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Radiotron
Uv-199

For detection or
amplification

Radiotron UV-199

A Small Tube That’s a Big Performer

The new UV-199 is proving a mighty popular mem-
ber of the Radiotron family, particularly for port-
able sets,

Only three-and-a-half inches high. And drawing so
small an amperage that it will work on flashlight
batteries. It has been called the “tube with nine
lives.” Battery economy, long life and sensitivity are
the big points of Radiotron UV-199. And if by ac-
cident it should be operated at too high a temperature,
instead of burning out like other tubes, it becomes
inoperative and can be broughtback to normal oper-
ation all over again by disconnecting the “B” bat-
tery and lighting the filament for twenty minutes.

For quiet operation—great ruggedness—uniform oper-
ation Radiotron UV-199 is unsurpassed. Each new
Radiotron has marked a big step in radio advance-
ment. The RCA mark is the foundation of radio
growth—and your protection when you buy. Ask for
Radiotrons—and look for the mark.

Radio Corporation of America

Sales Dept., Suite 2067: 233 Broadway, New York

District Sales Offices:
10 South LaSalle St., Chicago, Il

433 California St., San Francisco, Cal.

o
¢ $6.50
ﬂ
B
This svinbol
3 of gualiiry
s your pro-
tection
N

-

T T W



Please mention POPULAR RADIO when answering advertisements.'

< His first taste of m usic/

The truly modern young person gets his first taste of
music by Radio—and a Brandes. Catchy melodies and
charming bed-time stories come to him clearly through a
Brandes Matched Tone Headset.

Mother lets him wear only a Brandes because it’s so much
lighter in weight and won't catch in his curls. And she
$6.00 knows that his little ears will be trained to true harmony
by the Matchéd Tone qualities of Brandes.

-

NEW PRICES

Superior

Navy Type
$8.c0 C. BRANDES, Inc. 237 Lafayette Street, New York City

cMaitched ‘Tone

TRADE MARK AEC WS, PAT. OFr,

v Radio Headsets
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HE 20-foot silk-covered wire, supplied

with this Receiver, is the only antenna
required. You may conceal this wire behind
the picture moulding, or run it along the
baseboard of your favorite roont.

The attracm'clw, ﬁmshed walnut. cabmet f.:' J
has u.ompartmenrs for all necessary batteries .h}& "

Write. or “GREBE .
Radio in the Well-
appnlv\(rd Home*

B T ¥
Y I'u:::e n‘: ﬂ?w

S oL !IIJIW

.....

‘f & o NG, Richamond HHlL N.¥Y - .
“u et hamh——-ﬂl Cut Ard .. Los Angeles, Cal,




PAGES WITH

Every regular subscriber will find enclosed in
his copy of this the November number a green
Subscription Order slip that represents a cash
value of $3.00—provided that he uses it on or
before December 15th, when the new subscrip-
tion rate goes into effect. The green slip is
issued to our subscribers in order to give them
the privilege of extending their subscriptions
for two years longer at the present low rate.

* * *

AFTER sizing up this November issue, now
in your hands, the Editor hopes that you will
be so pleased with what PopuLar Rapio
promises for the future, that you will wish to
take advantage of the special offer of two
years for $3.00.

X % %

Here is a double-barreled compliment that
comes from the professor of English at In-
diana University, who comments not only
upon the technical excellence of our articles
but also upon the style in which they are
presented :

X % %

“] happened to pick up the first issue on a
newsstand, I became a subscriber and have
not missed a copy since,

“I particularly ¢njoy the articles on how to
make instruments and sets. Your directions
are more explicit than I find in other maga-
zines, and your recent practice of stipulating
the exact make of instrument used 1s very
helpful. I have on several occasions read else-
where articles covering the same subject mat-
ter as articles in PoruLar Rapro. Without
exception I have found your treatment clearer
and more to the point. I am a professor of
English and I know when an article is well
written.

* % %

“I usep to buy all the radio magazines that
came out. Perhaps the best I can say of yours
is that I am constantly buying fewer and fewer
of the others.”

—Pror. Henry Tuew STEPHENSON
* k%

Our in Anthony, Kansas, there lives an
ardent radio fan, Leroy Hughbanks, who has
for several years carried on his experiments
despite what would be to most of us an unsur-
mountable obstacle—total blindness. “People
scarcely realize what radio means to the
sightless” he bravely comments to the Editor.
“The sightless men in particular have not yet
realized what they can do in radio.”

Not only does friend Hughbanks keep up
with the development of radio but he builds
successfully the sets that are described in this
magazine—which will give pause to some of
our less handicapped readers who sometimes
blame the instructions rather than their own
oversight when their set does not work
properly at the first trial. Mr. Hughbanks
writes :

“LET me once again express to you my

THE EDITOR

great appreciation of that dear old magazine
PoruLar Rapro. It is beyond doubt the finest
journal on the subject I have found, regard-
less of price. I have but one criticism; it is
by far too small. Make it larger and charge it
up to us! We will be glad to pay more for
the magazine if you wish to make it bigger
and better.”
* £ %

WE take pleasure in carrying out this read-
er’s suggestion. Beginning with this 1ssue
PoruLar Rapio is enlarged by about 56 pages,
and the price is 25 cents.

X % %k

FroMm ’'way down east—specifically from
Waterville, Maine—comes this gratifying trib-
ute from an ardent reader:

“I am more than pleased with PopurLar
Rapio; its pages are filled with information
that is priceless to the wide-awake radio ama-
teur. It brings to me the latest news and
articles by the best authors who are working
to elevate radio in the minds of the general
public-——and PorurLar Rapio is accomplishing
this task with excellent success.

x % %

“To be able to give a concise description of
a new circuit or a new piece of apparatus with-
out involving many technicalities, is not a
very casy undertaking, but Porurar Rabpio
seems to have no great difficulty in doing so.”

—D. Gireerr LiBBEY
x x %

ConTrARY to general belief, Brother Libbey,
to write and to edit and toillustrate an article
so that it will be concise and clear and logical
and simple is one of the Editor's most difh-
cult tasks.

£ * %

SomETIMES, when a last-minute rush forces
the Editor to send a timely article to the
printer without the usual care in preparation,
he is prompted to quote the postscript that
a famous author once wrote at the bottom of
a letter: “Please excuse the length of this
message; I hadn't :imi to ,{nake it short.”

WuaeN PoruLar Rapio defined its purpose to
keep its editorial pages entirely clean dnd unin-
fluenced by the business office it merely put
into words a policy which the magazine has
strictly observed from its very first number.
In the protection of its readers no other policy
is possible.

* % x

Not a single article or statement or picture
has yet appeared in this magazine that has
been published as the result of pressure from
advertisers or prospective “advertisers. Nor
has any article or statement or picture been
held out for a similar reason.

*  ox %

Tue Editor cannot state too clearly or too
emphatically the simple fact that “The editorial
pages of PorULAR RADI0 are not for sale”

(Continued on page 8)
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BIGGEST &g .. ol
LITTLE THING in radio

Here is the Dubilier Micadon, Type 601, full size.

It is the standard fixed condenser of radio—
adopted by nearly all the leading manufacturers of
sets and accessories and by discriminating amateurs
because it is permanent.in-capacity.

Made in many styles and capacities for any circuit.

Price 35 cents up.

Look for a Micadon in your set.

Here is a list of well-known manufacturers who are regular customers of
ours and who endorse Micadons:

Adams-Morgan Co. Freed-Eiscmann Radio Q.R.8. Music Roll Co.

F. A. D. Andrea, Inc. Corp. Radio Distributing Co.

Bissell Engincering Co. Garod Corporation Sec-Tron Radio Co.

Bristol Co. : Independent Wireless Cignal Electric Co. -

Central Radio Labora- Tel. Co. Sleeper Radio Corp.
tories Michigan Radio Corp. Telephone Mainten-

Clapp Eastham Co. Midwest Radio Co. ance Co.

Crosley Mfg. Co. R. Mitchell & Co. J. S. Timmons .

Cutting & Washington Murad Laboratory, Inc. Ware Radio Corporation
Radio Corp. National Airphone Co. Western Coil & Electric Co.

De Forest Radio Tel. & O & T Electric Corp. Westinghouse Elec. &
Tel. Co. Operadio Corp. Mfg. Co.

Durham & Co. Pfanstichl Radio Serv. Co. Whiteland Mfg. Co.

Eagle Radio Co. Wireless Improvement Co.

Dubilier
g Duratran DUBILIER CONDENSER AND
i ) Frequcncy RADIO CORPORATION

Trans- 48-50 West Fourth Street
former) New York

DUBILIER
B DEVICES

A ope vl

Dubilier

Variadon
{Variable
Micea Condenser)




PAGES WITH THE EDITOR

(Continued from page 6)

PeruAPs because this policy is so unusual,
it has been difficult for an occasional reader
to accept or to appreciate its significance.
To be specific, two recaders—Mr. R. F. Downs
of Medford, Wisconsin and Mr. Brenthal G.
Worden of Rensselaer, N. Y.—have questioned
the sincerity of this magazine in publishing a
description of the Hayues DX Receiver (in the
September number) and in the same issue pub-
lishing an advertisement of the Haynes-Griffin
Radio Service in which the “Haynes Coupler”
was listed for sale.

* * *

Tur Editor welcomes the opportunity of
again defining the policy of PorurLar Rapio by
quoting from his reply to Mr. Downs:

[ cannot reiterate too clearly or too em-
phatically the fact that no influence from .the
business office of this magazine has ever had
the slightest effect upon our editorial policy
nor will it have as long as I am Editor of

this magazine.
% =%

“Tue article written by our Technical Editor,
descriptive of the Haynes circuit, is bona fide
and was accepted solely on its merits. It
describes a set which has found favor among
radio fans and has proven remarkably efficient.
Mr. Haynes has no patent on this set or on any
part of the set, The article was written, ac-
cepied and schediuled without any considera-
tion whatever concerning the advertising.

“Mr. Haynes is in no better position than
any dealer or manufacturer to profit from the
publication of this article—except imsofar as
the circuit bears his name as the inventor of it.

* * *

“Tne fact that Mr. Haynes has adapted for
use in his set a standard type of variocoupler,
gives him no advantages that any amateur or
any dealer cannot enjoy; how to adapt this
standard type of variocoupler was described in
detail in the article; you could malxe the ad-

justment yoursclf,
* *

“For your information I may state that I
shall continue to edit this magazine entirely
regardless of the ardvertising pages and [ shall
neither insert nor omit any article or any item
or any picture as the result of mﬂucnce from

our business office.”
x % %

Can any policy be more clean-cut or:inore
sane? Or can it be expressed more, clearly ?
* * *

Ricur on the heels of this correspondence,
however, comes many letters from readers who
not mere]y endorse PoruLar Ranio's policy but
offer sincere congratulahons From Washing-
ton, D. C.,, for cxample, comes this word of
cheer—from a reader who knows PopuLAR
Rapio long and well: - 3

“I am very much interested in your Pages
with the Editor. They read well and convine-
ingly. Apparently yours is one of the few
magazines in the world with a conscience a;
highly developed as you can maintain it. 1
rather imagine it was a good thing to put the
October argument in, in view of the publica-
tion in that number of ‘How to Build the
Haynes DX Receiver’ and the simultaneous
advertising -of the parts. I rather imagine
that it will help others to see that you don't
intend to keep out excellent hook-ups or im-
provements merely because they happen to be
advertised either in your own publication or
clsewhere, but will publish them if you think
it is m the interests of your audience.

“Such an attitude is surely, to use your
words ‘entirely free from the taint of commer-
cialism.’'”

—Troy RobLux
* % *

WitH this number Porurar Rabpio inaugu-
rates a feature for which the Editor has
been preparing for months; it is, in effect,
an inter-continental radio news department.
Lverything of importance that happens iu
radio throughout the world—all the significant
discoveries that are announced, all the re-
searches that are being carried on by scientists
and experimenters—will be reviewed briefly
by our own technical staff. The essence of it
all will appear each month in the new depar:-
ment, /n the World's Laboratories—starting
on page 410 of this issuec.

* * *

Rapio has alrecady becomme an inter-conti-
nental interest; it is only  a matter of time
when listeners in the United States will be
tuning in on the European broadcast stations,

~not as a carefully prepared experiment, but

as a daily commonplace. Developments in
England, France or Germany will soon be as
nnportant to us as are the changes on our own

continent.
®. ® ¥

1IN anticipation of this development Porurar
Rapio now has a special agent in Europe. The
Editor is now beginning to give our readers
the up-to-the-minute radio news of the world
—real news, obtained directly and authorita-
tlvel} from the lzhoratories where the work is

going on,
* & %
4 s # ¥ 13

S \l . . .‘ .l 3
If you see it in ‘PopuLag:RAp1o it's so!

Editor, PoruLar Rapio
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The New Radio Unit
Simplicitv isapparent—anyone
can use it with complete success.
No switches—only two dials.
Responds to all broadcasting
wave-lengths on any type ot size
antenna. Highly polished For-
mica control panc Gold—plated
metal trimmings on front, in-
cluding dials.

All Kcnnedy Radio Receiving Sets are

repeneranive=—Licensed under Arm-

Kennedy Model X —illus-
trated—complete with 3
dry-battery tubes, builtin
loud speaker, all dry bas-
teries and phones,$285.00

trrong U 8. Patent No. 1,113,149, =

———— e ————— .—-—-—'

. Radio Refined
=

and Slmp 1 '1@(1

HERE is an air of elegance and refinement in the new Kennedy

Furniture Model radio sets that truly makes them'‘The Royaloy
of Radio.” They are designed to harmonize perfectly with artistiz
furniture and home surroundings. In designing the radio units
incorporated in each of these sets the Kennedy Engineering Staff
has scored a notable achievement in obtaining high selectivity
(avoidance of interference) and long distance reception with the
utmost simplicity of operation. Only one dial is required for
tuning, and a second dial to control the sound volume.

Each of these new models is complete and self-contained, with in-
temnal space for all dry batteries. A built-in loud speaker assures
ample volume with remarkable clarity and fidelity of reproduction.

See a Kennedy dealer for demonstration or write us direct
for descriptive literature on the new Furniture Model sets.

THE COLIN B. KENNEDY COMPANY

SAINT LOUIS SAN FRANCISCO
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To Tt EbiTors oF Porrrar Ranto:
“l congratulate vou on the excellent standing of PorurLar Ranmio. Vou
have done wonders with tt, and I cannot afford to nuss a smgle member.”
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From a photograph made for POPULAR RADIO

He Transmitted Speech by Radio Twenty-three Years Ago

Dr. Reginald A. Fessenden, one of the world’s foremost scientists, 15 not only

among the wvery earliest and most successful experimenters with wireless, but has
1 <move .radio tnventions to-his credit than anyone:else.
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How Ether Waves

Really

Move

The Development of the “Gliding Wave” Theory

Sir Oliver Lodge, Dr. Elihu Thomson and Major-General
George O. Squier have discussed in PGPULAR RADIO the move-
ment of ether waves around the earth according to the theory
of the Heaviside Layer and the alternative theory of Gliding

Waves.

In this authoritative article the originator of the

Glldll’lg Wave theory explains his own views of the matter.

By REGINALD A. FESSENDEN, Ph.D.

HE sliding wave theory appears to
have been somewhat misunderstood
both by’ its advocates and its opponents.
The nature of this mlsmlderstandmg and
how it arose will be better apprecxated
if we consider the general state of the
art at the time ‘the sliding. wave theory
first appeared, in the Proceedings of the
Amerlcan Institute of Electrical Engl-
neers, ‘November 22,718991,
Joseph Henry, w ho was the found\,r

of w1relcss telegraphy, had dlscovered'

electromagnetlg induction and mvented

the 1nduct1on coil®. He had™ also made.
the .fundamental d1sc0very ‘that ‘the dis*

charge of a condenser was under cer-
tain conditions oscillatory, or, as he puts
it, consists “of a principal’discharge in
one direction and then several reflex

337

actions backward and forward, each
more feeble than the preceding until
equilibrium is  attained.” Henry was
not only the first to produce high-fre-
quency electric oscillations, he was the
first to detect them at a dlstance using
what was later known -as the magnetic
detector. - The ‘high-frequency = oscilla-
tions were generated in the upper floor
of a building and transmitted to the

“cellar, where they were received by a

recetving coil and utilized to shake out
the ‘magnetism from a magnetized
needle®,

.Edison, Elihu Thomson and Houston
made many experinents on these trans-
mitted waves, and reports of their ex-
periments will be found in Edison’s
papers in the technical journals of that
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Reprinted from the November, 1022, POPULAR Ramio

DIAGRAM OF THE HEAVISIDE
LAYER THEORY

According to most scientists, radio waves are

reflected from [and transmitted around the

carth byl e layer of ionized gas that is sus-

pended high in the atwmosphere of the earth.

Sir Oliver Lodge is the foremost exponent of
this theory.

period and in the paper by Houston and
Thomson in The Journal of the Frank-
lin Institute for Apnl, 1876*. Be-
tween 1870 and 1888 von Bezold, Fitz-
gerald and Hertz had cleared up to a
very considerable extent the nature of
the phenomena observed, and Hertz’s
work had shown that the experimenters
were dealing with true electrical waves.

Dolbear® and Edison had been using
vertical grounded antennas for tele-
graphing wirelessly, though the effects
they obtained appear to be mainly elec-
trostatic and only partially true wave
transmission.

Crookes in the Fortmightly Review
for February, 1892, proposed that re-
sonant tuned circuits should be used to
select out messages from different sta-
tions. Lodge® and Popoff’ had used
these waves for signalling, and Popoff,
who had used a vertical grounded an-
tenna, coherer and tapper back, pointed
out that the apparatus might *“be
adapted to the transmission of signals
to a distance.”

Tesla®, who had been doing a great

DIAGRAM OF THE GLIDING
WAVE THEORY

On the other hand, a number of eminent scien-

tists (of which Dr. Elthu Thomson is one)

matntain that radio waves are attached to and

glide over the earth, following its contour in

much the same way as do the radio waves in
lme radio.

deal of work in high-frequency oscilla-
tions, in 1892 proposed a system for
transmitting signals wirelessly using the
vertical antennas of Dolbear and tuned
transformer circuits at the sending and
receiving ends.

Edison, in 1884, discovered and in-
vented the hot-cathode vacuum tube’,
and wused it for rectifying high-fre-
quency currents. De Forest’s great
invention, which consisted of the intrn-
duction of a third electrode between the
other two, was made about 1907,

Marconi, who had worked wunder
Righi’s instructions, had, with the keen
eye for commercial opportunity pos-
sessed by his race, realized that there
was a market for such a telegraphic
system, even if working over only short
distances, and in July, 1896, gave a
demonstration to the English Bost Office
at Salisbury Plain and succeeded in in-
creasing the range from its previous
figure of a half mile obtained by other
experimenters to a distance of two
miles, using parabolic reflectors and the
coherer. In the same year Captain
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DIAGRAM OF DR. FESSENDEN’S THEORY

Instead of moving in straight lines outward from the source, as shown by the

dotted line, the waves really move in a curve like that shown by the solid line.

But this curve tends to bend away from the earth’s surface and reflection from the
Heavyiside Layer is necessary to bring it back again.

Jackson (now Admiral) of the British
Navy found that considerably greater
distance could be obtained by using the
Dolbear-Edison-Tesla arrangement of
vertical antennas and tuned sending and
receiving transformers at both trans-
mitting and receiving ends.

Such was the state of the art in
1899. Henry had discovered the method
of producing high-frequency oscillations
and of detecting them at a distance,
utilizing his other inventions, the induc-

tion coil and the magnetic detector, for
this purpose. Dolbear had invented the
vertical antenna. Edison had invented
the hot-cathode vacuum tube detector.
Tesla had invented the tuned sending
transformer and tuned receiving trans-
former, connecting to the vertical an-
tennas. Marconi, Samuels and Isaacs
had undertaken the commercial exploi-
tation of the field. De Forest was
about to begin the work which resulted
in his invention of the audion.
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But even then the nature of the
phenomena involved were not clearly
understood. Possibly influenced to some
extent by patent reasons there was a
strong effort made to show that there
was something radically new and
strange ‘in the systems which were being
commercially exploited. It was stated
by a number of authorities that the
phenomena were not due to high-fre-
quency alternating currents, but that
some peculiar “whip-crack” was neces-
sary in the ether. A few quotations
will illustrate this point®,

Professor Cross stated that “alternat-
ing currents in the vertical wire will
not produce Hertzian waves in the ether,
as such waves are produced only by
the disruptive discharge. Probably a
crude mechanical illustration would be
the case of a whip-lash—motions of
some kind would be produced, but they
would be of a quite different character.”
Fleming stated that “although in the
third claim the patent speaks of em-
ploying rapidly recurring or alternating,
electric impulses, unless some form of
a condenser is discharged to cross the
spark gap there cannot be any produc-
tion of Hertzian waves—the disruptive
discharge is the one essential condition
for the production of Hertzian waves.”

Marconi stated that “the difference
between Hertzian oscillations and ordi-
nary alternating currents is most cer-
tainly not one of degree. An analogy
may be found in the case of a sound
wave in air. The swinging of a bell
in a church steeple to and fro will pro-
duce no wave, and further, no sound,
but if the rim of the bell is struck
soundly with a hammer, it effects the
air with sufficient suddenness. Hence
it appears absolutely clear to me that
there is no Hertzian wave telegraphy
without the essential feature for pro-
ducing Hertzian waves, which is the
Hertzian spark.” :

The writer had been lecturing and
experimenting on the production and
detection of Ilertzian waves for a

number of years'!, and was convinced
that there was no essential distinction
between the Henry high-frequency os-
cillations and Hertzian waves. With
the object of demonstrating this a con-
siderable number of experiments were
made in 1899, with the assistance of
one of the writer's former students, Dr.
Kintner, and the results published in the
American Institute paper above referred
to, that i1s of November 22, 1899, in
which the sliding wave theory referred
to by Professor Elihu Thomson'? was
fully explained and illustrated.

It will be seen that this paper on the
sliding wave theory was written for a
specific purpose, i.e., to show that there
was no mysterious “whip-crack of the
ether” involved in wireless telegraphy,
but merely the well-known high-fre-
quency currents, and though it led to
important developments, for instance,
the wave chute, the use of the magnetic
component of the wave, the loop an-
tenna, the pelorus or wireless com-
pass, continuous wave generation, the
wireless telephone and the heterodyne,
it was never intended as a presentation
of the complete theory.

This has resulted in the theory being
misunderstood to some extent. Pro-
fessor Thomson has supposed, it would
appear from his article, that the waves
are entirely guided by the surface of
the conductor and follow the earth
around. Eckersley’?, on the other hand,
states that the transmission of the half
waves Is not influenced at all by the
conductor but “the energy is propagated
in straight lines.”

The correct theory lies between these
two opinions. The original mathematical
investigation made by the writer in 1900
shows that the sliding waves are guide:l
by the earth’s surface to a quite con-
siderable extent near the origin, but that
the effect rapidly falls off. The amount
of the bending is expressed by a series
formula, the first term of which is an
angle equal to half the angle between a
tangent to the source and a straight line
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HOW UNCLE SAM STUDIES ATMOSPHERIC
DISTURBANCES WITH A LOOP AERIAL

Dr. L. W. Austin of the Bureau of Standards, with the apparatis used for investi-
gating the cffects of the ionized clouds described in this article,
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joining the surface of the conductor at
a distance of a quarter wavelength from
the source, and the source. The effect
of this series falls off véry rapidly
with the distance, For transatlantic
distances it is negligible, but for the dis-
tances dealt with in my original paper
it is quite appreciable.

The reception of waves across the
Atlantic cannot, therefore, he due to
guiding of the sliding waves hy the
conductor and must he due to some
conducting layer in the upper portion
of the earth’s atmosphere.

Writers on the subject of the Heavi-
side Layer scem to assume that this
layer is more or less hypothetical and
are apparently not aware that it was
investigated fully prior to 1907.

The investigation was begun by the
writer in 1900 at Cobb Point, Mary-
Jand™, where two masts were erected
one mile apart and by means of hot
wire barreters and ring receivers, the
exact method of ({ransmission of the
waves was experimentally determined?®.
By means of ladders placed at varying
distances from the antennas the course
of the waves in the air was fully mapped
out up to distances of several hundred
yards from and to the antennas, and
by burying the receivers at different
depths in the ground and immersing
them to different depths in the sea
water, the rate of decay helow the sur-
face and the strength of the currents
flowing in the surface were accurately
determined. The results appeared in
papers published by the writer some
twenty years ago, where, for example,
the figurc is given that with a certain
amount of salt in the sea water and
with a certain wavelength the strength
of the high-frequency currents falls off
to the fraction 1/e of its former value
at a depth of 18 inches. Figures are
also given of change intensity in going
up and down sloping ground. Later, in
1906, while operating across the Atlantic
between Brant Park in Massachusetts
and Machrihanish in Scotland extensive

measurements were made on the effi-
ciency of transmission of different wave-
lengths at different hours during the
day and night. A curve showing the
results was published in 1906'"  and
again in 1908,

The first point determined, as will be
seenn from these articles, was that the
failure in transmission during daylight

was not, as Dr. Fleming had stated and

attempted to show mathematically'?, due
to absorption in the neighborhood of the
sending station. This was determined
by measuring accurately and simultane-
ously the difference in intensity between
the daytime and nighttime reception of
signals at six different stations at dis-
tances of 200 yards, 30 miles, 170 miles,
270 miles, 400 miles and 3,000 miles
from the sending station. It was found
that there was no difference in the
daytime and nighttime transmission for
nearby stations, and that the difference
imcreased rapidly with the distance.

A second point determined was the
efficiency of different wavelengths for
transmisston during daytime and night-
time. I'rom the curves given in the
papers referred to it will be seen that
the absorption increased slightly as the
wavelength increased, up to a frequency
of 70,000 and then fell off with extreme
rapidity. It was for this reason that
long wavelength was adopted Dby the
writer for transatlantic working in
January, 1906. Up to this time short
waves had been used in the attempts to
work across the Atlantic, under the
nmpression that they gave a sharper
“whip-crack,” but as the result of these
experiments and the publication of these
curves it hecame generally known that
long waves should be used for success-
ful operation.

The third result was the determina-
tion of the height of the conducting
layer. This is given in section 10 of
the article of May 18, 1906%%, as follows:

“The height above the earth at which
marked absorption begins to take place
may he roughly estimated as ahout 300

I R e o
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From a photograpl in the coltect_ion of Dr. R. A. Fessenden
- DR. FESSENDEN’S BROADCASTING EXPERIMENTS
SEVENTEEN YEARS AGO
As far back as Nowvember, 1906, this station was in operation-at Brant Rock, Mass:.
Gramophone wmusic was broadcast from the wmachine shown in the left corner. This
historic picture shows three of Dr. Fessenden's assistants (left to right), Mr. Stein,
My, Mansbendal and Mr. Guy Hill.
» miles at nighttime and 100 miles during surface but was broken up into clouds
daytime.” of ionized air, “lonephs,” as the writer
It will be noticed that the height of has termed them.  To quote from the
. this reflecting layer as determined in paper referred to, “these masses of
1906 from transatlantic wireless ex- ionized air are not continuous but some-
periments agrees almost exactly with what resemble clouds.”
: the height at which aurora are formed, The fifth point determined was the
- as determined ten years later by trigono- size of these clouds, which is given in
"3 metrical photographic measurements. the article referred to as varying in di-
4 The fourth point determined was that ameter from 150 feet to two miles and

the Heaviside Layer was not a smooth

more.
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The sixth result was the discovery of
aeolotropic absorption or the variation
in intensity in different directions on
different nights.

The seventh point referred to in the
paper is the discovery of diffraction
effects.

The eighth result was the discovery
of a relation between the efficiency of
transatlantic transmission on different
nights and the curves of variation in
the earth’s magnetism. The two sets
of curves were found to be substantially
identical in character.

The ninth point was the discovery

of what were called “echo signals.” To.

quote from the article: “On certain
nights there appeared to be indications
at the Boston station that a double set
of impulses were being received, one
about a fifth of a second later than the
other. It is too early yet to make any
definite statement in regard to the mat-
ter, but there is some reason for think-
ing that the second set of signals arrived
at the station after going the longer

way round. To take an actual numerical’

example, the strength of signals re-
ceived at Boston from Machrihanish on
the night of January 30 was 480 times
that of audibility. If the second set
of signals went around the other way,
their intensities, according to the square
law, would be as 1 is to 70. Hence
signals that had gone the other way
round would have an intensity of 480
divided by 70, or 7 times audibility.
As a matter of fact, the second set of
signals, which we may call the echo
signals, were really nearly twice as
strong. This, of course, might be taken
as an argument against their having
come that way, but I am not disposed
to consider it as a conclusive one.
If, however, they did come round the
other way, it is evident that the rate
of absorption must become uniform
after a certain distance.”

Though the statement was severely
commented upon at the time (May 18,
1906), the existence of these echo

signals has since been confirmed. In
the January, 1922, issue of the “Monthly
Notices of the Royal Astronomical So-
ciety,” from the Greenwich, Poulka,
Uccle and Edinburgh Observatories,
Professor Sampson gives curves of “the
error In wireless time signals which
demonstrate the curious fact that each
abservatory is liable to be in error by
0.2 second, and that the error frequently
persists for some weeks in the same
direction. The cause is obscure; lateral
refraction due to dissymmetry in the dis-
tribution of atmospheric pressure is ex-
amined, but is insufficient to explain the
whole anomaly.”

It will be seen that a quite consid-
erable amount of experimental work
had been done on the Heaviside Layer as
far back as May, 1906, and it is hoped
that someone else may take up work
along the lines indicated. Some addi-
tional information will be found in a
paper on the pelorus published in 19193

Dr. Elihu Thomson and Sir Oliver
Lodge have referred to the “scepticism”
concerning Marconi’s first attempt to
transmit wireless signals across the ocean
to Newfoundland. This is really a
commercial and not a scientific matter.

The reference is, of course, to the
disclosures of fact which appeared in
the London Electrician for November
22, 1907*; to the fact that three dots
were used as a signal letter; the fact
that the receiver used (a carbon-mercury
coherer) can be made to give a suc-
cession of three dots followed hy a
period of silence by adjusting the elec-
trodes to the right distance; the fact that
no one was allowed to listen in to the
signals except Marconi and a single
assistant who had no knowledge of elec-
tric circuits; the fact that the experi-
ments were abruptly discontinued in
spite of the very generous offer of the
cable companies to waive their monopoly
so ‘far as experimental work was con-
cerned and not only to permit but
to assist Mr. Marconi in making any
further tests; the fact that we now

-
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From a photograph in the collection of Dr. R. A. Fessenden
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MEASURING THE HEIGHT OF THE HEAVISIDE LAYER
Bg means of this elaborate transmitter Dy, Fessenden carvied on experiments in
1906. The operator, Guv Hill, has since become known to radio fans evervywhere
as Captain Hill, for several years associated with Major General George O. Squier.

know that with the short wavelength
used and with the single, kite-supported
wire at the receiving end, the small
amount of power and no amplification,
no signals could possibly have been
received over that distance with that
apparatus; the fact that even with the
ntuch more highly powered stations sub-
sequently built at Cape Cod it was found
necessary to first send the Roosevelt
message by cable from the Holland
House, New York, and then, after it had
been sent out from the Cape Cod station
wirelessly, to send a second cable mes-
sage by the Duxbury cable directing
the release of the message cabled from
the Holland House; the circumstances
connected with the Glace Bay tests as
discussed in The London Electrician of

the date referred to, and the fact that a
counsiderable amount of cable stock had
been sold shortly prior to the announce-
ment of the Newfoundland tests. These
facts have undoubtedly influenced pubiic
opinion to scepticism. But this is a
matter on which everyone must form
his own opinion, and those who tnay
be inchned to pass harsh judgment
should remember that the standard of
commercial ethics is not quite the same
as that of abstract science.

To conclude, I think that perhaps the
most striking evidence of the reality of
the Heaviside Layer is the close agree-
ment of the results of the tests made
to determine the height of this layer (as
given in the paper in The Electrical
Review for May 18, 1906, cited above)
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with the determinations of the height of
the aurora borealis made in 1920. The
fact that these two heights agree almost
exactly is pretty conclusive evidence of
the existence of such a layer. At first
sight the aeolotropic transmission re-
ferred.to in the paper of May 11, 1906,
cited above, might be considered as
equally conclusive evidence, but it will
be seen from the paper of 1919 in The
Electrician (also cited) that such a
deviation would still exist even though
there were no Heaviside Layer.
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BROADCASTING A CONCERT FROM A LINER'S DOCK

In the foreground may be secen the microphone that transmitted the jasz of Paul
Whiteman’s orchestra just before the sailing of the sieamship LEVIATHAN from New
Yosk: The innovation made a hit with the radio fans.
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THE HEAD OF UNCLE SAM'S DETECTIVES
Although officially known as chicf of the Bureau of Investigation of the Departe
ment of Justice in Washington, the author of this article, William J. Burns, is
perhaps more widely known because of his carcer as a sleuth in many important
. criminal cases.

Radio Puts on Gum Shoes

The applications of radio to police work are limitless.

How the Department of Justice, in co-operation with

the police departments, is preparing to create a nation-

wide radio net for locating and catching criminals
1s here told by—

WILLIAM

A YOUNG man in a certain city
recently called on a large dealer
in radio equipment and selected a high-
priced receiving set. He claimed to be
representing a public school. He took
the set away, saying that the money for
it “would be brought in later.”

When the dealer found that he had
been deceived he placed the case in the
hands of the Burns Detective Agency.
This agency’s operators decided to give

J. BURNS

the case what we call “absent treat-
ment,”

That night there went out from a

local broadcasting station, a message,
somewhat as follows: “e

“Wanted: A youth, about 18 years old, 5
feet 7 inches tall, weight about 135 pounds,
light hair and eyes, affable, small scar on
cheek. - He is wanted for procuring illegally
a radio receiving set (fully described). A
reward of $50 will be paid for information
leading to his arrest.”

347
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It happened, as was expected, that at
the time the youth was entertaining a
group of friends with the outfit which
thus poured into their ears the account
of his misdoing. They recognized him
at once, but with quick wit he warded
off embarrassment by saying:

“It’s only a chum of mine pulling off
what he thinks is a good joke.”

But on the next day the youth’s

mother went to the dealer’s store and_

paid in full for the outfit.

The case, though a minor one, shows
how the radio may be used in subtle
way for detecting crime.” In truth, I
believe it will prove to bhe our single
“best medium for - pursuing criminals
in many kinds of difficult cases. It will
thus rank among the best of crime pre-
ventives.

That is the thought that we, who
plan to nationalize this new instrument
of crime detection, have of the radio
"as an arm of law and order.

It is to be a first feature in the op-
eration of the National Bureau of
Identification and Information here-
after to be carried on by the Bureau
of Investigation, U. S. Department of
Justice. |

The new bureau is to be taken over
rather than set up. For nearly twenty-
five years it has heen operated in Wash-
ington, D. C., by the National Associa-
tion of Chiefs of Police. To it have
come copies of identification material
collected by the police of large cities—
material that consists of photographs,
fingerprints, Bertillon measurements
and records of individual offenders of
the more or less professional class of
criminals. It now has on file probably
a million items of information relating
to several hundred thousand criminals.
New items reach it now at the rate of
perhaps 40,000 a month.

Through it large police departments
and detective agencies exchange data
that are of mutual value. Its biggest
service has been in making identifica-
tions.

POPULAR RADIO

Although of much value, this bureau
has not been adequate to the need for
a national clearing house on crime for
various reasons.

One reason is, that because of its
semi-private nature, there are facilities
which it could not use to the fullest
extent. There is the radio, for in-
stance, but this can be used with fullest
effect only through some form of broad- -
casting service,

In order that it be able to make use
of such a service as well as many other
things now beyond its range, the De-
partment of Justice has agreed to take
over the activities' of the bureau and
hereafter operate it. This move is in
furtherance also of a policy laid down,
upon his taking office, by Attorney
General Daugherty with reference to
the Department of Justice’s investigat-
ing bureau. It was to make this bureau
an all-round agency for public service,
especially in the prevention of all crime.
Through it we have tried to bring all
the crime detecting agencies of the
country into a form of co-opération
that will enable them to work as a single
unit in protecting the public from the
criminal, and in detecting crime.

This aim will be greatly advanced by
the National Bureau of Identification
and Information, for under government
operation the bureau will be of service
to peace officers of all kinds, the rural
county sheriff as well as the big city
chief of police, the village constable as
well as the large private-detective
agency. In fact, we hope to get them
all to supply it with as well as to draw
upon it for information.

We expect also to make it an all-
round storehouse as well as clearing
house for crime data. There will be a
statistical office—the first of national
scope, to collect regularly numerical
data, such as used to be gathered peri-
odically by the Census Bureau; how-
ever, the data will be more up to date
and more inclusive. There also will be
a library where we expect to keep on
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The Radio Detective Who Unfathomed the
Famous “Nauen Buzz”
During the early days of the World War the tncredibly rapid and undecipherable

radio signals between the most powerful broadcasting station in Germany and the

station of the “Telefunken Company” at Sayville, Long Island, N. Y., aroused the
attention of the U. S. officials. But it was a radio amafeur, Charles E. Apgar of
Westfield, N. J., who finally found the solution by means of amplifiers that recorded
these signals on wax phonograph cylinders. By this wmeans the messages were
de-coded—and the Long Island station was promptly seized. This picture shows
Mr. Apgar operating the same apparatus which he used on that historic 9ccas:’on.
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AS THE PICTURE WAS SENT—

The Jenkins apparatus for transmitting and

receiving pictures by radio (as described in

PorULAR Rapio for April, 1923), is already

being used for sending motion pictures in the
same way.

—AND AS IT WAS RECEIVED

The device, in effect, “draws pictures with
pentils of refracted light,” Note the steel en-
graving-like guality of the reccived portrait.

file every bhook, report or other pub-
lished item of material having to do
with crime. We hope to make it so
complete that even any general student
of crime may go there and get full and
accurate information having to do with
all phases of the subject.

But the big function of the Bureau
of Identification and Information will
be the quick dispatch of information
respecting crime and the pursuit of
criminals. In that purpose radio will
be used on a national scale, and it will
thus be made available to all peace
officers. In many cases it will greatly
expedite pursuit and speed up inter-
change of information to a degree be-
yond what is now possible through any
other medium of communication.

A serious crime, let us say, is com-
mitted in Massachusetts or Texas. The
offender drops seemingly, as the re-
porters often say, “out of existence.”
With the bureau in full operation and
the government’s radio facilities at its
command, all space may cry out for his
apprehension. No matter how fast or
how far he may go, the radio will dog

“his footsteps—it, indeed, may pour into

his own ears an inescapable harbinger
of discovery.

For a flash by radio from an officer
of the law anywhere in the country may
rally against the fugitive every pursuing
agency in the country, and do it almost
instantaneously.

In many cases the radio will be able
to send forth much more than gen-
eral descriptions of the fugitive. If he
happens, for example, to be recorded in
the official archives of crime, his finger-
prints and even his photograph may
be broadcast, by a single operation,
throughout the country.

In that case the officers of the law at
the scene of the crime would need only
to file a simple: telegram to Washington,
saying, for instance, no more than the
following :

“We want No. 1162. Broadcast.”

A clerk in the Washington bureau,

)’
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.HOW RADIO WAVES TRAP THIEVES OT‘ COPPER

Coils of wire, concealed behind the casings of the doorways of an Austrian faciory

and connected with similar coils at the door of the waichman, tuned to resonance

by the usc of inductance and capacity in variable wnits, per mits the detection of
a piece of copper as small as four sguare tnches.

with nothing but the number as guide,
could furn to a file and get all infor-
mation needed for Dbroadcasting full
data regarding the criminal to all parts
of the country.

The mformation will include finger-
prints and photographs and histories of
every important criminal arrested any-
where in the country.

It is now possible to transmit finger-
prints by either telegraph or radio.
Among the several recently invented
methods of doing this is a process re-
cently devised by Hakon Jorgenson of
the University of Denmark. It con-
sists of a system for reducing finger-
prints to numerical formulas. By means
of it a fingerprint at one place may

be sent to another place in some such
formula as the following:

“14 % 6—5—8 X 10— 142 ¢ 152

With such formulas at hand, the ex-
pert can construct the essential parts
of the print. Hitherto, fingerprints
could be transmitted from one place to
another only by mail or in person.” This
often caused serious delays in carrying
on investigations. A suspect would be
arrested, say, in San Francisco. The
only way to determine positively
whether he was the person wanted
would be Dby comparing his finger-
prints with ones on file, say, in New
York. Thus a week or more would
elapse before duplicates could be trans-
mitted from the one place to the other.
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A POLICE PORTRAIT TRANSMITTED BY RADIO OR WIRE

With the aid of the geometric chart shown on the page facing, portraits are broad-
cast by the Italian Home Office in Rome; a special staff of men are employed for

sending and receit

In international cases there often is
several weeks’ delay. Now, however,
a fingerprint may be transmitted by
radio or telegraph in an hour’s time.
Indeed, by means of radio it may be
broadcast to all the ends of the earth.

The same may soon be done, also,
with photographs—thanks to the inven-
tion made by C. Francis Jenkins of
Washington, D. C.* By means of the
Jenkins machine the actual portrait may
be transmitted. This will vastly expe-
dite identifications when the system is
applied to police methods, as it will in-
sure quick and wide distribution to the
means by which fugitives may be recog-
nized at sight,

By means of radio photography it
may be possible, for example, to have
"~ *See Porurar Rapio for April, 1923.

ng not only portraits but fingerprints.

posters containing a photograph of a
fugitive on display in every locality ot
the country within a few hours after
a crime is committed.

The essence c* strategy in fightirg
crime, as in war, 13 speed. As a famous
general once put it, success depends on
“getting there furst'est wit: :te =oitzal
men.” The essence of crime pievention
is certainty of apprehension and punish-
ment—but the criminal must be caught
before he can be punished.

Both prevention and apprehension
will be aided by the radio, once it is
applied in the full, as by no other sys-
tem or device yet invented.

One may telephone or telegraph by
one operation in a single direction only.

Despite the vast network of wires that .

now stretch over the country there are

e
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THIS CODE CHART IS THE BASIS OF THE “ELLERO SYSTEM”

By mcans of these shaded squares, designated by numbers, a picture may be literally
dissected into units similar to the units of a halftone screen, and re-assembled

by numnbers transmitted by wire or radio.

This systewn was tnvented by an Italian

code expert, Commendatore Ellero.

many spaces only sparsely touched or
not at all by them. The police of New
York and Philadelphia, for instance,
may “burn” the wires in making a joint
pursuit of a fugitive while the criminal
drops into some isolated community

between those cities and letsé the winds
of pursuit blow harmlessly by. With the
radio every locality wherein the criminal
possibly could take refuge would be
reached at the same time with calls for
his arrest.
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This is" iow being demonstrated lo-
cally by several city police departments,
notably’ those of Chicago and Detroit.
In the first city, I am informed, the
scout cars of detectives are equipped
with receiving sets through which the
operators can be reached from lead-
quarters at any time, and be kept
informed with developments as they
work.

In both cities the radio is being used
with particular success in the matter of
automobile thievery. Every day names
and numbers and descriptions of stolen
cars are broadcast into all surrounding
country, with the result that thousands
of eyes are put on the watch for these
cars.

Incidentally, it should be possible,

-~

through the radio to reduce to il
automobile thievery, which as a rule de-
pends for success on quick -get-aways
over open roads. With officers and
garages and the great number of ama-
teur radio fans, whose aid could be
secured quickly, kept informed along the
highways of escape, it should become
well-nigh impossible for a thief to make
his escape with a stolen automobile.

The automobile as a means for the
quick pursuit of criminals is offset to
a great degree by the fact that it can be
used almost as well by fugitives them-
selves. Indeed the criminal, I have no
doubt, will learn to make use of the
radio, not only in making escapes but
also in accomplishing crimes.

This latter is made difficult by the

From a photograph made for PoPULAR RADIO

WHERE THE RECORDS OF LAW-BREAKERS ARE KEPT

Into these files of the National Bureau of Identification and Information at Wash-

ington pour monthly about 40,000 items of information about criminals, Radio will

play an increasingly tmportant part in both collecting and disseminating this deta
for police uses.
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FINGER PRINTS BY RADIO

Hakon Jorgenson, sub-director of the Copenhagen police and invenior of a finger-

print classification system that permits the trausmission of these identification marks

by radio, is demonstrating his tnvention to the New_ York police experts. The plan
is based upon nuwmbers for curves, valleys and whovrls.

fact that track of stations can be kept,
but it will be relatively easy for the
fugitive to carry his own receiving set
and by means of it keep reasonably
well informed as to what is done wia
radio by those in pursuit of him. But
again, as illustrated by the case of the
youth who stole the receiving set, this
very fact may be turned upon and used
against the fugitive. In truth, the
“psychological” possibilities along this
line are limitless,

These lines of development will cause
the radio to serve as a great crime
preventive. The very knowledge that
radio is available for full use in pursuit,
that it can reach him no matter where
he may go, should have and must
eventually have a restraining influence
upon the criminal,

And it is the prevention of crime
which is the prime aim of every con-
scientious peace officer. And it is crime

prevention that we hope for most
through the work of the Bureau of
Identification and Information and its
chief arm, the radio,

It will give us something we have
long needed and under our system of
government cannot have except by vol-
untary action—a central establishment
through which all crime-pursuing agen-
cies may work together, particularly in
the matter of crime prevention.

In European countries all policing
activities generally are direced by na-
tional bureaus or departments. That is
probably why several of them already
have gone further than we have done
with the radio as a policing agency.
In France it has been in general use for
some time, and it has heen successful.

Among the more striking examples of
the use of radio in detecting crime may
he included the following report from
Mr. Armstrong Perry, who has been
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Keystone

IN THE BROADCASTING ROOM AT POLICE HEADQUARTERS
New York City owns one of the most eflicient radio stations in the country, WILA 1
the uses of it, howewer, have not begun to be realised. Receiving apparatus has been

' installed at headquarters of each of the frze boroughs.

touring Europe and picking up items
of interest for the readers of PopuLar
Rapio. He writes as follows concerning
the illustration published on page 351:

By the guilty expression on the face of
Hofrat Dr. Max Reithoffer as he steps
through a suppositious doorway with a theo-
retically stolen plate of copper and by the
reproving attitude of Lngenieur Emil Wolf,
his assistant, it 15 easy to see that the apparatus
shown in this picture is the latest thing in
radio thief-catchers.

Morals in Austria were not much after the
war. Theft and pilferage became almost as
common as in the United States, where they
drove to the wall several of the leading in-
surance companies that guaranteed policy-
holders against such risks. Dr. Reithoffer, at
the head of the government technical insti-
tute’s radio department, was besought by
numerous manufacturers, tradesmen and build-
ing contractors to devise some means for de-
tecting pieces of copper that were being car-
ried away from the premises where they
belonged by workmen who did thieving as a

side-line. He responded by inventing the sys-
tem.shown in the picture,

1t is simple, now that the problems-involved
have "heen solved. Any doorway used by de-
parting workmen is supplied with a coil such
as that through which Dr. Reithoffer is seen
stepping. The wires are concealed behind the
casing, of course. From this coil wires lead
to a similar one at the door of the watchman
or detective who may be near or several hun-
dred ‘yards away. The two coils are tuned to
resonance by the use of inductance and capacity
in variable units. So delicately is the ap-
paratus adjusted that four square inches of
copper councealed in the pocket of a light-
fingered workman will disturb the halance and
signal the watchman, who, thus warned, loses
no time in apprehending the guilty one. The
large plate carried by the inventor was used

only because. it would show up well in the-

photograph; it is several times the size of
the smallest plate to which the apparatus will
respond.

Oue of the difficulties encountered in per-
fecting the device was that it persisted in
sounding alarms for watches, pocket knives
and other metal articles that ‘the workers had

-
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a perfect right to own and carry. Adjustment
had to be made so that it would signal:
“watch and knife plus stolen copper.”

The photograph was taken at Das Elektro-

technische Institut der K.K. Techuischen
Hochsehule in Vienna, where Dr. Reithoffer has
been a professor for twenty years. He prefers
not to give fuller details at present as he has
no attachment for signalling to Vienna when
ambitious imitators try to get away with
valuable ideas pilfered from others.

In this country radio can be used
with fullest efficiency only when main
reliance 15 placed on the facilities pos-
sessed by the Federal Government.
The big broadcasting stations of the
army and navy may thus be utilized to
serve all the peace officers of the coun-
try, and in so doing will bring all of
them into <closer working harmony.
This also will be voluntary, thus giving
us the benefits without the risks attach-
ing to a national department of police.

We hope also to develop the idea in-
ternationally. The bureau ws are to
operate will be at least the nucleus of

" pointed out by Sir Basil
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an internationa! clearing house on
crime—something which (as recently
Thomson,
late of Scotland Yard) is a vital need.
This will e facilitated by radio, and
especially by the numerous stations
abroad already owned and operated by
our government.

Many details bearing upon our plans
are yet to be worked out. But I see no
obstacle in the way of solving them.

When they are fully applied a tre-
mendous torce will have heen brought
to bear against the world of crime.
Already, 1| wunderstand, more than a
million and a half amateur radio fans
operate receiving sets in this country.

~In certain situations they can be of

inestimable. service .in fighting crime.
This can be done through the aid they
can give 1in distributing information
quickly and widely and also in keeping
eyes out for fugitives from justice,

' P"‘.“ .“G ’,1

Photoncws

AN AERIAL IN YOUR WINDOW SHADE

Wires running around just an ordinary roller window shade is the novel device

worked out by W. H, Bullock of New York.

“Tuning is accomplished by pulling

the shade up or down” is the report that accompanies the picture.
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From a photograph by Hoppé. l.ondon

The Inventor of the Superfreeze

THE manuiacture of vacuum tules for radio use owes much to Sir James
Dewar, Ph.D., LL.D.,, FR.S., F.1.C, F.RCS., who was a pioneer in-
vestigator of the properties and uses of liquid air. By a series of new
methods and devices which he invented Sir James succeeded in liquefying
not only air but hydrogen, oxygen and several other gases. These novel
liquids, never before secen by man, were intensely cold. Some of them
reached temperatures as low as 450 degrees below zero, Fahrenheit. In
order to keep these liquids and use them in experimental work it was
necessary to invent a new kind of cold-proof container, and Sir James
produced the double-walled vacuum flask, now familiar as the household
thermos bottle. This conquest of extreme cold, so that it can be used in the
laboratory as easily as any other reagent, has been an important item in
the production of the nearly perfect vacuum which is necessary in some
kinds of radio vacuum tubes, as was described in PorPuLar Rapio for
October, 1922.

|
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THE CONDUCTIVELY-COUPLED CRYSTAL CIRCUIT

Cost of parts: Not more than $10.00. Approuma!e range: 15 milgs.

Selectivity: Fairly good. Qutstanding features: This circuit is especially

Operation: Very simple. Only two controls suitable gor the beginner whe- wants to start
are used; a primary and a secondary slider. out by building the simplest set that will

Ease of construction: No technical knowledge give him clear reception of local signals at
necessary. the smallest cost.

The 100 BEST HOOK UPS

' IN.S'TALLMENT NO. 1

A carefully compiled list of the most eﬁicien}.

receiving sets-and the approximate costs, range

and peculiarities of each; sélected for the prac-
tical guidance of the radio novice

N choosing these circuits, careful consideration has been given to the

various uses to which the apparatus may be put. The circuits have been
rated under six different classifications which, it is believed, will enable
the radio fan to pick out the one that is most suitable for his own par-
ticular needs. One hundred picked and tested radio receiving circuits,
each one of which is best for its own particular field of usefulness, will
be included in this hook-up series for the special benefit of the man who
is undecided as to just what he wants. In his selection he will be in-
fluenced by (1) the cost of the parts; (2) the selectivity of the set—
particularly if -the experimenter is near numerous stations; (3) the ease
of operation; (4) the ease of construction; (5) the approximate range,
and (6) the outstanding features of the set.

The approximate ranges here given are yearly averages on actual
records made with receiving sets throughout the country. During the
summer the actual ranges may fall to 50 percent of the value given,
while in the winter, under the best of conditions, the actual ranges have
been known to exceed the values given by as much as 500 percent,
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THE INDUCTIVELY-TUNED CRYSTAL CIRCUIT

Cost of parts: Not more than $15.00.

Selectivity: Good.

Operation: Fairly simple. The antenna circuit
is tuned by a tapped switch, the secondary
by a variometer and the coupling is varied
by rotating the secondary coil of the vario-
coupler.

Ease of construction: Easy to build,

Approximate range: 15 miles.

Outstanding features: The set is sharp to tune
on account of the loose coupling that can be
employed, and it has a test buzzer which is
a great help in setting the crystal in ad-
Justment.
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THE COMBINATION TUNED-PLATE, ULTRA-AUDION CIRCUIT

Cost of parts: Not more than $25.00. (Note:
The cost of tubes and batteries is consid-
ered “extra,” and is not included in the
costs given in these descriptions).

Selectivity: Excellent.

Operation: Requires considerable skill which
can be acquired in a couple of months of
experimenting with the tuning.

Ease of construction: Just an ordinary ac-
quaintance with tools, but some electrical
ability in wiring up the circuit is necessary.

Approximate range: 500 miles.

Outstanding features: Exceptionally suitable
for DX amateur work on CW. Tuning is
very sharp and easy when it is learned cor-
rectly.
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THE MAN-DAY SINGLE-CONTROL REGENERATIVE CIRCUIT
Cost of parts: Not more than $12.00. Ease of construction: Simple.
Selectivity: Excellent. Approximate range: 500 miles.
— Opération: Very easy. Only one control for Ouisianding features: This is the simplest re-
wavelength. Regeneration is adjusted with generative circuit to tune. It is very selec-
the filainent rheostat. tive: and costs but little.

6
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THE REINARTZ CIRCUIT, WITH 2 STAGES
OF AUDIO AMPLIFICATION
Cost of parts: Not more than $35.00. well enough acquainted with the peculiari-

Selectivity: Excellent on amateur wavelengths, E;:f,s o?cf cg::it::?!l::)gu Simple

very good on broadcasting wavelengths. Approximate range: 1,500 milcs. ]
Operation: Easy when mastered; about a  Outstanding features: It is noted for its DX
month’s. practice should suffice to become amateur reception and its low cost.
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TUNED RADIO-FREQUENCY AND
REGENERATIVE-DETECTOR CIRCUIT

Cost of parts: Not more than $28.00.
Selectivity: Good.

Operation: Rather complicated for a begmner
Ease of construction: Easy.

Approximate range: 500 miles.

Outstanding features: May be used with short

+ indoor antenna. It may be made from a
single-circuit, honeycomb set to stop re-ra-
diation, and may be used to give the builder
a good idea of radio-frequency amplifica-
tion before he tries out the more compli-
cated circuits.
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THE SQUIRE REFLEX CIRCUIT

Cost of parts: Not more than $50.00.
Selcctivity: Excellent.

Operation: Very simple. One control for
wavelength and one control for regeneration;
the only other adjustment that must be made
is the setting of the crystal detector.

Ease of construction: More or less compli-

cated. There are a number of precautions
that must be taken to get the circuit to oper-
ate at highest efficiency.

Approximate range: 500 miles (with the loop
antenna).

Outstanding features: No outdoor antenna is
needed for DX reception. Simplicity of
tuning.
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TRIPLE-COIL, HONEYCOMB REGENERATIVE CIRCUIT
WITH TWO STAGES OF AMPLIFICATION

Cost of parts: Not more than $35.00.

Selectivity: Good.

Operation: Rather complicated;

Ease of construction: Not hard to make.

Approximate range: 1,000 miles on the low
broadcasting and amateur wavelengths and

3,000 miles on the extreme high wavelengths.

Outstanding features: It may be made to cover
all wavelengths by interchanging coils. The
coils may be plugged into sockets at will,
thus making the set into a high or low
wave receptor which is regenerative.

LoorR

[IT&

It
1] L}
23 Lo

p—g—

|

3 7EL

- +
ik aini

%" gosfr

P

FESSOV

THE GRIMES REFLEX CIRCUIT

Cost of parts: Not more than $40.00.
Selectivity: Excellent.

Operation: Extremely simple. Only one con-
trol for wavelength nceded and one control
for regeneration.

Ease of construction: This is a quite compli-
cated circuit to follow out and to get in
operation, There are a number of details
that will give the beginner trouble when he

first tries to make this sct, but they can he
overcome.

Approximate range: 500 miles (with loop an-
tenna).

Outstanding features: No outdoor antenna is
needed for DX reception. Simplicity of
tuning. No crystal detector to bother with.
The audio-frequency amplification is fed
back to the next preceding tube in each
stage.



b

. :

Kadel & Herbert

WINDING A SPIDERWEB COIL
For calculating the inductance for the various shaped coils, used in radio for reccp-
tion, there are numerous formulas which are applicable to only one of the types or
shapes of coils.

HOW TO CALCULATE
The Inductance of Your Coils

No. 6 of a series written especially for POPULAR RADIO

-

For this kind of mathematical foretelling of the clectrical characteristics

of coils, a number of standard formulas have been developed, but for

a given type of coil a given formula must be used, if accuracy is to be

attained. Some interesting formulas and helpful information on how to
use them are brought out in this article,

HE expression given by Maxwell

for the inductance of any com-
pactly wound coil whose diameter is
considerably greater than its width, is
the following:

8
L=47n’r (Logeir—2 )

- Where r = the mean radius of the
coil, n = the number of turns eof wire,

By SIR OLIVER LODGE, F.R.S. D:Sec., LL.D.

R = the geometric mean distance of
the points in the section of its winding.
R = one-quarter of the width and
depth of the wound channel, added to-
gether *

In applying this formula it is neces-

*This is sufficiently accurate for ordinary purposes,
Thus, suppose the width was lLalf an inch and the
depth a quarter of an inch, the wvalue of R would
be a quarter of three-quarters, or three-sixteenths
of an inch.

364
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sary to remember that the numerator
of the f{fraction inside the brackets,
whose natural logarithm is to be taken,
must be decidedly bigger than the de-
nominator—at least ten times greater—
otherwise the 2 cannot be subtracted
from it without causing error or even
absurdity. For loge 10 = 2.3, and the
balance is dangerously small, even then.
It is necessary, therefore, that the radius
r be itself at least double or treble the
greatest sectional dimension, for then
the margin is adequate and the formula
applicable.

A much more elaborate expression to
cover any case, is given by Maxwell,
and simpler ones have now been in-
vented and may be cited in due course.

Meanwhile we may examine the above
expression to see when it is a maximum
for a given length of wire. It is plain
that the length of wire wound on the
coil will be the number of turns multi-
plied by the average length of a turn,
namely 2 # r;orl = 2= nr. So the
expression is:

L=2nl (log-—sR-l —2)

Having decided on the shape of the
section or channel for the winding (say
square), it is plain that R varies with
its linear dimensions, and that therefore,
n varies as R2 It also varies inversely
as r, for a given length of wire. Put-
ting these things together, it follows that

and that accordingly the maximum
value of L is 3 n I, which is the same
as 6 = n? r.

We will return to this extremely
simple expression for maximum induc-
tance, L = 3 n 1, shortly. If T is the
thickness of the covered wire, and b
is the side of the square in which it is
wound, it is obvious that

n Tz2=b?

Hence the maximum self-inductance is
_67rbt
==&

But the condition

log R =314

gives us
sr 3! T —
= = Y _ VT _ J(i096-6) =33-11
Or

T

'E =414

Whence, for a square section,
r = 4.14X- 45b

=1-863b
The outside diameter is
2r+b=4-726b
The inside diameter is
2r-b=2-726b;
so that
D=1-734d.

Now since r = 1.863 b,
the maximum L may be written

7 . 6T X1-863XbH8
L is a maximum when T
e =35-1bF
Eﬁ" - — e — ﬂ

The Preceding Articles of This Series
by Sir Oliver Lodge—

1. How To GeET THE GREATEST EFFICIENCY OUT oF YoUR RApIo

CIRCUITS e tevnseensasnoaceaeaenasnsnssasnsostoonansnns March, 1923
2. How To Ger THE Maximum Inpuctance 1N Your CorLs........ May, 1923
3. THE Ratio IN S1ze BETWEEN Your ANTENNA anDp Your CoiL...... July, 1923
4. Herprur Formuras ror DESIGNING Your CoIL............ September, 1923
5. PracTicarL HinTs For CoiL CALCULATION............cvcuvnnenn October, 1923
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or, using n, to express the number of
turns per unit breadth,

Lm =35+ In[ lbﬁ*

Given the inductance required, and

also the thickness of covered wire to
be used, this determines b the size of
the groove which is to be filled with
wire,

b=% VLT

We Lnow that the mean radius of
the bobbin is r=1863b, so the ex-
ternal diameter of the bobbin is‘-_‘g‘*_ by
while the internal diameter is $ b.

(More exactly, of course, the fifth
root of 351 is not 2 but 2:04.)
Example:
Let the inductance required be 1,600

*Only simple arithmetic is needed to convert this
into the formula previously given: 66:-6 L = 1D8 TH.

WINDING AN ORDINARY SOLENOID COIL ON A LATHE

This is the most used type of coil in this country, for recepiion below 600 meters.
The wire is uswally wound on a composition tube and the furns run in a smg[c’
Im:m, each Ywriv lving beside the preceding turn.

meters, and the thickness . of covered

wire half a niillimeter. . Then
1,600,000
LTi= T= 10
So approximately we get {or breadth
and depth of section, b = ;. = 49
millimeters. .
For external diameter D = 23 nulli-
meters.
For internal diameter d = 13 milli-
meters.
For mean radius r—=1863h =913
millimeters:
FFor number of turns
h?
n= 'I_"3=96

For length of wire

]=2 7 nt=235,520 millimeters
=514 meters

® i



POPUILLAR RADIO

If we check this by reckoning back
to the inductance as 3 n 1, an expression
as obtained a few paragraphs above, we
shall find it about right. This extremely
simple expression, 3 n 1, for maxi-
mum inductance, when the proper
conditions are satisfied, is perhaps not
of much use for predetermination, but
it is handy for checking. It is worth
considering, moreover, whether its sim-
plicity does not make it useful even
for the beginning of predetermination;
and this we will do in another article.

If we need to know the inductance,
or the resistance, or any other feature,
of a coil extremely accurately we must
determine it by direct experiment. Its
estimated value can only be a first ap-
proximation, unless excessive .precau-
tions are taken and an elaborate calcu-
lation made.

But it may be asked, “Is no notice to
hbe taken of the thickness of the un-
covered wire—the conductor itself ?” We
always seem to attend to the thickness
of the covered wire instead of to the
hare copper. Well, there is a small cor-
rection to represent the concentration of
the current in the core of the wire
sheath. It takes the form of a small
addition to the inductance, and Max-
well’'s complete expression for a ring-
shaped compactly wound coil of large
diameter is not merely ‘what is quoted
above, but has an additional term, so
that it may be re-written thus:

8r 1 T
L=47rn2riloge-§- -2 4 ;—(]og.,-i_’—+ . 12) s

where :f means the ratio of the thick-

nesses of the covered to the bare wire.

The fact that the logarithm of this
ratio has to be divided by the number
of turns, before using it as a correction
inside the bracket, shows that it is but
a small correction, even when the cov-
ering of the wire 45 thick.

We will only attend to it for a coil
shaped so as to give maximum induc-
tance, and in that case the formwula be-
comes

367

L=3nl+4 ZI(Ioge—’i—‘+ -12)

Or practically

L T\?
N =
I n-]-log(t)

So for a coil of many turns the cor-
rection is small, but it always tends in
the direction of increase.

Taking an extreme case, in which the
covering is so thick that T = 10 t, then
for a coil of 100 turns the factor with
which to multiply 1 is not 300 hut 305,
when the correction is applied

Coils of Other Shapes
IFor the calculation of the inductance

~of coils in general several formulas have

been elaborated by the mathematicians.
Some of these are appropriate for one
shape, some for another.

For compact coils, of which the di-
mensions of the wound channel are
small compared with the diameter of
the whole coil, the fundamental formula
of Clerk Maxwell is probably the best.
But for elongated or spread out coils—
those in the shape of a long cylinder, for
instance—a quite different formula is
more serviceable. The Maxwellian one
would then be unwieldy, and in its sim-
ple form altogether inapplicable.

For elongated or cylindrical coils an
expression was worked out by Cohen.*

It applies to a single-layer coil whose
length is. not less than four times its
diameter, and” runs thus:

212 4 1? _ﬂ)
V@) 3w

where b is the length of the helix (i.e.,
the breadth of the coil), r its radius,

L=4m2n,2r?

‘and n, the number of turns per unit

length. . -

Neglectmg r*/b*, that is, taking the
ratio r: b'as moderately ‘small, this can
be simplified * down to. the following
very handy formula; with n, b replaced

*See the Bulletin of the Burean of Stendards,
U, 5. A, Volume 4, page 385. for 1907-8,

*See also The Appendlx te Professor
“Principles of Wireless Télegraphy,” page 341

Pierce's
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Bureau of Standards

Washington, D, C., for actual inductance mcasurcments of other coils.

s e |

- . A U. S. STANDARD OF INDUCTANCE
This is one of the standard inductance coils, used by the Bureau of Standerds at

The stand-

ards are matched up with other coils of unknown inductance in a bridge-circuit and
their inductance is thus determined.

by n the total number of turns of
wire,
L =412 n? 12 8 r
wotmme (4
Or in other words, '
_ square of total length of wire ( - 8 r )
a Jength of coil ir b

where the correction factor. in brackets

is of less and less importance as the

helix is longer and narrower.
Example: Take a coil 1 meter long,

wound with covered wire 1 millimeter

thick, the diameter of the coil being 20

centimeters, so that £=45. Thenum-

_ber _of _turns will- be 1,000, and the

total length of wire 20,0060 = centi-
meters. So

L= (Length of wix:e)’(l 8
length of coil 3™ b
X e 8
100 3om

=36.6 X 10¢ centimeters =366 kilometers,

If the coil is only fairly long, and
the ratio of its radius to its length be
called x, then a few additional cor-
recting terms, due to Dr. A, Russell,
can be added, so that it becomes:
square of total length of wire

length of coil

(l —:—::_-i— ix2—4 x‘)

L=

ab-

"
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All expressions for L inevitably in-
volve the square of the number of turns
and the linear dimensions of the coil,
so that the answer comes out as a
length.  All the rest of the formula
consists of ratios of similar quantities,
that is to say, of mere numbers. All
such formulas, provided there is no
error, will give the right order of mag-
nitude for the inductance; on the as-
sumption, of course, that the core is
air, and not iron. But there will usually
e some corrections to apply if accuracy
is wanted. More accurate formulas are
given in Eccles’ Handbook to Wireless;
but usually the accurate value is best
ohtained by experiment.

Disc Coil
The value of L for a disc coil of
large aperture can be reckoned from
Maxwell’s formula.
Or we may re-write it in terms of
external and internal diameter of the
disc coil thus:

L=mn? (D+d)§10gc (lﬁg jg) —2}

Let us apply this to a disc spiral of

external diameter 6 inches and internal
diameter 2 inches.

L =87 n? (loge_ 32— 2} inches

- Or if there are 10 turns in the
spiral, .
L =2,500X1:466 = 3,700 inches
' or about 100 yards.

It is remarkable how nearly the sim-
ple expression 3 n 1 happens to agree
with this. But it won’t apply at all to
the case of a long cylindrical coil or
solencid. It would give a result much
too big for such a coil; though it is
nearly right for a disc. _

A long coil may he ~onvenient for
sliding contact purposes, but it does not
give maximum induction. A disc coil
on the other hand is not usually so far
away; and indeed a properly shaped

* coil can be built up of disc coils.

The close addition of one disc coil to
another similar one will practically
quadruple the inductance, and therefore
double the wavelength to be dealt with.
A third coil will approximately treble
the wavelength, the antenna or con-
denser capacity remaining the same.

/
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Kadel & Herbert

A group of Arapahoe Indians from Wyoming, camping in New York while on their
way to England, get thetr tntroduction to radio. -



From a photograph
made for
PopuLAR RaD10

THE ORIGINATOR OF THE FAMOUS SHORT-WAVE RECEIVER

Paul F. Godley, one of the most capable radio cxperts in the world, demonstrates
a new method for picking up radio signals.

Receiving Without Antennas

How to use the ordinary regenerative set efficiently

and economically without an -outside antenna, without

expensive radio-frequency amplifiers and without a
complicated circuit

By PAUL GODLEY

HERE is an increasing desire on

the part of .-radio folks and would-
be fans to receive without using an an-
tenna. The usual excuse is that some-
one in the household is in fear of the
effects of lightning when any overhead
conductors run to the home.

Fears such as these are groundless.

There is no more danger from an an-
tenna than from electric light and tele-

phone service, which have running to

them overhead conductors elevated to
practically the same extent that an an-

tenna needs to be elevated. The mystery
which is wrapped up in radio seems to
carry with it, for many, some of this
unfounded fear. Thus it is we find
experimenters, writers, and manufac-
turers trying to cater to this demand.

Circuits of one sort or another have
been devised which enable broadcast
reception without the use of an antenna.
Mainly these have been comprised of
multi-stage amplifiers of the radio-fre-
quency type; so far as the writer
knows, no general attempts have been
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made to take advantage of the inherent
sensitivity of regenerative circuits in
conjunction with “antenna-less” out-
fits.

In passing, two interesting facts might
be observed. (1) The cheapest and
most effective form of radio amplifica-
tion which has ever been devised for
use in conjunction with an antenna-less
radio receiver may be constructed at a
cost of a few dollars. In effect it will
equal or surpass three stages of the hest
radio-frequency amplification which the
writer has ever seen. It is comprised
of an average-sized antenna and a good
earth connection.

(2) As compared to hazards involved
by telephone and electric light connec-
tion due to lightning or other cause, the
lightning hazard of an antenna is, at
least, small.

Multi-stage radio-frequency units de-
pend as a rule for excitation upon the
energy collected by a loop antenna con-
sisting of a few turns of wire on a
square frame, two feet or so on a side,
and almost invariably the circuits call
for a ground connection. Upon trying
circuits of this sort, it is immediately

[y

1R

learned by the experimenter that if the
ground connection is left off the strength
of the received signal is materially
weakened. From this it must be as-
sumed that all of the energy which
excites the outfit does not come to it
through the loop antenna; that the
ground- connection in' itself is in some
manner acting as an antenna; that cur-
rents are being generated in the earth
and fed up to the receiver through the
ground connection.

It takes but a moment for even the
uninitiated experimenter to prove to his
own satisfaction that the currents gen-
erated in the loop antenna, such as that
described briefly above, are small indeed
as compared to those generated in an
overhead antenna of average dimen-
sions, In other words, the difference
of potential which exists between the
points A, and B, in the antenna circuit
of Figure 1-A are quite large as com-
pared to those differences in potential
existing between points A, and B, in
Figure 1-B. The ratio of those poten-
trals will run somewhere in the neigh-
borhood of one hundred to one. If
the ground connection is run directly to

:

A
e

N
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FIGURE 1

LOor

The potentials developed across the terminals 4 and B of
coil L (shown at “A” in connection with an outdoor an-
tenna) are of enormously greater amplitudes than those
developed across A and B of the loop antenna (shoun at
“B7”). If either of these two pick-up systems were used
with the vacuum-tube detector circuit (shown in-the middle
of the diagram), scheme “A” would therefore. be  im-
wmeasurably better,
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A still greater signal may be obtained by this method of grounding in which the
ground is taken off somewhere i the middle of the leop or tuning inductance.

the grid of the vacuum tube (as shown
in Figure 2) and if proper compensa-
tion is made in the tuning element of
Figure 2 so as to allow for the change
in wavelength which results, surpris-
ingly large values of signal will be fed
into the outfit as compared to those fed
into it by the loop alone. The ratio of
the signal potentials picked up on the

average ground connection, as compared
to those picked up by the average an-
tenna, is about twenty to one in favor
of the antenna. This ratio will vary a

great deal, however, depending upon
the type of ground connection. Where
the ground connection is a long

energy picked up will be
if the ground connection is a

one, ‘the
greater;



"

.[]H

POPULAR RADIO

o ——

A ———
——

—
-

373

body-

7EL.

N

Bz B 675V

6L VAR
L Le | || I >
' |
/ 6¢
2
s s
F.A -
> W ——
7Te ¢
¥ 4
-+ - <+
s} (0
A" Be24w
, - X FIGURE 4
This circuit overcomes the inherent
capacity troubles encountered in the circuits
of Figures 2 and 3.
6L VAR 2
m o
i
6C y-
Q
€ 'Vﬁz?, C;::
' Y o4
g - 4 - +
4o ipiefp}——
A* B 2245w
FIGURE 5 - I
The split-vartometer wmethod, which is —f_ /
about the same thing os shown in I
Figure 3. —___L_—.
oc
4 la Il
|
6L
. s =
slA 3 i
T VR ST
' ! "N 2, e,
C', « |
y-]
—‘ I_"Vv v‘
A
I+ A
Holi - -
B
-+ - +[
Aot

FIGURE 6

One stage of tuned, regenerative, radio-frequency amplification added fo Figure 4.
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The best cirenit arrangement of all 1o use, This is a standard three-civcuit regenera-

tive recciver, wr't_h the tuned ground circui_l, one stage of rqdio-frcqueucy amplis
fication and two stages of audio-frequeucy amplification.

short one, it will be less. In the average

home, however, this ratio of approxi-

mately twenty to one will hold true.
Connecting the ground to the grid of

the vacuum tube is not desirable, how-"

ever, for the reason that the size of the
capacity C-1, is large. . (This capacity
C-1, is formed by the receiver and its
hattery which go to make up one plate
of a condenser, and the ground which
forms the other plate. The insulating
material, air, or whatever it may be,
between the receiver and the earth,
forms the dielectric. Its value will, of
course, vary, depending upon the loca-
tion of the receiver with respect to the
earth.)

A better method of connection is that
shown in Figure 3, where a tap is taken
out of the center of the grid inductance
and grounded. This, however, has not
completely eliminated the difficulty of
the shunt capacity; furthermore, both
the methods of Figure 2 and Figure 3
place the filament circuit of the receiver
_at a potential considerably above ecarth

potential, which results in serious diffi-
culties as soon as one attempts to tune
the outfit, as the operator’s body in ap-
proaching the receiver will alter the
value of the capacity C-1, in either case,
with -the, usual baffling result.

The circuit shown in Figure 4 over- .
comes these difficulties and results in
the same signal strength. Figure 4 is
easily arranged in conjunction with any
standard three-circuit receiver and may
be set up without any great amount of
dificulty when using a single-circuit re-
ceiver (merely by supplying and coup-
ling an extra inductance L-1).

Figure 5 indicates a method of util-
izing the earth pick-up where the re-
ceiver 1s comprised of two variometers,
one in the grid circuit and one in the
plate circuit. In this case, the earth is
connected to the mid-point of the grid
variometer. On account of this con-
nection and that shown in Figure 3,
circnits of this type have been classed
as “split circuits,” although reference to
Figure 3 will indicate that there is noth-
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ing -particularly * hovel - about the ar-
rangement.

Figure 6 shows the circuit of Figure
4 except that the vacuum tube coupled
directly to the pick-up connection
(ground) acts as a tuned regenerative,
amplifier. - Difficulty
will be had with this circuit due to its
persistent tendency toward oscillation
unless some method is used to control
the oscillations. A potentiometer may
be connected as shown in Figure 6 so
as to throw positive potentials upon the
grid of the radio amplifier. Or resist-
ance may be placed in the grid circuit of
the radio-frequency amplifier tube, but,
this broadens ‘the tuning to a marked
degree unless the circuits are on the
verge of oscillation at all times, and is,
for this reason, undesirable. It is far
better to use the potentiometer method
shown or to regulate the amount of po-

. tential fed to the plate circuit of the

- ployed.

radxo-frequency tube.

F1gure 7 is perhaps the best circuit
of all; in this a single stage of tuned-
radio-frequency amplification is em-
Here a standard three-circuit,
regenerative receiver is connected with
the radio-frequency amplifier as shown.

The variable coupling between the out-
put circuit of the radio-frequéncy” ampli-
fier and the input circuit of the detector
in the regenerative receiver will provide
complete contro] over the tendency to-
ward oscillation in the radlo-frequency
“crcuit. Tuning the pick-up circuit may
best be accomplished by utilization of a
variable condenser as shown, or by the
substitution of a variometer for the
inductance L, in this circuit.

Using the combination shown, it is
usually possible, either in the city or the
country, to pick up signal strength of
sufficient order to operate a loud-
speaker satisfactorily from a two-stage
amplifier at distances of twenty-five
or thirty miles from the broadcasting
stations. This is particularly true when
the tuned- -radio-frequency unit is used.

Those who are in the habit of carry-
ing radio receivers to remote places
will find it easy indeed by substituting
a wire fence for the ground connection,

to pick up distant stations. Raxlway
tracks, exposed water Iines, wires
thrown into the bed of a brook or

small stream, and other similar connec-
tions have been used with reémarkable
success in just this way.



.

HINTS FOR

Learning the Code

By EDWARD R. LEIGHT

1. Do not let your thoughts divert to other things. Form the habit of concentrating. It is
the basis of all success in learning the code.

2. WHEN you memorize the code, make it an “intelligence test” by mastering it in a given
length of time. -

3. ONce you have learned the code and. you “miss” a character, do not stop and try to.
think of it. It will come to you the next time. If the group is a word, the character can be
filled in; otherwise you have lost the entire group. The habit of holding on to characters, tem-
porarily forgotten, retards the progress in speed. -

4. THEe beginner who insists on counting the dots and dashes invariably confuses one charac-
ter with another, particularly when trying to copy speed.

5. Go over the characters in your mind in between times; not by so many dots and dashes
- but by the sound. For instance Y is—dah-dit-dah-dah.

6. EacH code character is a musical sound. Memorize it in that way. If you must begin by
counting the dots and dashes, do so. But save time and acquire speed by reverting to the sound
method as soon as possible.

7. Do not attempt to put a character down before it has been completed. Read ahead and
write at least one or two characters behind the key.

8. In copying well behind the key there is ample time to determine doubtful characters be-
fore you come to them, to space the groups or words properly and to make a neat copy.

9. Tue habit of writing two or more characters behind the sender comes from retaining
groups or words in the mind; that is, by having someone send press, word at a time, which
must not be written down but connected in the mind and called off as completed. Begin with
short words, sent slowly, and increase in length and gradually in speed.

10. THe habit of trying to guess the words and attempting to write them down before
they have been completed is a bad one. In many instances the word turns out to be other than
that expected and the result is that you become disconcerted and lose the rest of the message.

11. MAKE the characters legible. I's and E’s, T's and L’s and K's and H's, for instance,
should not resemble each other. Dot the I's and J's, cross the T’s and distinguish M’s, N's and
U’s from each other.

12. WHEN you send, round out the characters properly. Make the dashes of equal length,
the dots in proportion, and everly and equally spaced.

13. Don’r try to send fast at first. Learn to form the characters correctly ; then send slowly
and work up in speed as you grow in proficiency. *

14. Avom jerky sending. This is generally the result of holding the muscles stiff. Let the
forearm rest on the table; let the muscles relax and put the movement in the wrist. This rests
the arm and makes it easier to form the characters correctly.

15. To send fast is one thing; to send fast correctly is another. Become known for
having a good “fist” by first practicing slowly and carefully.

16 TaE habit of letting the fingers come in contact with the metal of the key while send-
ing is a bad one. It will eventually result in a shock.

_17. WHEN you make an error in transmission make two interrogation marks, instead of a
series of dots, and then begin the word anew.

18. SeparaTe the heading of the message from its body by a break or double dash; like-
wise the body and signature.
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From a photograph made for PoruLAr Rapio by Hoppé, London.l . )
HOW THE ATOMS OF CARBON ARE ARRANGED
INSIDE OF A CRYSTAL OF DIAMOND

As they would look <f they were magnified several million times.
made by Sir William H. Bragg.

The Crystal Houses
that Atoms Build

By WALDEMAR KAEMPFFERT

The model was

ICK up a brick. How heavy, how
solid and substantial it seems.
Look at the heavens above you—at the
distant moon, at the still more distant
stars. How empty seems the sky for all
the myriad twinkling suns and planets in
that vast black canopy. Yet the brick
in your hand is relatively no more solid
than the immense expanse above you.
If you could but magnify it to the di-
mensions of the solar system the atoms
of the brick would be millions of miles
apart.

Any solid, a chair, a table, the flesh

‘of your body is emptier than it seems—

an aggregation of countless atoms, but
atoms separated from one another by
distances that are comparatively as awe-
inspiring as those that greet the as-
tronomer’s eye. Hundreds of comets
have swept through space without col-
liding with planets or suns, and a comet
far smaller than an atom might theo-
retically swim through a seemingly
dense brick just as readily.

Medieval churchmen were given to

377



378

speculating how many angels could
stand on the point of a needle. The
modern conception of a solid’s spa-
ciousness of structure is not to be
classed with similar idle vaporings. It
would take a million million million
atoms to fill the head of a pin, but the
positions of atoms in many substances
are as definitely known as those of the
blocks of stone and of the steel beams
and girders that compose the Wool-
worth Building. Physicists and chem-
ists used to guess at the internal ar-
rangement of atoms in an element or
its compounds. Now they know how
they are grouped because they have
actually seen the groupings.

Two brilliant, painstaking, thorough
scientists discovered a method of mak-
ing the infinitely small atom tell the
story of the part that it plays in chemi-
cal architecture. They have worked in
such harmony that the one can hardly
be mentioned alone, This follows not
only because they are father and son,
but because they have experimented to-
gether, reasoned together and written

To—Pe—n

*
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THE SKELETON OF
COMMON SALT

The black spots represent atoms of sodium and
the white spots atoms of chlorine, as they are
arranged inside a crystal of sodium chloride
which is the chemist's name for common salt.
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" same angular uniformity.
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together about their investigations. Bragg
is their name. Professor Sir William
H. Bragg is the father; Professor W. L.
Bragg is the son. Talk to the son about
atoms and he will refer you to his
father ; talk about them to Sir William,
and he will refer you to his son. When
the Nobel prize for physics was awarded
a few years ago it was divided between
them. There are two Braggs in the

- flesh, but scientists generally speak of

the work of “Bragg” when they discuss
atoms and their architectural arrange-
ment in matter.

These extraordinary Braggs, like
generations of scientists that preceded
them, were struck by the amazing and
obvious uniformity of crystal structure.
Always crystals of the same composi-
tion are alike so far as the angles
formed by corresponding faces are con-
cerned. Diamonds may differ in size,
but not in these angles. And so sugar,
common table salt, and hundreds of
other crystals, invariably present the
It was evi-
dent long ago that a crystal must be
built somewhat like a skyscraper and
that some wunit-pattern or floor-plan
must be repeated over and over again.

Now it happens that most of the_
solids that we know are crystalline in
nature. Hence the man who can make
a crystal reveal the secret of its struc-
ture so that we can draw a plan of it as
we can of a house, must go far to-
ward answering such age-ald questions:
What is matter? Why is iron iron and
gold gold? Why is an element what it
is and not something else? What holds
a lump of matter together? Why is it
different from a liquid or a gas? Why
doesn’t it fly apart?

While it was apparent that a crystal
must be built according to some definite
unit-pattern or floor-plan, there were
long only shrewd guesses as to what the
unit-pattern or floor-plan must be, The
trouble was that no microscope could
possibly be invented which would mag-
nify the infinitely small atoms and show
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From a photograph by Hoppé, London
AN EXPLORER IN THE REALMS OF THE ATOM

Sir Williom H. Bragg (together with his son, Prof. W. L. Bragg) has supplicd

most of our knowledge of how the atoms inside of crystals are_put together. The

instrument shown above is the identical X-ray spectrometer with which were made

many of Sir William’s explorations into the realm of these tiniest of dimensions.

- us exactly how they are grouped.
Lenses are themselves composed of
atoms. To see atoms in a crystal the
lenses themselves would have to become
granular or atomic.

In 1912, Laue, a Swiss physicist,
made this startling suggestion: Turn
the X rays on crystals. Two discoveries
might be made. In the first place, the

379

true nature of X rays might be revealed,
about which there was no unanimity of
opinion at that time. In the second
place the atomic structure of a given
crystal might be disclosed.

To understand why Laue made this
suggestion and carried it out himself
we must grasp the nature of light and
of the many other waves that undulate
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General Electric -

A NOVEL DEVICE FOR STUDYING ATOMS
BY X-RAY PHOTOGRAPHY

An American student of crystals, Dr. A. W. Hull of Schenectady, and the apparatus

- developed by him for examining how the atoms are arranged inside the fragments

of a crystalline powder. Strips of photographic film inside the quarter-round boxes

on the top of the apparatus permit the making of four X-ray crystal photographs
simultancously.
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through . the ether.
transmitted in waves every radio ama-
teur knows. His waves are like light
waves, only longer—so long, in fact,
that his eyes cannot see them.

-When we say that we
we mean that our eyes have been af-
fected by waves of a certain size and
frequency. . A musical note may be
deep or shrill; it has what we call a cer-
tain “pitch.” - Light has its pitches, too;
only we call them “colors” in the ver-
nacular, while the scientist speaks of
wavelengths, just as amateurs do in
radio parlance. A radio set can be
tuned to receive music and speech on
a certain wavelength band. When we
look ‘at the world around us through a
piece of red glass we have tuned in to
red ;. we have excluded all other wave-
lengths of light. Like any radio set the
eye has its limitations so far as this
‘tuning process is concerned. Our visi-
ble wavelength band extends from deep
red to deep violet. The red waves are
the longest which we can see or to which
we can tune in, and the violet the short-
est. An ordinary camera is a far better
receiver of light waves than our eyes.
It can photograph the invisible. It can
“see’” or be attuned to waves that are
much shorter than those that lie beyond
the violet end of the spectrum—waves
that are called ultra-violet.

The only difference between radio
waves and light waves is one of wave-
length. A radio wave may measure
twenty miles from crest to crest when
it is sent half around the world by
some powerful trans-oceanic station.
Visible light waves have an average
wavelength of only one fifty-thousandth
of an inch. Still shorter are the X rays.

It follows that an ordinary light wave
is huge compared with an X-ray wave.
That was one reason why scientists were
at first not sure whether or not X rays
should be classed as light waves. For
example, they could not reflect X rays
Now we know the reason. Mirrors
reflect light because they are very smooth

That energy is

“see” a light’
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surfaces. A rough surface scarcely re-
flects light. The smoothest surface that
human skill could produce is rougher
than sandpaper to the X rays. For this
reason X rays cannot be reflected by
any smooth man-made surface. But
the atoms of crystals (not the ‘actual
surfaces) are so much finer than X rays.
that they can act as reflectors. Know-
ing this, Laue proposed that they be
used as little mirrors. When a crystal
of mica was broken and subjected to test
a beautiful X-ray reflection was ob-
tained. X rays were thus proved to be
a finer kind of light.

At this point the Braggs appeared.
Laue had a rather cumbrous apparatus
which, however successful it was in
enabling him to prove that X rays are
light waves, was not simiple or effective
enough to penetrate deep into the heart
of a crystal. That there was a regular
arrangement of the atoms was clear,
but the exact structure was not readily
determined. The Braggs devised a sim-
ple instrument which they called an
“X-ray spectrometer,” and with it
they tore aside the veil of mystery and
conjecture in which the atoms had so
long been shrouded.

They knew that they could never
hope to see an atom; there was no way

"of magnifying it the necessary one hun-

dred million times., But they could
make it reflect X rays, and they could
note the points of reflection and thus
locate the atoms.

This can be made still clearer if we
imagine that we had to study water
waves by the action of corks thrown
upon the ocean. The corks have no
effect whatever on the large waves (the
equivalent of ordinary light waves).
But if the surface of the water is dis-
turbed only by the smallest perceptible
ripples (the equivalent of X rays), they
have a very marked effect. As the fine
ripples strike a cork they are broken;
there are ripple reflections and scatter-
ings. If the corks were invisible a
clear-headed, straight-thinking scientist



382

could form a very good picture of their .

size"and spacing simply by watching
the way in which the r1pples were
broken. )

So the Braggs turn the X rays on.a

crystal and note with their spectrometer -

the manner in which they are scattered
by -the invisible atoms. A - photograph
is takén., . To one -who knows nothing
about light, X rays, wave motion, and

atoms, it is meaningless—a blur of lines. :

To the ‘Braggs and to scientists who
have repeated their expefinfents it is as
clear as_the blueprint of a complicated
machine is to an engineer.- - - - -

What- is_ it that is-so startling? You

have: seen a field of corn. planted in .

regular, rows. Look down one row and
you - see -an almost. endless line of
stalks. * Looks down another and you
see a second line. In whichever direc-
tion you look there is this regular, pre-

From a photograph made for PoPULAR RADIO by Hoppé, London

.. only—according .. to
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cise array.  So'the Braggs, in:a :sense, .
look down “the avenues- of: a.’crystal
from end to end. They do more than
look; they actually measure- the inter- -
vals Detween ‘the atoms.. Mind you,
these ‘atoms are so small that billions of
them are clustered in'the sniallest visible
speck of dust. Yet .these two’ inde-
fatigable men have measured the spac-.
imgs..with such accuracy that  the error
cannot ‘be more than one ‘in"‘one’ thou-
Sand ) . Y earee -

"The stalks in a corn field have been
regularly planted in two dimensions
the . length and
breadth of the field. “Atoms in a crystal
are located in avenues that spread out
in" three directions.” This makes it pos-

sible for them to distribute themselves
in many very regular ways, -but nature
seems’ to content herself with not more
than four or five,

A STILL LIFE STUDY OF ALUMINUM AND
OXYGEN ATOMS

Iow the atoms of aluminwm- (represented by the large balls at the ‘left) and of
oxygen (the small balls) are arranged inside the crystal of a gem ruby, This, like

the diamond model - reproduced on the first
collection of crystal models prepared

age of this article, s from the-.
y Str William H. Bragg.
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AN X-RAY PHOTOGRAPH OF A CRYSTAL

This ring pattern was produced by the bending of X-rays on passing through a thin

sheet of aluminum. Frowm the relative diameters of the different yingd it 1s possible

to calculate the arrangenient and distance of separatwn of ilu: aftoms in the tiny
mmsrblc crystals of alicmintun.

Take the-diamond, for example. Each
atom has four neighbors regularly - dis-
posed “about it.”” A group is formed
which has the shape of a tetrahedron.
Why is a diamond hard? Because of
this very tetrahedron arrangement of :its
atoms. A diamond is pure carbon, So

is graphite.. Why .js g1aph1te black .and

greasy fo-“the touch and the diamoind

brilliantly transparent and hard? :Graph-
ite - atoms- are -arranged -in hexagonal
columns which split with the greatest
ease into thin leaves that slide easily on
one another. It is this slipperiness of
the ‘leaves that' makes graphite such a
good lubricant. As for the difference

between the diamond and graphite in

color-and: -brilliancy—that is due to the

bl
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internal structure of the atom itself,

Potassium chloride is a familiar
chemical compound. As its name indi-
cates, it is composed of potassium and
chlorine. The Braggs have shown that
in a crystal of potassium chloride each
potassium atom is surrounded by six
chlorine atoms and each chlorine atom
by six potassium atoms. In the ruby
the unit consists of a pair of aluminum
atoms surrounded symmetrically by
three oxygen atoms.

Napthalene is familiar to us in the
form of moth balls. Why is it so light?
Because the internal structure of the
napthalene crystal is so lace-like, so
empty.

This study of crystals is not easy.
The atoms are arranged in planes be-
hind one another