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RADIO 
The Standard Tube of the World 

for 

RADIO 
RECEPTION 

The Radio Tube, through radio tele- 
phony and public broadcasting, has 
been largely instrumental in estab- 
lishing the new and increased inter- 
est to humanity attuned to Radio. 
This tremendous progress in Radio 
has brought about the development 
of radio receiving sets resulting in 
clearer reception of voice and music 
throughout the broadcast world. 
Cunningham Radio Tubes are the 
product of years of research and ex- 
perimental work by the engineers of 
that great scientific organization, the 
Research Laboratory of the General 
Electric Company. 
There is a Cunningham Radio Tube 
designed to meet the requirements of 
your particular set -ask your dealer. 

411. 

PATENT 4.- 
NOTICE 

Cunningham tubes are 
covered by patents dated 
2- 18 -08, 2- 18 -12, 12 -30- 
13, 10- 23 -17, 10-23-17, 
and others issued and 
pending. Licensed only 
for amateur, experiment- 
al and entertainment 
use in radio communica- 
tion. 
Any other use trill be an 
infringement. = 

Cunningham 40-page Data Book fully 
explaining care and operation of Radio 
Tubes now available by sending ioc in 
stamps to San Francisco Office. 

Branch Office 
Chicago 

HOME OFFICE: 
182 Second Street 
SAN FRANCISCO 

Branch Office 
New York 

* Tested and approved by RADIO BROADCAST * 

PRICES ON 
CUNNINGHAM 
RADIO TUBES 

Now in Effect 
C- 301A -5 Volts 1 -4 
Ampere filament . $5.00 
C -299 -3 Volts .06 
amp. Dry Battery Det. 
& Amp. $5.00 
C -300 -5 Volts Gas 
Content Detector $5.00 
C- 11 -1.1 Volts. .9.5 
amp. Dry Battery Det. 
and Amp. Special Base 

$5.00 
C- 12- Similar to C -11 
with standard base 

$5.00 
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S1Il1p yDlVllle -Tarnaki Miura 

Unequaled ease and accuracy 
of tuning is gained through 
Erla Selectoformer. Distant 
stations are separated from 
local blasting at will. $5 

THE golden witchery of Tamaki Miura's 
Internationally famous art finds ideal count- 

erpart in the marvelous purity and tone quality 
of Erla Duo -Reflex reception. 
"Never have I heard anything so beautiful," 
concludes the eulogy of the Japanese night- 
ingale upon the supreme flawlessness of Erla 
reproduction. "The tone is simply divine, so 
pure, so perfectly natural." 
Responsible for this unique excellence are 
Erla radio and audio transformers, synchron- 
izing perfectly received and reflexed radio, as 
well as rectified radio and reflexed audio 
currents, in their simultaneous passage through 
amplifying tubes, with consequent unprece- 
dented elimination of distortion. 
You, too, can enjoy outstanding Erla super- 
iority, at minimum effort and cost. Complete 
Erla parts are assembled into the most modern 
and efficient of receivers in a few hours' time. 
Easily read blueprints guide every step. 
Ask your dealer; or write, giving his name. 

Electrical Research Laboratories 
Dept. B, 2500 Cottage Grove Ave., Chicago 

Supreme sensitiveness and 
amplifying power of Erla 
reflex transformers is the se- 
cret of unmatched Erla 
range and volume. List, $5 Pi 

Erla Push -Pull transformers 
embody numerous scientific 
advantages over other types. 
For details, consult Erla 
Bulletin No. 22. Pair, $10 

Superior accuracy of ErIa 
tested capacity condensers 
is invaluable for securing 
utmost efficiency from any 
receiving unit. 30c to 75c 

Indispensable to range and 
stability in reflex design, 
Erla fixed crystals create 
equal improvements in crys- 
tal circuits of all types. $1 ea. 

* Tested and approved by RADIO BROADCAST * 
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Watch the radio col. 
ums of your newspaper 
for the big convention 
broadcast schedules. 
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Cheer with the Galleries 
7iJhen the Delega tes JI'Iarch In 

Radiola Super -Heterodyne 
It needs NO ANTENNA - 
no ground -no connections of 
any kind. Has a handle to lift 
it by. Tunes in with just two 
knobs that you turn to marked 
spots on the dials. Tunes out 
powerful near stations to get 
the far ones. Awonderful new 
achievement in the perfection 
of its tone - its sensitivity - 
and its supreme selectivity! 
Complete with six Radiotrons 
UV -199 and Radiola Loud- 
speaker; everything $286 except batteries . . 

External, rotating loop, easily as- 
sembled, larger than self contained 
loop in Radiola Super -Heterodyne, 
for extreme reception range. 
Loop A Q 814 $12 00 

e 
There are many Radiolas at many prices. 

Send for the free booklet that 
describes them all. 

RADIO CORPORATION OF AMERICA 

Dept.36 (Address office nearest you.) 
Gentlemen: Please send me your free 
Radio Booklet. 

Name 

Address 

No "influence" needed this year for a gallery seat at 
the big political conventions ! Get it all, with a 
Radiola Super- Heterodyne. 

When the delegates march in -their banners stream- 
ing; when the bands play and the galleries cheer - 
be there with the "Super- Het." Hear the pros and 
cons as they fight their way to a "platform" for 
you. Hear the speeches for the favorite sons." 
The sudden stillness when the voice of a great speaker 
rings out. The stamp and whistle and shrill of com- 
petitive cheering. Hear the actua nomination of a 
president. 

It used to be all for the delegates' wives and the 
"big" folks of politics. Now it's for everybody. 
Listen in. Get it all! With the newest Radiola. 

Radio Corporation of America 
Sales Offices 

10 So. LaSalle Street 
Chicago, Ill. 

233 Broadway 
New York 

433 California Street 
San Francisco, Cal. 

Radiola 
REG. U.5 PAT OFF 
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WALTER VAN BRAAM ROBERTS 

One of the most highly regarded of the present radio technicians. He is designer of the Roberts Knock -Out Two -Tube 
set (RADIO BROADCAST for April and May), and author of "A Practical Super- Heterodyne using 199's" (August, 1923), 
and the technical serial "What Makes the Wheels Go 'Round." He is a graduate of Princeton University and is now 

doing research work there at the Palmer Physical Laboratories 
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England's Venture into Broadcasting 
The British Listener -In and Amateur -What the " Broadcatcher " Gives anc What He 
Receives -Nine Hearts That Often Beat as One -Problems of Radiation and Other Inter- 
ference -The Cost and Quality of British Apparatus -Some General Observations 

By WILLIAM H. CARY, Jr. 

LON DON . 0 N THE whole, the radio bearings 
are well oiled, here in England. 
This, at least, is the impression 
one is likely to receive after 
talking with B. C. L.'s, ama- 

teurs, radio editors, engineers, and others, 
and after listening, from various points in and 
near London, to the signals that pass in the 
night. And why not? Considering the cau- 
tion with which Great Britain entered the 
broadcasting game -her profiting by the ex- 
ample of the " Yanks", her establishment of a 
British Broadcasting Company to control the 
nine stations (only nine, not five hundred and 
seventy- five), and her foresight in technical 
and administrative matters -good results are 
naturally to be expected. The advantage of 
having all transmission under a single control 
was brought home to me the first night I 

listened -in. 2L0 was on, and it was a few 
minutes before an opera was due to fill the air. 

"You will find on page of Your Radio Times 
for January ," came the announcer's voice, 
CC a summary of the opera and some comments 
on the music and its composer." This hap- 
pened to be an " S. B. (Simultaneous Broadcast) 
to all stations," so that from Aberdeen to 
Bournemouth, from Cardiff to London, sub- 

scribers to this official weekly of the B. E .C., 
and those who had planked down their tut' - 
pence for a copy at a newsstand could pc,si 
themselves on the forthcoming music. 

According to Post Office figures. alp( 
600.000 broadcast listeners have so far taken 
out licenses. In November alone, between 
40,000 and 5o,000 new licenses were issued. 
There undoubtedly exist some low wretches 
who make their own sets and listen -in fer 
nothing, leaving the financing of the programs 
to honest folk. But the general opinion seems 
to be that evaders are few, and that the 1 o or ; 

shilling charge* (depending upon the kind 
license wanted) does little to prevent people fror: 
buying or making receivers. One experimenter 
-one, by the way, who had heard America 
during the Transatlantic Broadcasting Tests 
in November- thought that people who paid 
out their shillings for a receiving license might 
very likely invest rather heavily in a set or in 
parts, so as to be sure and get their money's 
worth during the twelvemonth. This recalls 
the old absurdity of the Irishman who stuffed 
a five -dollar bill down a crack in a boardwalk. in 
order to make it worth while to rip up the wa :k 
and recover a nickel that he had lost there. 

*Equivalent to about .$2.20 and 83.3o. 



Q2 Radio 

At any rate, in England there is a lively 
interest in broadcasting. Across the street 
from a fifteenth- century church in a quiet little 
village in Hertfordshire (and sandwiched in 
between a shop displaying tripe and flounder 
and one exhibiting Scotch whiskey, brandies, 
etc.), I came upon a store devoted exclusively 
to the sale of the latest receiving apparatus. 
In backyards visible from trains passing 

A COMPACT SET 
The cabinet contains everything necessary except a loud- 
speaker. The closed cabinet is shown on the next page 

through the outskirts of London, the number 
of antennas is reminiscent of the view from a 
N. Y., N. H. & H. train up beyond 125th 
Street, New York. Or even worse. I counted 
ten parallel antennas in ten adjoining back- 
yards. In town, on every hand there are radio 
stores, and electrical shops selling radio as a 
sideline. Enthusiasts who are not inside 
ardently "talking shop" gaze silently with 
covetous eyes at the window displays as 
we do at home. Magazine stands are full of 
radio periodicals and the periodicals are full of 
both good and not -so -good stuff, with a fairly 
healthy proportion of "ads." 

Some of the non -technical schools are teach- 
ing radio theory and construction to the 
younger boys; notably the London County 
Council Schools. I am told that red -cheeked 
twelve -year -olders are making one shilling do 
the work of two by strategic shopping around 
for grid leaks, coils, and whatnot. 

WHAT THE PROGRAMS ARE LIKE 

ffi HE quality of the B. B.C.'s transmissions 
seems to be excellent. If there is any 

kick coming -and of course there is: 600,000 
listeners cannot be expected always to chant 
the same refrain -it is due to the fact that some 
thousands of the audience may want jazz while 
other thousands may prefer news or opera. 
And, unlike the listener -in in America, who 
can often choose any one of twenty programs, 
the Englishman must, during the frequent 

Broadcast 

periods of "S.B. to all stations," take what's 
offered- unless he can tune -in something made 
in France. As a matter of fact, the S.B.'s are 
generally well worth listening to -the dance 
orchestra from the Savoy Hotel, for instance. 

One of the most popular programs staged by 
the British Broadcasting Company is music from 
" The Old Vic," a sort of secondary national 
opera house. I t is situated about a mile from 
Marconi House -where are the transmitting 
plant and antenna -on the south side of the 
Thames. A land line was used at first to 
bridge the gap, but it was both inconvenient 
and noisy. Finally, Captain A. G. D. West, 
Assistant Chief Engineer of the B. B. C., in- 
stalled apparatus in The Old Vic for transmit- 
ting on low power and low wavelength; these 
transmissions were picked up by 2L0 and put 
on the air on 365 meters. 

Since the November transatlantic tests, by 
the way, new wavelengths have been assigned 
to most of the original eight* British stations. 
As follows: 

Station Location 
Wavelength 

During 
Tests 

Wavelength 
at 

Present 

2L0 London 363 365 
2BD Aberdeen 495 495 
5IT Birmingham 423 475 
6BM Bournemouth 385 385 
5WA Cardiff 353 35o 
5SC Glasgow 415 420 
2ZY Manchester 370 400 
5NO Newcastle 400 433 

Here is a complete program 
2LO, chosen at random: 

from station 

Monday, Jan. 7, 1924 

3.30 -4.30.- Concert: The Wireless Trio and Frank Poul- 
ton (Bass- Baritone). 

5.00.- WOMEN'S HOUR: Ariel's Society Gossip. A 
Newspaper Story from "Whirligigs," by O. Henry. 

5.30. -CHILDREN'S STORIES: Songs by Uncle Rex. 
"Jack Hardy," Chap. 16, Part I., by Herbert Strang. 

6.15. -Boys' Brigade News. 
6.2 5- 7.00. -I n terval. 
7.00. -TIME SIGNAL AND 1ST GENERAL NEWS 

BULLETIN. S. B. to all stations. 
JOHN STRACHEY (the B.B.C. Literary Critic) : 

"Weekly Book Talk." S.B. to all stations. 
Talk by the Radio Association. S.B. to all Stations. 
Local News and Weather Forecast. 

7.35. -THE LONDON 8 CONCERT PARTY. 
S.B. to all Stations 

Introducing each other. 
Quartette, "Come to the Fair" (Easthope Martin) . . . 

COLTON, TARRI, VIRGO, COPELAN D 

*To these should be added a ninth station, Sheffield, 
which now not only transmits "S. B.'s" from London, but 
offers programs originating in its own studio. Its wave- 
length at present is 30o meters. It has not yet been 
assigned a call 
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Instrumental Trio, "Extase" (Louis Ganne) 
JOAN DUFF, DOROTHY ALWYNNE, WALTER 

NUNN 
Song, Devon Dialect Song 

Bag -pipes Song and Story 
STANLEY HAYSMAN 

TOM COPELAN D 
Violin Solo, "Gypsy Airs" (Sarasatc) 

DOROTHY ALWYNNE 
Humorous "brio, "Willie Brewed a Peck o' Malt" (Burns) 

. . . . V I RGO, HAYSMAN, COPELAN D. 
Humorous Imitations on "Coal Black Mammy" 

(Suzette Tarri) . . . . SUZETTE TARRI 
Song. "On With the Motley" (Leoncavallo) 

WILFRID VIRGO 
'Cello Solo WALTER NUNN 
Anglo- Scottish Interlude TO NI COPELAND AND 

SUZETTE TARRI 
Song, " Love's a Merchant " . . . EVA COLTON 
Piano Solo, Waltz Chromatic (Godard) JOAN DUFF 
Final Medley, Old Songs (arr. Suzette Tani) THE 8 

9.1 5. -M R. H. GERMAN (President of the National 
Farmers' Union) on "The Farmers' Position To-day." 
S.B. to all Stations. 

9.30. -TIME SIGNAL AND 2ND GENERAL NEWS 
BULLETIN. S.B. to all Stations. 
Local News and Weather Forecast. 

9.45.- "THE MEISTERSINGERS," Act Ill. (Wagner), 
relayed from The Opera House, Covent Garden. S.B. 
to all Stations. 

11. t 5. -Close down. 
Announcer: R. F. Palmer. 

lt is evident that the engineers and execu- 
tives of the B. B. C. are doing their very best, 
and their best is pretty good. One listener 
recently wrote to the editor of the Radio Times. 

DEAR SIR: 
Will you please have one rotten program at least 

once a week, so that I may have an opportunity of 
having a night out occasionally without regrets? 

Yours faithfully, 
J. F., London, W. 

The Wireless Review, a weekly, commenting 
on a discussion that had been stirred up in one 
of the daily papers on the subject of the pro - 
grams, says, " lt was noted that most of the 
contributors to the discussion were in favor of 
programs being at least as serious as at present. 
There were some who wanted all jazz, but they 
were comparatively few. . . . 1 t is grati- 
fying to know that as far as the correspondence 
went, it was a distinct endorsement of the 
present policy of the B. B. C." 

ADVERTISING NOT ALLOWED -ALOUD 

As WITH TI -I our stations in America, it is all 
well enough to broadcast " Yes, We Have 

No Bananas," but not to add that so- and -so's 
store, at such -and -such an address, expects a 
consignment of the yellow fruit next week and 
will sell it at so -much a bunch. In fact, an 
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attempt is made to drown all direct advertising 
before its eyes are open. Manuscripts are 
always censored before they are allowed to be 
read into immortality. I am told that when 
a talk on modern novels, for instarce, is given, 
the publisher's name is not mentioned; and 
that when phonograph records are used (as in 
tests or for certain children's programs), the 
name of the piece is given, but not the make 
of the record. 

English people seem inclined to think that 
direct advertising by radio in America is more 
flagrant than is really the case. Some of them 
have also the impression that the air with us 
resembles a delirious person's dream about 
bee -hives. I have assured them that only on 
exceptionally clear evenings and on exceptional 
receivers do all 575 of our stations bombard 
that receiver at one time. 

TROUBLE FROM RECEIVERS THAT RADIATE 

HE situation regarding interference from 
oscillation is a peculiar one in Great 

Britain. When the British Broadcasting Com- 
pany first started in, under the supervision of 
the Post Office, there was considerable fear 
that tube sets would cause trouble. Officials 
thought of the storm of whistles and squeaks in 
America, and turned up their mental coat - 
collars. Accordingly, the Post Office then 
undertook to test all sets which were to bear 
the official stamp of the B. B. C., to make sure 

A POPULAR RECEIVER 
With the British listener -in. He is just as 
avid as his American cousin, reports Mr. Cary 

that they would not radiate sufficiently to 
cause interference; and it was made illegal to 
sell for broadcast reception any complete set 
not bearing the official stamp. Later on, how- 
ever, many people who had little technical 
knowledgewanted to build their own apparatus. 

A special license was provided, allowing them 
to do so, and knowledge of the proper operation 
of receivers was spread as widely as possible. 
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But one good squeak deserved another, so it 
seemed, and recently there has been a marked 
increase in the amount of interference from 
bloopers. B. B. C. officials were -and still 
are -alarmed; listeners -in were likewise person- 
ally affected. The blame was placed principally 
upon those holding Experimental Licenses and 
those holding the more recently established 
Constructor's Licenses. But the Post Office 
no longer tests receivers for oscillation, but 
only for wavelength range. Mr. Hugh S. 
Pocock, Editor of the Wireless World, says in 
a recent number of his magazine: 

Exactly what circumstances have brought about 
such a complete reversion of policy on the part of the 
Post Office is difficult to follow. Probably it is out 
of consideration for the manufacturers who were 
naturally very seriously handicapped in the design of 
receivers when they had to make them pass the test 
of non -radiation. I n fact, it is exceedingly difficult 
to design a truly efficient receiver which will pass 
such a test. 

Is it surprising that interference from oscillation 
should be so much on the increase, remembering that 
these sets go usually to complete novices who hold 
broadcasting licenses? If it has been found that 
official broadcast receivers cannot be satisfactorily 
designed for non- radiation, then surely publicit\ 
should be given to the fact, in order that those using 
them shall be aware of the interference they may 
cause and learn how to operate their sets in order to 
avoid interference. 

The law is laid down for holders of the 
Experimenter's License in these words: 

"The apparatus shall not be used in such a 
manner as to cause interference with the 
working of other stations. In particular, re- 
action (regeneration) must not be used to such 
an extent as to energize any neighboring aerial." 

Thus the man who " lives like a star and 
dwells apart" may obtain the advantages 
which a regenerative receiver will give, yet 
without disturbing any one; but the town - 
dweller must " watch his step"-(or as many 
" steps" as he is using). 

The fact is, the single- circuit regenerative 
hook -up, not unknown on the west side of the 
Atlantic, is extensively used on this Island, 
although vocal and printed expression regard- 
ing it parallels what we have become used to at 
home. To avoid interference from oscillation, 
various other circuits have been brought 
forward. Reflex sets have been much in 
vogue, and neutrodyne receivers are beginning 
to find considerable favor in the eyes of many 

enthusiasts. Super -heterodynes have been 
used by advanced amateurs for some time, but 
not generally; they are expensive, and, for the 
reception of any British broadcasting, un- 
necessary. 

1 nterference from other sources does not 
seem to be particularly serious. Set -owners 
who live along the coast have occasion to think 
horrid things of the naval and commercial 
stations now and then; and sometimes ama- 
teurs invade forbidden wavelengths. The 
latter, working on 44o meters (the length allow- 
able for C. W. and telephony only) have been 
requested to " pipe down" during what are 
known as the Main Broadcasting Hours -5 
to i i P. M. daily and at certain other hours on 
Sundays. 

LICENSES AND WHAT THEY INVOLVE 

T PRESENT there are three classes of 
receiving licenses, The Broadcast Li- 

cense, which costs io shillings a year, allows the 
holder to listen -in to whatever he may be able 
to hear. I le agrees that his " receiving set, 
and any valve, amplifier, head -telephone, or 
loud speaker used therewith, will bear the 
official trade -mark of the British Broadcasting 
Company." 

The holder of a Constructor's License pays 
15 shillings a year, and certifies as follows: 
" My receiving set will be made or put together 
by myself; and in its construction 1 will not 
knowingly use parts manufactured elsewhere 
than in Great Britain or Northern Ireland." 

The third class is known as the Experi- 
menter's License. lt costs io shillings a year 
and permits the holder to use any kind of 
apparatus in his set, but "Applicants must 
satisfy the Postmaster General that they have 
in view some object of scientific value or 
general public utility and that they are compe- 
tent to carry out experiments in wireless 
reception." On the application blank appears 
also this: 

Strike out (A) or (B) : 

(A) 1 declare that the proposed installation will 
not be used for the reception of broadcast programs 
except for experimental purposes. 

(B) 1 desire also to use the proposed installation 
for the reception of broadcast programs for the pur- 
pose of entertainment and I agree on that account 
to pay a license fee of i 5s. (instead of ios.) per 
annum. 

The holder of the first two classes of license 
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needs only to fill out a blank at his local Post 
Office, and pay over the stipulated ten or 
fifteen bob. The would -be experimenter, how- 
ever, " shall produce evidence of British 
nationality and two written references as to 
character. A certificate of birth should be 
furnished if possible; but this will not be in- 
sisted on if the referees testify of their own 
knowledge that the applicant is of British 
nationality." His license is obtained through 
the General Post Office in London. 

The regulations governing the British ama- 
teur transmitting license may be interesting to 
American " hams." The requirements regard- 
ing evidence of British nationality, references 
as to character, and birth certificate are the 
same as for the Experimenter's License just 
mentioned. Among other things, applicants 
must also " satisfy the Postmaster General that 
they have in view some definite object of 
scientific value or general public utility. If 
scientific research is intended, they should be 
certified as competent investigators by a 
Government Department or some recognized 
scientific body." By examination or otherwise 
the applicant must satisfy the Postmaster 
General that he has attained: 

fa) A sufficient knowledge of the adjustment and 
operation of the apparatus which he wishes to work. 

(b) An operating speed of at least 12 words 
(Morse)* a minute, sending and receiving. This 
qualification is necessary even when wireless tele- 
phony only is used, in order that the person in charge 
of the station may be in a position to act upon 
instructions in the Morse code issued by Government 
and commercial sta- 
tions. 

A fee of 5s. will 
be charged for the 
examination referred 
to above, when neces- 
sary. 

The person in 
charge of a sending 
station must also 
make himself ac- 
quainted with the 
regulations of the In- 
ternational Conven- 
tion in so far as they 

*This of course, is not 
what we call "Morse" - 
our land -line code -but 
the "Continental" or 
"General Service" or 
"International Morse" 
code. 
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relate to the prevention of interference and impose 
certain duties on all wireless operators. 

Also: 

" For each station authorized to use power up 
to io watts, the charges, which will cover the use of 
receiving as well as sending apparatus will comprise 
an initial licensing fee of tos. plus an annual fee of 

i, payable in advance. . . . Higher fees will 
be charged for more powerful stations. 

The combined height and length of the antenna 
must not exceed wo feet. For spark, I. C. W., 
C. W., and telephony, the wavelength band 
from I 50-200 meters is reserved for the British 
amateur. He may operate within this range 
during broadcasting hours (although not on the 
440 -meter wave, as mentioned above). In any 
case, the amateur may not transmit for periods 
amounting to more than two hours a day. 

THE COST AND QUALITY OF RECEIVING 
APPARATUS 

EVERAL companies are clothing their 
broadcast receivers in extremely hand- 

some cabinets, advertised for sale at approxi- 
mately the same prices as equivalent American 
" furniture." Most of the less pretentious 
store sets, and also the separate parts, appear 
to be carefully and substantially made. Stores 
are full of apparatus for apparently every con- 
ceivable purpose, and, as at home, there are 
plenty of different kinds of instruments de- 
signed for the same purpose. The receiving 
apparatus of British amateurs, before the 
advent of broadcasting, was generally mounted 

A CORNER IN AN ENGLISH RADIO FACTORY 



196 Radio Broadcast 

A SIX TUBE RECEI EK 

Three radio, carborundum detector, and three stage, 
of audio made by Metropolitan-Vickers -Company. 
of Manchester. I t retails in England for £91 

on horizontal panels; this style still prevails in 
many cases, but slanting panels and vertical 
ones, similar to most of ours at home, have be- 
come much more popular during the last year. 
One or two manufacturers put out complete 
units in small square boxes, all the same size 
and each containing a condenser, or vario- 
coupler, or tube unit, or some other part. This 
arrangement is intended to appeal both to the 
person who wants to build up his set gradually, 
as his means allow, and to the novice- experi- 
menter, and the restless and ubiquitous 
" circuit-hound" whose chief pleasure is the 
pursuit of new and more efficient hook -ups. 
The square blocks thus serve their purpose. 
One objection may be that a mess of external 
wiring results from connecting up six or eight 
of these units. 

The cost of parts averages about the same as 
in the States, in spite of a considerable vari- 
ation in many items. Of course, the British 
listener is admittedly paying for his broadcast- 
ing; and those who buy store sets pay also a 

certain tax for the B. B. C. stamp required on 
all manufactured receivers. This tax varies 
from about I to 4 per cent. of the selling price 
of the apparatus. In some cases, due to the 
incorporation of certain patented apparatus in 
the sets, there is in addition a Marconi tax to 
pay. Often, therefore, a B. C. L. pays his 
broadcasting license fee, the price of the set, 
the B. B. C. tax, and the Marconi tax, before 
turning his attention to such trifles as tubes, 
phones, and batteries. 

Many manufacturers include the B. B. C. tax 
in their advertised selling price, and some 
prices are inclusive of everything but tubes -or 
everything but tubes and batteries, for in- 
stance. It will be seen that, as with us, it is 
with few exceptions impossible to buy a receiv- 
ing set which may really be called complete - 
from A battery to antenna wire. British 
enthusiasts have been known to exercise their 
voices in well -modulated complaint of this 
latter condition. 

Various makes of dry -cell tubes are now 
becoming popular. One type draws .o6 of an 
ampere at 2.5 volts. These low filament con- 
sumption tubes are known as "dull emitters." 

THE RADIO ENTHUSIAST- HABITAT: 
EVERYWHERE 

I AM sure that there is no fundamental 
difference between members of the radio 

fraternity in America and in this, or any other 

AN EIGHT TUBE OUTFIT 
An excellent example of excellent English taste and work- 
manship in cabinet building. This set has five stages of 
tuned radio -frequency amplification, and two of audio 
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A GOOD ENGLISH AMATEUR RADIO INSTALLATION 
Is this station 5CC at Bath 

country. One meets here the same enthusiasm 
the same exaggerations, the same patter of 
station calls, apparatus, and circuits; the same 
praise, the same " kicks," the same "wise 
cracks." l t is only the words which expresses 
all this that differ. And the vocabulary of the 
British listener (not to mention the old -time 
amateur) must at first seem very foreign to 
any one trained in the American idiom. " Dull 
emitter valves," " frames," "accumulators," 
CC note magnifiers." and other "components" 
are discussed on all sides. 

WHITHER? 

WHERE is it all going to lead?" is, of 
course, the question frequently asked. 

What will broadcasting be like in England five 

years from now--or even two years?" Nobody 
can do more than guess at the answer: but the 
outlook is promising -and mighty interesting. 

People here are interested in what the 
" Yanks" are planting and reaping in the radio 
field, hut they are far from dropping their tools 
to gawk at us; they have far too much to do 
tilling their own wavelengths. A number of 
British amateurs, engineers, and the " general 
public" are expressing their hope, even their 
conviction, that reliable rebroadcasting of 
international programs is the next big thing 
we have to look forward to. 

And we can only express the same hope, and 
say to them (with double meaning) : " More 
power to you ! " 

More power to all of u-! 



The Story of the Sup er-Heterodyne 
Its Origin, Development and Some Recent im- 
provements A Radio Club of America Paper 

By EDWIN H. ARMSTRONG 
Marcellus Hartley Research Laboratory, Columbia University, Necv York 

j HE purpose of this paper is to de- 
scribe the development of the super- 
heterodyne receiver from a war -time 
invention, primarily intended for 
the exceedingly important radio tele- 

graphic direction finding service in the Signal 
Corps of the American Expeditionary Force, 
into a type of household broadcasting receiver, 
which, with our present vision, appears likely 
to become standard. 

The invention of the super -heterodyne dates 
back to the early part 
of 1918. The full 
technical details of 
this system were made 
public in the fall of 
1919. Since that time 
it has been widely 
used in experimental 
work and is responsi- 
ble for many of the 
recent accomplish- 
ments in long- distance 
reception from broad- 
casting stations. 
While the superiority 
of its performance over 
all other forms of re- 
ceivers was unques- 
tioned, on very many 
difficulties rendered it 
unsuitable for use by 
the general public 
and confined it to the hands of engineers and 
skilled amateurs. Years of concentrated ef- 
fort from many different sources have pro- 
duced improvements in vacuum tubes, in 
transformer construction, and in the circuits 
of the super- heterodyne itself, with the result 
that early in the month of April there has 
been made available for the general public, a 
super- heterodyne receiver which meets the re- 
quirements of household use. 

lt is a peculiar circumstance that this inven- 

tion was a direct outgrowth of the failure of 
the vacuum tubes constructed in the United 
States to meet a very important problem con- 
fronting the American Expeditionary Force. 
This problem was the reception of extremely 
weak spark signals of frequencies varying from 
about 500,00o cycles to 3,000,000 cycles, with 
an absolute minimum of adjustments to enable 
rapid change of wavelength. The technical 
difficulties of this problem are now so well 
known that it is not necessary to consider them. 

H. J. Round in Eng- 

Truth and Poetry -Plus Romance 

No reader who makes a practice of neatly 
avoiding the "technical articles" should miss 
any of these fascinating lines of Edwin Arm- 
strong's straightforward story of the develop- 
ment of the super -heterodyne, which is quite 
decidedly romantic in spite of the simple and 
direct way in which it is told. 

This article tells how the second harmonic 
super -heterodyne was developed after the 
pressure of war -time necessity had caused 
the practical invention of the receiver. Mr. 
Armstrong has some pertinent remarks to 
make on radiation, reradiation, and the future 
of broadcast reception in general. 

Here is an article that no one genuinely 
interested in radio should fail to read. It is 
an article we are proud to publish. -THE 
EDITOR. 

land, and Latour in 
France, by some of 
the most b r i l l i a n t 
technical radio work 
carried out during the 
war, had produced 
substantially aperiodic 
radio-frequency a m - 
plifiers covering the 
band from 500,000 to 
I ,200,000 cycles and 
though covering a 
much more limited 
band, amplifiers oper- 
ating on 2,000,000 
cycles had been con- 
structed. These re- 
sults had been accom- 
plished by the use of 
vacuum tubes and 
transformers of a min- 

imum capacity. As this apparatus was used in 
the highly important intelligence services, all 
information was carefully guarded. When the 
United States entered the war, the fact that it 
was necessary to produce extremely sensitive 
receivers for short wavelengths and that tube 
capacity would prove the bar to a straightfor- 
ward solution of the problem was not known in 
this country. As a result, no attention was 
paid to the capacity in the type of vacuum tube 
which was adopted and while the tube met the 



EDWIN H. ARMSTRONG 
And an early model of the six tube regenoflex second harmonic super- heterodyne -one of the greatest achievements ever made in broadcast receivers. This young inventor at one time studied under Professor J. H. Morecroft at Columbia University, New York City. Much of his present radio experimental work is being done at the Marcellus Hartley Laboratory at Columbia 
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FIG. I 

This is a simplified schematic diagram of the ordinary super -heterodyne with 
a separate oscillator, first detector, three stages of radio -frequency amplifi- 
cation and a second detector. The audio amplifier may he added as shown 

reauirements of the lower frequencies ad- 
mirably, it was impossible to use it effectively 
for the frequencies of importance in the direc- 
tion finding service. 

HOW THE SUPER -HETERODYNE ORIGINATED 

DURING the early part of 1918, through 
the courtesy and energy of General Ferrié 

and his staff, the American Expeditionary 
Force was supplied with apparatus of French 
manufacture. It was quite apparent, however, 
that this source of supply could not be a 
permanent one and a solution of the problem 
became essential. During the early part of 
1917, 1 had made a careful study of the hetero- 
dyne phenomena and their effect on the 
efficiency of rectification. With these experi- 
ments freshly in mind, the idea occurred to me 
to solve the problem by selecting some fre- 
quency which could be handled by the tubes 
available, building an effective amplifier for 
that frequency, and then transforming the in- 
coming high frequency to this readily amplifi- 
able value by some converting means which 
had no low limit; preferably the heterodyne and 
rectification. The principles and advantages 
of this method were explained in a paper pre- 
sented before this Institute and are now so well 
known that no further explanation is required 
here. 

After much experimental work, an eight - 
tube set was constructed consisting of a recti- 
fier tube, a separate heterodyne oscillator, three 
intermediate -frequency amplifiers, a second 
rectifier or detector, and two audio -frequency 
stages. The intermediate -frequency stages 
were coupled by tuned air -core transformers 
set for a frequency of about ioo,000 cycles, 
with an adjustment for controlling the regen- 
eration. The amplification of voltage measured 
at the input of the second detector with the 

amplifier just below the oscillating point, was 
about equivalent to a radio -frequency amplifi- 
cation of 500.1 The arrangement of its cir- 
cuits in Fig. I gave satisfactory results except 
that the inclusion of a regenerative control 
on the intermediate -frequency amplifier made 
skilled handling necessary, as the adjustment 
of the frequency of the oscillator changed the 
plate current of the detector tube and this, in 
turn, varied the resistance which that tube 
introduced into the amplifier system and upset 
the regenerative adjustment. 

The Armistice ended development at this 
point, but in the fall of 1919, for the purpose 
of determining the results which could be ob- 
tained by pushing the super -heterodyne method 
of reception to the limit, a resistance -coupled 
intermediate -frequency amplifier consisting of 
five high mu tubes was constructed. The 
voltage amplification of these five stages was 
probably between 5,000 and I o,000 fold. 
While greater amplification could have been 
obtained, the sensitiveness of a set composed of 
a two -tube frequency converter, a five -tube 
intermediate -frequency amplifier, a detector, 
and one -stage of audio, was such that on a 
three -foot (one- meter) loop, the sole criterion 
cf reception was simply whether the signal was 
stronger than the atmospheric disturbances. 

PAUL GODLEY USED A SUPER- HETERODYNE TO 

COPY AMERICAN AMATEURS IN SCOTLAND 

THE sensitiveness of the super- heterodyne 
was demonstrated during the winter of 

1919-1920 when the spark signals from ama- 
teur stations on the West coast and telephone 
signals from destroyers in Southern waters 

'This amplification is based on the ratio of the voltage 
applied to the second detector to the voltage at the loop 
terminals. The intermediate frequency amplification is 
unknown. 
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FIG. 2 
"I his super -heterodyne is transformer- coupled and has been 
used by Major Armstrong in many demonstrations 
given under the auspices of the Radio Club of America 

were received in the vicinity of New York on a 
three -foot (one- meter) loop. Probably the 
most striking demonstration of the capabilities 
of the method occurred in December, 192o, 
when Paul F. Godley, at Ardrossan, Scotland, 
received the signals of a large number of ama- 
teur stations located in the United States, many 
of them being spark stations. The super- 
heterodyne used by Godley consisted of a 
regenerative tube for the first rectifier, a separ- 
ate oscillator, four stages of resistance -coupled 
intermediate -frequency amplification, a second 
rectifier, and two stages of audio. While it is 
difficult to state definitely the actual voltage 
amplification obtained, it appears to have been 
between 3,000 and 5,000 fold.' 

With the coming of broadcasting and with 
the great increase in the number of stations 
and the consequent interference, the super- 
heterodyne began to take on a new importance 
-an importance which was based not on its 
superior sensitiveness nor on its selectivity, but 
on the great promise which the method offered 
in simplicity of operation. It 
was, and still is, the standard 
practice to furnish the public 
with receivers equipped with 
a variety of tuning adjust- 
ments for the purpose of 
amplifying the desired band 
of radio frequencies and ex- 
cluding all others. As a 
matter of fact, many more 
adjustments are on receivers 

('Based on the standard previously 
described. This is without the 
second heterodyne which was used 
in receiving continuous waves.) 
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than should be used -more 
than could be placed in the 
hands of the average user. 
It would obviously be of the 
greatest importance if in 
some way these tuning ad- 
justments could all be made 
in the laboratory by skilled 
engineers and sealed, leaving 
some relatively simple adjust- 
ment for the hands of the 
operator. The super- hetero- 
dyne offered the ideal solu- 
tion. This solution lay in 
the construction of an 
intermediate -frequency am- 
plifier which would am- 

plify a given frequency and a band 5,000 
cycles above and below it and which would 
cut off sharply on either side of this desired 
band. The adjustments necessary to accom- 
plish this could all be made by skilled men, 
and the only operations left for the user would 
be the two adjustments necessary to change 
the incoming frequencies down to the band of 
the amplifier -adjustments which are not 
dependent on each other, which are of extreme 
simplicity, and which can be made equally 
well by the novice or the engineer. To deter- 
mine just what could be accomplished along 
these lines, the writer, working in conjunction 
with Mr. Harry Houck constructed during 
the spring of 1922, a set designed for the maxi- 
mum usable sensitiveness and selectivity. 

THE FIRST MODEL 

HE set -up consisted of one radio -frequency 
stage (non -tuned transformer) a rectifier 

tube, an oscillator tube (used as a separate 
heterodyne), a three -stage iron -core transform- 

FIG. 3 
This is the interior of the receiver pictured above 
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er- coupled intermediate -frequency amplifier 
designed to cover a band of 20,000 to 3o,000 
cycles, a second detector tube, and two stages of 
audio- frequency amplification. UV -2o1 -A tubes 

.--. 
/aroméitq 
Siynal 

ToAmplifi.er 

FIG. 5 

The fundamental circuit of the second harmonic 
method of producing the oscillator frequency 

were used. The set without the audio -fre- 
quency amplifiers is illustrated in Fig. 2 and 
Fig. 3. To prevent the intermediate -frequency 
amplifier from oscillating, each stage was 
shielded separately. The use of a radio -fre- 
quency stage ahead of the first detector pos- 
sesses a number of advantages but the chief 
one is in eliminating the reaction between the 
loop circuit and the oscillator circuit. Ex- 
perience with the original type had shown 
that when an oscillator of ordinary power was 
used, it was necessary to couple it rather 

C3 

DETECTOR., 

50,000 OHM 

GRID LEAK l 

FREQUENCY 
CHANGING 
OSCILLATOR 

FIG. 4 
The ordinary type of wave -changer for the 
super- heterodyne requires two tubes as shown 
here -the new method is shown in Fig. 5 

closely with the loop circuit in order to insure 
a sufficiently strong heterodyning current. 
This close coupling affected the tuning of both 
circuits, an adjustment of one changing the 
setting of the other. To avoid this trouble 
and to produce a system wherein a station could 
always be tuned -in on exactly the same set- 
tings, a single stage of radio -frequency ampli- 

fication (using a non -tuned transformer) was 
used, and the oscillator was coupled into this 
transformer. This arrangement eliminated the 
reaction, reduced the radiation to a minimum, 
and, in addition, removed the damping of the 
first rectifier from the loop circuit and im- 
proved its selectivity. 

The results obtained with this set were about 
as expected. On a three -foot (one- meter) 
loop, the factor determining the reception of a 
station was solely whether the signal strength 
was above the level of the atmospherics. The 
selectivity was such that stations which had 
never been heard before on account of blanket- 
ing by local stations, were received without a 
trace of interference. While the performance 
of the set was much superior to any other 
receiver, it was apparent that the cost of con- 
struction and maintenance was prohibitive. 
The single item of a ten -ampere filament cur- 
rent will give some idea of the size of the 
storage battery and auxiliary apparatus required. 

With the coming of the low filament con- 
sumption, or dry battery type of tube, the 
possibilities of producing a super- heterodyne 
for household use were tremendously improved. 
The set of Fig. 3 was remodelled for the WD- 
tube and its sensitiveness was brought to about 
the same value as obtained with the storage 
battery tubes. This was a long step forward 
but still its cost was prohibitive. 

WHY THE SECOND HARMONIC PRINCIPLE WAS 

DEVELOPED 

T HAD been apparent ever since the ques- 
tion of the application of the super- hetero- 

dyne to broadcasting had been considered, that 
there were too many tubes performing a single 
function which were quite capable of perform- 

T g 
To 4' 'id Stage 

FIG. 6 
This circuit makes it possible to reflex some of the inter- 
mediate amplifier tubes, using them for audio amplifica- 
tion as well. The result is more economical operation 
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ing a double one. The most outstanding case 
is that of the separate heterodyne oscillator. 
In view of our knowledge of the self -heterodyne, 
it appears quite obvious to perform the first 
rectification by means of a self- heterodyne 
oscillator and thereby save a tube. As a 
matter of fact, this was one of the very first 
things tried in France, but, except for very 
short wavelengths, it was never very successful 
when a high intermediate frequency was 
necessary. The reason was this. If a single 
tuned oscillating circuit was used, the detun- 
ing to produce the proper beat caused a loss of 
signal strength which offset the gain of a tube. 
If two tuned circuits were used on the oscilla- 
tor, one tuned to the signaling frequency and 
the other arranged to oscillate at the hetero- 
dyning frequency, then on account of the rela- 
tively small percentage difference in frequency 
a change in the tuning of one circuit changed 
the tuning of the other. The solution of this 
problem was made by Houck, who proposed an 
arrangement so simple and so effective that 
it completely solved the problem. Houck 
proposed to connect two tuned circuits to the 
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FIG. 7 
A similar arrangement to that shown 
in Fig. 5 and explained in the text 

oscillator, a simple circuit tuned to the fre- 
quency of the incoming signal and a regenera- 
tive circuit adjusted to oscillate at such a 
frequency that the second harmonic of this f re- 
quency beating with the incoming frequency 
produced the desired intermediate frequency. 
The general arrangement is illustrated by Fig. 3. 

In this circuit A is tuned to the incoming 
signal, circuit B is tuned to one -half 
the incoming frequency plus or minus 
one -half the intermediate frequency, 
and the circuits C and D are both 
tuned to the intermediate frequency. 
The operation of the system is in 
line with ordinary self -heterodyne 
action. By reason of the asymetrical 
action of the tube, there are created 
in the circuits a variety of harmonics. 
The second harmonic combines to 
produce beats with the incoming 
signals of the desired intermediate 
frequency, the tube rectifies them to 
produce the desired intermediate 
frequency and, through C and D, 
the new frequency is supplied to the 
amplifier. On account of the fact 
that circuits A and B are tuned to 
frequencies differing by approxim- 
ately i oo per cent., a change in the 
tuning of one has no appreciable 
effect on the tuning of the other. 
This arrangement solved the oscillator 
problem and, in addition, practically 
eliminated radiation. 

The next step in the reduction of 
the number of tubes, was to make 
the radio -frequency amplifier per- 
form the function of amplifying 

This is the interior of the original receiver 
built on the second harmonic principle 
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intermediate -frequency as well. This can be 
done with none of the difficulties inherent in 
audio -frequency amplification, as the very small 
amplitudes of voltage handled by the first tube 
precludes the possibility of the grid becoming 
positive with respect to the filament. The 
general arrangement of circuits for carrying this 
out is illustrated by Fig. 6. In this arrange- 
ment the signals received by the loop are am- 
plified at radio- frequency by the first tube and 
applied to the grid of a second harmonic oscilla- 
tor by _-means of an untuned radio -frequency 
transformer. The combined signaling and 
heterodyning currents_ are then rectified by 
the second tube producing a current of the 
intermediate -frequency which is applied to the 
grid of the first tube, amplified therein and 
passèd -on to the second stage of the intermedi- 
ate- frequency amplifier. A more practical 
method of carrying out this idea is illustrated 
in Fig. 7. 1 n this arrangement, a secondary 

Fig. 8 
I n this five tube layout a loud 
speaker has been incorporated 

One of the early models of the six -tube receiver. 
The receivers now sold employ a similar circuit 

of the first intermediate -frequency transformer 
is connected to the grid of the first tube and in 
parallel with the loop circuit. Otherwise, the 
arrangements of Figs. 6 ¡And 7 are identical. 
The parallel type of circuit arrangement elimi- 
nates a variety of reactions which would give 
rise to oscillations of various frequencies and in 
addition, prevents the reception of long -wave 
signals by the intermediate -frequency ampli- 
fier. When this development had been com- 
pleted, improvements in the design of the 
intermediate -frequency transformers made it 
possible to obtain with two stages all the am- 
plification which could be used. 

On account of the high amplification, signals 
from local stations overload the second recti- 
fier and introduce distortion. Control of the 
amount of intermediate -frequency amplifica- 
tion is essential. While there are numerous 
methods equally effective, the simplest one 
appears to be the control by means of the 
filament temperature of the second intermedi- 
ate- frequency amplifier.' 

The features just described were all incor- 
porated in the receiver which is illustrated in 
Figs. 8 and 9. The set measured 16" x i o" x 
i o" and was completely self -contained --the 
batteries, loop antenna, and speaker mechan- 
ism being enclosed in the box. The results 
were highly satisfactory and loud speaker 
signals (at night) in the vicinity of New York 
were obtained from stations in Chicago and 
Atlanta. It demonstrated that not only could 
a household receiver of the super -heterodyne 

'.Although some form of potentiometer type of control of 
the voltage applied to the grid of one of the amplifier tubes 
would obviously be better, the simplicity of the filament 
control has many advantages in manufacture. 
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l-Iv. 
Interior of the super -heterodyne portable with 
which an inexperienced woman heard 2L0 
during the tests run by RADIO BROIDCAST and 
the Wireless World (London) last November 

t\Pe be built, but that the first practical solu- 
tion Of the portable set was at hand. 

FROM THE LABORATORY MODEL. TO THE COM- 
MERCIAL PRODUCT 

I N TH IS form, the capabilities of the set were 
I brought to the attention of the Westing- 
house Electric and Manufacturing Company 
and the Radio Corporation of America a little 
over a year ago. Its possibilities were instantly 
visualized by Mr. David Sarnoff, who immedi- 
ately took steps to concentrate the resources 
of the research laboratories of the Radio Cor- 
poration of America, the Westinghouse Electric 
and Manufacturing Com- 
pany and the General Elec- 
tric Company on this new 
development. From that 
point on it passed into a 
new phase -that of placing 
an invention in a commer- 
cial form. In the limited 
time available, this was a 
most extraordinarily diffi- 
cult proposition, and credit 
for its accomplishment is 
due to the untiring efforts 
on the part of the engineers 
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of the above organizations. Many improve- 
ments and some radically new ideas of design 
have been introduced, but it is the privilege of 
those responsible for them to present these. 
In the final development of this receiver, an ad- 
ditional stage of audio- frequency amplification 
was added in order to insure operation within 
steel buildings, particularly those within the 
city limits where signals are relatively very weak 
compared to suburban locations. This makes 
a six -tube set but six tubes can be readily 
operated on dry batteries and the increase in 
sensitiveness is well worth the extra tube. 

Some idea of the sensitiveness and the ease 
of operation of the set illustrated in Fig 9, 
may be gathered from an incident during the 
RADIO BROADCAST- Wireless World trans- 
atlantic broadcasting tests of November and 
December, 1 923. On December t st, two 
women, neither having any technical radio 
knowledge, received loud speaker signals from 
station 2L0, London, England. This was 
accomplished at Merrimac, Massachusetts, 
with the set and loop illustrated in Fig. 9 
and perhaps constitutes a record for the first 
radiophone reception from Europe with a 
portable receiver. With the same set and a 
three -foot (one- meter) loop, loud speaker 
signals from broadcast stations on the Pacific 
Coast were received in the vicinity of New 
York on an average of three or four times a 
week. The sole criterion of reception was 
whether the signal strength was above the 
level of the atmospheric 
disturbances. 

The type of super- 
heterodyne described here- 
in is now available to 
the public in the two 
forms illustrated in 
Figs. I o and 1 . Each of 

FIG. IO 

The semi -portable six tube super -heterodyne now coming into 
great popularity. It is luxurious in appearance, simple to oper- 
ate and produces excellent volume with marked clearness of tone 
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FIG. I 1 

I he loud- speaker has been made a part of the 
receiver and a rotatable loop is provided in 
the case below. This receiver is one of the 
most luxurious ever placed on the market 

these sets incorporate the arrangements herein 
described. Their sensitiveness is such that. 
with a two -foot loop and an unshielded location, 
the atmospheric disturbances are the criterion 
of reception. Here we reach a milestone in 
the development of broadcast receivers for no 
increase in the distance of reception can now 
be obtained by increase in the sensitiveness of 
the receiver. Unless the power of transmitting 
stations is increased we are about at the limit of 
the distance which can be covered. Future 
improvement of this receiver will lie along the 
line of increasing its selectivity and simplifying 
its construction. Aside from the development 
of the super -heterodyne but few recent radio 
receivers have improved in other than their 
mechanical arrangement and cabinet work. 

APPENDIX 

Some notes on the interaction between 
receiving sets.-Radiation--Coupling be- 
tween antennas -Have broadcast sta- 
tions enough power to go around? 

ROBABLY the greatest outstanding 
problem in radio is the interaction be- 
tween receiving sets. This interaction 

is due to several causes. The three main types 
may be classed under the heading " Radiation, 
Reradiation, and Coupling between Antennas." 

At the present moment, much attention is 
focused upon the problem of radiating re- 
ceivers. Much is being written about it under 
the misnomer " Reradiating receivers." Little 
has been written on the subject of reradiating 
receivers and still less about the problem re- 
sulting from the coupling between antennas. 
Doubtless this is due to the fact that the last 
two problems are at present masked by the 
first one. In my opinion, they are equally 
important, will cause increasing trouble and if 
radio proceeds along its present lines of develop- 
ment, will as seriously affect long distance re- 
ception as radiating receivers are affecting it 
at the present time. 

To explain the above three types of inter- 
ference, I will define each of them:- 

RADIATION 

H 1S interference is produced by sets 
which, of their own volition, generate 

electrical oscillations of a frequency which is 
determined by the constants of their own cir- 
cuits. The effect on neighboring receivers is 
the production of a beat note or whistle on 
wavelengths close to the frequency radiated 
by the oscillating receiver. This type of in- 
terference is commonly and improperly called 
" Reradiation." A radiating set may also 
produce interference by reradiation but this is 
a secondary matter and the primary cause of 
interference is radiation. The radiation is in 
the form of a continuous unmodulated wave. 

RERADIATION 

H 1S type of interference results from an 
antenna picking up energy from an in- 

coming wave and as the name implies, reradiat- 
ing that energy into space. The reradiated 
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energy is not a continuous unmodulated wave 
as in the previous case but a wave which is 
modulated substantially in accordance with the 
modulations of the received signals and which 
exists only as long as the received wave exists. 
This type of interference is most pronounced in 
the case of regenerative receivers which are set 
just below the point of oscillation. l t causes 
trouble in near -by receivers in two ways. One 
is that the energy reradiated is not in the 
form in which it was originally transmitted 
from the sending station but has some of the 
characteristics of the receiving set superim- 
posed upon it. The other is that the reradiated 
energy, particularly in the case of a large an- 
tenna with regeneration, boosts the signals in 
adjacent antennae, producing a fictitious signal 
strength in the other receivers which disap- 
pears when the large antenna is tuned to an- 
other station. 

At present, receivers which regenerate in the 
antenna are responsible for most of the trouble. 
Elimination of regeneration in the antenna 
would aid the situation greatly. I t would not, 
however, be a permanent solution of the pro- 
blem. The elimination of regeneration in the an- 
tenna would merely reduce the area over which 
the effect of reradiation would be felt. I f the 
number of antennae increase at the present 
rate, it will not be long before practically 
every antenna in a city will be within the 
reradiating range of a dozen others, each of 
which will make its influence felt. If regener- 
ation is eliminated from all the antennae, 
then the question of whether the signal will be 
strengthened or weakened in any individual 
antenna on account of the proximity of 
the others, will depend largely upon their 
relative size, resistance and position. In 
general, a small antenna in the proximity 
of a large one will have its signals strengthened 
when the large antenna is tuned to the same 
wave, although this rule is not invariable. 

COUPLING BETWEEN ANTENNAE 

H IS type of interference is perhaps the 
most annoying of all. lt occurs where 

two or more antennae are located so close to- 
gether that each affects the tuning of the other. 
Where several antennae are associated to- 
gether and produce this effect (for example, 
when they are all on the same roof) the diffi- 
culties of the operator in keeping his set in 

tune with a particular station can well be 
imagined. 

At the present time in congested localities, 
all three of these types of interference occur 
and the solution of the radiation problem, while 
it is technically and economically possible of 
solution, will but serve to concentrate atten- 
tion upon two other problems which are not 
technically capable of solution. In addition 
to these specific problems, we have in cities 
the much broader one of whether there is 
going to be enough energy to go around. I t is 
perfectly apparent at the present time that the 
tuning of a large number of receivers in a con- 
gested area to the same signal results in a 
weakened signal for practically everybody. I f 
every housetop were fitted with several an- 
tennae, the question arises as to how much 
energy the man in the center of the city would 
find left if everyone ahead of him had absorbed 
as much from the wave as possible by using as 
high and efficient an antenna as he could erect. 
The sole solution to this and all the other 
troubles is the use of an antenna of the loop type 
whose effect on near by receiving stations is 
negligible. 

Of course, this necessitates more sensitive 
receivers with an increase in amplifying power 
commensurate with the relative receptive pow- 
ers of an antenna versus a loop. At first sight. 
it might appear that the cost of this change 
would be prohibitive but with our present rate 
of development. I believe that it is going to be 
possible to build loop sets as sensitive as our 
present type antenna sets with but relatively 
little increase in cost. At the same time, the 
situation can be improved from another angle. 
The power of transmitting sets will gradually 
increase both because of the fact that there is 
no way to eliminate the effects of atmospheric 
disturbances, elevator induction, X-ray ma- 
chines and all the other types of interference 
which exist in a large city except to ride over 
them with high power and because of the 
fact that from the program standpoint, it is 

economically better to concentrate talent at 
one point. 

All these factors point to the elimination of 
the present type of antenna which will disap- 
pear in the same manner as the overhead 
telegraph, telephone, electric light and trolley 
wires have disappeared in the last twenty 
years. 
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Radio Talent Is Not Localized 
HONG the many advantages made 

possible through radio, an outstand- 
ing feature is the opportunity it 
affords each section of the country 
o gain an understanding of the 

local musical talent in all the other sections. 
Even to those of us who, through much travel 
to various music centers while carrying on 
our professional activities, have felt that we 
were well in touch with the musical life of the 
country, the radio brings constant revelation, 
as surprising as it is agreeable. 

Before the days of broadcasting we would 
one and all have said that the best local musical 
talent would be found in those localities where 
music, as a profession, had the greatest follow- 
ing. But that uncanny medium of communi- 
cation, the microphone, is apt to prove this 
conclusion more often wrong than right. Some 
of the best singing and piano playing the 
present writer has heard over the radio goes 
to the credit of such stations as WOC at 
Davenport, and WHAA, Iowa City, Iowa; 
KFKX, at Hastings and `VOAW at Omaha, 
Nebraska; \ \-'MAB, Oklahoma; `CAL, North- 
field, Minnesota, to name but a few. This 
does not mean that you will always get satis- 
factory musical programs through these sta- 
tions; but if you tune them in often enough 
you will at one time or another hear some of 
the most gratifying performances the radio 
has to offer. 

Why is this? Perhaps some of our readers 
can enlighten us. It is a case where many 
opinions are worth more than one. As for a 
single opinion, the answer to the question 

seems two -fold, First, that in such towns as 
these, and many others as well, good health 
pervades the musical life. Good health in 
that the bitterness of unrelenting competition 
has not eaten to the heart of that life and made 
it a struggle for existence against almost super- 
human odds. And another reason may be 
that many women who once expected to pur- 
sue music as a profession and studied under 
noted teachers to this end, gave up the fight, 
married, settled in these communities and are 
now using their music as a by- product instead 
of making it the main interest of their lives. 
Also among the men may be some who might 
have become professional singers, but who at 
the crucial moment decided to make their lives 
financially sure by becoming established in 
business and who now use their vocal accom- 
plishments as church singers and through con- 
cert appearances in near -by localities. 

The colleges scattered through these sec- 
tions also contribute their share toward the 
musicians who are heard on these programs, 
and an occasional station may be found that 
is directly associated with a college. But even 
in such cases the programs are not confined to 
the students or the faculty. 

Long before such a thing as broadcasting 
was dreamed of, many of these towns now 
sending out at times such excellent radio 
programs were known among musical mana- 
gers as lucrative fields for concert artists. But 
patronizing a dozen concerts or so during a 
season has little effect on the musical culture of 
a community as compared with the residence in 
that community of well trained musicians. 



BETTY CO M PTON 
-In "Vogues." What has become of the inventor who said he would make it possible to see a broadcast performance 
as well as hear it? Doesn't this picture prove that his invention was badly needed when WJZ broadcast the musical 

revue, "Vogues," from start to finish direct from the Schubert Theatre? 
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The fact that many such musicians live in the 
localities distant from the so- called music 
centers can be proved time and again by one 
who uses a receiving set. 

And just as this was being written came a 
letter from a friend who was long a resident of 
New York City where she continually heard 
the best that that city had to offer in music, and 
who is now in a South Dakota town so small 
you cannot find it on 
the map. She writes: 

" I have heard some 
really good music here. 
I t is interesting to find 
real gifts and talent 
tucked away in such 
secluded places as this." 

Doesn't this com- 
ment prove that if this 
little town had a broad- 
casting station some 
music worth the hearing 
could be programmed? 

While the towns pre- 
viously mentioned are 
by no means secluded 
places, but on the con- 
trary are known far and 
wide, it has taken the 
radio to bring their 
musicians into public 
knowledge. If the an- 
nouncers at these sta- 
tions would be some- 
what more particular in 
giving the names of the 
various persons heard 
quite a list of those 
who have been enjoyed 
could be set down here. One does not, for in- 
stance, want to write Pauley for Crosby, in case 
the name of the woman pianist who recently 
played so well in Hastings, Nebraska, should be 
Crosby although it sounded like Pauley. . . . 

So let the list remain unwritten. 
After all, every disadvantage has its com- 

panion advantage. We have all considered it 
a disadvantage that money was not available 
for the payment of radio music so that the 
regular concert artists might be heard by every 
listener, and this must in time come to pass. 
But had such a custom prevailed from the 
beginning of broadcasting, we should never 
have known what fine local talent is to be 
found in many towns. 

Talented Youth Is Broadcasting 

T HE monthly concert given by the Rens- 
selaer Polytechnic Institute Students 
Symphony Orchestra at Troy, N. Y., 

Station WHAZ, always has something good to 
offer, and, apart from this, is interesting 
in that it is a means of making known what 
good work some of our young people are doing 

along musical lines. 
One would expect 

these students to play 

RUTH EDWARDS 
-Pianist. Miss Edwards has been heard a number of 
times over the radio as pianist of the Cleveland Institute 
of Music Trio. These players, also the String Quartet 
from the same school, have provided one of the most 

artistic features associated with station WTAM 

popular music well, as 
it is an expression of 
youth's spirit. But for 
them to give a good per- 
formance of such a work 
as a Ballet Suite by 
Delibes is a test of gen- 
uine musical under- 
standing; for it takes 
something more than 
mere love of music to 
bring out with any de- 
gree of satisfaction the 
fascinating grace and 
polish of this French 
composer. They gen- 
erally include a move- 
ment from some classic 
symphony in their pro- 
grams, on one occasion 
giving the first move- 
ment from Haydn's 
" Military Symphony." 
And they will even play 
for you a Strauss waltz 
in a way that would do 
credit to a more preten- 

tious organization. The conductor, A. Olin 
Niles, must be a man of ideals as well as ability. 
May he long keep up his good work! 

Another student organization, quite famous 
in its own locality, the Lincoln High School 
orchestra of Jersey City, was recently heard 
through Station WEAF under the baton of 
C. W. Barget. These players, forty -one boys - 
and four girls, range in age from ten to fifteen 
years. Probably the reason there are so few 
girls in the personnel is because ninety -nine 
girls out of a hundred who study music study 
the piano. 

This High School orchestra is an organization 
of which Jersey City may well be proud, both 
because of the talent of the players and the 
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way that talent has been drilled by M r. l3arget. 
But it is open to the criticism that applies to 
all of our public school orchestras, a prepon- 
derance of strings and the lack of certain in- 
struments imperative to the right performance 
of orchestral music. if fewer boys would 
study the violin and more would study wood 
wind instruments, or the French horn, the tuba, 
the double bass, our school orchestras would 
be improved, and the boys themselves would be 
benefited because they would stand a better 
chance of using their musical education for 
financial returns if they so desired. For you 
can find hundreds of good violin players these 
days to one man who can play, let us say, the 
bassoon, the oboe, the French or English horn. 

And while on the subject of young people, 
those boys from the North East Y. M. C. A. 
Minstrel Troupe who took part in a program 
broadcast from station WTAM, Cleveland, 
gave their listeners a jolly good time with 
their lively choruses and solos. Whoever 
drilled them did his work well. A program of 
this kind is a relief from the monotony of 
jazz when something popular is the object of 
the program maker. Jazz is all right --some 
of it -but there are other forms of popular 
entertainment the public enjoys as much if 
not more. 

As for jazz, it comes in fifty -nine varieties 
via radio. if you have in times past tuned -in 
WEAF Thursday or Saturday evenings at eleven 
o'clock and heard Vincent Lopez and his 
orchestra playing in the Hotel Pennsylvania 
Grill, unless you had the soul of a sluggard 
you did not tune out until the last note of the 
hour's program was sounded. And this is said 
by one to whom ordinary jazz is an abomina- 
tion. Fundamentally, jazz is an interesting 
musical medium, but, like all musical mediums, 
it must be handled with intelligence and finesse. 
Vincent Lopez brings both of these factors to 
the direction of his orchestra. Their playing 
showed that their guiding spirit was an artist. 

Yes, Mr. Lopez, we say this even though 
you do drop into the commonplace some- 
times. Why jazz portions of the ballet and 
the grand march from "Aida"? We heard 
those travesties hundreds of miles distant from 
New York the other night. 

DWARD GERMAN'S "Three Dances 
. from the Music to Henry VII1," heard 

from nine different stations in one evening, 
shows that good music can be popular music. 
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The St. Louis Symphony Afield 

Wl I EN listening to the program of a 
public concert that is broadcast, the 
reaction of the audience is about as 

interesting a feature of the entertainment as is 
the performance itself. When the St. Louis 
Symphony orchestra, conducted by Rudolph 
Ganz, gave a concert in Jefferson City, Missouri, 
during a recent tour, it was broadcast through 
WOS. The response of the audience to every 
number showed that orchestral music does not 
go unappreciated in that rather small city. 
There was something like pandemonium after 
the "Tannhäuser" overture, and another 
Wagner number, " Dich Theure Halle," giver 
by the soloist, came in for the same sort of re- 
ception. When the announcer gave out the 
information that Mr. Ganz would play a re- 
quest number at the close of the program there 
was some curiosity on the part of one listener 
as to just what sort of music would be re- 
quested. I t proved to be " The Blue Danube," 
Not a bad choice, by any means. 

The management of the St. Louis orchestra 
evidently has no fear of a broadcast perfor- 

'0, 
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HENRY HADLEY 

-Composer, Conductor. Some of the lighter orches- 
tral works of this foremost among American composers 
are heard now and then over the radio from broadcast 
orchestras that make it a point to present programs of 
genuine musical value. While giving the major portion 
of his time to composing, Mr. Hadley is also well known 
as an orchestra director, having for some years been 
assistant conductor of the New York Philharmonc 
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mance injuring the patronage of the organiza- 
tion. On this tour the orchestra played in 
many Missouri towns that could listen in to 
that Jefferson City concert. They no doubt 
did listen, and then, early the next morning, 
bought seats for the coming concert in their 
town. That is what radio is going to do for 
the patronage of music, all over the country, 
just as soon as some of the musical managers 
get over their scare about it. 

I landel and Mendelssohn Are Still Popular 

FTER the Madrigal Choir from the 
Oratorio Society of New York had 
sung choruses from " The Messiah" 

and " Elijah " through station WEAF, the an- 
nouncer asked those who had been listening to 
send in word if the program was enjoyed so that 
it might be known whether or not such pro- 
grams would be acceptable in the future. 

He could have found the answer to his ques- 
tion in any musical dictionary. Handel, 
who wrote " The Messiah," died in 1759. 
Mendelssohn, who wrote " Elijah," died in 
1847. Why have their works survived so 
long after their death? Because of the pub- 
lic's interest in them. 

CAPTAIN HERMANN WEBEL, U. S. A. 

Bandmaster. The 17th U. S. Infantry. His band 
has been heard from WOAW, and is very highly regarded 

VICTOR KOLAR 
-Assistant Conductor of The Detroit Symphony Or- 
chestra. Mr. Kolar conducted the series of concerts 
for children given in Orchestra Hall, Detroit, during the 
past music season and broadcast from station WWJ. 
Thousands of children and grown -ups as well, far distant 
from Detroit, listened in to these concerts. Mr. Kolar 
in addition to being a conductor of conspicuous merit, 
is a composer whose works have attracted wide attention 

And so, Mr. Announcer at WEAF, the surety 
goes without asking, that many listeners were 
grateful to your station for giving them an 
opportunity to hear excerpts from these works. 

Flying Fists and the Microphone 

HAVING commented a number of times 
in this department on the programs 
of old -time American songs which are 

so deservedly popular with radio audiences, 
`VBZ was tuned -in a while ago for the express 
purpose of hearing such a program which had 
been previously advertised. Immediately the 
dials were adjusted came a deafening roar of 
shouts accompanied by the stamping of feet. 
Then a voice: 

" 1 f this broadcast is a flop you may know 
it's because I'm new to the job and there are 
seventeen people hanging on my back." 

The astonished listener -in examined the 
dials carefully. Surely there was a mistake. 
This could not be the Springfield station, al- 
ways so correct and courteous. Then came 
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another voice, the cultured sort that is ever in 
evidence from \VBZ. 

"This is station WBZ broadcasting from 
Boston the fight at the Boston arena for the 
heavyweight championship of New England." 

The microphone was then turned over to the 
first voice, and from that moment until the end 
of the fight in the seventh round when Jack 
Shawkey knocked out Eddy Somebody (the 
listener was too excited to get his full name), 
radio music was forgotten by the one whose 
business it is to listen to it, for she has always 
had a secret longing to attend a prize fight. 
Round by round that fight was followed with 
many a chuckle over the drawling witticisms of 
the man at the microphone. if a galaxy of the 
greatest musical artists in the world had been 
broadcasting a program while that fight was 
in progress the dials would still have been kept 
at WBZ. Woman -like, the listener was root- 
ing for Eddy Somebody from the moment it 
became evident that he was getting the worst 
of it. And there was exultation 
that it took seven rounds for the 
challenged champion to retain his 
title. 

When it was all over and the two 
combatants, according to the man 
at the microphone, were " going 
home to mother," the WBZ cultured 
voice conveyed the information: 

" We will now resume our musical 
program from the Hotel Brunswick 
Studio, Boston." 

But, not being in a musical mood, 
with one's mind still bearing that 
graphic picture of the prize fight, it 
was not until some evenings later 
that a connection was made with the 
Hotel Brunswick Studio, Boston, 
where a program by the Tschaikow- 
sky String Quartet of the Weltman 
Conservatory of Music, Malden, 
Mass., was the attraction. The ad- 
vance notice of this program had 
spoken of the quartet as being com- 
prised of four men " who have heard, 
studied and played the greatest mu- 
sic under the greatest conductors 
and with the greatest players, and 
who follow music as an art and not 
as a trade." 

This seemed, like many press no- 
tices, too good to be true. But the 
work of the quartet that evening 
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did much toward justifying the preliminary 
praise. Even in the most brilliant numbers 
there was the poise that comes only after 
one has so thoroughly mastered the classics 
that something of their equable spirit will 
tincture the performance of the most modern 
works, just as it is the technical foundation 
of these works. Mr. Leon Weltman, with 
Edward Garmant at the piano, played a group 
of violin solos in a manner in keeping with 
the general high standard of the program 
which was one that did credit to station \ß'13Z.. 
All who heard this program must have elt 
grateful for the opportunity to enjoy such 
music so well presented. The entire program 
came through the air to the present writer's 
studio in Toledo as clearly as if it were heard 
in Boston. 

And -it is frankly acknowledged -we are 
glad that the prize fight came through just 
as clearly, but the thrill of hearing such an 
event involves considerable mental strain. 
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MARY ELLIS 
-Soprano. After being a member of the Metropolitan Opera Com- 
pany for a number of seasons, Miss Ellis has joined the ranks of oper- 
etta. Station WJZ has presented this young singer in a series of 
recitals of songs by Rudolph Friml with the composer as accompanist 
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Among Other Things 

Some of the other events that deserve being 
remembered, and one or two that should be 
forgotten are 

M RS. H. H. A. B EACH, America's foremost 
woman composer, in a short piano recital, 

Station WRC, Washington, D. C. An at- 
tractive group of numbers very charmingly 
played. 

R. MORRIS A. SCOTT singinga group of 
songs, station \'TAM, Cleveland, along 

about 1.40, A. M. He deserves special men- 
tion because he kept the tempo of every song up 
to the mark. and also because his phrasing was 
intelligent, his tone unforced, and his inter- 
pretations as a whole in good taste. 

'THE 17th U. S. Infantry Band, stationed 
at Fort Creek, Nebraska, and frequently 

heard through station WOAW at Omaha. 
One of the finest bands in the country, judging 

from these radio performances. The playing of 
the men shows the broad musical education 
of the bandmaster, Hermann Webel, graduate 
of the Paris Conservatory, and later a student 
in musical history, theory, and composition, 
under leading New York teachers including 
W. S. Pratt and Henry E. Krehbiel. 

H E program of old hymns -the good ones - 
sung Sunday evenings at station WHAA. 

Enjoyed perhaps by more people than the 
directors of this station realize. A custom 
that should be indefinitely continued. 

HE orchestra of the Hotel Statler, Cleve- 
land, in a dinner hour program each even- 

ing, broadcast by station WTAM. One of 
the finest hotel orchestras so far heard over 
the radio. The director gives his audience 
credit for enough good taste to enjoy some 
thing other than jazz. His orchestra plays 
the lighter classics beautifully 

4k. 

.. ._ >s:,jx_ 
. . ....;@ ..:...:.... . .. .... ,.... .,,: ...e.. .. r.'. .. ... . _. 

HIM lillili1111l110i1t0111l1!l11E1 
.ws... ,-..r,,a .a.We.e+.a / <9 ,,.-'i.,,... ,/ /ï/,/ %%'r-, i .ii GC-/x/,r%6, . <-,.i¢i/i i.o.ii% iii., i,,.,. , - :. ...,,._ . .., 

VINCENT LOPEZ 
.\nd his well -known and well -liked orchestra playing at the 
Hotel Pennsylvania, New York, have been heard from WEAF 

9 



RADIO -FARTHEST SOUTH IN THE UNITED STATES 

Lazy Gulf of Mexico clouds and the tall towers of the Navy's high power radio station, NAR, at Key \Vest, Florida 

THE MARCH OF RADIO 

President, Institute of Radio Engineers 

Names And Still More Names 
WAS there ever an art which 

called forth as many unpro- 
nounceable and unintelligible 
names as has radio? This 
failing for coining names, 

sometimes simple and sometimes complex, for 
tubes and circuits originated at a certain labor- 
atory in Schenectady about twelve years ago 
according to our recollection. These Graeco- 
Schenectady names, as Doctor DeForest aptly 
characterized them at the time, were not as 
bad as they first sounded because they were 
at least coined by men who knew some phil- 
ology. The names of sets and circuits which 
descend to -day on a startled world, surpass 
one's powers of pronunciation and analysis alike. 
One firm kindly condescends to translate its 
names into ordinary English for us, so we at 

least know what the names are intended to 
convey but many others remain outside our 
vocabulary and in despair we have decided not 
to attempt to keep up longer with the word 
coiners. 

That prefix " super" has suffered rare pun- 
ishment since radio came into its stride - 
overworked so much that nowadays unless a 
set is super something or other no one pays 
any attention to it. And the situation has its 
serious side, as well as comic; many times lately 
we have been asked by enthusiastic newcomers 
in the radio field about the relative merits of 
the super- diddle -daddle and the super- daddle- 
diddle and have had to confess that we didn't 
even know what they were. Wherewith our 
reputation has straightway fallen to less than 
nothing! " He knows the theory," say our in- 
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CAPTAIN O. P. JACKSON, U. S. N. 

New director of Naval Communications. " I consider," 
says Captain Jackson, "that the greatest progress in the 
efficiency in our battle fleet will come about through the 

development of radio communication" 

quirers. "but he doesn't know how it is ap- 
plied." Won't the word coiners take a few 
days off? 

Pot Shots at the Goose, Golden Egg, et al. 

WHY can't some dealers see past the 
end of their noses? Several times 
in these columns we have noted the 

disagreeable effect produced by a raucous blast 
of what passes for music bellowed forth from 
a poor loud speaker, being pushed much past 
its working limit by excessive 
amplification. On our way to the 
ferry almost every evening we 
have to witness this misdirected 
effort of small dealers to get 
customers. A hole cut through 
the transom permits the loud 
speaker to pour forth its strident 
tones on the stream of commuters 
on their way home. The dealer 
evidently expects to attract cus- 
tomers by this display of the wond- 
ers of radio. Killing the goose 
that lays the golden egg is a 
sound economic policy compared 
to this disagreeable form of ad- 
vertising because at least the goose 
might be despatched noiselessly 
without bothering the neighbors. 

The average loud speaker is none too good 
even when treated gently, but when it is forced 
to compete with honking automobiles, and 
horse -drawn trucks on cobble -stone pavements, 
the effect is painful indeed. When will these 
dealers come to their senses and try to get good 
reproduction inside their stores, instead of 
making themselves a public nuisance and killing 
their trade at the same time? 

Something the Senate Can't Investigate 

R. 
ECENTLY the Senate considered a bill 

having to do with the conditions under 
which a broadcasting license could be 

held. This bill contains the declaration that 
" The ether and the use thereof within the ter- 
ritorial jurisdiction of the United States is 
hereby re- affirmed to be the inalienable pos- 
session of the people of the United States and 
their Government." 

Some of the Senators actua:ly became curious 
as to the meaning of the bill they were acting 
upon and called upon the framer of the bill, 
Senator Howell of Nebraska, for a definition 
and explanation of the "ether." To this very 
pertiment inquiry (for surely our Senators 
wouldn't legislate on matters they didn't under- 
stand) Senator Howell confessed -" \Ve don't 
know much about the ether. We haven't been 
able to investigate it." 

Senator Bruce expressed the opinion that it 
was not seemly to assert ownership of some- 
thing which could not be defined or caught hold 
of, but the Senate disagreed with him and 
accepted the dictum of the bill that the people 
of the United States own the ether, inalienably. 

THE DEALER: "WHY IS BUSINESS SO POOR r ' 
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It is perhaps a good thing that Mr. Doheny 
can't extract oil from the ether or the people 
probably wouldn't own it very long, in spite of 
the Senate's declaration to the contrary. 

An " R. E." is a Prophet Without Honor 

ATELY we have received several letters from 
men in the radio business on stationery 
burdened with such a name and title as 

John Smith, R. E., the R. E. evidently standing 
for Radio Engineer. As such a designation un- 
doubtedly gives prestige among people not 
acquainted with college degrees and their 
significance, it seems worth while to point out 
the status of such a degree. 

To the best of our knowledge none of the 
good technical schools in this country confer 
such a degree, and it does not seem likely 
that it will be officially recognized by any 
such school. The really technical phases of 
radio are electrical. Perhaps we had better 
not say simple because the theory of radio is as 
advanced as any other branch of electrical 
science. What we mean is that any one who 
wants to become a radio engineer must be 
first an electrical engineer, and a good one. 

The degree E. E.- standing for electrical 
engineer -is given by many engineering schools. 
None of them, however, have thought it wise to 
give such degrees as P. E. (Power Engineer) 
cr T. E. (Telephone Engineer) both of which 
branches of the electrical art absorb many more 
men and have much greater invested capital 
than radio. Such degrees would be of no ser- 
vice at all to the men using them because those 
with whom they associate would know enough 
immediately to appraise the standing of the 
user. The man using the title R. E. however, 
generally moves among people who may be 
unduly impressed with its importance. The 
title R. E. has no standing, and it is not difficult 
to make the same assumption for those who 
affect it. 

There Are No "Inaudible " Radio Waves 

EW ideas and developments in radio are 
coming to the front in such profusion 
that many times a writer finds himself 

without suitable language to express his 
thoughts. There are, of course, innumerable 
new words coined in the name of radio to 
designate new sets and circuits, or catch -words 
originated by enthusiastic advertisers to get the 

?I7 

©Underwood & Underwood 

WALLACE IRWIN 
-The creator of Hashimura Togo, who makes that De- 
lightfully ingenuous, yet observing character say (in More 

Letters of a Japanese Schoolboy) : 

"On Table befront of him sat one black suitcase all 
covered with 'nickel plated science. It cantained a 
window with electric bulbs doing so inside. It can - 
tained silver pushers, pullers, arrows and Kodak 
supplies. It cantained so many Wires that I was sure 
it was connected with Edison somewhere. It had a 
Horn with its mouth wide open as if to speak. It 
had one of these switchboards which enable Hon. 
Telephone Operatress to get your number wrong r; 
times out of 1i. Taken altogether, this was a Radio." 

purchaser's attention, but to these we do not 
refer. 

In a recent interview dealing with the re- 
markable scheme of radio repeating which the 
Westinghouse engineers are developing, one of 
them referred to their high frequency wave as 
" inaudible." " Pittsburgh," said he, " sends 
out the ordinary wave to which KDKA's 
listeners are accustomed and another inaudible 
wave which is used for repeating to Hastings 
and London." Several inquiries came to us 
regarding this inaudible wave -how did it differ 
from the ordinary one? 

The use of " inaudible" in this sense is rather 
unfortunate because it expresses more and less 
than it should. It seems to say that the longer 
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MISS AGNES MILLER 

Of \ekti York, who vv rote the play "A Million Casks of 
Pronto" which won the $500 prize offered by station 

WGY, Schenectady, in its recent contest 

wave is audible whereas the short one is not. 
Now what was meant was simply this -using 
an ordinary receiving set the high- frequency 
wave to Pittsburgh is of so high a frequency 
that it is generally impossible to tune -in on it. 
This is because the distributed capacity of the 
coils, tubes, and connections, is sufficiently 
great that the 94 -meter wave cannot be tuned - 
in and in this sense it is inaudible. 

If about two- thirds of the turns are taken 
off the various coils used then this inaudible 
wave may become audible, provided it is recti- 
fied and amplified just as the regular wave is. 
No engineer or person in authority who uses a 
new word, or uses an old one in a new sense, 
can escape the responsibility of making his 
meaning perfectly clear. 

Distance Records During the Past Winter 

ECORD transmissions were recorded for 
several stations during the past winter 
season, some of which are probably 

freak transmissions but long- distance records 
will become more and more common with every 
improvement in receiving and transmitting 
sets. WOR reports reaching Japan, over 
9,000 miles; WJAZ sent to Samoa, 7,000 miles; 
WLAG got through Soviet Russia to Batum, 
6,68o miles, and WGY and WEAF both have 
been heard several times in South Africa, a 
distance of 7,88o miles. The real record is 

apparently held by WHAZ of Trov which on 
four successive mornings was heard in Inver- 
cargill, New Zealand, a distance of 9,577 miles 
from Troy. 

There Are None Too Proud to Study 

THERE are few who will deny that radio 
has done more to interest the general 
public in experiment and study than 

any other development in any age. The auto- 
mobile caused many a man to wonder about 
the evaporation of gasoline when his carburetor 
did not work, and the elementary laws of the 
electric circuit came for their share of his in- 
terest when his ignition or lights failed. But 
the study excited by the automobile's mis- 
behaviour is nothing compared to that in which 
the general BCL is indulging to -day. 

In the subway we see staid business men 
devouring a serious article on radio and it is 
surely true that many a youth who previously 
spent his evenings in a corner pool room is now 
engaged in trying to beat his pal in establishing 
long- distance receiving records. A well known 
scientist expressed the idea not long ago that 
" radio is becoming vulgarized," but it seems 
that such a thought deserves but little sym- 
pathy. Possibly it would be more satisfying 
to one's vanity to feel that the kanch of science 
in which he spent his investigations was far 
beyond the ken of the average human mind, 
but wouldn't it be more satisfying to know that 
his branch of knowledge was of such importance 
to the human race that everyone was striving 
to gain its portals -that any contribution he 
might make would be an immediate and uni- 
versal good? 

It probably had been a source of some em- 
barrassment to the scientist we have in mind 
that some of his friends bitten by the radio bug 
had become so inoculated that their thirst for 
knowledge had prompted the questions which 
outreached his grasp of the subject. For it is 
perfectly easy to pose as an authority in a 
branch of knowledge which interests no one 
else, but it takes an able man indeed to hold a 
reputation for knowledge in such a subject as 
radio into which nearly every intelligent man 
seems to be delving so earnestly. 

A well known radio worker, when asked why 
he put wax in his sets and why he refused to 
make public the constants of the circuits said 
something to the effect that it wouldn't do 
any good anyway. He had to build twenty 
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sets before he could make one work, so there- 
fore it was a foregone conclusion that the 
general public would find it impossible to build 
one successfully even if the constants were 
published. 

`Nell, from our acquaintance with the radio 
amateurs of to -day, we wouldn't put much 
money on his opinion. Many of the " radio 
proletariat" are evolving a rather fair grasp 
of the technique of radio and their knowledge is 
growing every day. The subject has ensnared 
men from all walks of life. In the colleges, 
students from every branch of engineering feel 
that they must know radio at least whatever 
else they learn. Graduates of all kinds are 
striving to master its secrets. The publishers 
of the more theoretical books on radio can 
vouch for this fact. 

We happen to know the president of a large 
electrical company who is " taking time off" to 
study radio seriously. He spends 
long hours in study and performs 
all kinds of laboratory experiments 
to expand his grasp of the subject. 
A successful bank executive is work- 
ing assiduously with a college in- 
structor for tutor, to gain such 
technique and knowledge of the 
theoretical side of radio that he " can 
help his friends" to understand their 
sets. A professor of chemistry is 
spending his evening hours, not in 
evolving more elaborate chemical 
formulae to puzzle his students (as 
perhaps he should) but in studying 
the action of loud speakers. 

Radio Antennae Are Safe 

N A BAN DON E D antenna 
wire had been carelessly 
strung over some 2,400 -volt 

power wires in Montclair, N. J. and 
when some firemen were fighting a 
grass fire they came in contact with 
the dangling antenna which con- 
nected them to the high -voltage wire 
and gave two of them a fatal shock. 
This antenna was strung in a care- 
less and dangerous manner but the 
accident, while lamentable, does not 
mean that danger lurks in antennae 
and that country -wide investiga- 
tions should be started. No one but 
a fool would think of putting up a 
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wire across high voltage lines even if for no 
other reason than the possibility of being 
shocked while putting it up. It is not at all 
impossible that the wire was one thrown over 
the power wires by some mischievous lad, and 
was not an antenna at all. 

More Electrodes in New Radio Tubes 

THE ubiquitous triode, with its filament 
to boil off electrons, its plate to pull 
them across the vacuum, and the grid 

to control their flow, performs such wonderful 
feats that it seems as though more than three 
electrodes in a tube would be superfluous. 
Such is not the case however; years ago a four - 
electrode tube from Schenectady, christened 
the plio -dynatron, was described and now we 
have the five- electrode tube making its appear- 
ance. This will undoubtedly perform modul 
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STATION WJAX 
Of the Union Trust Company, Cleveland, Ohio, which has just been 
moved to this location atop their new building at the corner of Euclid 
avenue and East Ninth street -Cleveland's Forty- Second and Broadway 
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tion, oscillation, rectification, amplification, 
and a few other functions. Powerful an in- 
strument as the triode is, it will probably soon 
be supplanted by the quadrode or other tube 
even more liberally endowed with electrodes 
and what these multi -electrode tubes will do 
is quite beyond conception. lt is probably a 
conservative statement to make that a present 
five -tube set may be equalled in the future by 
only one of the newer tubes. 

Don't Do I t by Radio Unless Other 
Methods Fail 

IN OUR last number there was described a 
new radio beacon, consisting of two large 
transmitting coils placed at about 135 

degrees to each other; it had been designed for 
the Air Service, to make the navigation of 
planes easier and more reliable. 

This same type of beacon is to be installed 
at San Francisco, we learn, to guide the ferry 
boats across the bay in case of fog; it seems that 
even in the land of "sun- kissed" oranges the 
sun does sometimes hide its face so that ship- 
ping has to depend upon other than visual 
navigation. 

If we accept the claims that have been made 
for the submerged channel cable, the kind 
that was installed in New York harbor, it 

seems that such might have solved the foggy 
harbor problem as well as or better than a radio 
beacon. Such a cable, carrying 50o cycle 
current, enabled a ship equipped with suitable 
listening coils to come into harbor through a 
narrow channel, without ever seeing a channel 
buoy. Because of the ever -increasing density 
of radio traffic the popular slogan should be, 
not " Do it by radio" but rather " Don't do 
it by radio unless other methods fail." 

Voluntary Contributions for Radio 
Programs 

STAT1ON WHB, at the Sweeney Auto 
School in Kansas City, is apparently 
endeavoring to win our $50o prize for 

the solution of the "Who is going to pay' 
problem by direct experimental methods. Its 
listeners have been asked to send in voluntary 
contributions as their share in the upkeep cost 
of the " invisible theater." This station man- 
ager, in common with many others, has con- 
cluded that the advertising received by the 
school was not sufficient to warrant the ex- 
penditure for musicians, artists, royalties, and 
other necessary items of upkeep. 

" We believe it is only fair," says their 
announcement, "for those sharing the pleasure 
to pay a portion of the expense." We agree 

with this idea heartily and 
are glad to note that at the 
latest report $3,100 had 
been contributed by the in- 
visible audience. Of course 
that amount won't go far 
towards keeping a broad- 
cast station running, but 
the audience is indeed show- 
ing an appreciative spirit. 

RADIO PROGRAMS ARE DISPENSED WHOLESALE 
Through this arrangement of apparatus by the telephone company at Fredonia, 
Kansas. Subscribers who purchase loud speakers for their homes through the 
telephone company are given the radio service free from this receiving station. 

This service is in its second year and more than 200 loud speakers are in use 

The Radio Corporation 
View 

IN A recent speech at 
Chicago, David Sar- 
noff, vice -president and 

general manager of the R. 
C. A., expressed his views 
on the probable and reason- 
able source of revenue for 
the support of radio broad- 
casting. After expressing 
the view that broadcasting 
would, in the future, be car- 
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ried out by a few superpower stations (R. C. A. 
stations we presume) he ventured the guess as 
to the proper source for the money to meet the 
ever increasing cost of maintaining a station. 

" Broadcasting, in my judgment," said he, 
"will be primarily supported by the radio in- 
dustry- itself and from the returns on the sale of 
radio apparatus. A fair method of determin- 
ing the amount to be paid by each member, or 
portion of the industry, will be worked out and 
this will be based on a percentage of the sale 
price of the radio devices." 

Naturally, to the business man, this seems 
the logical solution. It is probably the simplest 
solution of the problem and possibly it will be the 
final one. A reasonable percentage on the sales 
profits in tubes, batteries, accessories, etc., will 
maintain a good many stations, even after the 
sale of new sets - begin to fall off, and this 
falling off, by the way, is still a long way in the 
future. 

Holy- Communion by Radio 

ALTHOUGH it must be confessed that 
nowadays we seldom enter into the 
Church's most solemn service, feeling 

that perhaps God is as much present in our 
flower garden (where Sunday morning is spent 
with the cultivator) as he is at the fiery debates 
of Modernist versus Fundamentalist, still we 
are just human enough to be unable to throw 
off the idea that the celebration of the Holy 
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© Harvey Matteson, San Antonio 

RADIO AIDED THE GOODYEAR III TO WIN 
The recent national balloon race. Pilot Ward T. Van 
Orman carried a four tube reflex set which he built him- 
self. The photograph shows the start of the race at 
San Antonio, Texas. During the winning flight of the 
Goodyear I 1 1 to Rochester, Minnesota, where the balloon 
landed stations at Los Angeles, Cleveland, Davenport, 
Springfield (Mass.), Troy, and Schenectady were among 
those heard. The Goodyear Radio Club of Akron, Ohio, 
arranged with i6 broadcasting stations to send out 
regular meteorological information which proved of great 

value in navigating the balloon 

Communion is really a solemn rite, not to be 
entered into lightly and not to be used for 
Church advertising. 

Perhaps that feeling is a little old fashioned 
and squeamish. It did jolt us to hear coming 
in over WJZ's radio channel recently " Jesus 
took bread and blessed it and gave it to his 
disciples and said, Take, eat, this is my body." 

I t was the communion service being 
broadcast from the West End Presbv - 

SECRETARY WILBUR 
Of the Navy, inspecting the central naval radio control office in 
Washington where the high power stations at Arlington, Annapolis, 

Sayville and others are controlled 

terian Church of New York, the Rev. 
Dr. Edwin Keigwin officiating. We 
happened to listen -in just as the solemn 
words were being pronounced, and the 
effect was anything but religious and 
sacred. One has naturally to compose 
his thoughts to be in a mood to appre- 
ciate this, the most solemn of the 
Church's ceremonies. Whether or not 
we believe in the Transubstantiation, 
whether we are religiously inclined or 
not, we cannot help but feel that this 
service is one which should not be par- 
ticipated in by those who have not come 
to it voluntarily, such as church attend- 
ance indicates. 

Of course the minister who thus uses 
radio broadcasting may feel that he is 

accomplishing good in that a few of his 
parishioners may be bedridden, yet in 
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THE RADIO PRINTER 
Designed and developed by William H. G. Finch, radio editor of the New York American, for the International News 
Service. The system uses a radio transmitter of 200 watts power and a wavelength from 6o to i 50 meters. This is the 

transmitting sending typewriter and instrument panel 

this manner be permitted in the communion 
service. This number is however comparatively 
few and the minister could just as well, or better, 
visit them in their homes, there to commune 
with them in the quietness such service de- 
mands. At the risk of being called old fash- 
ioned and out of date we venture the opinion 
that this minister did the Church a dis- service, 
by distributing his communion service, his most 
precious possession, in places where it wasn't 
welcome. 

New Edition of Circular No. i4 

1 VERY technical and semi- technical 
radio enthusiast desires to have avail- 
able reliable and workable tables and 

data on radio circuits and apparatus. One of 
the very best of the books giving such informa- 
tion is published from the Bureau of Standards 
under the title of Radio Instruments, Circular 
No. 74. The first edition of the circular met 
with great favor so that the Bureau staff has 
found it worth while to revise it thoroughly 
and bring it up to date. The new edition of 
this circular is now ready and can be obtained 
for $.6o from the Superintendent of Documents, 
Government Printing Office, Washington, D. C. 

Good "Radio" Voices Are Rare 

WHEN we ventured to criticize the 
attempted French accent of one of 
the well known announcers some 

time ago his " boss" replied that it was not 
easy to get " a good radio voice." One would 
think that any body could talk intelligibly over 
the radio but such is not the fact. A prominent 
minister who has broadcast many sermons has 
a lamentably poor voice with which to actuate 
a microphone. The explosive voice, which 
throws quick. staccato, accents at the listeners 
is poorly adapted to the microphone. The vio- 
lent emphasis on one or two. words paralyzes 
the microphone. The listener gets the effect 
of a series of grunts. A cough, which is not 
especially unpleasant when occasionally heard 
from the lecture platform, sounds like a hippo- 
potamus sneeze over the radio. A cough should 
never be permitted at a radio studio until the 
microphone has been short circuited. 

We had a treat a short time ago listening to 
a series of oddly modulated voices. The modu- 
lation was actually so poor that the event was 
extremely amusing. The menagerie of a circus 
was " put on the air" for half an hour, and the 
microphone went through all sorts of contor- 
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tions trying to follow the gentle accents of the 
elephants, lions, and the like. And didn't the 
sea lion enjoy broadcasting! She (it must have 
been a she) seemed to feel there were several 
listeners being charmed by her dulcet tones 
and she did her best. Even after her turn was 
over we could hear her triumphal squeals, pene- 
trating through the hyena's laugh. Few of the 
listeners had probably heard the hyena laugh be- 
fore since he is generally a quiet kind of a beast. 

Following this interesting bit of Nature 
broadcasting we hear that 2L0 intends to 
sneak a microphone out into the dells where the 
nightingale holds forth and thus give to this far - 
famed songster an audience of the size he really 
deserves. And Paris, not to be outdone, is 
going to put on similar Nature programs. 

If this type of broadcasting increases in 
popularity it will be necessary to adopt some 
new scheme of modulation or else to train the 
elephants and lions to be more gentle. 

How Radio Saved U. S. Troops from the 
U Boats 

AT A recent meeting of the Federal Club 
at the Bureau of Standards, one of the 
speakers, Commander D. C. Bingham, 

of the Naval Communications Division, gave 
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a short but illuminating talk on the part 
radio played in the successful transportation 
of American troops through the submarine - 
infested waters around the British and French 
coasts. The radio direction finder, according 
to Commander Bingham, was largely respon- 
sible for the ineffectiveness of the German U 
boats in preventing the movement of our troops 
to France. The submarines had radio, and of 
course, they used it, perhaps not more than 
they had to, but still enough to give themselves 
away. Allied shore stations, equipped with di- 
rection finders, could locate them and follow 
them through their journeys. The approximate 
location of the boats being known, the troop 
ships on their way across were routed in such a 
way that they missed the waiting submarines. 

In case a submarine kept quiet for a day or 
two, ever -widening circles were drawn around 
the point where she was last heard from, thus 
indicating the territory in which she must be, 
because of her known cruising speed and the 
time elapsed. The troop ships were, in so far 
as possible, kept outside these circles. 

We well remember one troop ship thus being 
kept outside an imaginary circle and the circle 
got so big that it seemed we nearly hit Iceland 
before instructions were received by radio to 
turn towards port. 

THE RECEIVING RADIO TYPEWRITER 
And its inventor, W. H. G. Finch (right). An accuracy of 992 per cent. at 65 words a minute was attained 
at its first public trial at the Waldorf Hotel, New York, during a recent convention of newspaper publishers 



Come With Me 'Neath the Family 
Tree 

Read the Story of the Radio Detector's Best Booster, the Ever- present Help in 
Time of Trouble- Radio -frequency Amplification. Applying Family Tree Me- 
thods to the Hundred-and-one Trade Names for this Form of Amplification 

BY JULIAN KAY 

This is the second of a series of avowedly breezy explanatory articles designed to put the 
non -technical reader at his ease when staggering radio terms and phrases and circuits are 
conversationally hurled at him. The reader will find in the " Family Tree" an orderly and 
unusual grouping of radio names and circuits which he will do well to preserve. The first 
article -which classified radio receivers and circuits -appeared in June. -THE EDITOR. 

E 
VERYONE who has a radio has a 
detector in some one of its many 
forms. This is the essential part 
of any receiving equipment about 
which all the other apparatus is 

grouped. In the first article of this series, 
something was said of the function of a de- 

as the organ that tector likening it to our ears 
" hears" the radio sig- 
nals. 

Now, given a detec- 
tor, what can we do 
to increase its value? 

The thing that nat- 
urally comes to mind 
is to use amplifiers, 
and since everyone 
is talking "radio - 
frequency" amplifica- 
tion, we shall apply 
our previous Family 
Tree methods to it. 
So much is claimed 
for this method of 
amplification that one 
almost considers it as 
a general palliative 
for all modern radio 
ills. If your radio is 
weak and pale, un- 
able to go great distances, 
vous and confused if two stations 

The answer is radio -frequency, for it will do 
the following things to your present set: 

I. Add selectivity. 
2. Increase the receiving range. 
3. Add volume to the final signals. 
4. Help to overcome static. 

For instance, with one stage of radio - 
frequency amplifica- 
tion before a regenera- 
tive detector and two 
steps of low- frequency 
amplification -four 
UV-199 tubes in all 
-it is possible to hear 
Chicago stations in a 
New York city apart- 
ment when five local 
stations are transmit- 
ting. 

Without the radio- 
frequency stage, local 
stations can be sepa- 
rated only when the 
detector tube is oscil- 
lating and making the 
neighbors swear, and 
distant stations are 
not heard clearly un- 
til after midnight. 

For the city dweller, this type of amplifica- 
tion to help the detector do its tricks is a great 
boon; for the fortunate country home it makes 
many of the magazine advertisements come 
true. 

Do You Know- - The difference between 
frequency amplification? 
---When radio amplification is better for a given 
result than audio? - What part transformers, variometers, ana 
resistances play in a radio frequency circuü? 
-Why transformers are better for inter -stage 
coupling than other coupling devices? 
-How radio frequency amplification compares 
with regeneration for sensitivity? 
-What impedance -coupling means? - Why "heterodyning" is advantageous? 
-What "tube capacity" is and what difficulty it 

and how this difficulty is 

radio- and audio- 

causes in receivers, 
commonly obviated? 
-What a 
iheni? 
-What the 571° angle is? 
-What to do for a "pale and weak radio "? 

"losser" is and what receivers use 

liable to get ner- 
are trans- 

mitting at the same time, if, in short, it is 
in a state of general debility, what can be 
done? 
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The methods of adding a stage of radio- 
frequency amplification have been previously 
described in RADIO BROADCAST, and those who 
have made it work already know its value. 
1 f it does not work to suit the builder, one of 
two things must be wrong, either it is not prop- 
erly constructed and operated, or perhaps the 
builder expected too much. 

If one should suddenly see Niagara Falls 
without having heard of this natural wonder, 
he should be amazed and awed at its grandeur, 
but having been brought up from childhood 
in the belief that it is unsurpassed, we are only 
awed and amazed when seeing it for the first 
time that we believed all the wonderful things 
said about it. The statistics are interesting 

the fall is 168 feet high and not a mile, and 
one million several hundred thousand newly- 
weds gaze at it each spring -but- 

The trouble is that we expect too much. 

HOW R. F. AMPLIFICATION WORKS 

DETECTORS are peculiar devices. They 
do not follow the "straight and narrow" 

but go off on a tangent and act according to 
what is known as a " square law." Their 
function is to distort the inaudible energy 
coming down the antenna in such a fashion 
that the ear, with the aid of accessory appara- 
tus, hears audible sounds. 

The square law comes in the picture in the 
following manner. if twice the voltage is 
applied to the detector in one case as in an- 
other, the detector output will be multiplied 
by four instead of two. Here is where radio - 
frequency amplification, which takes place be- 
fore the detector, gets in its good licks. 

If an amplifier boosts the incoming energy 
three times and then delivers it to the grid of a 
detector, the latter in turn will deliver nine 
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times as much voltage as it would without the 
previous amplification. 

Of course we shall not hear nine times as 
much sound, for the ears have some idiosyn- 
crasies of their own -but you can see what 
radio -frequency amplification does to a weak 
and debilitated detector. 

There is another advantage in amplifying 
before detecting. The currents after the de- 
tector tube are all of low frequency, since it is 
these that we actually hear. For this reason 
any noises in the circuit itself -say, bad B 

batteries, loose connections, microphonic 
" bongs"-all will be audible and increased in 
strength by the low -frequency amplifiers, but 
are not so likely to cause trouble in a high - 
(radio) frequency amplifier. Still another ad- 
vantage lies in the difficulty of making dis- 
tortionless audio amplifiers. 

THE R. F. FAMILY TREE 

H E principle of radio -frequency ampli- 
fication is simple. The input or grid is 

tuned to the incoming signal which is amplified 
by the tube and then passed on to the next 
amplifier or detector. The many types and 
names arise from the many methods of coupl- 
ing the various stages together, and the me- 
thods of keeping the amplifiers from oscillating. 

The Family Tree shows the two general 
methods of coupling: resistance and induc- 
tance. The first is not used for radio fre- 
quencies because of the short circuiting effect 
of the tube capacity (grid to plate). Induc- 
tance-coupling can be of two types, either a 
single coil known as impedance -coupling, or a 
two -winding transformer. Naturally, either 
of these methods can be tuned to the wave- 
length desired with added selectivity and 
amplification. If the coils are merely used to 
couple the tubes together, say by using an 
Acme or Duratran or any of the transformers 
mentioned on the Family Tree, one tuning 
control is eliminated. 
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A single stage of untuned radio -frequency 
amplification is not as good as a single regen- 
erative detector, but by tuning this one 
stage, remarkable results can be had. The 
transformer has two advantages over the single 
coil such as a variometer, that of greater 
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tuning range and the fact that such amplifiers 
are easier to reflex. The greater amplification 
resulting from pure inductance tuning- vario- 
meter -may be offset by using a " step-up" 
in the transformer. On the other hand the 
losses are greater in two windings of a trans- 
former than in the one winding of a single coil. 

It should be noted that when a single winding 
or a variometer is used, a condenser must be 
inserted before the grid of the next tube to 
keep the B battery voltage from that grid. 

The Teledyne receiver described in RADIO 
BROADCAST for May uses one stage of tuned 
transformer -coupled radio -frequency amplifi- 
cation. Other receivers now on the market 
using this general method of attaining dis- 
tance and selectivity are the Atwater Kent five - 
and six -tube receivers. All Neutrodynes, 
some Superdynes, and the Grebe CR-12 use 
this method and are explained in detail in 
following paragraphs. 

Reflex methods usually use untuned trans- 
formers, but the loss by such methods is made 
up by passing the energy through each am 
plifier two or more times. These receivers 
are simple to operate, for there are at most two 
tuning controls, and with efficient radio- and 
audio -frequency transformers they should give 
good results over the entire broadcast range. 
The Acme Triflex, the Grimes Inverse Duplex, 
the Sleeper Monotrol, and the DeForest Re- 
flex, are good examples of commercial re- 
ceivers employing this method of amplification. 

RADIO -FREQUENCY DIFFICULTIES 

I KE most good things on this earth, 
La radio -frequency amplification is fine - 
except for one small difficulty. This trouble 

arises from an inherent defect in our present 
vacuum tubes, the fact that there is a small 
electrostatic capacity existing between the grid 
and plate. This provides a path for the alter- 
nating plate current to get back to the grid 
circuit where it is again amplified and passed 
to the plate. This process keeps up until the 
circuit oscillates. The result is that a large 
oscillating current passes around from grid to 
plate and back again so that the minute an- 
tenna currents are lost in the shuffle. All we 
hear is a shriek and groan and neighbors prob- 
ably say, 

" By golly, there's that single circuit hound 
again. 

At the present time there are three methods 
of attacking this problem of feed -back cur- 
rents: 

I . "Losser" methods. 
Reversed feed -back (Superdyne). 

3. Balancing methods. (Neutrodyne). 

The first of these three is an old scheme and 
is usually disguised under the general term of 

stabilizers." I t is used on receivers built 
by manufacturers who are not licensed to use 
the more modern and efficient methods dis- 
closed by Rice and Hazeltine. 

Fig. 4 shows the " losser" methods. Here 
enough resistance is added to the circuit, either 
in series or shunt to cut down the amplification 
to a point where oscillations do not occur. 
The other method is that of placing a poten- 
tiometer across the A battery with the variable 
arm connected to the grid return end of the 
input tuning coil. When the circuit starts 
to oscillate the operator shifts this variable 
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arm until the grid becomes slightly positive 
thereby stopping the oscillatory currents. 

Both of these methods involve adding losses 
to the amplifier, in other words. decreasing 
the amplification. This of course is inefficient 
although simple to operate. 
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The second method, the reversed tickler, is 
used in the Superdyne and does not introduce 
lasses into the circuit except for what voltage 
is lost in the tickler coil. The scheme re- 
sembles the "tickler" feed -back detector ex- 
cept that the tickler coil is reversed in direction 
so that instead of forcing the circuit to oscillate, 
is prevents oscillation. if the circuit should 
break into oscillation no signals can be received 
and the operator will at once be aware that his 
amplifier is in trouble. 

Both of these two methods have the dis- 
advantage that they require adjustment -one 
more dial to turn. In the Superdyne receiver 
this is not such a bother, since the circuit can 
be adjusted for each wavelength and brought 
as near actual oscillation as is desired. 

THE NEUTRODYNE RECEIVERS 

THE balancing methods, of which the 
Neutrodyne is the typical example, are per- 

haps the best for eliminating the bad effects 
caused by grid -to -plate tube capacity. The 
advantages of the Rice and Hazeltine circuits 
over other schemes are apparent when one 
considers the following: 

I. Once adjusted for a particular tube, the bal- 
ancing need not be changed. 

2. There are no added controls, no more dials t') 
juggle. 

3. No losses are introduced, that is, the full gain 
of the amplifier may be utilized. 

4. Many stages of amplification can be worked 
if each is properly neutralized. 

5. The balancing is practically independent of 
wavelength. 

The Neutrodyne principle is one of balanc- 
ing the small feed back current by another 
capacity current of an exactly equal strength 
but fed into the circuit in opposite direction - 
the result being that no current actually flows. 
This method isolates the grid and plate cir- 

cuits so that they may be sharply tuned to the 
same wavelength without sensible interaction. 
The grid of the tube can be kept negative by 
C batteries, and large values of B battery volt- 
age used thereby getting the maximum benefit 
from the amplifier tubes. 

The Hazeltine method is shown in outline 
Fig. 6. The neutralizing condenser, com- 
monly called a "neutrodon" is connected to 
the following tube in such a manner that the 
proper magnitude and phase of the balancing 
current is maintained. The actual method of 
adjusting these small capacities has been 
described in RADIO BROADCAST. It is quite 
important that the exact point of balance be 
found, for over -neutralizing is just as bad as 
no neutralizing at all. 

The Rice circuit has a slight advantage over 
the usual scheme in that the balancing capacity 
is kept in the circuit of the tube being neu- 
tralized. Thus any type of output can be used. 
Care must be taken here that the neutralizing 
condenser does not short or the B battery 
will be on the amplifier filaments. 

The usual "five -tube receiver" is a Neutro- 
dyne in which two tubes act as radio -frequency 
amplifiers, one as a detector, and two as audio - 
frequency amplifiers. It is possible to use 
small tubes, say UV-199, for the first three, 
but larger capacity tubes such as the UV -2o1- 
A should be used in the last stages to handle 
the output without overloading. The two 
radio tubes can be reflexed, that is -the audio - 
frequency currents delivered by the detector 
can be sent back through the first two tubes, 
but in general there is little to be gained in such 
a method. The four -tube sets are of one of 
two types; either they have but one stage of 
radio amplification, or but one of the radio 
tubes is reflexed. The Fada "16o" and the 
Garod are examples of the latter. 

Some confusion seems to exist about the 
need for neutralization or for stabilizers. The 
rule of whether to use some one of these oscil- 
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lation preventing methods or not is simple; if 
the radio-frequency circuit oscillates at the 
lower wavelengths, neutralize or stabilize it. 
If the circuit does not oscillate, there is no 
necessity of complicating it. Sometimes the 
disposition of coils and leads is such that neu- 
tralization is automatically affected without 
further trouble --but, if the tube does not 
oscillate, it is usually a sign that it is not 
in an efficient circuit. 

For example, let us take the Hazeltine (Neu - 
trodvne) circuit. If the primary winding of 
the radio -frequency transformers has but few 
turns, it is probable that the circuit will not 
oscillate, but the full gain of the tube will not 
be realized. The remedy is to increase the 
number of primary turns until oscillations ac- 
tually occur on the longer wavelengths. 
then neutralize the tube. Those who use the 
Rice circuit can do the same thing by removing 
the filament tap from the center of the coil and 
bringing it nearer the bottom or plate end of 
the coil. This increases the voltage across the 
input, and a point will be reached where the 
circuit actually oscillates. There is no need 
to neutralize before this point is reached. 

In all neutralizing schemes, it is important 
to have no electromagnetic coupling between 
the various coils. This can be accomplished 
by placing the coils at right angles to each 
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other and far apart, or by assuming the well 
known "57-?_-, " degree angle of the coils. 

A well -nade receiver employing two stages 
of radio -frequency amplification -or one stage 
plus detector regeneration- should be able to 
cover the entire United States broadcasting 
area. Where one wants strong signals and 
great distances, the 201-A tubes are unexcelled; 
for less powerful signals the 199's are extremely 
economical and efficient. 

Radio has been referred to as the magic 
carpet on which we may ride to the ends of the 
land. This is theoretically possible-radio- 
frequency amplification makes a pleasant the- 
ory into practicality. 

In the next article, the super -heterodyne, 
another and very well -known radio -frequency 
receiver, will be described. 

COME of the prize- winning receivers and stations in our "How 
Far Have You Heard" distance contest will be described in the 

August number of RADIO BROADCAST. 



How to Charge Your Storage B Batter} 
from an A Battery Rectifier 

A Few Feet of Lamp Cord, a Socket, a Hundred -Watt Lamp, and an Ammeter are the 
Simple Essentials Required to Convert any A Battery Rectifier into a B Battery Charger 

BY ZEN BOUCK 

In this article, Mr. Bouck tells how the various types of A battery chargers now on the 
market can be made to charge storage B batteries without expensive auxiliary equipment. 
He also touches on the theoretical operation of the rectifiers he describes so the reader may 
more perfectly comprehend the principles with which he is experimenting. Many enthusiasts 
are no longer satisfied merely to "read" radio. Instead, they study it. It is only by under- 
standing both the theoretical and practical aspects of an electrical problem that the experi- 
menter can obtain the highest efficiency from his apparatus. -THE EDITOR 

ECTIFICATION, as most of us 
know, means the changing of 
an alternating current, which in 
commercial frequencies reverses its 
direction of flow from twenty -five 

to sixty times a second, to a direct current 
that, though it may be pulsating, maintains 
its periodic push in one direction. Rectifica- 
tion is most simply accomplished by smothering 
or cutting off one half of the A. C. alterna- 
tion so that (say sixty times a second) we shall 
get very decided unidirectional electrical im- 
pulses. 

Several electrical processes, such as the 

FIG. I 

A typical lead -plate acid storage B battery 

charging of storage batteries. require direct 
current, and where A. C. is the only convenient 
power source, rectification is the most simple 
and logical method of supplying this one- 

direction current. Due to certain advantages 
in alternating current distribution, a majority 
of homes are electrified with A. C. in preference 
to D. C. Most of our readers are therefore 
familiar kith the principle of rectification 
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FIG. 2 

Charging a B battery from direct current light- 
ing mains. Note the series -parallel connection 

through the common use of rectifiers for charg- 
ing storage A batteries, which, until the advent 
of the dry -cell tube, was the only practical way 
of lighting the tube filament. 

The popularity of the multi -tube receiver, 
and more particularly special cases as the super- 
heterodyne and resistance -coupled amplifiers, 
has bespoken the very pronounced advantages 
of the storage B battery, and again presents 
the problem of rectification which the dry -cell 
A battery had perhaps tended to eliminate. 
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FIG. 3 

The two meters in the upper right illustrait the inaccuracy of the 
standard D. C. meter on a pulsating current The upper meter is 

correct 

Storage B batteries are obtainable in two 
electrical types, generally recognizable by 
certain consistent mechanical characteristics - 
the lead -plate -acid cells and the Edison nickel - 
iron battery. The lead plate cell, a battery 
of which is shown in Fig. I , is a minature A 
battery in both appearance and construction. 
These batteries are generally manufactured in 
24 -volt blocks, two or more sections being con- 
nected in series for high amplifying potentials, 
and in parallel for charging. 

The Edison cells are usually built up in a 
test -tube rack, such as the battery shown 
undergoing charge in Fig. 7. Sizes of these are 
obtainable in tapped voltages up to one 
hundred and forty volts. Switches are pro- 
vided which break up the battery into smaller 
units and connect them in parallel for charge. 

The characteristics of each type 
of battery will have a different 
appeal to individual experimenters, 
and to an extent will affect their 
adaptability to taking a charge from 
various A battery rectifiers. The 
lead battery probably holds its 
charge longer or more consistently, 
will give greater current, and suffers 
less from voltage drop during a nor- 
mal discharge. The Edison cell, on 
the other hand, is cheaper when high 
voltages are desired, and, as it is ap- 
parently immune from abuse, has a 
longer life. I t goes without saying 
that the maintenance of these bat- 
teries differs with their differing 
electrical characteristics, and the 
instructions of the individual man- 
ufacturers should be studied and 
observed in every case, occasionally 
modifying the charging instructions 
with the suggestions given in this 
article. 

CHARGING THE BATTERY 

F THE reader is one of the for- 
tunate minority whose home is 

lighted by direct current, (D. C.), 
he may of course charge his battery 
without the aid of a rectifier. Fig. 2 

shows how this may be done, and 
also illustrates the principle of series - 
parallel connection. Six 24 -v o 1 t 
batteries giving a series potential of 
144-volts, have been broken up into 

o 

FIG. 4 
Converting the Tungar type A battery charger 
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48 -volt units and connected in parallel. L is 
a 75- or loo -watt lamp which passes a charging 
current of about .4 ampere. The meter is not 
necessary but it is very desirable as both a 
polarity indicator and an indication of the 
charging rate. 

In charging from alternating current, a 
rectifier is needed in addition to a loo -watt 
lamp and the meter. The meter should read 
from zero to one ampere, but in the case of 
a rectified current it is an indication of polarity 
rather than a reliable reading of the charging 
current. As before mentioned, the rectified 
current is pulsating, rising from zero to maxi- 
mum and falling to zero again. Due to the 
reactance in the winding of the direct current 
meter, a quality which, as we have had oc- 
casion to explain before, opposes any current 
change, only a small amount of the available 
current is permitted to actuate the meter. 
The meter indicates only about two thirds of 
the total direct current passing through the 
circuit. Fig. 3, showing a hot -wire meter 
connected in series with a magnetic meter, 
illustrates this discrepancy, the former meter 
registering the true current. The D. C. in- 
strument is emphatically unreliable in the case 
of chemical rectifiers, where the alternating 
current inadvertently passed through the cells 
has no effect whatever on the needle but will 
register a very definite deflection on the hot - 
wire meter. The D. C. meter, however, is 
preferable in all cases, for the one third allow- 
ance is easily made, and the needle is a reliable 
indication of the direction of current, which is 
most important. 

FIG. 5 

Doing the same with the separate winding transformer 
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A typical bulb rectifier designed for charging storage 
A batteries. This article tells how to charge B batteries 

with it 

THE RECTIFIER 

frr HE rectifiers we shall discuss in this article 
are those originally designed for charging 

storage A batteries. These arrange them- 
selves into three classes, designating the princi- 
ples upon which they function. The first, and 
probably the most popular, is the bulb rectifier, 
such as the Tungar, Rectigon, and King. The 
next most common is the mechanical, or vi- 
brating rectifier, good examples of which are 
found in the Leich, Valley, Apco, Handy 
Charger, Unitron, Homcharger and La France. 
Last in place, but by no means so in merit, 
is the efficient chemical rectifier such as the 
Fansteel Balkite. 

The manufacturers of one or two of these 
chargers, anticipating the demand that is 
following the widespread appreciation of the 
storage B battery, have designed attachments 
which adapt their chargers to higher voltage 
batteries. `These attachments, however, are 
generally superficial additions of which the 
experimenter can easily avail himself without 
further expense. A few feet of lamp cord, a 
socket, a IOO -watt lamp and the meter are 
all that is necessary to convert any A battery 
rectifier into a B battery charger. 

CONVERTING THE BULB RECTIFIER 

MOST enthusiasts who are at all familiar 
with the action of the three -element 

vacuum tube comprehend the principle upon 
which the two -element valve, such as the 
Tungar, functions. When the positive half of 


