilocycles,
has a maximum observed deviation from this
frequency of 0.5 per cent. and an average devia-
tion of only 0.2 per cent. This means that the
carrier wave of this station is, on the average,
within one meter of 379 meters. KDKA trans-
mits officially on 326 meters and her carrier
wave is generally within one meter of this speci-
fled wavelength.

These two stations then may be used as
frequency standards for any but the most
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AN INSULATOR’S VIEW OF ANNAPOLIS, MD.

Taken from the top of one of the towers of the Govern-
ment transatlantic radio telegraph station (NSS)

precise work. The Bureau of Standards will
soon publish results on the frequency of other
stations, as soon as sufficient observations have
been made to justifv their estimate of probable
error. »

Once You Hear Them Speak

N SEVERAL occasions lately we have
had demonstrations of the great
possibilities of radio broadcasting in

forming and influencing public opinion.

Just before Lloyd George sailed for England
after his circuit of the United States and
Canada he was tendered a farewell dinner by
the Lotus Club; in New York, where many of
America’s leaders were present to do honor to
Great Britain’s best known citizen. . In re-
sponding to the welcome given him, Lloyd
George expressed again, as he had done re-
peatedly in his many talks in various parts of
the country, the importance of unity of ideas
and 1deals of the two great English speaking
peoples. He regarded, so he said, the inter-
twining of the two flags in the banquet hall
as the most helpful sign on the horizon for the
future of the world, there being in his mind, of
course, the tremendously complex and dis-
couraging situation in Europe with its con-
flicting and antagonistic interests.

The master of our steel industry, Charles M.
Schwab, in commenting upon Lloyd George’s
idea of the intertwined flags, acknowledged the
importance of the idea they symbolized, but
said he regarded as much more important the

presence in America of
LLloyd George himself. For
the message he could bring
to our people and deliver by
word of mouth was a far
more potent agency in ce-
menting the friendship of
America and Great Britain
than the mere intertwining
of flags. And surely all
those who heard Lloyd
George would agree with
Mr. Schwab; the dynamic
force behind the argument
and exposition of the War
Premier stirred everyone.

It 1s evident that some
means must be provided to
let such messages be heard
by as many Americans as
possible; the spoken word 1s so much more ap-
pealing than the next morning’s press version
of what the speaker said, absorbed between
sips of breakfast coffee. 'The press now is more
mighty in spreading information, but it is
written on the wall that the spoken word will
soon supplant it as the primary agent in form-
ing public opinion. This spoken word will be
carried by radio waves.

On the eve of Armistice Day, thousands of
Americans heard their ex-Chief Executive
deliverthat stinging rebuke, meant toarouse the
indignation of those who might influence our
government to give more thought to Europe’s
problems. So faithfully was the radio trans-
mission that one could not help picture, behind
that-trembling and hesitant voice, the broken
man who had but a short time before been the
world’s leading figure. His voice was passion-
ate with appeal and condemnation. Those
who listened to him were impressed by the
tremendous earnestness with which this man
had pursued his ideals. Whether or not we
believe in his arraignment of our govern-
ment’s inaction and aloofness, we must ac-
knowledge radio as the medium for conveying
messages of this sort to the people. The
appeal of type is as nothing compared to that
of the spoken word when delivered in the
manner used by Mr. Wilson on the evening of
Armistice Day. By the help of radio, the
mere whisper as it comes from the lips of the
speaker covers vast spaces of ourcountry. Each
of us feel then more directly in touch with those
we have elected to guide our country’s policies.
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On Thursday, December O6th, the people
throughout the East and Middle West heard the
President delivering his message to Congress.
Country-wide reception of such an event can,
of course, come about only when many stations
all over our country are arranged for simultane-
ous transmission of one speaker’s voice. But
such a knitting together of the radio channels is
rapidly taking place. Six stations broadcasted
the President’s recent message. By the use of
high-quality cable and wire connection, or by in-
ter-connecting radio channels, we shall soon
have a dozen or more stations all operated by a
single microphone.

The Long Arm of the Explorer

E HAVE often stated that one of

the most important services radio

can perform is to help keep in touch
with the rest of their race those intrepid investi-
gators who feel, and follow, the urge to pene-
trate into distant and uninhabited parts of our
world. We stay-at-homes can find entertain-
ment at the theatre or the companionship of
our acquaintances, for instance, and can use the
wire service for communicating, but to the
lonely explorer, with no wire connections and
limited means of entertainment, radio is prov-
ing a great boon.

During the last month, two instances have
forced us to notice this rbéle which radio is
playing. The daring engineers of the Govern-
ment Geological Bureau, on their trip of
exploration down the Colorado cafion, many
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times thought of as lost by those knowing the
danger of this seldom attempted trip, informed
us after they had successfully finished their
long journey that radio kept them in continual
touch with the ouside world. Two thousand
feet down in a crack of the earth’s crust, often
so narrow that daylight scarcely penetrated,
with the raging falls and rapids to tax to the ut-
most their ability and endurance, when a mis-
step or accident meant almost certain death,
radio cheered and heartened them in the eve-
ning by bringing down into their camp, music,
news, and entertainment. It is not impossible
that a small transmitter might have kept them
in continual communication with the outside
world, in spite of the unfavorable conditions
under which the transmitter would have had to
work.

A still more striking instance of radio serv-
ing the explorer is seen in the MacMaillan polar
expedition, now ice-bound off the coast of
Greenland. Instead of being cut off from us for
a year or more, as would have been the case but
for radio, ‘this polar expedition is able to be
practically in constant touch with the home
land. Not only is the Bowdoin, MacMillan’s
ship, able to get messages from the more habi-
table portions of the earth, but it i1s able to
transmit them to us with a reasonable cer-
tainty of coming through. Recently Mac-
Millan actually dedicated, with his own voice,
the new home of the Chicago Yacht Club, of
which he is a member. From a microphone
on board his ice-bound boat, his voice was
able to leap across the vast spans of ice and

o

GRAND OPERA IN THE MEADOWS

This car of Lloyd’s Sunday News, equipped with a receiver and loud speaker, brings the con-
certs of the British Broadcasting Company to those who would not otherwise hear them
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snow which separated him physically from his
fellow club members, so that their dedication
program could be actually carried out by their
most distinguished member.

Fading
N SCIENTIFIC Paper No. 476 of the

Bureau of Standards, an attempt is made.

to interpret the results of the fading tests
carried out by the Bureau with the assistance
of about one hundred widely scattered ama-
teurs who volunteered to try and get data
which could be compiled in an effort to find
out the how and why of fading. Does fading
occur at all stations simultaneously and to the
same extent? [f so, it would seem to indicate
a general absorption of the signal in the neigh-
borhood of the transmitting station. Or does
the signal increase in stations in one location
when it fades in stations in another? If so, it
would presumably indicate that the energy
which should be normally sent in one direction
had been refracted or reflected and sent in
another. [s there any law or order about this
fading phenomenon?

The scientists at the Bureau attempt to
answer the question, in the light of the results
of the tests they had carried out, but the
answer 1s quite evidently only conjecture.

RADIOGRAMS TO AND FROM ENGLAND WENT THROUGH HIM
In the recent transatlantic broadcasting tests. He is Mr. H. E. Fulton, operating at

Radio Central, Broad Street, New York.

at Garden City, N. Y.

J The buzzer fastened on the telephone
instrument was used in communicating with the RAp10 BROADCAST receiving station
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Sufficiently accurate data is not at hand to per-
mif a reasonable attack on this problem as yet.
Data of ‘the kind required for the solution of
problems of this nature cannot be collected by
amateurs—that is; amateurs in the sense that
they have had no experience in taking accurate
radio measurements. If one judges radio
transmission by what is heard in the telephone
receivers, his-data will indeed--be of but little
value. The ear is of practically no use as a
measurer of sound intensity, as may be inferred
by any one who has been listening to a signal,
as the static gradually increased in intensity.
The ear always interprets such an occurrence as
a fading of the signal.

This fading phenomenon will be analyzed and
explained some day, but it will undoubtedly be
solved only after skilled investigators, equipped
with the very best radio measuring instruments,
have spent much time and effort on the prob-
lem. As the question is an extremely important
one, we may rest assured that the answer will
soon be forthcoming, if one is possible.

Batting a Dot About

O THE electrical engineer there is nothing.
novel in the idea of “remote control.”
Our great electric power stations, generating
hundreds of thousands of horsepower, are operat-
- ed entirely by one man in
a small room overlooking
the generator room, who
manipulates a set of push
buttons. All of the heavy
switches and similar appa-
ratus are set into motion by
motors and electromagnets,
the current for which is
controlled by these buttons
in the supervisor’s tower.
But the crowningachieve-
ment of automatic remote
control was carried out a
short time ago when two
tremendous radio stations,
one in America and the
other in Europe, automatic-
ally controlled each other’s
apparatus. It is possible to
put one of our large radio
stations “on the air’” by a
series of very delicate elec-
trically controlled switches,
called relays. One of these
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THE FIRST HARMONICA BAND TO GO ON THE AIR

Organized in Junior High School No. 61, New York City. Harmonica bands are being or-
ganized throughout the country as a result of the successful venture undertaken at this school

relays may be operated, by the help of suitably
disposed triodes, by the minute currents picked
up from a radio station thousands of miles
away, and this was what was done on the
occasion we have in mind.

A telegraphic “dot,” sent out from the Radio
Corporation’s “Radio Central” on Long Is-
land, was picked up by a receiving station in
Poland, over four thousand miles away:.
Suitably amplified and controlled, this dot put
the transmitting station at Warsaw into opera-
tion, the American station having in the mean-
time ceased radiating. The dot thus sent out
from Warsaw was received in America and here
used to put our station back on the air for
another dot, the operator in America not touch-
ing his sending key after sending the first dot.
The dot from this side of the Atlantic then
began its travel to Poland and on arriving there

carried out the same operation as the first one,
and thus the dot, started in America by the
operator pressing his sending key for an instant,
was tossed back and forth from America to
Europe several hundred times. Except for
disturbing influences, such a game of radio
baseball might be kept up indefinitely.

This experiment opens an interesting
method for checking messages to the engineer
responsible for getting traffic through. He
could arrange that the Warsaw station be con-
trolled by the message received there from
New York, the operator in New York, tuning
to the wavelength of the Warsaw transmitting
station, can listen to the message as received
in Poland.

To one gifted with any imagination, such a
test opens up all sorts of possibilities. The
physicist sees how he may perform a wonder-
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ful experiment to check the results of the
famous Michelson-Morley test. This test ap-
parently proved that light waves travel with a
fixed velocity through space, independent of
the speed of the light-emitting source. The
speed of light east and west was compared with
that going north and south. Due to the high
velocity of travel of the earth on its axis and
through space, it seemed possible that the
velocity of a light wave would be different in
the different directions.
They found no differ-
ence at all, although
their apparatus could
easily detect even
smaller differences than
was to be expected in
the test. This remark-
able experiment, the re-
sults of which underlie
the modern theory of
relativity, was carried
out over comparatively
short light paths. Now
it is within the realm
of possibility that two
sets of radio stations
might be used to repeat
the test. Radio waves,
we believe, are exactly
the same as light waves
except for wavelength.
This experiment, using :
light waves, could just as well be proved by
radio. A pair of stations with east and west
transmission, automatically controlled, as in
the case mentioned above, could be com-
pared with the transmission with a similar
pair having north and south transmission
(say New York-Warsaw pair and a New
York-Argentine pair). There will be a cer-
tain difference in time required for trans-
mission between the two pairs of stations due
to the different distances, but this difference
changes as the earth rotates, if the results of
the Michelson-Morley test are not correct.
If, therefore, two such pairs of stations, operat-
ing as “radio clocks” should be left running all
day, and if it could be shown that one gained
on the other with a periodically changing rate,
as the earth revolved, our ideas on light phe-
nomena would have to be materially revised. It
1s not improbable that this striking means of
checking the time period of radio waves will
soon be used to advantage.

“And now, little Kiddies, whal do
you think Peter Rabbit answered?”
(This was the eloquent cover of Life for November 1, 1923)

Radio Broadcast

An Interesting Court Decision

ANY a radio enthusiast will at some
M time or other get an idea which has
commercial value; if he i1s employed
in the technical division of a radio manufactur-
ing company, the decision recently handed
down in the case of the Burgess Laboratories
against the French Battery and Carbon Com-
pany will prove interesting. The decision is
neither new nor novel,
but it serves to bring
up again a certain as-
pect of the patent prob-
lem which must interest
all who have inventive
minds.

One of the members
of the Burgess Com-
pany, a man who did
much of the technical
development for the
company, severed his
business connection
here and entered the
French Battery and
Carbon Company.
Naturally he was of
value to his new associ-
ates primarily because
of the experience and
knowledge he had
gained while working
with the Burgess Company. He began to im-
prove the products of his new employer, who
was in competition with his old one, in the dry-
battery market.

It appears that many of the improvements he
soon incorporated in the products of the French
Company were conceived while still under
contract with the Burgess Company. If so,
according to the decision of the Court, he has no
right to use these ideas in improving the pro-
duct of its rivals.

But how is one to tell when he first conceived
an idea? And did he conceive it completely or
only in part at this time? Whatever he con-
ceived, in line with the general character of his
work, while in the employ of a company, be-
longs to that company, and he is not free to use
it for any one else. [t is not necessary that
the idea should have been shown workable, or
“reduced to practice,” as the patent law has it;
if the mere conception of the idea can be shown
by one’s former employers to have been gained
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““BY REQUEST’  WJAZ GOT 4284 TELEGRAMS IN FOUR HOURS

Left to right: Mr. C. H. Handerson, WJAX, Cleveland; Mr. Raymond Walker, Manager of Bureau of Music Release;
Senator Frank W. Elliott, WOC, Davenport; Mr. Eugene McDonald, Jr., WJAZ, Chicago; Mr. Paul B. Klugh, Executive
Chairman; Mr. William S. Hedges, WMAQ, Chicago; Mr. J. Elliott Jenkins, WDAP, Chicago; Mr. C. B. Cooper, Depart-
ment of Commerce Radio Committee; Mr. John Shepard, 111, WNAC, Boston; Mr. Powel Crosley, Jr., WLW, Cincinnati.
Executives of the National Association of Broadcasters in their convention at the Hotel Commodore, New York, are ex-
amining the results of a test of the size of a listening audience at WJAZ. 4284 paid telegrams, averaging 75 cents each in
cost were received in four hours. It is estimated that only one person in a hundred would be willing to spend this amount,
and that therefore the number of listeners-in on that night may fairly be estimated at 400,000

while the inventor was working for them, the
idea is theirs, not his.

Strange as this may seem at first, it is seen to
be the only reasonable and just decision to make
in cases of this kind. All of the company’s
secrets are opened for the instruction of their
investigators—they pay him what is thought
by them a reasonable salary in the hope and
expectation that his brain will yield something
worth more to them than the salary they have
paid him while the idea was incubating. It is
a kind of a bet they make on their experiment-
ing staff; salaries are paid for years without
anything of actual money value being turned
out by the experimenter, but he is still em-
ployed in the hope that his direct, or indirect,
contributions to the output of the factory will
more than offset what he costs the company.

It is evident that if the court should rule
otherwise than it did in this case, and as it
always rules in such cases, it would be possible
for an investigator to work for a company for a

year or two, learning all their secrets, drawing
a salary, turning out nothing, and then, when
a valuable 1dea came to him, sell his idea and
services to a rival concern. Such would evi-
dently be unfair procedure, and if it could be
successfully carried out by technical workers,
would do much to wreck the wonderful re-
search organizations which many of our large
companies have built up during the last de-
cade.

In awarding a verdict for the Burgess Com-
pany the Court said: “The question here in-
volved is not whether the invention was re-
duced to practice or whether it was merely ar.
abandoned experiment, but whether it was
‘made or conceived’ during the life of Mr.
Ruhoff’s [the investigator whose transfer of
association caused the suit to be brought]
contract with the [Burgess] Lakboratories,
which contract was by its terms automatically
continued in force until Mr. Ruhoff resigned
to go with the French Company. If the con-
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TWO FOOTBALL GAMES AT ONCE

Radio reports of the Yale-Princeton game being received at Hoboken, N. J. on the football field of Stevens Institute of

‘Technology. R. W. Gast has the receivers on and T. J. Kauffeld is telling the stands how the Bulldog’s fangs are sinking

deeper in the neck of the Tiger

tract required that an invention should be
actually or constructively reduced to practice
in order to come within its terms, any labora-
tory worker could appropriate to himself the
results of his discoveries while at the Labora-
tories by postponing the reduction to practice
till he had severed his connection with the
Laboratories.”

Radio Replaces Flowers and Fruit at Hospital

N THE old days, when we went to see a
hospital patient, we brought him food,
with the dull-witted notion that hospitals

neglected the culinary niceties, and it was
therefore our duty to smuggle in something that
the sick person would enjoy. We knew he
would enjoy it, because we were bringing him
his favorite dish. We never could understand
that smart nurse’s edict that ‘“he couldn’t have
1t now.”

Or we went to the florist’s and tried to choose
between roses tied with a ribbon and carnations
gracefully arranged in a basket. And then we
were often amazed to find that someone else
had thought of the same thing, and perhaps,
with more success.

To be sure, the thought is what counts,

and i1t should not be inferred from this
that flowers and fruit and reading matter are
not giving pleasure to thousands of hospital
patients even while we are writing this. But
when a patient is swamped with flowers, for-
bidden to eat delicacies brought in from the
outside, and either unable or disinclined to
read, the chances are he would like nothing
better than just to lie back and listen to what’s
going on in the air, from a receiver which he
can control with a turn of his wrist.

Ellis Hospital has seen radio so far merely as
a diversion, one that 1s bulwark to the morale
of the patient who has long hours alone. Under
daylight saving, the program begins only a little
while before visitors must leave, and they con-
tinue long enough to top off a day as giddily
as it is ended at home. This hospital owns
a portable tube set which is taken to any pa-
tient who expresses a desire to have it.

“I read the other day about a hospital in
Philadelphia where radio can be turned on or off
anywhere in the place at will,” said the head
nurse. “The whole building is equipped, and
any patient who wishes to hear the programs is
able to, while those who tire of it need not be

annoyed. Maybe some day we’ll have one like
that.” J. H. M.



The Factor That Limits Long-
Distance Reception

Why the Most Sensitive and Selective Set Possible Cannot Hear Any Station Anywhere
By A. J. HAYNES

Vice-President, Haynes-Griffin Radio Service, Inc.

ITH the advent of ultra-
sensitive receiving sets, such
as the tuned radio-frequency
and super-heterodyne cir-
cuits, radio fans are coming
up against a new proposition in the way of long-
distance reception. The general feeling seems
to be that long-distance reception
can always be attained provided the
set 1s sensitive enough—that is, has
sufficient radio-frequency amplifica-
tion ahead of the detector tube.
And of course, looking at the theory
of radio-frequency amplification in
an off-hand way, this would seem
to be the case. .
A radio signal sent out from a transmitting
station in the form of a wave has a diminishing
progression, which, theoretically, will never
reach absolute zero. In a way it is similar to
the case of a man who starts to walk from
New York to Boston, resting when he reaches
half way. Then he starts on the remaining
distance and rests when half of that is covered
then he walks half the remaining distance
again, and so on. Eventually, of course, he
will reach Boston, but theoretically he will
always have a remaining distance to go.
Accordingly, the weakest radio impulse sent
out by a broadcasting station theoretically
continues forever. But there is a practical
limit to the distance at -which this impulse
may be picked up. Just what this limiting
factor is has been given little thought and cer-
tainly is not understood by the average broad-
cast listener. In his mind, the only limiting
factor is, his receiving set. Increase the sensi-
tiveness of the receiver and you increase your
receiving range—that is the generally accepted
theory. It sounds reasonable, doesn’t it?
Pick up any newspaper radio edition and you
will see that the hunt is still on for the ultimate
reversed, ingrowing circuit that will permit

the user to tune-in San Francisco or Seattle,
at will, from New York.

THE MAN WHO WANTED EVERYTHING

ECENTLY, there was brought to my

attention an incident which, if it were
not for its pathetic side, would be extremely
humorous. A well-to-do man living
in New York City came to the
conclusion that he wanted a radio
installation. He couldn’t use any
ordinary form of antenna, or .at
least he refused to do so, but wanted
a loop set of standard manufacture
—the finest to be had. One of the
best makes of receiving sets was
put in, and the installation man was expressly
instructed to stay with the owner that evening
to show him how to operate the set, and if
possible to pick up some distant stations, al-
though the set was located in a house in the
heart of New York City. By a stroke of rare
good fortune it so happened that he had a
particularly fine location for loop reception.
When the set was completely installed, the
buyer started asking the installation man to
bring in various stations, starting with Pitts-
burgh, Boston and then Chicago. Much to the
operator’s own surprise he complied with each
of these requests in turn, and was highly elated
at his phenomenal success. Then, following
Chicago, came the blow.

“Now, get me Los Angeles,” said the pur-
chaser of the set.

The operator looked up with a smile on his
face, taking the request as a joke. But the
man was in earnest, and because Los Angeles
could not be brought in at that minute, he
ordered the set taken out and said that he was
“through with this radio business,”” and “ hoped
that some day they would get it perfected.”

This may be an extreme case, but it in-
dicates how unreasonable we often are and how
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little the basic theories of radio are known to
the general public.

AND WHY HE COULDN'T GET IT

UT to get back to the subject in hand—

why couldn’t the operator get Los
Angeles? Why can’t you always increase the
distance by increasing the sensitiveness of your
set? The fact is, there is a limit. It can’t be
done.

To explain this clearly, let us consider a form
of receiving set such as the super-heterodyne
which can be arranged to provide an unlimited
amount of radio-frequency amplification.
What is there to prevent, for instance, the
carrying of this amplification as far as we wish?
If the radio wave, even from the weakest trans-
mitter, actually does go on and on, why can’t
we merely add radio frequency and receive
farther and farther? The answer is simple, and
depends upon a single factor of fundamental
importance to radio reception—static.

THE ‘““STATIC LEVEL”

OW, static i1s, as we are accustomed to
think of it, a crashing sound in the re-
ceivers resembling thunder crashes during
an electrical storm. It is extremely bad in
the summer time and practically absent in
winter. However, under this hneading of
static can be classed, for the sake of conveni-
ence, all types of radio-frequency noises:
local interference from induction, elevator
clicks, buzzes, etc. In the winter, on a seem-
ingly perfect night for radio reception, when,
perhaps, not a particle of electrical disturbance
can be heard in the ordinary regenerative set,
still there 1s static present, as will be readily
learned if one starts to experiment with sensi-
tive receivers. [t is the quantity of this radio-
frequency noise that exists which 1s the limiting
factor m our distance reception. In other
words, no matter how low the “static level”
drops, if we amplify sufficiently we can bring
it back to a roaring series of crashes and clicks
in the phones. And unless the signal which
it is desired to receive is present with greater
intensity than the static, it cannot be heard.

It is an impressive sight to look out over a’

body of still water and see a submarine sink
slowly below the level of a smooth sea. This
is the finest analogy to a radio wave and the
static level that 1 know of. The signal goes
on and on, always diminishing in value until
it reaches the point where it sinks below the

Radio Broadcast

surface of the static level; and, as in the case of
the submarine, which cannot be seen below the
surface of the water, no matter how powerful
the field glasses employed, so will a radio
signal disappear below the static level and he
lost to the listener no matter how sensitive the
receiver. This could well be called the thresh-
old value of the transmitting station’s wave.
“Threshold value,” a term used in physics,
indicates (as applied to a radio signal) the
critical value above which the signal is audible
and below which it disappears.

There 1s always an infinite amount of small
electrical disturbance present in a city. Its
intensity depends upon conditions and loca-
tions in which receiving work is done. In some
locations this static interference is so bad that
1t makes long-distance work out of the ques- .
tion, regardless of the type of set used. Nat-
urally, the man who buys the finest receiving
set obtainable expects the finest kind of recep-
tion, and it is sometimes hard to explain to
him that he cannot get results in spite of the
apparatus he wuses. Without knowing the
cause of the trouble, he immediately puts the
blame on the equipment and the dealer’s judg-
ment, or capabilities. | know of many in-
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FIG. 1

The distance from the Pacific to the Atlantic Coast is
represented by the line AC. XY indicates the strength of
a broadcast signal sent from the Pacific Coast. It can be
heard in New York (C), with sensitive enough apparatus,
because, at that point its strength is still greater than the
static strength. But at B (somewhere out on the Atlantic
Ocean), the strength of static and signal are equal

stances where radio enthusiasts who are trying
to solve this static problem have spent hun-
dreds of dollars shifting from set to set. They
vainly hope to find a “good set,”” as.they would
call it, when, as a matter of fact, it is their
receiving conditions, not the sets, that are
fundamentally wrong.

“DEAD SPOTS”’

NOTHER problem frequently encoun-
tered is that of “dead spots.” It is an
undeniable fact that there are many places,
not only in the city (although the complaints
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generally come from cities), but even in what
seemingly are ideal receiving locations, in a
country community, where signals are not
always received with good volume. And per-
haps some fairly close station that should be
received well comes in weakly or is not heard
at all. - In the latter case, however, provided
the radio-frequency noises are not bad, a
sensitive receiver will bring up these near-by
stations, in spite of ‘“dead spots.” On the
other hand, the ratio of radio noise—or static,
as we are calling it—to signal strength is in-
creased in such-a locality so the possibilities
for doing good long-distance work are de-
creased in the same proportion.

These dead spots can be attributed to num-
erous causes. In a city, it often happens that
the receiving location is surrounded by a good
many steel structures. It may be that some
of these steel structures have a natural fre-
quency corresponding to some particular wave-
length. If this is so, any station of this wave-
length is difficult to receive, because the main
energy of the wave is absorbed before it
reaches the receiving stations. In a way, this
situation is similar to that brought about by
stepping behind a big tree while out in a strong
wind. The tree absorbs the force of the wind
while you, behind it, receive little or none of
its energy.

Again, a receiving installation will sometimes
receive short wavelengths admirably, but can-
not receive long wavelengths satisfactorily,
or vice versa. This trouble is also invariably
blamed upon the dealer or the type of set used.
But here again the cause is usually due to one
range of wavelengths being absorbed more than
another, a situation brought about by surround-
ing conditions.

RECEPTION UNDER VARIOUS CONDITIONS OF
STATIC AND SIGNAL STRENGTH

OWEVER, the large part played by the

ratio of signal to static, in our distance

reception, is the main point | wish to empha-
size.

Let us suppose again the case of a set with
unlimited powers of radio-frequency amplifica-
tion. Suppose this set is located in New
York City, and while in the course of opera-
tion on a certain night, a Pacific Coast station
is picked up and brought in beautifully. No
noise, no interference, nothing but clean-cut
speech and music. On the following night,
perhaps, the same set is tun=d-in on the same

station when they are on their usual schedule;
but with the same adjustments and same
amount of amplification being used, nothing is
heard. Then the operator starts increasing
his radio-frequency amplification. He con-
tinues this until the set is amplifying to the
point where the static level on that paruicular
night is brought up to audibility. He begins
to hear clicks, buzzes and bangs in his re-
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FIG. 2
Here, the,static level is the same as in Fig. 1. But the

broadcast signal is weakened in its passage eastward, due

to conditions between the Pacific (A), and the Atlantic (C)

Coasts, with the result that it sinks below the static level

before reaching New York (C) and no receiver now known
can receive it

ceivers—and still no signal. Why? The sig-
nal was there the night before and could be

"brought out clearly with less amplification

than he is now using. And to-night, every
additional step simply increases the roar in his
phones. If the signal is being brought in, it is
so weak in comparison to the noise that it
cannot be heard.

The answer i1s just this: for some reason,
somewhere between lLos Angeles and New
York, certain prevailing conditions weaken the
wave sent out by this particular station to a
greater degree than the night before. Its
energy has fallen off more quickly, and by the
time it has reached this particular location in
New York it has dropped below the level of
radio-frequency noise and cannot be brought
above it again by any ordinary methods.

This can well be illustrated by the diagram,
Fig. 1. Let the two points, A and C, rep-
resent the Pacific Coast and New York,
respectively, with the intervening distance,
indicated by the line between them. Let the
height above the line AC, measured along the
line AD, represent signal strength or audibility.
The irregular line, EF represents the static
level that existed on the first night of reception.
The line XY represents the radio signal that is
sent out from the Pacific Coast as it travels
toward the East. It will be seen that the
farther it goes in the easterly direction, the
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more it falls off and approaches the line AC,
but as this is the decreasing progression that
carries on to infinity, it will never actually
reach the line AC, but at some point such as
B, east of New York City, it is bound to run
under the static level, EF. In this particular
case any receiver in New York that is capable of
giving sufficient amplification toreproduce a sig-
nal of intensity CG will be able to bring in this
station. At this point the signal audibility is
well above that of the static level and can be re-
produced without interference from this source.

Now let us turn to Fig. 2. Here the same
conditions prevail, with one exception—the
signal-static ratio is changed. It can be seen
that we have two variables here, both of which
lie between fairly wide limits—that is, the
actual signal strength itself represented as the
distance of the line XY above the line AC and
the strength of the static level EF (which
i1s shown at the same height above AC in
both Fig. 1 and Fig. 2, indicating it to be
the same strength on these two nights). How-
ever, in Fig. 2, the line XY is seen to pass
under the line EF before it reaches New York.

In other words, due to poor conditions pre- .

vailing between the points A and C, the radio
signal is not carrying as well the second night
as it did the first, falling off more rapidly.
And after it has passed beyond the point B,
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On this night, the signal which reaches New York is rep-
resented as of the same intensity asin Fig. 1. Thestaticis
worse, and there is “‘nothing doing”’ on West Coast signals

where it reaches the static level, it is lost, as far
as radio reception, as we know 1it, is concerned.

There is another case that might be consid-
ered: the signal strength on these two succeed-
ing nights might have remained the same, or
varied only slightly, while the static level itself
changed. This condition is illustrated in Fig.
3, where the signal strength represented by
XY is identical with that indicated in Fig. 1,
but the signal-static ratio or the line EF, is
higher. 1f this were the case on the second
night, the operator would never have attempted
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to increase his radio-frequency amplification,
because when he turned his set on with the same
adjustments as he had on the first night, i. e,
would immediately get a terrific roaring in his
phones that would force him to decrease his
amplification; and even though the signal
itself was present with as great intensity as on
the preceding night, the static would be “in”
with still greater volume. And when he de-
creased his amplification to the point where the
noise had diminished sufficiently to listen-in,
there would not be enough amplification to
bring in the signal.

Now, if you follow this thought closely you
may ask: What is the use of a sensitive receiving
setr  What, for instance, can be done with a
good super-heterodyne that cannot be done
with any other receiver?

This can also be illustrated most simply with
the diagram, Fig. 4.

Supposing the same lines, AC and AD, to
represent distance and signal strength re-
spectively, and supposing the same signal to be
sent from the Pacific Coast, let us see what
happens with different types of receivers, and
how it is possible to receive farther on one
type than another. Suppose, further, that the
signal submerges beneath the static level at
point B, some indefinite point between the
Pacific and Atlantic Coasts. Now let us con-
sider three types of sets: first, the ordinary
crystal set; second, the regenerative receiver,
and lastly, a super-heterodyne with unlimited
powers of amplification (the latter, for instance,
being capable of bringing any radio-frequency
noise that is above the line AC, into audibility).
The amplification power of the regenerative
set may be indicated by the dash line GH—that
is, 1t is capable of receiving any radio-fre-
quency impulse whose strength is represented
by the distance AG above the line AC, and
lastly, the crystal receiver whose power of
reception is represented by the dash line 1K,
and which will receive any radio-frequency
impulse whose strength is greater than the dis-
tance of the line IK above AC.

In this diagram we are supposing a good
average winter night with the static level, EF,
very low. In fact, it is well below the limit of
amplification of a good regenerative receiver
as indicated by its distance below GH. In
other words, no static disturbance or noise will
be heard on either the crystal or the regenera-
tive receiver.

The signal starts from the Pacific Coast from
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point X. (While, of course, it travels out
from this point in all directions we are only
considering its easterly bearing.) At first, it
falls off very quickly and passes below the line
1K at M. This means that the distance 1M
is as far as the signal can be heard at this
particular time, on a crystal receiver. It may
be ten miles. It may be fifty. The signal
continues on at point N, where it falls below
the line GH, which represents the amplification
limit of the regenerative receiver. This station
then, may be received at this particular time
with a regenerative receiver at any point be-
tween G and N. Now, it may be seen that this
signal travels still a great distance before it
reaches the point B, where it passes below the
static level and is lost to any form of receiver.
And here is where the more sensitive set gets
in its work; for the set that is capable of giving
sufficient amplification to get down below the
static level at this particular time, can re-
ceive that radio signal anywhere over the dis-
tance up to the point B, which in this case we
are supposing is practically twice as far as the
regenerative receiver will go. Here is a real
gain, and it is made possible by one thing only—
the low static level of the static interference
represented by the line EF. If this line EF
were as high as, or higher than, the line GH
(as would be the case on almost any summer
night), the regenerative receiver would be
able to receive over just as great a distance as
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A crystal set can receive San Francisco’s signal at IM

distance from the transmitting station, a regenerative set

at GN distance, and a super-heterodyne at any distance up
to point B

the receiver with unlimited powers of ampli-
fication. Tbherefore, the factor which limits the
range of a radio recewer is not only its sensitive-
ness but the signal-static ratio.

| do not mean to say that this condition will
never be overcome. There are already systems
of radio telephone broadcasting (such as single
side-band transmission), which will improve
the signal-static ratio; but with the radio re-
ception and broadcasting we have to-day,
this condition certainly does apply and is the
fundamental factor that limits our long-dis-
tance reception. If the radio fan can realize
this, he will no longer complain when on a bad
night he can do no better with his neutrodyne
or even super-heterodyne than he can do with
his old regenerative set. He will realize that, on
that particular mght, either the signal strength
itself has fallen or the static level has risen.

The Choice of a Receiving Tube

Some Useful Data on Radiotron and Cunningham Tubes

By B. S. HAVENS

General Electric Company

HE choice of a tube to use for a
particular purpose depends in gen-
eral upon three main considerations:
1. The purpose for which the set
is to be used:
a. Broadcast listening for the enjoyment of
entertainment programs.
b. Experimentation on apparatus and cir-
cuits.
c. Long-distance code reception.

2. The type of set in which the tube is to be
used; that is, the electrical circuits involved,
number of tubes used, and whether a loud
speaker is included in the equipment.

3. Whether storage batteriesl No. 6 dry
cells, or flashlight dry cells are to be used for
filament operation.

THE UV—10Q AND C—200

HESE tubes require a minimum of fila-

ment energy. In fact they use only .18
of a watt, or about one eightieth the power
consumed by a 4o-watt électric lamp.

The bulb is of small size, and a special base
and socket suitable for such a small tube are
used. On account of the small size of this
tube, the capacity between electrodes is lower
than in either of the other tubes, but when it is
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used in a standard socket the capacity of the
adapter employed added to the capacity of the
tube makes it practicable without changing the
circuit. This tube is particularly suited for
portable sets in which it is necessary or desir-
able to use ordinary dry cells, or flashlight
cells for filament operation.

The small electrical capacity between the
electrodes makes it a very satisfactory tube
for radio-frequency amplification. This tube
does not require critical adjustment of plate
voltage, and tapped plate batteries are not
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from variations caused by slight changes in
plate and filament voltage. Accordingly, thev
are quiet in operation and have a longer operat-
ing life than any of the tubes mentioned above.

They are equipped with a standard base and
thus fit in many sets already constructed, un-
less they have been made especially for UV-
199’s, C-209’s, or WD-11s.

The filaments require a much greater amount
of electrical energy for their operation than does
the UV-199 or C-299, but the UV-201-A and
C—301-A tubes can be operated from dry cells

in the case of one or two tubes used

necessary, whether the tube is used as
a detector or as an amplifier.

THE UV—200 AND C—300

HESE tubes are particularly
desirable for the skilled radio ex-
perimenter interested in code work
and reception over great distances.
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only a few hours per day at a lower
expense than with the use of a storage
battery.

As an audio-frequency amplifier,
these tubes are somewhat superior to
the UV—-199 or C—290.

As a detector, the UV-201-A or

They are not suitable for dry-cell
operation because the filament requires one
ampere at five volts.

Their action as a detector is very critical with
respect to filament voltage and plate voltage,
and is not as uniform between different tubes
of the same type or as constant in any one tube
as in the case of the high-vacuum tubes (UV-
109, C—299, UV-201-A, and C—301-A).

They are very sensitive to weak signals, espe-
cially spark and modulated CW signals, when
skillfully handled by experienced operators in a
circuit particularly equipped for the proper
voltage operation of filament and plate.

They are not recommended for audio- or
radio-frequency amplification and should never
be used with a plate voltage greater than that
obtainable from a 223-volt B battery at full
voltage.

These tubes require a little patience and skill
in adjustment for the reception of weak signals.
Under certain conditions they have a tendency
to be slightly more noisyin operation than either
of the high-vacuum tubes which are practically
free from such disturbances.

UV—20I—A AND C—30I1—A

HESE tubes are powerful amplifiers, in-
herently better than the UV-199, and are
particularly suitable for loud-speaker operation.
They are designed to give the best possible
amplificatior. for general use, their amplification
property not being sacrificed to any extent to
give a minimum of filament energy.
The operation of these tubes is almost free

C—301—A are about the same in re-
sponse as the UV-199 or C-299 and are to be
recommended over the UV—200 for most
general purposes, except in equipment specific-
ally designed for the latter tube as regards
potentiometer adjustment for plate voltage and
very fine adjustment for filament voltage.

The UV—201-A and C—301-A are ideal for a
one-tube set employing dry cells or a multi-tube
set when a storage battery is available for fila-
ment operation.

Critical adjustment of filament and plate
voltages are not required and it is not necessary
to have taps on the plate batteries.

Although the capacity between the electrodes
of the UV-201-A and C—301-A are somewhat
greater than the UV-199 and C-299, their
greater inherent amplification makes them just
as satisfactory in most radio-frequency amplifier
circuits. _

When used for audio-frequency amplification,
a negative grid bias or C battery should be
used [see page 80, Rapio BroabcasT for Nov.,
1923], the C battery voltage depending upon
the plate voltage employed. The following
table gives the correct value of C battery with
different plate voltages:

PLATE VOLTAGES C BATTERY VOLTAGE

40 0.5 to 1.0
60 1.0 t0 3.0
80 3.0 t0 4.5
100 4.5 to 6.0

120 6.0 to 9.0 (not to be
used with UV-199’s or C—299’s.)



From Binding Post to Varnish

By HOWARD S. PYLE

P IN the cold, lonely timberlands

of the north—down in the warm,

tropical countries—on hundreds of

ships on the seven seas, myriad tiny

voices of the night bring cheer and
comfort and entertainment to eager listeners.
And all through proper manipulation of a few
simple controls on a small wooden cabinet.
It 1s an accomplishment to inspire awe, and
we have a respect for the little cabinet that
forms a medium of- contact with the world
about us. So faithfully and efficiently does the
little mystery box serve us, that many do not
stop to wonder how and where and by whom
the delicate apparatus was assembled and
arranged within.

The writer recently made an investigation of
the manufacture of modern broadcast receiv-
ing equipment, concluding his search with a
trip through one of the largest and most
modern factories of the independent radio
manufacturers.

The entire plant had been laid out after the
policy followed by the Ford Motor Company:
the raw materials are routed through a definite
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manufacturing cycle. As each part is com-
pleted, it is delayed at an operating station
until the arrival of the next part required in
the receiver assembly. By this method as a
panel progresses through the factory, various
completed parts are added until the panel
reaches the testing department with a com-
pleted set attached to it.

The first photograph shows the individual
units being made up. The girl at the extreme
right is operating an automatic screw assembl-
ing machine—a combination power-driven
screw driver and socket wrench. To the left,
other operators are seen with automatic rheo-
stat winding machines. A large proportion of
the special machinery found to be imperative
in accurate work, has been developed within
the plant.

Following the completion of the various parts,
they are delivered to the assembly depart-
ment, to be incorporated in the receivers at
the proper stations during their progress along
the assembly tables.

In the photograph on page 290 we see the first
stages in the construction of a four-tube re-

HERE THE PARTS ARE MADE UP
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ENGRAVING AND FINISHING PANELS FOR FOUR-TUBE RECEIVERS

ceiver—an extremely popular product of this
particular manufacturer. In the operations pic-
tured, the panels appearing in the lower right-
hand corner are machined to the desired
dimensions, sanded, and then subjected to a fin-
ishing operation which completely removes the
gloss and gives the panels a pleasing, flat,
grained finish. They are then passed through a
gang of drills,each operator drilling but one size
hole, thus eliminating change of drills and les-
sening the possibility of error. The next step is
through the engraving machines. A battery of
five are seen behind the blank panels in the fore-
ground. Here the work is also divided, so that
one machine operator engraves only a small
amount of “copy.” Thus each man becomes
expert in engraving some particular character
such as a trade-mark or a group of letters or
figures.

The panel is then ready for the assembly de-
partment. One row of long tables permits the
progressive passage of the panel through the
various stages of assembly. A separate row
permits an uninterrupted line of receivers of
five different types to be constantly in produc-
tion. One worker, for instance, secures the
filament rheostat and the two audio-frequency
transformers in place, the next places on the
binding posts, and so the work progresses down

the line until all of the parts are assembled on
the panel.

Next in order is the wiring, or “hooking-up.”
1t has been found desirable to limit the number
of wires placed by any one operator. Hence
we find one worker caring for but two or three.
wires, the instrument then passing to the next
station where two or three more are placed.
This procedure enables each operator to work
rapidly without sacrificing accuracy. In a
plant where the bonus system is in vogue,
this division of labor works to the advantage
of both employee and manufacturer.

When anumber of instruments are completely
wired they are passed to the testing depart-
ment on “wagon-racks.” Several of these
wagon-racks are shown at the right in the
upper picture on the opposite page.

Passing along the right-hand row of tables,
each instrument is subjected to an inspection
for possible loose connections and given a
thorough brushing and cleansing of all soldered
joints with benzine and alcohol. This serves
to eliminate leakage paths which might be
caused by excessive soldering flux.

The instrument is then delivered to the
radio-frequency test tables. Two small, con-
tinuocus-wave oscillators installed in this de-
partment furnish energy for testing receiving
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HERE THE RECEIVERS ARE

sets on actual radio-frequency signals. One
oscillator is adjusted to a wavelength of 200
meters and modulated at a frequency of 1000
cycles. The second oscillator is adjusted to
600 and modulated at 100 cycles. These test-
ing oscillators are arranged on a loop, and the
energy is transmitted to the series of loops

CABINETS IN

THE EARLY STAGES

AN
Mo iagyame

!, 4
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INSPECTED AND TRIED OUT

shown in the photograph. A receiver must
function at both wavelengths before passing
the testing department.

[t has been found practically impossible to
locate faults in radio-frequency apparatus
unless actual radio-frequency currents are
applied to the instruments under operating

OF CONSTRUCTION
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conditions. In other words, receivers which
have satisfactorily passed a mechanical and
electrical test, are often inoperative when con-
nected to an antenna system. The testing
system just described enables a really satis-
factory test to be made, the loop antenna de-
sign being such as to represent the electrical
characteristics of the average antenna erected
to receive broadcasting.

A receiver satisfactorily passing all tests is
finally routed to the table at the rear of the
testing department where the necessary in-
structions are placed in the cabinet and the
serial number entered on the cards. The set
is then packed for shipment.

In order that all of the parts entering into
the final assembly may be manufactured in the
one plant described, a wood-working depart-
ment is maintained, which is among the largest
and most modern in this country. Here the
cabinets and other wood work used in the
manufacture of radio equipment are turned
out, with a considerable surplus for outside
distribution. An example of the modern
machinery in use throughout the entire or-
ganization is seen in the “sticking-machine”—
the paddle-wheel-like machine shown in the
lower picture on the previous page. This has
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replaced the old method of setting up long lines
of cabinet work held together by means of
“gluing-clamps.”

A cabinet, upon leaving the wood-working
plant, goes to the spraying department where
the finish is sprayed on the cabinet instead
of being applied by hand with a brush.

Completing the equipment of this manu-
facturing plant i1s an up-to-date printing
establishment in which are published all cata-
logues, instruction sheets, and circular matter,
as well as a weekly newspaper.

From the foregoing, it can readily be seen
that radio as an industry has assumed a definite
place in the business world. Conditions, so
chaotic «two years ago, have so shaped and
stabilized themselves that an establishment
such as the one described, representing an
investment of many thousands of dollars and
employing hundreds of workers, is recognized
as a sound and substantial industry. The
fly-by-night manufacturers of a year or two
ago are now practically extinct. Good work-
manship, correct policies, and a desire to give
the public dollar for dollar value, have narrowed
the great new field of radio manufacturing
down to a comparatively few progressive manu-
facturers.

HERE THE FINISH IS SPRAYED ON




Is the Amateur at Fault?

By CARL

HOPE the spirit of this article will not be
taken as one of “A plague on both your
houses”’—the houses referred to being not
those of Capulet and Montague, but those
of the broadcast listener and the telegraph

amateur. | grew up as a radio telegraph
amateur, myself, and it is now my fortune to
cater, professionally, to the broadcast listener.
I am in a position, | believe, to know both
factions and to view

DREHER

using an electrophorus to make a spark in one
room of a house, and listening on a telephone
receiver connected across an autocoherer, con-
sisting of a needle laid across two pencil leads,
in another room; and that was radio.

It had one salient advantage—every one did
what he pleased without bothering any one else.
The frontier, in other words. My friendly
indictment of the present telegraph amateurs

1s that some of them

their differences with
an impartial eye.
Neither party is with-

out faults; or, to be
accurate, each class
contains 1ndividuals

who have more radio
faults than a regener-
ative set has squeals.
A frank analysis of
these members of the
groups will, | feel, be
In the interest of the

TOR.

The author makes a plea for tolerance and
common sense in the relations of amateur
and “B C L’ toward one another.
article, he takes the radio amateur to task for
the interference he sometimes creates with his
spark or continuous-wave transmitter;
the severity of his criticism is tempered with
constructive suggestions and with a sympathe-
tic understanding of the amateur’s point of
view. Next month, Mr. Dreher will put the
broadcast listener on the carpet.—THE Epi- -

seemto think that they
are still in that state.

THE BOY THAT SITS
ON THE KEY

In this

OR example, 1

happen to live in
New York City, near
three or four ama-
teurs with C. W,
transmitters. My
business makes it ne-
cessary for me to list-

but

radio art as a whole.

When seventeen years ago [ listened, wonder-
stricken, to my first wireless signals, the art was
at a sort of scientific frontier. Like other
pioneers, we suffered somewhat from loneliness
and hardships, self-inflicted, to be sure, but
none the less poignant. Signals were few and we
were ignorant as to the proper procedure to
follow in receiving those few, so that an
amateur would sometimes listen for weeks
without hearing anything. Yet he would
listen for hours every day, holding his breath
a good part of the time, in the hope of hearing a
few dots and dashes. When a silicon crystal
jarred out of adjustment in the middle of a
message the owner would be plunged into
despair, for he was not likely to get it into
adjustment again that night. When he hit a
sensitive spot in his explorations there was no
signal on the air nineteen chances out of
twenty; and when someone was sending it was
a fair bet that the sensitive area would be
passed over, for the crystal was apt to be about
as good as a piece of anthracite. Some of the
boys did use coal, as a matter of fact. Long
before this time, even, experimenters were

en-in on broadcasting
wavelengths, almost all evening and practically
every evening. | havea wave-trap to take care
of these amateurs; still, as they are very near
me, enough stuff gets through to interfere with
reception, sometimes even to limit out the
broadcasting stations in my receiver. .(The
transmitters are fed on AC, | may remark,
quite 1mperfectly filtered, and with prominent
key thumps) Anyway, between. 8:00 and
10:30 In the evening these transmitters are
supposed to be off the air. Sure enough,they
are not used for signaling during these inter-
vals, .but not infrequently one of the -boys
holds down his key for a minute, presumably
to test radiation, and then stops without sign-
ing. A natural enough procedure—my friend
gets an idea for squeezing another eighth of an
ampere out of his set, and of course he has to
try it right away. Why wait until 10:307
In 1906, or 1912, or even in 1920, there would
have been no harm at all. But to-day our
careless friend interferes with twentv or thirty
broadcast listeners in the surrounding apart-
ment houses when he touches his key at -this
time. Instead of music, they get. a loud 6o-
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cycle hum which is music only to the ears of a
telegraph amateur. And the broadcast listen-
ers have no recourse at all. The operator is
careful not to sign his call letters, so it is im-
possible, even for a listener who knows the
code, to make a definite log entry and com-
plain to the U. S. Supervisor of Radio in the
district.

For the time being, the amateur seems to be
getting away with it.” But what will happen
in the long run? The broadcast listener is
only too prone to ascribe to the amateur in-
terference for which the amateur is
in no way responsible as well as that
for which he 1s responsible. As a
practical proposition, therefore, it
behooves the amateur to have the
broadcast listener interfered with as
little as possible. If he himself
causes such interference gratui-

Radio Broadcast

WHY THE AMATEUR SHOULD ‘“WATCH HIS STEP’’

AM speaking specifically of the urban ama-
teurs. Out on the farms the situation is
much less acute. But in the cities the ether
simply cannot carry all the traffic imposed on
it, taking into account that broadcast re-
ceivers must be built to be handled by laymen
not engineers, and that within a few hundred
feet of an antenna radiating an ampere or
two, eliminating the signal from such an an-
tenna 1s a more or less dubious proposition.
There is one Procrustean way of
doing it, and that is to eliminate the
amateur. This proposal is in fact
made, and in no very subdued
tones. Personally, | am warmly
against it. 1 doubt, also, if it can
be done. But there is no reason to
be certain and cocksure.. No or-

tously, he is helping to accumulate
a weight of resentment and irritation which, in
time, may be exceedingly dangerous to the
amateur’s interests. Public feeling gathers its
forces slowly, but they are very great once they
get started, and occasions have been known
where it was hard to stop them at a reasonable
point. .

The amateurs have their privileges, and,
like other people, act as if they will always have
them. But these are not inalienable rights.
The idea of further restrictions in transmitting
seems preposterous to many present-day ama-
teurs. But the idea of having to confine them-
selves to a particular wavelength, and taking
out a license, and emitting a sharp wave,
seemed preposterous to some of the amateurs of
1912. | well remember the indignation of one
old fellow who snorted indignantly at the idea
that he could no longer talk back to the com-
mercial stations and send as he pleased—which
was on 800 meters with a spark gap in the aerial,
a kilowatt or so of power, and a wave as broad
as the ocean. Even after the “W’ calls had
been assigned and the new law was in full
effect, the amateurs had, for a time, much
greater liberty than at present, and 1 well
remember hearing Doctor Hudson sending a
deadhead to the National Electric Signaling
Company’s station at Bush Terminal, asking
Mr. Hogan to look for his pipe, which he had
left at the station on a visit. At that time
this procedure was quite in order. Those days
are past. 'They were picturesque, but pictures-
queness is a poor argument for survival.

ganization 1s so great that it can
throw aside prudence and give no thought to
the morrow.

If the amateur is wise, he will read the hand-
writing on the wall, adjust himself quietly to
new ‘conditions and superior forces, save what
he can—which is considerable—and so keep a
reasonably prominent place in the radio game.
He has one fine argument on his side—the
demonstrable fact that the amateur telegraph-
ers are the best source of material for army and
navy radio men in time of war. This argu-
ment, if not pushed to absurd lengths, will
sustain the amateurs perfectly well. If it i1s
used to prove that amateurs should be al-
lowed to do what they please with the air at
all hours in time of peace, it will suffer the
same fate as the syllogism to the effect that
since skill with firearms is a virtue in time of
war, gangsters should be allowed to kill all
the bank-messengers they please for practice.
The comparison is overdrawn, but it makes the
point clear.

As for justice, one should not rely on it too
much. The son of the present Secretary of
Commerce is a prominent and competent
amateur, and as long as Mr. Hoover is in the
Cabinet the amateurs are assured of justice.
But Mr. Hoover will not be secretary forever,
nor even for a decade. The next secretary
may be a broadcast listener. In fact, he 1s
twenty times as apt to be a broadcast listener
as a code man. And at some time, thunderous
key thumps or raw AC on the plates or forty-
eight CQ’s in a row or a spark set next door
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may have prejudiced him against the amateurs.
This prejudice may easily be shared by a
majority of the Congress. What then? Jus-
tice 1s a very relative and elastic term, and one is
too apt to get it after one is dead.

SUGGESTIONS FOR REDUCING TELEGRAPH
INTERFERENCE

F THESE points are conceded, specific sug-

gestions for reform are in order. Without
going into the matter exhaustively, we may
enumerate four, as follows:

1. Use of artificial antennas for testing.

2. Technical restrictions on C. W. as well as
spark sets.

3. Establishment of a reduced-power rule for
local communication.

4. Reforms in calling and traffic handling.

The carelessness, amounting almost to prof-
ligacy, of the American code amateur is illus-
trated by this single observation—it is next to
impossible to find one who owns, or who has
ever owned, an artificial antenna, which per-
mits testing a transmitter without radiating.
Instead, practically all amateur testing is done
on the air. 1f 1 had a tenspot for every time
one amateur has asked another, “How i1s my
spark?”’ or, “How do you like this note?” 1
should be in a position to pay the German debt,
and have enough left over to relieve me from
the necessity of following radio for a living.
Let us concede that many receiving sets are
not all they should be, that their owners are
inexpert in the operations of tuning, that the
amateurs are blamed for much in-
terference of which they are inno-
cent—conceding all this, why should
an experimenter be allowed to use
the air for endless tests? The air
should be used for communication.
Most tests can be performed pri-
vately. An artificial aerial and a
receiving set will tell Brother Jones
that his new chopper gives a note like a rasp in
difficulties with a piece of battleship steel, with-
out an inquiry dispatched to Brother Smith
across the city. The same remark applies to
Brother Brown’s telephone set, which transmits
a band of frequencies from 400 to 1000, so that
Brown could not understand himself talk if he
did not know what he wanted to say. Brown
should not attempt to talk to Smith with this
set; he should have Smith come to his home and
listen to it on an artificial antenna, just as he
would, in simple charity, keep the windows
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closed while he was learning to play the oboe.
If the air were reserved for communication; and
if only such tests as actually require a distant
listener, or a wavelength setting on a parti-
cular aerial, were permitted on a radiating
antenna, and if this rule were applied to
amateurs as it is applied to commercial sta-
tions, an immense gain in freedom from in-
terference could be realized.

C. W. TRANSMITTERS NOT ABOVE REPROACH

NDER the second head, it is in order to
question the current belief that C. W,
transmitters do not cause interference. This is
true only relatively in any case, and for direct-
current plate feed, and when the radiation is
unmodulated, and, finally, when “key transi-
ents’” are suppressed. At present there are
regulations covering the emission of a pure and
sharp wave from commercial stations, but
these are not enforced 1n the case of amateurs,
because in the earlier state of the art, as long
as the amateurs stayed down around 200 meters
they were not apt to interfere with commercial
traffic, and the radio inspection service had all
it could do to regulate marine radio. Since
the advent of broadcasting, conditions have
changed, so that it is only a matter of time
when amateur aswell ascommercial stationswill
be subjected to technical regulations. The
paramount consideration, now as before, is the
protection of life and property at sea. Broad-
casting has added a secondary but important
consideration—the elimination of interference
on broadcasting wavelengths.  This
will involve restrictions on amateur
tube transmitters, as well as on
spark sets, and, just as the com-
mercial interests were able to agree
on fair and practicable standards for
spark transmitters in 1912, it will,
before long, be in order for the
amateurs, and the other interests in-
volved, to agree on proper technical standards
for amateur transmitting sets, in common with
other sending stations. The prevalent notion
that an amateur has done his whole duty when
he has put in a tube transmitter and does
not exceed the upper wavelength limit for his
class, and stays off the air between 8.00 and
10.30, will not, I believe, stand the test of
time.
My final criticism, calling for reforms in
calling and traffic handling, applies to a great
many amateurs—to a majority, 1 think—
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but in fairness it should be stated that an ap-
preciable number of amateurs handle their
keys as well as commercial operators; they are,
in fact, distinguished from the latter only by
the fact that they receive no pay for their work.
| am a great admirer of virtuosity in traffic dis-
patching, and am glad to pay my ¢ rﬁpliments
to these men. For every good opefator among
the amateurs there are, howe ten bad ones.
The percentage may-be"the same among, com-
mercial operators, but the latter are at least
restricted in the degree of badness they can
reach, by the certainty of getting fired by the
company,or havingtheir licenses revoked by the
Department of Commerce. An amateur on
the other hand, is free to send a String of
CQ’s as long as a Beverage aerial, to prolong a

/
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conversation interminably, -and to send the
code with such misspacing and mangling of the
characters that reading his traffic is simply
guesswork. The recent introduction of an
amateur extra-grade license may do something
to improve conditions, but personally | feel that
the issuance -of transmitting licenses should be

‘limited to applicants who can pass the first

class commercial requirements, and who have
acquired a decent “fist” in sending. The
good men in the ranks would not bé affected
by such a ruling; most of them have such
licenses already, or can get them whenever
they like. As for the others, let them prepare
themselves, or do without; that is the rule
everywhere. This proposal, incidentally, has
been put forward by leading amateurs.

Charle " Proteus Steinmetz
By J. H  MORECROFT

EW radio listeners have any idea
of the contributions Charles Proteus
Steinmetz made to their hobby; his
name was practically never men-
tioned in connection with radio, and

it was probably unknown to the greater part
of the multitude which nightly tunes-in the
broadcast programs. His death had no par-
ticular significance for them. But every
trained radio engineer realizes that radio is
only a small branch of the electrical engineer-
ing profession, and that it is only the engineers
well schooled in general alternating current
theory who will get far ahead. The large
companies, by whom most of the future radio
development will necessarily be carried out,
seldom care whether or not an applicant for
their engineering staff has had radio experience,
but they always want to know the extent of his
training in general physics and electrical
theory. This idea cannot be too strongly
emphasized by those who are occupied in
guiding boys who expect to enter the engineer-
ing profession; the fundamental -electrical
actions must be thoroughly mastered before
great progress can be made in any special
branch of engineering such as radio.

Having in mind, then, that the ultimate
progress of radio cannot depend upon the
relative merits of one circuit compared with
another, or high vacuum tubes versus sodium
tubes as detectors, but that it is rather based

on those broad principles which guide the
undertakings of all our large electrical indus-
tries, then in the death of Steinmetz we can
well say radio has lost one of its most resource-
ful contributors.

Steinmetz’ contributions to theory and de-
velopment in the field of general alternating-
current electrical engineering stand out more
prominently than those of any other single
man. To many Americans, Edison serves as
the most prominent expounder of the electrical
science, but this is only because some of his
achievements, notably the early electric gene-
rators and the incandescent lamp, come more
closely into contact with the everyday life of
the general public than do the achievements
of Steinmetz. In the record of the proceed-
ings of the American Institute of Electrical
Engineers, for instance, no engineer has to
his credit more important work than has
Steinmetz. Much of the material he wrote
will always remain inaccessible to the general
radio public; alternating-current theory, even
in 1ts simpler phases, is not easy, and Stein-
metz was generally busy with only the more
complicated aspects of it. He could, however,
and did often get down to the level of the
embryo engineer and talk interestingly and
instructively on the elements of his science.

His progress and attainments in our country
must often serve as an inspiration to other
immigrants. Landing at Castle Garden as a
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penniless youth he soon found the niche where
his thorough training in mathematics and
electrical theory would serve him best. After
entering the employ of the General Electric
Company his advancement was sure and
rapid. Alternating-current theory was then
being developed; many of the simplest phe-
nomena seemed baffling to even the best
engineers, so that a man of the vision and
ability of Steinmetz simply had to forge ahead
to the position which he held for more than
twenty years. Only ten years after this
crippled, penniless youth passed through the

immigrant gates at Ellis Island he was elected.

President of the
American Institute
of Electrical Engi-
neers, the greatest
honor his fellow en-
gineers could confer
on him.

great physical dis-
ability, which must
have proved a con-
tinual burden to him,
he showed tremend-
ous push and perse-
verance; his mind
-was ever keen to
grapple with the new
problems continually
presenting themselves to the scientific worker,
and what his mind was applied to, it generally
mastered. Only a few days before his death one
of our mathematical colleagues was commenting
on Steinmetz’streatmentof Einstein’s relativity
theory, as presented in a published series of
semi-popular lectures. “You know,”” he said,
“Steinmetz actually understood the stuff and he
puts his ideas in such terse language that even a
layman almost understands what Einstein was
trying to say.” We have often heard him get
up to discuss a paper on some technical topic,
presented by one of his fellow engineers, and
many times we learned more from Steinmetz’s
discussion of the paper than we did from the
paper itself.

In spite of his wonderful mastery of his
chosen field he retained an unusual degree of
modesty, and an cpenness of mind which made
him ever willing to listen to the other side of
the question. Typical of his dry humor was
an incident at an engineering meeting, where
in excited discussion was being waged regard-
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ing the feasibility of a certain type of machine—
could such a machine work, was the question.
After listening to the pros and cons by several
engineers, Steinmetz got the floor, and after
assuming the characteristic pose we all knew so
well, expressed his admiration of the logic of
those engineers who said the machine couldn’t
possibly work. “1 myself,” said he, “proved
conclusively some time ago that such a ma-
chine was against all reasonable theory and
couldn’t possibly work. But since then,” he
added, with a dry expression on his face, “1’ve
unfortunately seen it work.” That, of course,
ended the discussion.

A fellow engineer,
one who had worked
with Steinmetz and
knew the abilities
and eccentricities of
this electrical genius
by intimate associa-
tion and sympathetic
understanding, pays
a splendid tribute to
him in the Cornell
Daily Sun. Says
Prof. Vladimir Kara-
petoff: “It was im-
possible to make him
do anything except
what he himself
desired to do. He
stayed away from the works for days; he
smoked in buildings in which the President
himself did not dare to smoke; he used clock-
wise rotation of vectors when everybody was
using the opposite rotation; he insisted on
saying “ze”” for “the’’; he wore a soft shirt
and shabby gray suit at formal functions; and
he belonged to a political party which cussed
his company and its principal customers for
years.

“Modest, thoughtful, a prodigious wecrker,
always ready to discuss an electrical problem
on equal terms with any cub engineer, he was
the very impersonation of the principle of
losing one’s self so as to find it again in bigger
things. His contribution to our welfare and
knowledge is beyond measure or computation
and his life is a shining example of a quiet,
straight, and unswerving path amidst the
turmoil of conflicting passions, avarice, ex-
travagance, cure-alls, pseudo-science, pseudo-
patriotism, pseudo-life itself. And yet, with
all, his life is also a glowing tribute to this
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great, broad-minded country of ours which
early recognized his genius, took him lovingly
in her arms, and carried him steadily to the
pinnacle of his fame.”

As we recollect the many talks by Steinmetz
which it was our good fortune to hear, it seems
that his life and work assuredly bore out the
thesis which President Nicholas Murray Butler
of Columbia University recently submitted to
a group of engineering students, to whom he
was giving an informal talk. Although he
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was “not an engineer and didn’t pretend to
understand the great problems which engineers
undertake,” yet his observations, those of a
layman, had convinced him “that oniy those
engineers really succeed and accomplish things
who have imagination.”” Steinmetz was gifted
with a wonderful imagination, and the products
of this imagination he brought to concrete and
useful forms by the workings of his well trained
mind. Furthermore, he could really think—
an activity in which few of us seriously indulge.

"How the C Battery Prevents
Distortion

Your Amplifier Need Not Distort Signals If You Know
How to Apply the Proper C Battery Voltage to the Grid

By JOHN F. RIDER

RANSFORMER-coupled audio-

frequency amplification is almost as

old as the three-element vacuum

tube, yet its refinements are just

appearing before the public. Before
broadcasting became popular, when spark and
CW signals dominated the ether, distortion
in an audio-frequency- amplifier was a rare
complaint. The character of the signal did
not require distortionless amplification. Very
little attention was paid to the design of
amplifiers, if the desired amount of volume
amplification was obtained. Since broadcast-
ing came in, the requirements for audio-
frequency amplifiers have been much more
exacting.

To-day, amplifiers are required which shall
increase the intensity of thea signal, yet retain
all the fine variations of the voice impulse, so
that the music emitted from the loud speaker
1s an exact reproduction of that picked up by
the microphone in the studio.

Fig. 1 is a schematic diagram of a standard
two-stage audio-frequency amplifier. One can
readily see that there are only two parts of the
amplifier which can cause distortion: the
coupling transformers and the vacuum tubes.
In which of these two does the trouble lie? Ex-
tensive experiments have been made and are
continually being made by the manufacturers
of audio-frequency transformers, in an en-
deavor to produce a transformer that operates
perfectly on all frequencies encountered in the
broadcasting of voice and music. Their experi-
ments have proved successful, and transformers
that function admirably in that respect are now
on the market. Therefore, let us also assume
that the transformers in the amplificr have
been matched for the tubes and are perfect.
The entire unit operates excellently on weak
signals, but the distortion persists when strong
signals are being amplified. So, by the process
of elimination, we have arrived at the vacuum

tube as the source of our

Even if the transmission is
perfect, entirely without dis-
" tortion, and if the detection is
perfect, nevertheless the sig-
nal i1s distorted after passing
through a two-stage amplifier.
What has caused the distor-
tion?r

to operale.

The C battery elim-
nates distortion, increases
the life of the B baltery,
and makes the audio am-

plifier wmore

troubles.

We find by experience that,
by reducing the brilliancy of
the filament, we can minimize
the distortion to a certain de-
gree, but this method is un-
satisfactory, as it results in a
decrease of signal intensity.

economical
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FIG. 1

Two-stage audio amplifier. If the transformers are of
reliable make and matched for the tubes, any distortion
must occur in the tube circuit

Therefore, we will focus attention upon the
vacuum tube and see what part it plays in the
amplifier. Also what other apparatus, if any,
must be added to the amplifier so that the
vacuum tube will operate with maximum effi-
ciency, eliminate distortion, and still afford
maximum amplification.

What is the three-element vacuum ‘tube as
used in our present-day amplifiers? It is an
instrument consisting of an evacuated bulb,
containing a filament that can be made
incandescent so as to emit electrons; a grid, and
another metallic object called the plate. Fur-
ther, it is a voltage-operated device, which,
when an alternating potential is impressed
upon the grid, will produce the same alter-
nations in the current flowing in the plate
circuit but of greater amplitude. Now the
question might arise in the mind of the reader:
How can distortion occur in a vacuum tube if
the alternations impressed upon the grid are
reproduced in the plate circuit? This can best
be explained by means of a plate-current, grid-
voltage characteristic curve (Fig. 2). Before
going into the explanation of the curve, a
few remarks concerning the plate current might
help the uninitiated.

Experiments have determined that when a
filament is contained in an evacuated chamber
and made incandescent, it will emit electrons
at a certain rate per second, the rate depending
upon the degree of incandescence. Also, that
when another metallic object in the form of a
plate is placed into that chamber and given a
positive charge in respect to the filament (the
positive terminal of the B battery is always con-
nected to the plate), the electrons will be at-
tracted to the plate, and a stream of electrons
will flow from the filament to the plate. Now if
we place a meter that will indicate the flow
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and quantity of any current in the plate circuit,
we will find that when there is a flow of elec-
trons within the tube (from filament to plate),
there is a certain value of current flowing in the
plate circuit. So we can say that the elec-
tronic flow is equal to a current flow within the
tube. And we find that by varying the
brilliancy of the filament (thus varying the
number of electrons that are emitted from the
filament per second), we can vary the plate
current; also, that we can vary the plate cur-
rent by varying the value of the voltage applied
to the plate, for the greater the positive charge
on the plate, the greater its attracting power,
and a greater number of electrons are attracted
to the plate. The plate current corresponds to
the number of electrons reaching the plate per
second. If we maintain the filament current
constant and the plate voltage is also main-
tained at a constant value, there will be a
definite number of electrons flowing across
inside the tube, and the plate current will be
constant. This value of the plate current is
usually expressed as the amount of current
the tube draws. When the plate voltage is
held constant and the filament current varied
from minimum to maximum, there will be a
variation in the plate current from minimum to
maximum. [he maximum indicates that the
positive charge on the plate has attracted all
the electrons possible, and any increase 1in
filament current in order to increase the number
of electrons emitted will be of no use. When
this stage is reached, we have reached the
saturation point of the tube, i.e. for that plate
voltage.

Now let us go back to the characteristic
curve of the tube. We are to illustrate how
distortion may occur within the vacuum tube,
and we shall also show how it can be eliminated.
The curve illustrates the operation of a three-
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Showing the relationship &"
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element vacuum tube as an amplifier, by show-
ing the relationship between the plate current

and the grid voltage, when the plate voltage -

and the filament current are held constant.
The vertical line on the extreme left indicates
the value of plate current (usually expressed
in milliamperes); the horizontal line, on the
bottom, the grid voltage; the vertical line in
the center, the zero line, i.e., the dividing
line between negative and positive grid volt-
age. To the right of this line
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form in the plate circuit will be exactly the same
as those in the grid, and no distortion will take
place in this case.

Let us now assume that the signal has passed
through one stage of amplification, or that the
original input has been greatly increased.
What happens when a stronger signal is applied
to the grid? Since the signal is of greater
intensity on being amplified, the alternating
potential that is impressed upon the grid is

greater. This is indicated by

is positive grid voltage and to
the left, negative. The curve
shows the variation of the
plate current, and the bend X
i1s the saturation point. As-
sume that the curve illus-
trates the characteristics of a
UV-201-A as an amplifier with
a plate voltage of 673 volts.

Mr.

article.

Do you know just how
your tube works?
difference does 1t make if
you apbly more B baltery,
or more filament voltage?
Rider

these questions

Y1l and YL, the former the
negative charge and the latter
the positive. We follow the
various lines through once
more, and note that the nega-
tive half of the applied grid
potential has produced the
plate current variation DG,
and the positive half the varia-
tion DA, but that the two

What

answers
. this

The dot on the curve and point
DD on the left-hand line indi-
cates the normal plate current as explained in
the preceding paragraph. Now suppose that
an incoming signal of a medium intensity has
been impressed upon the grid. The applied
potential being of alternating character, an
alternating positive and negative charge is
therefore applied to the grid. This is shown
by Y] as the negative charge and YK as the
positive charge. By following up the vertical
lines at these points and noting where they
cross the plate current curve then following
the horizontal line at that point toward the
left vertical line, we see the value of the plate
current in each case. The negative charge
upon the grid has reduced the plate current
a certain value below normal, and the positive
charge upon the grid has increased the plate
current the same value above normal. This
phenomenon occurs because when there is a
negative charge upon the grid it repels some of
the electrons emitted from the filament and
less travel to the plate, hence the plate current
is reduced; the opposite is true when the grid
is charged positively. The grid attracts elec-
trons and a greater number travel to the plate,
increasing the plate current. Expressing this
differently, we can say that when the grid
carries a positive charge it increases the attract-
ing power of the plate. By glancing once more
at the curve it will be noted that the increase
and decrease in the plate current are exactly
proportional to the grid potential variations,
but are of greater magnitude; so the wave-

variations are not equal and
therefore are not exactly proportional to the
grid potential variations. The reduction in the
plate current for the negative charge on the grid
i1s greater than the increase for the positive
charge, and the increase has been carried be-
yond the saturation point. Since the variations
in the plate current are not exactly equal, the
wave-form in the plate circuit is not an exact
reproduction of that applied to the grid. The
effect of this is distortion. Thus distortion is
produced within the vacuum tube in amplifying
circuits.

What is the remedy for this situation? To
reduce the grid voltage would reduce the
amplification. That would never do, for maxi-
mum amplification 1is generally desirable;
therefore, we must reduce the normal plate
current to such a point that equal increase and
decrease will be produced in it by the grid
voltage variations. Expressed differently, the
operating point (normal plate current) must
be shifted to such a position that the plate
current variations will be equal at all times,
and this point is midway between the two
bends. We can do this by two direct methods:

1. By reducing the filament brilliancy,- thus
reducing the electronic emission.

2. By reducing the plate voltage, thus re-
ducing the attracting power of the plate.

Neither method is completely desirable, for
in each case we would not obtain maximum
amplification. We shall have to resort to an
indirect method of shifting the operating point
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of the tube. We shall utilize the grid, we can

either increase or decrease the plate current.
As we want to reduce the normal plate current
to a certain point, we place a constant negative
charge upon the grid. This calls for the
insertion of a source from which we can obtain
this negative charge.

The most logical source would be a battery,
and that is the means employed in actual
practice. This battery is called the C battery,
and is sometimes known as the “grid bias.”
The battery is connected as shown in Fig. 4,
and we apply just enough negative potential
to the grid to reduce the normal plate current
to the point where changes in the grid potential
due to the incoming signal, will produce equal
increases and decreases in the plate current.
Therefore, by means of the C battery, we can
confine ourselves to operation on the straight
portion of the characteristic curve, and place
the operating point midway between the two
bends. In this way, the symmetry of the
oscillations applied to the grid are faithfully
reproduced in the plate current, the variations
are proportional, and distortion is eliminated.
Further, the greatest amount of variation is
obtained in the plate current for the grid
potential variation, and maximum amplifi-
cation is also obtained. This is shown in Fig.
3. The operating point, R, has been reduced,
and for the same value of input the greatest
variation is obtained and the variations are
proportional.

Fig. 4 is the same as Fig. 1, except for the C
battery between the grid return lead of the
transformer and the negative terminal of the
A battery. That point is the proper position
for the battery, and not between the grid of
the tube and the grid terminal of the trans-
former.
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The patent rights for the use of a C battery
in an amplifier are owned by certain radio con-
cerns, and because of their refusal to grant
other manufacturers this right, separate C
batteries are not found in the average amplify-
ing unit. There is no ruling that forbids the
radio fan to insert such a battery in his own
amplifier. To overcome this patent situation,
other methods of obtaining a negative grid bias
are resorted to by the manufacturers. One
1s to connect the grid return of the transformer
to the negative terminal of the A battery, and
another to place the filament rheostat into the
negative lead of the A battery and connect
the grid return of the transformer to a part
of the rheostat, so as to apply the voltage drop
across the rheostat to the gnd of the tube.
These methods are limited in their degree of
efficiency, since the required value of “grid
bias” might be more than that obtainable by
the above means. The value of the C battery
1s best determined by experiment, as it de-
pends upon the controlling constants of the
tube. The following table offers a close approx-
imation to the C battery voltages to be used
with a given plate voltage.

PLATE VOLTAGES C BATTERY VOLTAGE

40 0.5 to 1.0
6o 1.0 to 3.0
30 3.0 t0 4.5
100 4.5 to 6.0
120 6.0 to 9.0 (not to be

used with UV-199’s or C-299’s)

The C battery:

. Eliminates distortion.

Reduces the normal plate current thus
increasmOr the life of the B battery and making
the ampliﬁer more economical to operate.
This 1is illustrated by the following experi-

ments:
INPUT Ya—
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FIG. 4

Showing how the C battery is con-
nected in an audio-frequency amplifier
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A receiver consisting of a regenerative
detector and two stages of audio-frequency
amplification, as in Fig. 1, was put into oper-
ation. The amplifying tubes were VT-2’s and
drew approximately 1.2 amperes on the fila-
ment. A potential of about 150 volts was
applied to the plate. The signal strength on
local stations was tremendous, but the music
was distorted. A milliameter was placed into
the plate circuit, and with above filament
current and plate voltage, the two tubes drew
approximately 32 milliamperes normal current.
To minimize distortion, the filament current
was reduced until the music sounded best (i. e.,
till amplification was best), yet the tubes drew
22 milliamperes. (It can be readily seen that
with this amount of current being drawn from
the B batteries, they cannot last very long.
That 1s the case with many amplifiers in use
to-day. The operators are told to increase
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the plate voltage if they desire greater signal
strength. That is true, but the other constants
must also be in proportion, if efficient operation
1s desired.) Now the filament current was
brought back to normal—1.2 amperes—and C
batteries were added as in Fig. 4, until maxi-
mum 1intensity was obtained without any trace
of distortion. With the C batteries in, greater
signal intensity was obtained than previously,
due to the fact that we were operating on the
straight part of the characteristic curve, and
full plate-current variations were obtained.
When in this state, the reading on the millia-
meter was noted, and it was only 5 milliamperes
for both tubes. The increase in the life of the
B battery is readily apparent.

A great deal of the distortion that is attrib-
uted to the loud speaker may be taking place
within the second stage of the amplifier. Who
can tell?

PRESIDENT COOLIDGE READING HIS ANNUAL MESSAGE TO CONGRESS

The two microphones on his reading desk actuated six broadcasting stations.

Behind the Presi-

dent are Senator Cummings, President pro fem of the Senate, and Speaker Gillette, presiding



The “lab”” department has been inaugurated by Rapio Broapcast in order that its readers may
benefit from the many experiments which are necessarily carried on by the makers of this magazine in
their endeavor to publish only “fact articles” backed by their personal observations.

THE LATEST REPORTS ON THE GRIMES CIRCUIT

T IS doubtful if any other circuit made

public in recent months has received so

enthusiastic a welcome by the broadcast

fan as the Grimes Inverse Duplex. The

difficulties encountered in making this
circuit function as i1t should, have not daunted
the experimenter, and every mail received
by RADIoO BROADCAST contains new evidence
of his unflagging interest in the circuit.

The Grimes circuit is a queer one. It is a
puzzle, and deserves all the light that experi-
mentation can throw upon it. Our readers
who have experimented with this set, in either
the three bulb or four bulb form, are divided
sharply into two factions—those who claim it
is the best circuit in the world, capable of the
most remarkable results, and those who cuss it
causticly as a set that will howl, squeal and do
everything but receive signals. .

However, the circuit wi/l work, and we are
going to let our successful readers give a few
pointers on how it is done—including, here and
there, a few words of our own.

A FOUR-TUBE SET

1GS. 1 and 2 show the four-tube set con-

structed by Mr. Martin A. Zeiger in his
endeavor to duplicate the installation of
Mr. Shalkhauser, the winner of Second Prize
in Rapio Broabpcast’s last “How Far Have
You Heard” contest. The corrected circuit
for Mr. Shalkhauser’s set was published on
page 142 in the December number, while other
details will be found in the September issue.

These photographs of Mr. Zeiger’'s set are
particularly interesting in that they show very
clearly an accepted way of placing the parts,
mounting, etc. Fig. 2 is also illustrative of the
care and neatness in wiring which so often de-
termines whether or not a receiver will work.

In order to make Mr. Zeiger’s apparatus
function, 1t was necessary to add two small
fixed condensers (.oo1 mfd,) across the secon-
daries of the audio transformers nearest to the
detector, as was recommended last month in
reference to the corrected diagram. The selec-
tion of tubes was found to be eccentric, to say
the least, and an indiscriminate juggling of a
half dozen UV-201-A’s was necessary before
results were at all satisfactory. Filament
control was such as to necessitate separate
rheostats on each tube, no two ftubes being
burned at the same brilliancy.

The tendency towards self-oscillation in a
reflex set (its predominant fault) is in a direct
ratio to the number of tubes, or, more correctly,

T

FI1G. 1

A compact four-tube Grimes set. Potentiometer,
condenser and four rheostats are the only controls
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straight audio. This set
will be much more stable
than the average four-tube,
all reflex set. It will prob-
ably give even louder sig-
nals than the full reflex set
working at its best, for one
step of straight audio am-
plificationis always superior
to a stage of reflexed audio,
and the third step of R. F.
is rarely of much advantage.

FIG. 2
The Interior of Mr. Zieger’s set.

to the number of reflexed stages. That this
is so was demonstrated quite conclusively in
Mr. Zeiger’s set, which was much more un-
stable than a three-tube set recently brought
to the attention of this department. The
various adjustments of tubes, rheostats, etc.,
mentioned above, were necessary in order to
stop self-oscillations, which adjustments, how-
ever, caused the tubes to be operated in such a
manner that they neither detected nor ampli-
fied to the best of their ability.

For this reason, we advise our readers not to
attempt the building of a four-tube set du-
plexing all amplifying tubes, unless he possesses
infinite patience and experimenting facilities—
and luck! Our advice is: Build a four-tube
set (or rebuild your present one if you are
having difficulty with it),
but rather than reflex
through three tubes, reflex
through only two of them,
employing one stage of
straight audio amplifica-
tion. Such a set would use
the standard three-bulb
Grimes circuit as shown
in the April, 1923, number
of Rapio BrRoaDcAsT*, with
a single stage of audio,
added according to the di-
rections given in the ampli-
fication article appearing in
the July issue. The four
bulbs would then be, two
reflex, detector and one

* Back numbers of the magazine
may be had from the publishers
at twenty-five cents each.

A PORTABLE SET FOR AN
OPEN ANTENNA

IGS. 3 and 4 show

interesting views of
the three-bulb set made by Mr. Leonard
H. Searing, in which, for the greater part, he
followed the circuit shown in the April, 1923,
Rapio Broapcast. His main variation from
the original diagram is the use of a variocoupler
which permits the set to be operated from an
open antenna rather than on a loop. The
primary. of the variocoupler is in the aerial
circuit with a variable condenser in series with
the ground lead. The secondary is connected
in place of the loop—a simple and self-evident
change.

However, a loop may be used with Mr. Sear-
ing’s set, and in order to facilitate the change
from open antenna to coil antenna (loop), a
standard double-circuit jack has been placed
across the secondary of the variocoupler (be-

Note the rear connections,
the neat wiring, and the placing of the transformers

FIG. 3
A portable three tube Grimes set, for outside antenna or loop, built by Mr. Searing
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fore it ccnnects to the sec-
ondary condenser). The in-
side terminals of the jack
run to the variocoupler,
while the outside prongs
are connected across the
secondary condenser from
which they run to the po-
tentiometer and grid of the
first tube. The loop may
thus be plugged in, a pro-
cess which automatically
disconnects the variocoup-
ler. 1t might be more con-
venient to mount this jack
in the top of the cabinet,
making it possible to use a
loop with a plug in the bot-
tom of its upright support
(after the manner of the
De Forestreflex), thus doing
away with the separate stand for the loop.

Mr. Searing obtains excellent results with
this set, his only complaint being that it tunes
rather broadly. This is surprising, for the
use of the variocoupler should result in a very
selective set. 1t 1s possible that Mr. Searing
1s using an antenna of unusually high resis-
tance (of small-size wire). This will broaden
tuning, and in several cases which have been
brought to the attention of this department,
it has decreased the selectivity of good re-
ceivers. No wire smaller than No. 14 should
be used, and No. 12 is to be preferred.

[t will be noticed, from Fig. 4, that the builder
has not crowded his ap-
paratus. Plenty of space

" -gsi!!_tilggig&ﬂﬂ.u::, i

The interior of the three-tube set.
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FIG. 4
Plenty of room here, and no crowding of parts

oscillation. Firstof all, they haveminimized the
feed-back possibilities by not over-doing the re-
flexing, having thrown back the energy through
only twotubes, leavingthe first tube to function
as a straight radio-frequency amplifier. Sec-
ondly, they detect with a crystal, eliminatingthe
complications which attend bulb detection in
such circuits, and which caused the De Forest
Company to adopt similar means of rectifica-
tion. Thirdly, they applied the neutrodyne
principle, and, “obtained a great improvement
over the straight Grimes hook-up. As in the
neutrodyne, the tendency to oscillate, and the
presence of body capacity, were completely

NEUTRALIZING CONDENS\ERS

in the Grimes circuit lessens [

"‘,//' N |
CRYSTAL

the chance of undesirable
complications.

NEUTRODYNINGTHE DUPLEX —

GAIN we emphasize
the prevailing fault of
reflex circuits—the tendency

towards self oscillation. In
an endeavor to overcome
this, Messrs. John C. Stick

and N. P. Moerdyke have
evolved about the best
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Duplex circuit we have yet

seen (Fig. 5), in which they
have combined three effec-
tive methods for the reduc-
tion and elimination of self-

-lll”l

The best Inverse Duplex circuit we have yet seen.
neutrodyne condenser helps
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FIG. 5
The

smother self-oscillations
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eliminated, and the clarity and quality greatly
improved.”’

The neutrodyning condensers may be made
in many simple ways. Perhaps the best and
most easily varied for experimental purposes,
is made by twisting together two wires, two or
three inches long. A few inches of regular
two-conductor lamp cord will do nicely, though
its lack of rigidity makes it less desirable than
some other conductors.

A, B, C, and D are R. F. transformers, the
primaries wound on 2 £’ tubing and the
secondaries on 37 tubing. The primaries
consist of 17 turns of No. 20 double-silk-
covered wire, and the secondaries of 68 turns
of No. 22 D. S. C. The remaining values are
indicated on the diagram, Fig. 5.

The secondary of the first transformer may
be replaced by a loop. It might, however, be
advisable to retain the- ground connection- to
the negative filament.

4

SPIDER WEBS AND THE ONE-TUBE
REFLEX

HE photographs in-Figs. 6 and 7 show
a single-tube reflex set made after the
complete instructions given in the Novem-
ber, 1923, issue of Rapio Broapcast. The
apparatus was constructed by Mr. C. H.

Brown, and we are sure our readers will agree
with this department that he made an excellent
job of it.

Mr. Brown, however, departed slightly from

FIG. 6
. Brown’s neat reflex

Radio Broadcast

the plansworked out by Mr. Kenneth Harkness,
substituting spiderweb coils for the conven-
tional layer windings in the original apparatus.
It is likely that the spider-web inductances are
slightly more efficient. No. 28 enameled wire
was used, all windings being made with the
same number of turns as specified in the No-
vember article, which any one considering such
a set is advised to read. The primaries are also
wound over the secondaries. 33-inch to 4-
inch winding forms made from pasteboard, thin
wood, or fibre are about the correct size; the
winding starts 2-inch from the center. Any
odd number of segments or slits in the spider-
web forms may be.used.. Between ten and
thirty are the most common and convenient.
Mr. Brown has also replaced the fixed re-
sistance with a standard filament rheostat,.a
change of which this department approves.

The rheostat is connected in the identical posi-
tion of the fixed resistance.

The crystal detector used in Mr. Harkness’
set has not, at this writing, been placed on the
American market, but the builder of this neat
set found an efficient substitute. Any good
crystal detector may be used in place of the
French arrangement mentioned in the original
write-up. A permanent crystal i1s now on the
market, which needs no adjustment, and so re-
duces by one the controls that must be manipul-
ated.

The set illustrated in Figs. 6 and 7 is particu-
larly interesting because of these deviations
from the original described in the November
issue. It is an excellent
example of what we have
been endeavoring to impress
upon our readers, that con-
siderable variation is allow-
able (unless specifically
warned against) in making
up radio apparatus. Indeed,
it is seldom desirable to fol-
low directions to the letter,
for such a procedure is
obviously antagonistic to
progress. One tube will gen-
erally work as well in a par-
ticularcircuit aswill another,
as long as the correct vol-
tages, resistances, etc., are
used. If you do not possess
a certain make of audio-
frequency transformer speci-
fied by one builder, use what
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FIG. 7
The “works” of Mr. Brown’s one tube reflex set.

you have or can obtain, always, of course, con-
fining yourself to good apparatus. Mr. Brown
uses an Acme transformer; this laboratory has
used the Amertran and Pacent with equally
good results. If a set calls for a straight coil of
wire, but you have (or prefer) a honeycomb,
bank-winding, or spider-web, useit. Thechances
are it will work as well as, or even better than
the inductance specified.

A radio set is of infinitely more value and
pride to the owner, when it is, in part at least,
a tribute to his own originality and thought.

TRANSFORMERS AND REFLEX SETS

I'TH the stir that reflex sets are making in

radio circles, a word as to the proper se-
ries connections between radio- and audio-fre-
quency transformers is quite appropriate, and
will, perhaps, clear up some of the difficulties
under which many of our readers seem to be
laboring.

There are, of course, certain ends of both
radio and audio transformer windings which
should connect to the grid and plate, with the
remaining terminals of the secondary and
primary going respectively to the filament and
plus (positive) side of the B battery. In the
majority of cases, these terminals will be found

Note the spider-web coils

307

marked as “G,” “F,” “P”
and the plus sign,--, or in
another equally obvious
manner. However, in a few
cases, the reader may be left
in doubt. In the case of a
single-layer primary and
single-layer secondary radio
transformer, such as is found
in the neutrodyne circuit,
the coils are always wound
in the same direction. Then
if the start of the primary
is led to the plate, the start
of the secondary must run
to the grid. In the case of
audio transformers, the out-
side leads from primary and
secondary run to the plate
and grid respectively. It is
generally a simple matter to
determine the outside leads
by noting how far from the
core they enter the windings.

In reflex sets the grid
terminals and the plate
terminals must always run to those two ele-
ments of the tube, either directly or through
the windings of another transformer. The
windings must always be “pointed” or heading
in the right direction. For instance, the grid
connection from an R. F. transformer will go
to the grid, as it should, while the filament end
of the secondary winding will run fo the grid
connection of the audio transformer. Thus the
filament connection of the R. F. transformer
finally reaches the filament, after running
through the secondary of the audio transformer,
while the grid connection of this latter trans-
former reaches the grid by running through
the secondary of the radio transformer.

The circuit shown in Fig. 8 (the Inverse
Duplex as improved by Mr. Eric Shalkhauser),
indicates this principle very clearly by the
lettering at the transformer terminals.

LOADING THE TWIN VARIOMETER SET
By WM. H. WEST

INCE the new allocation of wavelengths,
the majority of owners of the twin vario-
meter type of apparatus have experienced
difficulty in receiving stations transmitting on
waves above four hundred meters. The Sep-
tember, 1923, GrID section of Rapio BROAD-
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FIG. 8
The terminal initials of the transformers plainly indicate the principle involved in lining up the windings

cAsT told how the wave range could be in-
creased by means of added capacities. How-
ever, on many sets, greater efficiency and better.
results can be secured through a genuine load,
that is, by means of inductance.

Such an inductance may be wound on a 4-
inch tube with 75 turns of No. 22 to No. 24 wire.
If you care to take a little more trouble in
winding the coil, it can be done in such a way
as to take up less space for the same amount of
effective inductance. This is accomplished by
winding 44 turns of wire in a pyramid bank
winding on the same size form. This means
that the first layer will have g turns, and each
succeeding layer one turn less.

In order to avoid, as far as possible, the
dielectric losses which are apt to be present
when shellac or some similar substance is em-
ployed as an adhesive, it i1s suggested that the
coil be painted with collodium, which is obtain-
able from any druggist.*

Fig. 9 shows how this inductance is mounted
beside the plate variometer, and in the same
plane with the stationary windings. The coil
should be located on the far side of the vario-
meter, in order that 1t will have no inductive
effect on the remainder of the set. The
electrical position of this coil is in series with
the secondary of the variocoupler, i.e., between
the lower lead and the filament battery. Be-
fore the set will regenerate properly, it will in

*This bit of advice applies to any other type of coil, and it is
worth following.—THE EbpiToR.

some cases prove necessary to reverse the leads
to the coil.

In many cases it is a good idea to provide a
panel switch for cutting the extra coil in and
out of the circuit. This is quite necessary when
it is desired to receive amateur wavelengths
(below 220 meters).

It will be observed that on short waves
regeneration 1s effected by means of the tuned
plate method, and on the longer waves, by a’
combination of tuned plate and tickler feed-
back to the grid circuit from the plate vario-
meter to the coil. This arrangement gives
adequate regeneration over the entire range.

A standard receiver employing this addition
and using an aerial of average proportions, was
found to have awavelength range of fromunder
200 meters, to over goo meters; and it could
be made to oscillate, with little difficulty, on
all waves.

Slightly different characteristics were noted
on the short waves after the change was made,
but results were every bit as good, and on
waves over four hundred meters, a much better
signal was obtained.

BUILDING YOUR OWN LAB

HIS month’s suggestion for the growing
workshop 1s a good hack-saw, accommoda-
ting different lengths of blades, costing from
seventy-five cents to one dollar. A small
assortment of blades should be bought at the
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same time. Four small .

h U T R A
blades with fine teeth for m't[l Y “ll l‘\\ “\ l‘l \1\'
metal work, and two larger 1 l\\\\\\ ! \,\,\‘\—\.
blades, with coarser teeth, N Lh\’l a
l

for working hard wood,
rubber, and bakelite, are
desirable.

Any material with which
the electrical experimenter
has to deal can be cut by
the hack-saw. It is partic-
ularly convenient in metal
work, and i1t saves much
time and labor on pieces
too large for filing. It is
also handy in cutting panels
to size, and, on some wood-
work, 1t makes a much
neater job than the ordi-
nary cross-cut saw.

In the wusual position,
with the teeth of the blade
facing down, the hacksaw
1s unable to cut more than
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How the extra coil is mounted on

the plate varicmeter. The use of

three taps, one for eliminating the

coil altogether, is sometimes desir-
able, but not necessary

four or five inches before
the motion is obstructed
by the frame of the saw.
However, the blade may
be turned at right angles
to the ordinary position
(Fig. 10), and a cut of any
length may be made with
the blade in this position
(providing, of course, that
you do not saw so far
from the edge of the ma-
terial, that the frame 1is
again in the way).

The vise described last
month is just the thing
to use when working with
the hack-saw.

FIG. 10
Making a long cut with a hacksaw, the blade turned sideways



Operating the Neutrodyne Receiver

Directions for Tuning, How Best to Use Different
Kinds of Tubes, and How to ‘Shoot Trouble”

By KIMBALL HOUTON STARK

Chief Engineer, F. A. D. Andrea, Inc.

This 1s the third and final article of this series on building the five-tube Hazeltine-circuit receiver.
The first two articles appeared in Rapio BroapcasT for December, 1923, and January, 1924, respectively.

N THE first and second articles you have
learned how to assemble and wire your
neutrodyne receiver and have found it
necessary, after its complete assembly, to
adjust it for capacity neutralization.

The necessity of such a neutralizing adjust-
ment is characteristic only of neutrodyne re-
ceivers. Due to the radical difference of the
circuit, the method of tuning is also quite diff-
erent from the tuning of the usual regenerative
or non-regenerative receiver. Consequently, in-
structions must be very explicit.

In this article, we shall accordingly study
in detail the method of tuning neutrodyne cir-
cuit receivers and in addition, some general
information will be given on antennas, vacuum
tubes and “trouble-shooting.”

TUNING THE RECEIVER

HE procedure of tuning your neutrodyne

receiver, providing antenna, ground, and
all battery connections have been properly
made, is as follows:

1. Insert the recommended vacuum tubes
(See paragraph on the use of different tubes)
in their respective sockets and with the power
rheostat at its correct position for the type of
tubes you are using, and with the vernier
rheostat knob turned to the left as far as
possible, and with the plug of the loud speaker
inserted in the “horn” jack, pull out the knob
of the filament switch on the panel front,
causing the three amplifier tube filaments to
light.

2. Turn the vernier rheostat knob to the
right slowly. When the filament current is
turned on, the first indication that the receiver
is functioning properly will be indicated by a
slight noise in the phones. As the rheostat
knob is turned farther to the right, this sllght
sensitivity indication does not increase in

volume until a point near the end of the rheo-
stat adjustment is reached. At this point

~will begin a comparatively loud “hissing” and

“frying”’ noise. For the best signal reception
the rheostat should be turned back slightly to a
point just before this “hissing” and “frying”
starts.

3. With the detector tube at approximately
its right operating point, set “Neutroformer”
dials 2 and 3 at the same dial setting. Select
any particular dial setting, but take for in-
stance the wavelength of station WEAF, 492
meters. Dial settings for this particular sta-
tion are about 66 or 67. Setting dials 2 and 3
at this point, rotate dial 1 very slowly over its
entire range from o to 100. If any broadcast-
ing station is operating at the particular time
at 492 meters, it should be heard at a maxi-
mum when the setting of dial 1 is approxi-
mately in the range of 10 or 15 above or below
these settings of dials 2 and 3.

4. When signals from any particular broad-
casting station are coming in, it is advisable to
readjust dials, 1, 2, and 3 slightly and possibly
also the vernier rheostat, in order to increase
the intensity of the signals.

In tuning, the dials should be moved slowly.
[t may be found that the tuning adjustment
will have to be changed slightly when shifting
the phone plug or loud speaker plug from one
jack to another.

Dials 2 and 3 should be rotated slowly at the
same time, and about in step with each other.
Then with dials 2 and 3 on the setting for a
particular station, dial 1 is rotated until signals
come in with maximum strength and clarity.
Sharpness of tuning of neutrodyne receivers
when using short indoor antennas is much
greater than when using outdoor antennas.

In tuning neutrodyne receivers, the broad-
casting stations will not be picked up by hear-
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FIG. 1

Wavelength calibration curve showing approximately at
what settings of dials 2 and 3 the various stations may
be expected

ing “beat notes” and the usual regenerative
whistling. As the dials are rotated the pro-
grams of different stations will be heard,
first softly then with greater intensity and
clarity as all adjustments are properly made
for that particular station.

THE WAVELENGTH RANGE

HE Neutroformer coils specified in these

articles are designed to cover a wave-
length range of from approximately 200 to 600
meters. The wavelength calibration curve is
shown in Fig. 1 and has several broadcasting
stations’” wavelength calibration points in-
dicated.
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USING DIFFERENT TUBES WITH THE NEUTRO-
DYNE

N THE early stages of neutrodyne receiver

development, receivers were constructed
that allowed the neutralization of a given tube
and circuit capacity and which did not operate
efficiently when different vacuum tubes having
different capacities were used. With the
placing on the market of the UV-201-A and
the dry-cell tube, this matter of basic design
was very carefully studied, and now they, and
other tubes, can be used with comparatively
good success. 1t has been found that C-301-A
tubes are the best for the radio- and audio-
frequency amplifier circuits. The C-300 or
UV-200 is the best to use as detector tube.
The UV-201-A is very good as an amplifier
tube and is a close second to the C-301-A.
I have been in intimate touch with many users
of neutrodyne receivers and a great many of
them have had good success with WD-11,
WD-12, VT-1, VT-2, 216-A, and UV-199
tubes. 'When using any of these various types,
it 1s, of course necessary to make sure that
correct filament voltages as well as filament
current is supplied to the tubes and in general
the chart given in Fig. 2 covering “Operating
Data for Vacuum Tubes” will be found vari-
able. The lettered notations as regards the
suitability of the tubes has been described with
neutrodyne receivers particularly in mind.

The volume obtained using UV-199’s or
other dry-cell tubes is generally less than the
volume obtained using UV-201-A or C-301-A

OPERATING DATA ror VACUUM TUBES

TYOPFE FILAMENT E’lﬁ:g;‘; ‘A’ BATTERY PLATE USED  AS
Tuge | YOLTAGE |(iyipeges) SUUAHSE VOLTAGE Iper ECTORAMP%;}ER ot e z@”&’{éi“
wpD-12 7 0.20 /| DRY CELL 220570 90 A X G D
Uv-199 3.0 0.06 3 DRY CELLS 220570 90 D A C D
VI | 50 | 025 | EVOLT STORAGE BATTERY | 4570120 | C A A A
. 50 | 100 | 6voT sTORAGE BATTERY | 4570120 | D A 8 B
vz | so | oo | e . 8T022% | A y z z
vr-i 4.0 1.10 6 " " " 22,7067/ A Y B B
vr-2 6.0 135 | 6 v ! ! 9070350 | D 8 B A
2/6-A 6.0 .35 | 6 v m ? 67470120 | D 8 8 A
uv-20z2 | 8.0 2.35 | [0 " n w1050 | X D B A

A= EXCELLENT B=VERY GOOD C=GOOD D= FAIR

LEGEND
X= POOR Y =VERY POOR

Z=UNSUITABLE

FIG. 2
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tubes, and this in general is true when any of
the other different types of dry-cell tubes are
used. The volume obtained, however, with
dry-cell tubes under correct conditions per-
mits loud speaker operation on distant sta-
tions. It is suggested, however, that with
UV-199 tubes as radio-frequency amplifiers,
C-301-A or UV-201-A tubes be used for the
audio-frequency amplification.

THE MOST SUITABLE ANTENNAS

Radio Broadcast

N OUTDOOR antenna 6o to 70 ft. & o' 7o

long and 30 to 40 ft. high, 1s pos-
sibly the best for use with a neutrodyne
receiver. The multiple-
wire antenna 1s generally no
better than the single wire
type for receiving.

A great many people de-

sire to use an indoor an-
tenna, either through neces-
sity or to eliminate the
trouble and expense of an
outdoor installation. With -
a five-tube neutrodyne receiver, constructed in
accordance with these articles, such an arrange-
ment is feasible and in fact very good results
can be obtained if one does not insist on get-
ting the distant stations. A stretch of wire 50
or 6o ft. long in an apartment will work nicely,
but this same length of wire should not be
coiled around the wall in a single room and
the same results expected.

There is still loop reception to be considered.
Many people are using neutrodyne receivers
with loop antennas. There are several meth-
ods of connecting a loop to the receiver: con-
necting one terminal of the loop to the antenna

P - 1'] Q
I n
P ‘} S
i il
+B [ -F
SE  DARY G
P Rl ARY;
1 +B
{7
FIG. 3

Showing the audio-frequency transformer connections

MR. STARK ADJUSTING THE SECOND ‘‘ NEUTRODON ’

binding post; connecting both terminals to the
antenna binding post, thus shortening the loop
itself; connecting the loop in series with a
variable condenser and then connecting the
condenser and loop in series with the antenna
and ground binding post; and connecting one
terminal to the antenna post and the other to
the ground post. This is the arrangement most
frequently used. In any of these cases it will
usually be best to have the ground binding
post to the receiver connected to the ground
wire. The five-tube receiver described is not
designed primarily for loop reception and an
outdoor antenna is strongly advised.

)

“TROUBLE SHOOTING’

HERE are people, who build receivers, that

have very little technical knowledge, and
it issomewhat difficult to describe to them tech-
nical processes. Even the simplest thing which
the radio amateur or experimenter takes for
granted are at first puzzling to the uninitiated,
and it is not surprising that many people who
have constructed neutrodyne circuit receivers
have not been able to obtain complete satis-
faction at their first efforts.

A detailed list of “trouble-shooting”™ instruc-
tions that will usually aid the home constructor
to put the breath of life into his receiver satis-
factorily follows:



