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Its a genuine UV201-A
only when it bears
the name Radiotron

and the RCA mark

WD-11, WD-12, UV-199, UV-.200, and
UV.201-A are the type names of Radio-
trons. They belong to Radiotrons only.
To be sure you are buying the genuine,
look for the name Radiotron and the
RCA mark on the base. Then you are
sure of quality.

Radio Corporation of America
New York San Francisco

REG. V. 8. :PAT. OFF:

AN RCA PRODUCT

{
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The Best in Radio Equipment

The Brandes Speaker—Type H—a simple, attractive quality homn with a smart antique

finish. Adjustable. $18.

¢ /coustics by Brandes

COUSTICS is the science of
sound. Radio acoustics is

the science of transforming elec-
trical impulsesinto audible sound
—the new and absorbing study
of real reproduction of voice
and music. And in this field
Brandes have been pioneers since

1908.

markable new speakers by
Brandes, has dawned an cpoch of
Brandes acoustics built into bet-
ter radio sets.

So, whether you buy a set and a
speaker or a sct with a self-con-
tained speaker, insist on“Acous-
tics by Brandes” and be assured of
finest tone quality and uniformly

Today, along with an era of re-

Brandes Cabinet Speaker of
mahogany in the popular broun
finish. Same tone quality and
volume as Type H Speaker. Ad-
justable. . . . . . $30.
The Superior Matched Tone
Headset to tune in with. To
listen undisturbed —and undis-
turbing. . . . . $4.50.

© Copyrighted by Brandes Products Corporation, 1925.

good reproduction.

The Brandes adjust-
able Table-Talker with
the gooseneck horn.

Brandes—experls in sy
yadio acoustics since1908 .

The new bhonograph at-
tachment—same unit as
Type H Speaker.  Adjust-
able. . . $10.

—

Prices slightly more west of the Rockies and in Canada.

All apparatus advertised in this waguzine las Leen lested and approved by PorvLar Rapio LABORATORY
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T'le Best in Radio Equipment

Again
Grebe

. | steps
Another exclusive Grebe feature: One dial can oper-
ate all three —or they can be set separately at wiil a’lCCl(l—'

4

The Synchrophase now has
Nl One, Two or Three-dial Control

LA
HE three condensers cperate from one dial—or

SIH separately at will. This first real, flexible form

i Condenser

of “unit-control” marks another milestone on the
road of Grebe leadership.

The new Synchrophase has the same Binocular
Coils which give that unusual‘‘selective sensitivity”
so universally prized; the same Straight-Line-Fre-
quency Condensers that make accurate tuning easy.

Ask your dealer to demonstrate; then compare

A. H. Grebe & Co., Inc..VanWyck Blvd., Richmond Hill, N. Y.
New York Office: Steinway Hall, 109 West 57th Street
Western Branch: 443 So. San Pedro Strect, Los Angeles, Cal.

] ™ Thiscompanyownsand operates

W stations WAHG and WBOQ:

4 g also mabile and marine low-

3 wave rebroadcasting stations.
A

\\/”@ﬂ%@b AN
\\:jm [UNU Hﬂ[’f@\ﬁﬂ,ﬁ

Y

j
b,

“Get rid of smpll wis- TRADE MARK
dom and grest wisdom
will shine upon you.”

All Grebe appa-

Chuang Tzu
ratus is covered
1t is grent wisdom to by patents grant-
; ‘act huse. B
buy the Synchrophuse ed and pendlmz.
e 1.
@rr/’__j,\

Synchrophase is also supplicd
with base for batteries el

All apparatus advertised i $has nmagasine has teen tested and approved by POPULAR RADIO LABORATORY
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PAGES wiITH THE EDITOR

Radio Corporation of America

“NO COMBINATION COULD BE MORE IDEAL THAN THE COMBINA-
TION OIF THE WIRELESS AGE WITIH POPULAR RADIO”

Iith this issue Tue WikeLess AGE, the oldest radio magasine i the United

States, is consolidated with PopCLagr

Ravio. Mr. J. Aundrew White, for ten

Years the popular editor of Tue WiReLESs AGE and kitowen to radio fans throughout

the cowntry, takes this occasion to welcome his former readers to the large and

growing army of readers of Porviar Rapio. The Editor takes pleasure in calling
upon his friend My. 11'hite for a few remarks!

The Dean’s

LTHOUGH the surroundings are unfa-

miliar, looking up {rom this page into
the eyes of old friends gives me the comfort-
able feeling of having strayed into the hearth-
side circle after being far afield for a tine.
If home is where the heart is, then I have
never gone away; for nothing is dearer in the
memories I have stored up than the many
happy years when it was my good fortune to
guide and govern feeble footsteps into radio
for a host of loyal followers of that brave little
pioneer publication, The H'ireless Age.

* * *

IT is a very casy thing to be sentimental
about old associations, and it doesn't embarrass
me a bit to say that on an occasion like this
there is no little emotion welling up within
me.

* * *

As an Editor, there were thousands among
my readers I counted as my friends. We wrote
to cach other, we met occasionally; neither,

Declamation

as often as we would have liked to; but as years
rolled by and the same familiar names kept
repeating themselves on the subscription lists
there was no resisting the feeling that we were
welded into one large but never cumbersome
family, * * *

AND now this move into a new community,
where there will be more room for the growth
of the true ideals and high purposes that served
so well in cottage days and made the mansion
possible. * * *

Goop neighbors, these PopuLar Rapio folk!
They looked like it at the beginning and they
have proved it since. A happy culmination
of the romance in radio, that is the way I
see it; the words consolidation and combina-
tion seem too cold.

* * *

PopuLar Rabio and The Wireless Age have

always had so much in common, interests and
(Continued on page 6)
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The Best in Rudio Lquipment

Heavy
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permanent resistance
capacity foil

o

TY.PE

g

lugs "_{,

Tinned r ’?\ / \
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solderin 1 et | o )
8 24 Kv .

” CA L6 OTHER
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Eyelet " Natural
for screw canvas
mounting Bakelite

What makes for efhciency
in fixed condensers?

This diagram indicates the efficient details of
construction that have made Micadons the
standard* fixed condensers of radio.

Dubilier engineers have developed these stand-
ard condensers of accurate and permanent
capacity. Micadons are known the world over
—and are used in 907 of all radio sets.

*Standard—anything recognized as correct by common
consent . . . of a high degree of excellence.—Webster

Dubilier

CONDENSER AND RADIO CORPORATION

All apparatus advertised in this magasine has been tested and approved by Port1 ar RADIO LARORATORY
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PAGES WITIH THE EDITOR
(Continued from page 4)

aims identical — I simply can't picture their
coming together in the light of anything as
stiff and formal as is suggested by the phrase,
4 merging of corporate property.  No, it may
Pe whimsical, but 1 sce that first born brain-
child wedded to the big boy next door, and
hordes of friends welcoming the new com-
munion of interest,
* * *

I 1ike the idea of these two magazines as
one.  No combination could be more ideal.
* * *

[ AM proud of the mutual respect in which
the staffs of each have held each other, and in
cevery way 1 look for the readers to come out
ahead in the newer, bigger and better maJa-
zme resulting from a fusion of interests iden-
tical in purpose but characteristically indi-
vidual,

* * *

Prrsoxarry, 1 feel more than a tinge of
regret that 1 can have no hand in fashioning
the new periodical; it is a task worthy of any
man's finest effort; but fate eased the editorial
blue pencil out of my fingers some two years
ago, and it looks that it might be for all
time, for the growing pains of infant broad-
casting allow of no digressions into the pleas-
ant paths of journalism.

* * *

So 1 shall stand aside and envy Kendall
Banning—who unquestionably will do a better
job than anyone else could, anyhhow. To him,
success.  To you, congratulations.

* * *

FFor myself, it is but a step back to the ranks
of interested readers, whence I came, just for
an occasion which seemed to call for a verbal
handshake all around,

* * *

Grap to have been with you for these few
minutes—73s for now and all time.

J. Axorew WuitE
* * *

Bur the Editor has no intention of letting
Mr. White slip off the editorial harness quite
so easily.  Since Mr. White wrote the above
he has accepted the Editor’s invitation to con-
duct the * “Broadcasts” department of this
magazmne—a  department that will give him
the opportunity of keeping our readers in-
formed of the progress of radio throughout
the world,

* * ®

So if you turn to page 294 of this issue,
you will find Mr. White’s department, written
in his own characteristic vein—and illustrated
with a portrait of the “Major” (as he is
popularly known) at the head!

* * *

Here is a letter that makes the Editor ap-
preciate the disadvantages of being confined
i an editorial sanctum in New :York: “You
may ke sure that [ am not going to miss a
single number of Popurar Rapro. It is the only
radio magazine that thinks of the reader first.

If you are in Atlanta just let me know and I
will try to show you a good time.”
—Morris  Dorsky, Atlanta, Ga.
3t * *

ON page 68 of Porurar Rapio for July
appeared some data concerning the Type C
receiver of the Standard Radio and Electric
Company. But the picture that accompanied
i, as well as the title, applied to the Stand-
ardyne receiver made by the Standard Radio
Corporation—an entirely different concern with
a name that is somewhat similar. The data
concerning the Standardyne receiver, accom-
panied by a picture of the set, appears in the
present installment of the “\What Set Shall |
Buy” series.

* * *
. To the cynics who insist that the broadcast-
mg of an event adversely affects the pad at-
tendance, the extraordinary success of the
outdoor concerts given at the Lewisohn
Stadium in New York by the Phitharmonic
Orchestra comes as both a refutation and a
rebuke,

* * *

UNTiL the first of these great concerts were
broadcast (an event that was initiated by
Porvrar Rapio on August 11, 1922), the paid
attendance at these concerts averaged between
0,000 and 7,000. As soon as the concerts were
broadcast, the attendance jumped conspicuously
—reaching the record figure of 20,000.

* * *

TuAaT is why the Philharmonic concerts
are now broadcast regularly three times a
weck through WJZ. The reason is obvious
It pays.

* * *

With this issue PoPuLar Rapio welcomes
to its subscription list the subscribers of The
Wireless  Age—whose unexpired  subscrip-
tions will be flled by this magazine.

* * *

As PoruLar Rapio costs $3.00 a year, and
as The Wireless Age cost $2.50 a year, an ad-
justment on all unexpired subscriptions to
the latier magazine will be made on a pro
rata basis. Thus, any subscriber who has a
s'x months’ unexpired term on The Wireless
Age will receive PopuLAR -Rabpio for five
issues.  And subscribers to PorurLar RADIO
who have also subscribed to The Wiréless
Age will have their subscriptions extended
prOportlonateI).* . . .

THE consolidation of these two subscrip-
tion lists gives PopULAR Rapio far and away
the largest subscripiton of any radio maga-
zine in this country, according to the last
available figures of the Audit Bureau of
Circulation.

oandall

Editor, PopuLarR Raprio

L}
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They said
it couldnt be done!

~ .
ere It 1S FREqRpN

But now - - -

Complete with huilt-in loud speaker of great volume
and superb tone quality.

Encased in - - -

As fine a heavy genuine solid mahogany cabinet as
ever graced any radio set.

At sixty dollars - - -
Not only complete with built-in loud speaker and
massive mahogany cabinet, but this wonder circuit
has been scientifically perfected and each and every
single part strengthened and co-ordinated.

For example - - -

The new Freshman Masterpiece straightline wave
length condenser with vernier attachment which
assures hair-line selectivity—permitting you to tune
in the station you want without interference over
the entire wave length range. This is merely one
exclusive feature of the

Other Models 110m
33950 to $11500

New and Improved Freshman Masterpiece

For sale at AUTHORIZED FRESHMAN dealers only

Chas freshman (o Inc. .
'Radio\ Recelvers and\. Parts .
FRESHMAN BUILDING 1

240-243 VERT 40 TH ST=NEW YORK.NY. <&
I ;i AGO OFFICE —— 327 S LA SALLE 87 e e — ]

All apparatus advertised in this magasine has been tested and approved by POPULAR RADIO LARORATORY
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T'he Best in Rudio liquipment

fdf' Life

and Death
-Service

TICy .
THE MacMILLAN ARC :
ASSOCIATION Slnce 1915'——‘
SYETYTIAN ::..:(::_.- aronar s cave Standa,rd for
ween tomangn GOD Ny all sets

A e "_-...“___',..- 00...\4: —amauim DeROI= S - Types C-301A
MONT BUILDING. SOSTON, Ma3s3 C_299 9 C-3OO

" C-11 : C-12

April 19th, 1925 i

and Blue Carton

In that white and

Mry B (g i silent Northland

230 S, Michigan Avenue,
chitago, I1linois.

My dear Gen® 2

1 have had so much success and

gham tubes in my

with its glistening
ice, driving blizzards
and endless, relent.
less cold, Cunning-
ham Radio Tubes
deliver the same ef-
ficient, well-rounded -
service that makes

i i cunnin

ong life with the
long d such favorable reports them valued so Lxe
ly in the shelter of

the American home,

and 1 have hear
e tour throughout the United

hat we should

set,

during my lectur
that I have decided U

tates, . . ’
: ip the Expedition with Cunningham receiv= . Mad’:’hllan S
e < choice
ing tubes exclusively. may well be
i11 therefore please arrange
You wi TS

per attached order,

to purchase these tubes, .
¢ shipped to the Bowdoin in time
t Wiscassel.

and have 1 .
for the tests pefore the sailing a

Sincerely yours,

CUNNINGHAM

DETECTOR - MpLIFIER

Lo 184
Home Office: 182 Second St. oCUNNINGHAM eSS A
SAN FRANCISCO j ’ SZ THlemanry
CHICAGO
NEW YORK

All apparatus advertised in this magazine has been tested and approved by PorPULAR RaDIO LABORATORY
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The Progressive Policy of PoPULAR RADIO is
Serving the Interests of Science

“PopuLaR Rapio, one of the first magasines in the broadcast

“field, has kept ebreast of the extremely rapid developmient of this

science i a manner that reflects much credit upon its cditorial
direction. The progressive policy of this magasine in giving pub-
licity to dewvelopments in the radio field <which will affect the
future of the science is particularly commendable.”

JA AP

VICE-PRESIDENT, WESTINGHOUSE
ELECTRIC & MANUFACTURING COMPANY

wWwWWwW americanradiohistorv com
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C-ourtcsy of Mr. H. P. Donlé
The Man Who First Found a Use for
Tonization in Radio

THE sodion detector tube, invented by Flarold P. Donlé, operates by
virtue of a swarm of ionized atoins which it contains. Other ionized atoms,
formed from the gases of the air, are now believed to be of great impor-
tance in the transmission of radio waves through the upper levels of the

atinosphere.

Cor= =S —— =%
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" WITH WIICH IS COMBINED “THE WIRELESS AGE”

VIII

VoLuME

SEPTEMBER, 1925

NuMBER 3

How the Air Affects Radio

Theories of the transmission of radio waves have cre-

ated much argument among radio engineers.

Contro-

versies ‘over the Heaviside Layer are still fresh in

everyone’s memory.

During the past twelve months

some new theories of great interest have been formu-
lated ; among the important factors are the atoms and
electrons of the air and the magnetic field of the earth.

By E.

[ a fish at the bottom of the sea knew
~how to build himself a radio trans-
mitter we might expect his broadcasts
to be hampered somewhat by the fact
that-above and around his apparatus
there lay a vast ocean of salty watet

through which radio waves could not

be expected to move with complete free-
dom. Indeed, we know from the experi-
ence of the man-made fishes which we
call.submarines that the ocean of water
really does hamper the progress of radio
waves. .

We forget, however, that all our or-
dinary broadcasting takes place at the
very bottom of another great ocean;
the ocean of air that surrounds the earth
and in the depths of which we live. The
radio waves with which we work do not
move in a vacuum or in pure ether.
They move in the air. “On the air”’ and
“on the ether” are used popularly as
synonymous terms. ‘‘Through the air”
and by means of the ether” would be

<. FREE

more exact, but, in any case, the air
gets into it. -

Does this air through which we must
do our broadcasting affect radio in any
way? A year ago most engineers would
probably have answered no, except as

-the upper levels of the- atmosphere be-

came involved in the supposed phenom-
ena of the Heaviside Layer.

‘Now we are far less sure. It appears
that the atoms and electrons of the air
do have some rather important effects

~ on'the propagation of radio waves. Not

only is the difference in transmission be-
tween day and night now ascribed to
effects in which these atoms play a con-
trolling part, but such things as fading,
the deviation of the apparent direction
of radio waves and other anomalies of
transmission are now believed to be af-
fected quite materially by things that
happen to the particles of the air.
The work which has led to these ideas
began with the attempt to define more

199
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exactly and surely the nature of the fa-
mous Heaviside Laver. This laver was
supposed, you remember, to consist of
a stratum of very thin air, high up
above the earth and possessed of a con-
siderable electric conductivity. It acted,
the phyvsicists thought, as a sort of
mirror for the radio waves, forcing them
to travel around the curvature of the
earth instead of moving off in straight
lines into space.

There were two theories of long-dis-
tance radio transmission. One was this
Heaviside Layer theory. The other and
opposing theory was the Gliding Wave
theory. It assumed that the waves trav-
eled along the surface of the ground in
much the same way in which the waves
of “wired radio” travel along the copper
wire that guides them. Arguments be-
tween the advocates of these two theories
were rife up until about two years ago.*

Gradually it became apparent that
both of these theories might be right.
A radio wave moving outward from a
transmitting antenna seems to be split
into at least two parts. One of these parts
moves upward into the upper levels of
the atmosphere and travels along some-
thing, perhaps a lleaviside Layer, which
exists there to provide a path for the
waves. The other part of the wave moves
outward along the surface of the ground
(or of the water) just as the Gliding
Wave theory assumed that it did.
Actual experiments carried out in Eng-
land on December 11, 1924, and repeated
on February 17, 1925, resulted in a
virtual proof of this two-path trans-
mission.{ Still more convincing evidence
was obtained by Mr. Greenleaf W.
Pickard and his collaborators in their
radio investigations during the eclipse of
the sun on January 24, 1925.1

*See the papers by Dr. Elihu Thompson, Sir Oliver
Lodge, General George O. Squier and Professor R. A,
Fessenden in POPULAR Rapio for December, 1992, and
January, March and November, 1923.

f*'Local Reflection of Wireless Waves from the Upper
A'mosphere,” by E. V. Appleton and M. A. F. Barnett,
N .uture (London), vol. 115, pages 333-334 (March 7, 1925),

1''The Effect of the Solar Eclipse of January 24, 1925, on
Radio Reception,’ by Greenleaf W. Pickard.” Read before
the Institute of Radio Engineers, New York City, April 1,
1925. To be published in the Proceedings of that Institute.
See also the summary note in PopuLaR RApIO for July
1925, pages 85-86.

POPULAR RADIO

This idea of two waves helped greatly
in explaining some of the phenomena of
fading and of daytime absorption but it
still left us essentially without an under-
standing of what actually happened to
the upper wave—the one in the supposed
Heaviside Laver—or of why the two
waves split off from ‘each other and
sought their different paths through
space. It is in attacking these problems
that we come to the effects of the atoms
and electrons in the air.

As long ago as 1912 the distinguished
English physicist and radio expert, Dr.
W. H. Eccles, had suggested that the
conductivity of the Heaviside Layer
might be caused by “ions” in the upper
air. An ion is a particle of matter which
carries an electric charge. Most atoms
are electrically neutral. But once in a
while an atom may pick up an extra
electron or may lose one of its own elec-
trons. This gives it a charge; negative
in one case, positive in the other. It
becomes a negative or a positive 7on.

Many of these charged ions might
exist, Dr. Eccles thought, in the upper
part of our atmosphere. Being charged,
they might serve to carry electric cur-
rents, just as do the similar ions which
exist in the solutions used in storage
batteries. Thus the Heaviside Layer
would be rendered conducting and would
have the property of reflecting radio
waves. This ionic idea lay, rather vague-
ly, at the bottom of most of the reasoning
about the Heaviside Layer.

On October 27, 1924, Sir Joseph
Larmor, one of England’s greatest math-
ematical physicists, read before the Cam-
bridge Philosophical Society an import-
ant contribution to radio theory. He
took this vague idea of ions in the upper
air and gave it precise and definite
meaning. He showed just how these ions
would react on the waves and how they
could produce the bendings and absorp-
tions of the waves which we know to
occur.*

*Larmor's paper was published, in abstract, in Nature
(London), vol. 114, pages 650—651 (November 1, 1924) and
in full in the Philosophical Magazine (London), vol. 48,
pages 1025-1036 (December, 1924).
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HOW

THIE AR AFFECTS

RADIO 201

Rrown Brothers

A GOOD DETECTOR OFF AIR TONS

The fanuliar gold leaf electroscope will serve very well to detect tonization wn the air. The
thin gold leaf, just visible to the left of the downward projection inside the glass case, stands

out from the projection becanse 1t is repelled by the electric charge.

In toiiged air the tons

rapidly carry this charge away, so that the gold leaf fulls against the projection.

To sce just why these ideas of 1ons
are so important for radio theorv we
must examine a little more closely the
nature of the air. At the surface of the
carth-—that is, on the bottom of the air
ocean—the air has a pressure of about
fourteen and one-half pounds on cach
square inch of surface.

A cubic foot of air weighs a little over
one ounce. Approximatelv eighty per
cent of this air, by volume, consists of

nmtrogen gas; approximately twentv per
cent 1s oxygen gas. There are very small
amounts of other gases; argon, carbon
dioxide, hvdrogen, helium, neon and
others. The atoms of all these gases are
relativelv free. Thev move about rap-
idly in a vast cloud, like a swarm of
bees.

As one goes up above the surface of
the earth the air becomes thinner and
thinner. At a height of seven miles,

wwWwW americanradiohistorv com
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which is approximately the record for a
man in an airplane, the pressure and
density of the air are only about one-
fourth of their values on the surface of
the earth. At fifteen to twenty miles,
which heights have been explored to
some slight extent by means of recording
mmstruments sent up on balloons, the
density of the air is less than a twentieth
of its value at the surface. At a height
of fifty miles there is prcbably only
about one one-hundred-thousandth as
much air as we are accustomed to. But
even up as high as three hundred miles,
and possibly even higher, there are still
a few scattered atoms of the wvarious
gases,

To get an idea of how the air affects
radio we must think of it as a vast as-
semblage of individual atoms. Let us
make use once more of the idea of
enlargement  which is so  convenient

Browa Browners

POPULAR RADIO

in thinking about atomic dimensions.

Imagine a cubic inch of air, cut out
of the atmosphere somehow and con-
tained in a small glass box. Imagine, now,
that some obliging magician enlarges
this small block of air for you, atoms
and all, until it is a hundred million
times as large as in its normal state.
The glass box holding the air will now
be a little more than fifteen hundred
miles square. Set down on the United
States it would reach from New York to
Denver and from the Canadian bound-
ary to the southern tip of Texas. Of
course, it would reach up into the sky
the same distance of fifteen hundred
miles.

Now suppose you investigate the in-
terior of this swollen cubic inch of air.
If your eyes are quick enough you will
sce the rapidly moving atoms of nitrogen
and oxyvgen and other gases in the air.

HOW IONS STOP WAVES .
If a water wave entered this mass of floating logs, each log would be swung up and down by

the wave.
energv of the wave.

The logs would rub together and thus use up energy..
Just so, the swinging ions in the air may hit together and use up the

This would absorb the

energy of the radio waves, as is described in this article.
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Weatinghouse

TWO ANTENNAS FOR TESTS OF WAVE TRANSMISSION
Work with this short-wave experimental station of KDKA, near Pittsburgh, is reported to
have led already to significant new data concerning the effect of atmospheric conditions on

waves of different wavelengths.
anfenna.

Fach of these atoms consists, you re-
member, of a few clectrons revolving
around a central nuceleus, much as the
plancts  of our solar svstem  revolve
around the sun. On the scale of enlarge-
ment which we have adopted cach of
these solar-system groups constituting
an oxvgen atom will be about one inch
across. Lach nitrogen atom will be a
trifle larger.

All these atomic systems will be flyving
about inside the glass box very rapidly
indeed. They collide with cach other
every moment. Others collide with the
glass walls of the container that holds
them. On the average, in our enlarged
model of a cubic inch of air, the atoms
will be about twenty-three feet apart.
‘ach one will collide with another one
many times a sccond. The average
distance of travel of an atom between

The horisontal cages on the tops of the masts constilile one
The other one is the vertical rod wisible just beyond the house.

collisions will be about thirtv-three feet.

The number of atoms 1n even so small
a bit of air 1s a'most incomprehensible.
In ordinary air some of the atoms are
attached to each other, two by two, to
form what chemists call molecules.
[gnoring this, and counting each such
molecule only as a single atom. the
number of individual particles 11 one
cubic inch of ordinary air is expressed by
the figure 440,000,000,000,000,000,000.

Imagine all of the atoms in our en-
larged cubic inch of air piled up on the
ground, like billiard balls. Thev would
cover the whole United States to a
depth of nearly three hundred feet.
Even if the atoms were only as large as
peas, there would be enough of them to
cover our country up to the chin of a
moderately tall man.

All this applies to a cubic inch of air at
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the earth’s surface. As one goes  up
higher and higher in the atmosphere the
atoms remain individually of the same
size but the number of them in a cubic
mnch decreases greatly. At a height of
fifty miles, which is about where the
chiel radio phenomena probably occur,
the number of atoms (or molecules) in a
cubic mnch is probably about 1,000,000 -
000,000,000; still a verv large number
but vastly less than are present in one
cubic inch of air near the ground. On the
same scale of enlargement which we have
been using, the one-inch atoms of this
upper air would he. on the average,

A drawing made for PopuULak Rablio by Arthur Merrick

POPULAR RADIO

about two thousand fect apart instead of
twenty-three feet apart. At higher levels
the atoms would be scarcer still.

But our interest is not so much in the
ordinary air atoms as it is in the few of
them which are clectrically charged or
“1onized.” Sir Joseph Larmor estimated
that at a height of fifty miles there might
be one charged atom—one “ion”’—for
each 100,000,000,000,000 neutral atoms.
There are also a few free electrons,
electrons that are flying about by them-
selves without being attached to atoms
at all.

It 1s these charged ions and frec elec-

ONE WAY TO CONVERT AN ATOM INTO AN ION
Thas diagram shows how a speeding electron may hit an atom of carbon and knock out one of

the atomic electrous.
ke an ton.

This atom, then, minus one of its full complement of electrons, will
It will have a positive charge, the charge on the atomic nucleus being no longer

neulralized in full by the outer e'ectrons.
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THIE AR AFEFFECTS RADIO

SHHOOTING STARS TELL MUCH ABOUT THE UPPER AIR

This picture shows the track of a shooting star that happened to cross the field of the telescope

while a stur ficld was being photographed.

Shooting stars are small solid bodies that en-
counter the carth and are heated by friction with the air.

Obsercations of them have proved

that there 1s stifl sonie air as high as three hundred miles above the earth.

(rons which effect the radio waves.

A radio wave represents clectric and
magnetic force. If it hits against a
charged particle, such as an ion or an
electron, the wave tends to make the
particle move. A single ion or a single
clectron is swung backward and forward
by the wave in exact time with the fre-
quencey of the wave.

A five-hundred meter wave, for ex-
ample, has a frequency of 600 kiloeycles,
which means 000,000 alternations of
force each sccond. Such a wave will
swing an ion back and forth 600,000
times a sccond. It is much as though a
water wave on the occan came along and
swung a floating stick upward and
downward in time with the successive
crests and troughs of the wave. -

But the important thing about this is
that the swing of the ion in time with the

wave mav have a reaction on the wave
itself. To lift and drop the floating stick
on the occan mayv absorb some cnergy.
That mav take awayv a little of the
energy of the water wave.  Similarly, if
the ions or clectrons in the air absorb
some of the energy of the radio wave
that may slow up the wave or deplete its
energy.

There is at least one way in which this
reallv does happen when radio waves
traverse the air. This is by collision of
the swinging ions with other ions or with
ordinary uncharged atoms. Such colli-
sions absorb energyv. The energy must
come from the thing which started the
swings, namely from the radio wave. In
the lower part of the air the atoms are
very close together. An ion, swinging in
tesponse to a passing radio wave, is
practically sure to hit many other atoms
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during even a single back-and-forth
swing. That is why the absorption of
energy from radio waves is so great in the
lower part of the atmosphere. The wave
1S wasting its energy in bumping the
swinging ions against the neutral atoms
of the air.

In the upper part of the air the ions
and atoms are much farther apart. When
the ions swing in response to a passing
wave they have a much lesser chance of
hitting something and losing energy.
Accordingly the loss of wave strength by
such ionic absorption is much less. At a
high enough level it is virtually zero.

This matter of energy absorption is
but one of the effects of air particles on
the wave. In the higher parts of the
atmosphere, where the Heaviside Layer
is supposed to be, free electrons are sup-
posed to be even more effective than the
ions. These electrons may actually assist
the passage of the wave. They can make
it move faster. That is one reason why
the wave 1s bent around to follow the
curvature of the earth.

Other effects of the swinging ions and
clectrons are due to the reaction between
the particles and the magnetic field of
the earth. Like all moving electric
charges, an electron which is set swing-
ing by a radio wave will be affected by
any magnetic field. It is swinging in just
such a field, the field due to the earth’s
magnetism. Two American physicists,

POPULAR RADIO

Drs. H. W. Nichols and J. C. Schelleng,
have calculated some of the effects of
this terrestrial magnetic field on the
vibrating electrons of the upper air and,
through them, on the propagation of
radio waves.* It appears that the effects
arc considerable; amounting, on certain
probable assumptions, to a sufficient
cause of fading, as well as an explanation
of some of the mysterious alterations of
direction which radio waves so frequently
exhibit when they have travelled con-
siderable distances. There is a proba-
bility, also, that a magnetic cffect is the
chief factor in dividing the original wave
into the two or more parts which follow
different paths.

Further complexities are introduced
by the fact that both the magnetic field
of the earth and the number of ions in a
cubic inch of air may vary from hour to
hour. For example, sunlight increases the
number of ions. That is probably why
radio transmission is better at night than
in the daytime. When these new ideas of
the reactions between radio waves and
the charged particles in the air shall have
been worked out in detail we will be able
it is already evident, to understand the
day-by-day vagaries of radio much more
completely than ever before.

*This work will be described in detail by Drs. Nichols
and Schelleng in an article in an early issue of PoruULAR
Rapio. The mathematical theory has been set forth in
“Propagation of Electric Waves Over the Earth,” by

Nichols and Schelleng. Bell System Technical Journal (New
York), vol. 4, pages 215-234 (April, 1925).

The Effect of Earth Magnetism
on Radio Waves

[T is now believed that the magnetic field of the earth—the same
Jield which keeps the magnetic compass pointing toward the North—
has marked effects on the ions and electrons of the air, and through

them on the propagation of radio waves.

This theory has been worked

out by Dr. I. W. Nichols and Dr. J. C. Schelleng, who will themselves
describe their conclusions in an important article in the next issue of
PorurLar Rabpio.
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THE MOBILE RECEIVING SET USED IN THE TESTS
In order to determine the electromagnetic field strength at warious pluces around a

city, measurcments are taken in small areas.
of the city which will show approximately

This data 1s then ploited on a map

where the good locations for transnitiing

and recelving are.

HOW RADIO DEAD-SPOTS ARE FOUND BY

A Wandering Broadcasting Station

Recent tests that are of great value to the radio fan in improving reception
in places where receiving is difficult or at some seasons almost impossible.

By .

APID fading of radio signals, differ-

ences in day and night transmission
and geographical distribution, are peculi-
arities of radio transmission known to
almost every enthusiast.

“Just how are radio waves distributed
about a hroadcasting station” is often a
topic of discussion among the radio fans.

All of these questions are receiving
effective answers through extensive ether
surveys.*

the engineers of the American
Company and the Bell

* Carried on by
Telephone and Telegraph
Telephone Laboratories.

O. PERRINE

IFor the past three vears radio trans-
mission and distribution measurements
have been made in three ficlds, trans-
oceanic, ship-to-shore and broadcasting.

In Porurar Rapio of March, 1924
the diurnal and seasonal variations of
signal intensity and noise revealed by
transatlantic tests were reported.  The
present article is concerned with the dis-
tribution over city districts of radio
waves from broadcasting stations.

All of the work of radio transmission
measurement has been made possible by
the design of practical and portable ap-
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paratus by imeans of which the intensity
of received signals can be accurately
measured.  The receiving set is pro-
vided with a carefully shiclded local os-
cillator associated with the loop antenna,
through a calibrated potentiometer. This
system makes it possible to compare the
received antenna current with similar
current from the local oscillator and by
calculation  obtain  the value of field
strength in microvolts per meter; field
strength being  a measure  of  signal
power. The comparisons  are made
through the agency of a micro ammeter
at the output of the receiving set, and
by this method the human ecar is en-
tirely climinated in the actual recording
of data.

Using this specially designed receiving

sct, mounted in an automobile, it was
possible to take measurements for many
points in all directions and at distances
varying from a few blocks to about 50
miles in the territory surrounding Sta-
tion 2XY, 24 Walker St., New York
City, and Station WCAP, 725 13th St.,
N. W., Washington, D. C. The points
at which the field strength was the same
were spotted on a map or airplane pic-
ture and connected by a line; “signal
contour lines” they might he called.
The size and location of dead spots,
indicated in the accompanying chart by
the closed curves, and the manner in
which field strengths decrease in differ-
ent directions, were disclosed.  In regions
where the contour lines are close to-
gether, the signal intensity is decreasing
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HOW THE RADIO FIELD STRENGTH AROUXND WASHINGTON IS PICTURED

The distortion is less marked around the transmitting station than in New Y{)rk.

The effect of Chesapeake Bay to the north and south is noticeable. At locations

five miles away from station 1WCAP, a difference of one mile makes a difference

of two units of field strength. At places 50 miles away, a difference of five miles
makes a difference in field strength of only one unit.
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THE “GYPSY” STATTON 2XDIE

This picture shows the truck that carries the d00-watt fransnuticr. Alonnxside 1t s
the portuble antenna from which test stgnals are scnt that fell the engtieers al the
receiving end the quality of the location for transmiliog,

rapidly with the increased distance. .\n
inspection of the accompanying chart
will also show that at distances close to
the broadcasting station one may expect
signal intensity to decrease much more
rapidly with distance than at great dis-
tances away. In this way, the chaotic
array of qualitative impressions about
radio wave distribution have Dbeen re-
placed Dby actual quantitative measure-
ments.

Aside from the general intercst de-
rived from an examination of the curves,
they also make possible some analysis of
radio transmission problems.

If the surface of the earth were flat
and of uniform electrical characteristics,
the decrease in signal intensity, due to
the spreading out of the waves and the
absorption of the waves by the earth

and the atmosphere, might he expressed
in simple mathematical form. The many
widely varving factors revealed Ty the
great irregularity of the contour Tines
make it appear that a transmission for-
mula cannot be readily set up to properly
account  for all of them. fowever,
through charts and data presented in this
article the reader can obtain a good pic-
ture of how water, dry land, Tills, val-
leys and  steel  buildings affect  radio
transmission and gain insight into the
allowances which radio engineers must
make in their problems.  The work of

Messrs. Bown and Gillett here being re-
ported disclosed  the following  salient
points:

First: The radio attenuation over different

kinds of earth surface vary widely. It is low
for sca water and for flat, moist ground. lor
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THE INTERIOR OF THE TRUCK
On the right, hanging from the side of the truck, are the wires and quys for the

antenna, and belowe them is the collapsible antenna mast.

On the left is the radio-

telephone transmitter, the generator and the control panels.

dry ground the attenuation is relatively much
greater. In the case of closely built cities
filled with steel buildings, the jocal attenua-
tion may be enormous,

Sccond:  Sudden changes in land elevation
and large masses of conducting material cast
racio shadows which may be very heavy in
exXtreme  cases,

Third: Shadows cause local dead spots; but
usually within a relatively short distance be-
vond the shadow is wiped out by refraction
or diffraction,

It can be appropriately pointed out at
this point that in the results enumerated
above, the diminution of signal intensity
results almost entirelv by obstructions of

various sorts on the surface of the earth
and not from changes in atmospheric con-
dition. A fraction of the radiated erergy
is subtracted from the outgoing waves on
account of the variable character of the
carth’s surface. This energy is trans-
formed into heat and therefore is lost
to radio uses. Hence the topographical
character of the earth’s surface. together
with the presence of man-made build-
ings. are the main factors concerned.
Differences in day and night transmis-
sion are not outstanding for a resident
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or ncar-resident of New York City;
actnal geographical location is a point
of more importance.

Ship-to-shore tests have shown  that
the absorbing effect of sca water re-
mains quite constant.  The great differ-
ences experienced in this case are due to
wide differences in atmospheric absorp-
tion during the day and night.  On some
occasions it requires 10,000 times more
power to “get through” as well during
the worst day as during the best night.

1f the decrease in signal power re-
sulted only from the fact that the waves
spread out in continuously enlarging
hemispheres with no absorption effects
operative, then “the inversely  as the
square of the distance law™ would ap-
ply.  Records show that during the Dhest
night conditions the signal power on
some occasions seems to follow the in-
verse square law.  Provided no directive
effects were present, this might be inter-
preted as meaning that on these occa-
sions hoth the water surface and the
atmosphere were non-absorbing.

It was carly recognized that the best
and most comprehensive understanding
of radio wave distribution, as far as
broadeasting is concerned, would be ob-
tained by making the transmitting station
portable as well as the receiving station.
Consequently  telephone  engineers have
desiencd a traveling transmitting station.
This has been constructed by the West-
ern lilectric Company. using a White
truck as the conveyor.  The truck is of
a special type nsed extensively in tele-
phone work for pulling cables through
underground  conduits and  through the
long chains of supporting rings used for
acrial cable suspension,

e mobile transmitter is rated at 500
walts output and cemploys vacunm tubes
using a plate potential of 1.500 volts.

One of the accompanying photographs
shows the interior of the truck with the
panels of the transmitting set, and on
the left hand the receiving set.  Gov-
ernment regulations require that every
coastal transmitting station be equipped
for listening on 600 meters, the wave-
length at which ship distress signals are

generally sent out. In operating this
portable transmitting station, it is cus-
tomary to listen continuously on 600
meters, since the messages from the
truck are sent out on another wave-
length.

This traveling transmitting station is

known as 2XBI and undoubtedly many
of the radio audience in the past have
heard these call letters on the air. If =0,
they will understand that telephone engi-
neers are on the job seeking to achieve
their objective; to eliminate dead spots
and to enable cach individual in the radio
audience to receive broadcast programs
under the Dbest possible conditions of
clearness and loudness.

It is thinkable that to obtain a more
complete picture of radio transmission.
signal intensity measurements might be
taken in more than one plane. In addi-
tion to obtaining contour lines for the
earth’s surface. lines in planes parallel
and perpendicular thereto might give
valuable information. Tn this study the
airplane and dirigible might be effectively
used. By having a great airship circle
over a broadcasting station at varying
heights and distances, additional experi-
mental data of great importance would
perhaps be made available.  If measure-
ments for high altitudes were thus ob-
tained, one might he better able to dis-
cuss the existence of the so-called Heavi-
side layer, that clectrically  conducting
sheet of rarcfied air supposed to exist
above the earth’s surface.

How to Eliminate the “B” Battery

In a near future issue of Porurar Rapio will appear a
listeners,

of widespread walue to broadcast

constructional article

that represents the latest product

of the Torurar Rapio LLABORATORY.
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THE OPERATOR SHOULD KNOW WHAT EACH ADJUSTMENT MEANS

Hoten tuning a niore complicated ixpe of receiver, it is essential thal the operator

knowes what happens with

cach adjustment and just wohat cach one is for; other-

wise e cannot obiain the best resilts.

When You Turn Your Dials

Few broadcast listeners actually know what is going

on inside their radio receivers when they *‘twist the

knobs.™  This article tells them just what happens.

An understanding of these details will help you to
tune in!

By TACQUES AVON

IT ts once thing idly 1o turn a knob

on a receiving set and another
thing to tune a receiving set in a prac-
tical, scientitic manner,

To some radio fans “knohs™ are simply
wheels to be turned when one wishes (o
listen to a broadeasting station, and they
depend Targely upon the *Be-Gosh-and-
Be-Gad™ principle of bringing about the
desired  results.

A tuning knoly is more than a mere
handle. Tt is a key with which we are
cnabled to open up the doors of the
wavelength channels which we may want
to use.  Some fans think that the num-
bers on a dial are placed there to aid
their memory.  Perhaps they are—but
this is not the only function they have.

Before we can hope to tune a radio set
the way it should he tuned, it is neces-

sary to understand thoroughly what hap-
pens when we do turn a knob. \We must
know what is going on behind the
scenes.  Secondly  we must know that
the knobs are set upon their shafts in
such a way that we are informed of the
exact position of the instruments (to
which they are attached) when a par-
ticular portion of the scale is reached.

The first device to consider is, perhaps,
the variable condenser, as this is by far
the simplest.

Most of us know that a variable con-
denser is at maximum capacity when all
of its plates are interleaved, when the
movable plates are entirely sandwiched
between the stationary plates.  When
setting the knob initially on the shaft,
the condenser should he brought to
maximum capacity as just described.

212
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50

THE DIAL SETTING OF A CONDENSER

Ficure 1: The dial and the condenser (at the
left of the above diagram) showr the relation
hetween a dial setting of 50 and the position
of the rotor plates of a variable condenser. In
this position they are half-way meshed. At the
right the corresponding setting of the rotor
plates is shown as fully meshed with a diadl
setting of 100.

Then the dial is moved to a point where
the 100 mark will be directly opposite
the adjusting line marked on the panel.
As the knobh is turned away from this
position down the scale until 50 is
reached the condenser plates will be half-
way interleaved. DBut, of course, this
does not mean that the condenser is al
exactly half capacity. This will depend
upon the capacity curve of the particular
condenser used. However, if a curve ix
supplied with the condenser (and some
manufacturers are willing to do this) the
dial attached to the knob can be cali-
Drated so as to give an accurate indica-
tion of the capacity of the condeuser, in
micro-microfarads, at any point.

The radio fan, who wants to create a
professional appearance while he is work-
ing over his sct in the presence of
friends. should never he seen turning his
dials around onto the unmarked portion
of the dial beyond the 100 mark.

This is ridiculous from the standpoint
of the radio expert. \When we reach the
unmarked edge of the dial we are going
through the same cycle of operations that
we go through on the marked half, save
that in the latter case we have little or
no notion as to the relative positions of
the plates of the condenser at any par-
ticular setting of the dial. As a con-
denser can be brought from maximum to

213

MAXIMUM INDUCTANCE

T T T T D

A

Fioure 2A: The two colls of the variometer
when turned at 100 on the dial have a mavi-
e inductance.

INDUCTANCE AT HALF VALUE

8

Ficure 2B: Il'len the rotating coil is at right
angles at a corresponding dial setting of 50, the
inductance is a medinm value.

MINIMUM INDUCTANCE

Y

.
! o

Se—y

J

Ficure 2C: IWhen the dial seiting is at zero,
the two coils oppose each other and the -
diuctance Is a nunuonun,
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L d )

A VARIOMETER

Car the left) the corresponding settings for the

cartonictor as showon or Flawrcs 2B and 2 A respectively,

THE DINL SETTING OF
Frovke 30 This diagram shotes
minimum - capacity within the marked

space of the diall it is wimecessary 10 go
Letween the O and 100 limits on the un
marked portion of the dial.

The sccond mstrument of Hportance,
that 1~ usually controlled by a kool and
dial, i~ the

Here we are confronted with a prob-

Varionieter,

len essentialy different from that of the

condenser, for we are controlling  (he

second propertv of an clectric cireuit,
mdnctance.

Ot course, controlled ]))'
mstruments,  hut  the
variometer is one of the most important,

Inductance s,
several  different
for the adjustment obtained by means
of this nstrument is continuously vari-
able.

The operation of the variometer will
be Detter understood ]))’
Figure 2. I we have two coils of wire
wound in the
mductance will he obtained  when they
are placed 1 inductive relation in the

reference to

same  direction maxinium

however, one
has
passed throngh 180 degrees correspond-
ing to the 100 mark on the dial, two
colls will present little or no inductance,
providing they are close enough to each
other to bring about an inductive rela-
tiouship.  Any  position between  these
two will result in placing a
certaim amonnt of inductance in the cir-
cuit.

Unlike some of the other instruments
used in radio, the variometer may be ro-
tated 1 with the re-
sult that the same increase or decrease in
mductive relationship between the coils

position shown at A, I,

0

until it

conlas rotated  on o ms axis

eXTrenes

cither  direction

15 obtianed.

From the diagrant it will be seen that
what we actually do when we rotate one
of the coils through 180 degrees is to
change the direction of the current low-
mg through it.  Hence, if there is ex-
actly the same amount of wire in each

coll—the stationary and the movable one

THE DIAL SETTING OF A VARIOCOUPLER

FIGUrRe 4: At the left, corresponding to a dial setting of zero, the secondary coil
(or tickler) is at right anales to the primary coil that gives minimum coupltflg.
At the right is shown a dial setting of 100 with both coils in inductive relation

whereby naxinuan coupling is obtained.

This is irue only of the 180 degree

vartocoupler.
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THE DIAL SETTING IN RELATION TO THE 90 DEGRER
VARIOCOUPLER

Frovee 5

zeror this gives mininuem coupling betwecen the tico cotls, T s type of

coupling the maxinnon Diductize relation

At the left is shown the position of the rotor for a dial setions of

is obtainecd wohen the dial (s set at S0,

If it weere revolved to 100 the mininon couplng wonld be again obtained.

~the two cotls will theoretically repre-
sent no inductance when they are entire-
Iy opposed to each other,* while their
inductances will he added when the cur-
rent i1s flowing throngh them in the same
direction.,  To set the dial properly, we
first turn the variometer to a position
of maximum inductance.  This can he
determined by tracing the coil connee-
tions through to see that the current is
flowing in one direction.  Otherwise one
will have to guess which position to set
the dial in. When this point s reached,
the dial is pnt on the shaft so that its
100 degree mark will he at the line on
the panel. With this arrangement a 30

“Actually there will he some slight inductance left.
as the coupling never is close cnough to produce
zeto inductance.

STATION |CONDENSER |VARIOME TER|CONDENSER
WDBX /5 /9 33
WFBIH 26 32 42
KOKA 33 4/ 48
wAaKG 34 43 49
wbz 37 46 5/
WHN 42 52 55
214 45 56 58
WoRr 49 6/ 6/
wJz 57 67 70
WERF 62 72 77
WNYC é7 76 84
Ksp 69 78 87

A GOOD TYPE OF TUNING 1.OG FOR
EVERY SET-OWNER TO KEEP
Froure 61 This table shows a sample log for
making a record of the settings of the in-
struments for given stations so that they may
be readily  found again.

~etting of the dial will represent approxi-
mately 30 percent of the total inductance
of the coils,

The 180-cegree coupler operates in a
fashion similar to that oi the ordinary
variocoupler. That is. minimum coupling
will be obtained when the coils are at
right angles to each other. We can
understand  this  relationship  when we
recall that we get maximum magnetic-
coupling hetween two coils carrying elec-
tric currents when their axes are in line
with cach other. If we place them at
right angles to each other the coupling
is reduced to a minimum because their
electromagnetic fields are at right angles.
When the 180-degrce variocoupler 13
bronght to the position indicated in Fig-
ure 4, the chial 15 set at zero degrees indi-
cating minimum coupling.  From this
point there will he a gradual increase in
coupling to a maximum as the dial is
slowly turned to 100.

The next instrument of importance.
that is controlled by the motion of a
dial, is the tyvpe of variocoupler illus-
trated in [Fignre 5.

[Tere we have an ordinarv coil of wire
with a rotatable member that carries an-
other coil arranged near it.  This vario-
coupler, although mechanically different
from the variocoupler previously de-
scribed, is closely related to it and oper-
ates on the same principle. However,
the rotor operates through an angle of
only 90 degrees if it is provided with
a stop (which it should be, for therc
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CONDENSER SETTING
A SAMPLE TUNING CURVE FOR A RECEIVER

Fiaure 7
cnable the setting of the tuning dial for any given wavelength., For instance, the
sctting for the weavelength of 330 weters, which is shown at the left-hand wvertical

scale, would correspond to 50 on the condenser dial,

This charl shows how a single-control receiver might be charted to

A wavelength of 450 meters

would correspond 1o a dial setting of approximately 70. A glanee at this chart
will reveal the wethod employed.

is no practical reason why it should be
allowed to turn in a complete circle).

When the rotor is in such position
that its sides are horizontal there is maxi-
mum inductive coupling hetween it and
the primary coil.  With this data avail-
able the fan should have no trouble in
setting his dial in such a way as to have
an approximate idea of the coupling in
the circuit when the dial is at any one
particular position. The only difference
between these two types is that the first
type takes one-half revolution of the
dial to go from minimum to maximum
coupling while the latter type takes only
one-quarter revolution.

The matter of knobs, for rheostats, is

also important.  Too many radio fans
have the mistaken idea that no vacuum
tube is operating at maximum efficiency
unless the filament is at fulls brightness.
Some cf them seem to think that a
vacuum tube is an electric light. This
idea leads to distorted reception, general
circuit troubles and a heavy drain on
the pocketbook for “A” and “B” bat-
teries and for burned out vacuum tubes.
Nor should one attempt to regulate the
current passing through the vacuum tube
by depending upon the brightness of the
filament as an indication. Visual indi-
cations of this nature cannot be relied
upon, nor can one return to that particu-
lar position on the rheostat where best

wWwWWwW americanradiohistorv com
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WHEN YOU TURN YOUR DIALS

results are obtained by merely trying to
bring the filament to a certain point of
incandescence. It is much better to use
a small ammeter which will tell how
much current the filaments are passing,
or a voltmeter which will tell the proper
voltage across the filaments.

With so many broadcasting stations
in operation, it is difficult to remember
the tuning dial settings for each one
unless one has an exceptionally good
memory. Of course, it is possible to
make up a chart like the one shown
in Figure 6. Reference to this chart
any moment will show just where
the station can be found on the tuning
apparatus dials. This saves time and
trouble, and if the condensers have
verniers such an approximate setting will

217

nearly always bring the desired results.

One exceptionally clever method of
tuning 1s that which uses a curve similar
to that shown in Figure 7. This result
can be obtamed by so arranging the con-
stants of the coils and capacities that
the two tuning condensers have the same
setting  for any particular wavelength.
Of  course, the condensers could he
mounted on the same shaft with a single
knob, which would bring about the same
results. [t will be seen, however, that
it would Dbe practically impossible to
bring about this result unless both the
condensers  were working in unison in
this fashion. [t will e a simple matter
to use this type of chart with some of
the simplified single-control  sets  that
are now coming into general use,

RADIO PLAYS A PART IN A BALLOON RACLE

When these two aecronauts set forth from St. Joseph, Mo., on May 1 in the Arimy
balloon S-14, they carried radio veceiving sets with them—Ilargely in order to obtain
advance information about weather conditions.
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International

CETTERFE

i

General Electric

" Jhe MEN WHO

9th Installment

The Scientist

Who Added

a “C” Battery

to the Receiving Circuit

NE of the men responsible for the radio
successes of the United States Navy was
Fritz LowensTteIN, He studied, especially, the
effects of controlling the grid potential by a
hiasing wvoltage. One of his inventions is ihat
of adding a “C” battery to the recelving circutt,

s
L4

An Authority
on the Radio
Control

of Machinery

JOIIN Havs Hanmaonp, Jr., son of the dis-
tinguished engineer of the same name, has
devoted his active life to radio experimenta-
tion. In his private laboratory at Gloucester,
Mass., he perfected, before the war, devices
Tor the control of unmanned ships, torpedoes
and other craft by radio signals. Mr. Ham-
mond is the inventor, also, of the system of
preventing  radio interference by mieans of
double modulation—a system now in use by
the Radio Corporation of America. :

¢

The Inventor
of the
Langmuir
Vacuum Pump

DR. IrviNG LANGMUIR, distinguished physicist
and research worker in the Schenectady
laboratories of the General Electric Company,
is known in radio for his work on the space
charge inside vacuum tubes and for his per-
fection of the thoriated filament, which filament
has @ much greater clectron emission than
can be obtained with ordinary tungsten wire.
Dr. Langwmuir is also the inventor of the Lang-
muir mercury-vapor pump, a device for attain-
ing very high degrees of vacuwm in vacuum
tubes or other apparatus.

218
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The Creator
of the Grimes
Inverse Duplex
System

DAVID GriMES is the inwventor of the “in-
verse” method of ecmploving the reflex
principle, of which the well-known “Grimes
mmwerse duplex” circuit is an tllustration. By
this principle the one of a succession of am-
plifier tubes which has the smallest radio-fre-
quency load is made to carry the largest audio-
frequency load, thus equalizing the work of
the tubes.

The First
Scientist to
Send Pictures

by Radio

N inventive circles C. Francis JENKINS is

Eunown as the man who perfected the first
adequate motion-picture projector as well as
many other inventions. Turning his attention
to radio, Mr. Jenkins devised the first suc-
cessful apparatus for transmitting pictures by
radio. Tle is now at work on the problem of
the radio transmission of motion pictures, @
step toward radiovision.

T'he Inventor
of the
Reinartz
Receiver

oniN L. REINARTZ is onc of the best known

of American radio amateurs. is modi-
fication of the fundamental Hartley circuit has
been built and used by thousands of amateurs.
This “Reinarts receiver” s now proving cs-
pecially successful in work with the new short
waves, below one hundred meters in wave-
length. My, Reinarts is now with the Mac-
Millan cxpedition in the clretic.

From a photograph made for PoruLar Rabio

Underwood & Underwood

219
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FOR DETERMINING THE CAPACITY OF AN ANTENNA
Ficure Vo This chart of curces shows the wvariation of capacity in an antenng with
the wariation of witenna height and length.  The uneven portion of the curves
of the 100 foot to 300 foot antenna is due to the capacity of the lead-in wire.
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FOR DETERMINING THE LEAD-IN CAPACITY

FiGure 2: The variation in capacity for straight vertical lead-in wires of wvarying
heights is illustrated on this chart.
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Useful Charts for Amateurs

Authoritative information tables for the guid-
ance of experimenters who design or build radio
recerving sets

By LITSUT. C. CoTODD, JR, U. SO N,

S a rule. most amateurs get their
hook-ups from friends, or from
popular literature on the subject. This
information, while good, is as a rule in-
complete as far as the individual is

.concerned, and there are generally a

number of points left i doubt when

the amateur attempts to apply the -
formation to his particular needs.
The curves accompanying this article
have been prepared to furnish the in-
formation necessary to amateurs in
building radio sets, and at the same time
to present this mformation in the

—— T
T IR

e

Fafid

FOR DETERMINING TOTAL ANTENNA CIRCUIT CAPACITY

Ficure 3:
when using condensers of different sizes.

This chart shows the average capacity for the combined antenna circuit
The values are given for the mid position

of each of the condensers.
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S
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simplest and most convenient form for
amateur use.

The curves are hased on formulas to
be found in the circular of the Burcau
of Standards, Number 74 (1ssue  of
March, 1918) and on a formula for the
mductance of coils which was developed
by Dr. L. A. Hazeltine, of Stevens In-
stitute.  The curves are not intended to
furnish exact data, but will Turnish in-
formation  far superior 1o “guesses,”
and they will eliminate a large amount
of experimental work on the part of
lie amateur.

POPUILAR

RADIO

Let us work out a typical design to
illustrate the use of the curves:

The first consideration, in the design
of radio receiving sets, is the space
available for the location of the antenna.
The single wire (No. 14 B, & S. gauge
copper wire) is generally the most satis-
factory for amateur use. Let it be as-
sumed that there is available a 50 to
100 foot <pan, 30 feet high, where an
antenna can be strung, and that the lead-
in is 30 feet long, practically vertical.

The second consideration is the type
of set to be built. A radio set. like any
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Fieure 4.

FOR DETERMINING THE INDUCTANCE AND CAPACITY FOR LONG WAVES

Du this chart is showon a series of curves for condensers of various capac-

1y so that the cxperimenter may choose the proper inductance for his coils to cover

speciied wavelength rang,.

(For weaveleng s belozo 500 meters consult Figure 5.)
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FOR DETERMINING INDUCTANCE AND CAPACITY FOR SHORT WAVES
FiGURE 5: This chart gives the same kind of information as that in Figure 4, cvcepl
that the wavelength range is loweer than showon i the preceding chart and, therejore.

a nmore accurate value of inductance may be determined.

other piece of apparatus, will work best
if designed for a particular duty. It
is, therefore, unwise to try to design a
receiving set to work over too great a
range of wavelengths. Tt is better to
design the coils of a set to a particular
hand of wavelengths, and to have sev-
eral sets of coils to cover the entire
range of wavelengths in which the ama-
teur is interested. This last feature
would lead to the choice of a 3-circuit
set, having a primary or antenna in-
ductance coil; a secondary inductance
coil, and a plate-circuit or tickler coil.
This naturally suggests some form of
coil easily wound, small in size, and ef-
ficient. The pancake form of coil an-
swers these requirements; consequently
pancake coils of 2}2-inch inside diam-
eter may be chosen.

The necessary condensers will be one
43-plate variable; one 23-plate variable,
and one .001 microfarad fixed con-
denser ; together with the grid leaks and
condensers recommended by the manu-
facturer of the vacunm tubes.

Grid condensers for use with detector
tubes are usually about 00025 micro-
farads. Grid leaks of about 1 or 2
megohms are found best.

The rest of the equipment should Dhe
of reliable manufacture,

An examination of Tigure 1 shows
that for an antenna height of 30 feet
and a length of 50 feet, the combined
antenna and lead-in capacity will De
about 00015 microfarads.

Tigure 2 need not he consulted unless
the lead-in is longer or shorter than the
height of the antenna. If the length of
the lead-in differs from the antenna
height, the antenna capacity should De
corrected by the amount of the lead-in
capacity  corresponding  to this differ-
ence. Ifor example: if the length of the
lead-in were 10 feet, instead of 30 feet,
00004 microfarads (corresponding to
20 feet in Figure 2) should be sub-
tracted from .00015 microfarads to ob-
tain the antenna capacity.

With the value of 00015 microfarads
and the 43-plate condenser curve in

www americanradiohistory com
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Figure 3 it will be found that the an-
tenna-circuit capacity is equal to about
00011 microfarads.

Let it be assumed that it is desired
to design the receiving set for an aver-
age wavelength of 375 meters. With
a wavelength of 375 meters and a circuit
capacity of .00011 it is found that
(from Figure §) the primary circuit
(antenna circuit) should have an induc-
tance of 370 microhenrys,

Figure 5 should be used for greater
wavelengths than covered by Figure 4.

The combined length of the antenna
and lead-in is 50 feet plus 30 feet, or
80 feet. Trom Iigure 6 it is found
that the antenna inductance is about 16

microhenrys. As a total of 370 micro-
henrys is required for a wavelength of
375 meters, and it was found that the
antenna would furnish 16 microhenrys,
the primary inductance coil should be
wound for an inductance of 370-16, or
354 microhenrys.

From Figure 7 it is found that a pan-
cake coil of 2V-inch inside diameter
and 56 turns will give an inductance of
354 microhenrys.

The secondary circuit is to use a 23-
plate variable condenser, the maximum
capacity of which is usually about .0005
microfarads.  In mid-position the con-
denser is assumed to have a capacity of
00025 microfarads. The secondary cir-

i S R AR
1
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=

FOR DETERMINING ANTENNA INDUCTANCE
Ficure 6: This chart gives the variation of antenna inductance in microhenrys with

the combined lengths of the antenna and the lead-in in feet. From it the experi-
menter may deternmine the inductance of his antenna systent.
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v and tickler circuits.

It is wvaluable in determuining proper

VARIOUS WAVELENGTHS
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This chart tells the size of coil to use shunted by the proper size con-

TicURE 8:

R T ——

given wavelength range.

denser for a
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cuit is to work on 375 mecters wave- The results of this hypothetical de-
length, so from Iigure 8 with a wave-  sign are as follows:
length of 375 mecters and a capacity of No. 14
00025 microfarads it is found that a Antenna length... ... 0 feet | B S gange
ancake coil of 2Vi-inch inside dianieter Antenna height...... 30 feet copber
pancake coil of /_)—m'u mside diameter ancenna leadein, 30 fect wi[r’g
with 38 turns is required. : .
It is decided _ 001 microfarad Antenna capacity......... 00015 microfarads
) t 1s decided to use a . microfarad — Aptenna inductance............ 16 microhenrys
fixed condenser as a by-pass condenser  Antenna circuit capacity......... .00011 mfd.
| Lot : B e pLEE
ot clephones or th R Secondary circuit capacity.. .. ... 00025 mfd.
ound the 1 ¢l ! ! ¢ primary Plate circuit capacity.............. .001 mid.

of the first-stage amplifying transfor- Primary (Antenna) circuit

. . . : | 2V5-inch
mer. From Figure 8 with a wavelength Smdugtancc COIlIFEPE -d---56 turns 0
L= A . . O P - econdary circuit induc- . L
of. 375 meters .(uul a capacity of .001 e T 38 turns dzame,l,u
microfarads it is found that a pancake  Plate-circuit  (tickler) in- fg{?iale
. . .. . . N . _icol
cotl of 2Vi-inch nside  diameter  with ductance coil............ 18 turns |
18 turns is required for the plate cir- The hook-up to use with this arrange-
cuit or tickler coil. ment of coils is shown in IFigure 9.
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Ireure 91 A4 circuit for a triple-coil receiver with one-stage of radio-frequency an-
plification,

What Makes a “Low-loss” Coil?

Rabro fans and cxperivienters usually conneet the term *low-
loss” coil with some sort of multi-laver coil which contains no
diclectric supporting material. Some interesting facts that show
this is not the case will be presented in an article in the next

issie of PoruvrLar Rapnlo—for October,
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THE REAR VIEW OF THE AMPLIFIFR

FiGURe 1:  Study this cicte in conncction with the picture diaoran of ,

Figurc 2. The docation and connecting poibits of cach wire appear clearly and

you may determine just hoze to hend the wires o et the shortest connecltion
with the proper clearance.

Simple “How-to-Build” Articles for Beginners
No. 11

How to build a two-stage audio-frequency amplifier

for AC tubes
By LAURENCE M. (¢ WCRADAY
CosT oF ParTs: Not wore than S23.00

Here Are THe ITEMs You Witn NERD-

A and B—Precise audio-frequency trans- circuit jack:

formers, No. 285 G—T1ard rubber pancl, 7 inches by 14 inches
C and D—Kellogg sockets: H—tHardwood cabinet for 7 by 14 inch
E—Brooklyn Metal Stamping Corp. single- pancl;

circuit jack; I— Baseboard, 124 inches by 6%4 inches:
F—Brooklyn Metal Stamping Corp. double- 6—Lby binding posts.

HE eleventh instrument to be de- transformer-coupled —amplification  for
scribed in this series of simple wuse with the new McCullough AC tubes.

“how-to-build” articles is a vacuum-tube This unit will be found efficient when
amplifier that comprises two stages of used with any of the preceding units and
227
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tuners described i this series or where
cver a twosstage, audio-rrequency anipli
er of the usual tvpe is satistactory.
This particular unit was huilt in the
PorvLar Rapio LaBoratory  for  the
purpose of supplyving the beginner with
detaals ol an efficient ampliner  that
utilizes the new AC wihes and for a
quainting him with it~ operation.

RADIO)

Fake the st ol parts (given at the
begmnimg ot the article) to your radio
dealer and ask him to supply you with
then,

Adter you have obtained all of them,
tinda saustactory table or benely on
which to work and Tav out the parts on
the basehoard as shown in [figures 1 and
>

-~

3/
3

-

|_@]

AN %
N

THE “PICTURE DIAGRAM" OF THE HOOK-UP

Ficurg 2

The illustration shows the exact manner in which the instruments are

placed on the panel and baseboard and how the wires run in relation to them.

The upper rectangle shows the back of the panel. and the lower one shows the

baseboard. Al the parts are lettered to corvespond wwith the designations in the
text and in the list of parts.
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THE PANEL LAYOUT
TTarre 30 This drawing gives the dimensions for the front panel and the correct
spacing from center to center for the holes that are used to nount the instrunients
and the binding posts as well as the loles for attaching the panel to the cabinet.
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Ficure 4;

THE DIMENSIONS FOR THE CABINET

This diagram (which contains the top. front, and side measurements
for the walnut cabinet) may be turned over for construction to a competent cabinel
maker who can build it from these directions caactiy the right size for the panel.
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STEP- Pown
IRANSFORMER

HOW TO HOOK UP THE BATTERIES
AND THE TRANSFORMER
FIGUre 5:  This drawing prevents you from
making mistakes in wmaking connections from
the batteries and the step-down transformer to
the terminals of the amplificr. If you follow
these instructions the wunit will be hooked up
correctly because the binding posts shown 1n
the picture wiring diagram are marked with
designating numbers that correspond with the
numbers given here.

The grid post G of the sockets should
be located immediately below the G post
on the transformer as shown. Only
two screws on diagonal corners of the
sockets and transformers need be used to
fasten them to the basehoard.

The panel should then be laid out and

POPULAR RADIO

drilled. To minimize the possibility of
spoiling the looks of the panel by making
scratches in the wrong place, cut out a
piece of paper the exact size of the panel.
The position for the holes should then
he marked on this using the dimensions
given in the panel drawing in Figure 3.
This is then used as a template by holding
it on the panel carefully and punching
through it with a sharp instrument of
some kind at the required points. The
dimensions of the holes have not been
given, but the Dbuilder may readily de-
terinine the size of drill to use by noting
the size of the jack nuts and the binding-
post screws.

After the panel is drilled it should be
fastened to the baseboard with one-inch
nickel-plated screws. Flat-head screws
should e used and the holes in the panel
should be countersunk to make a neat
job.  The holes which require counter-
sinking have a double ring drawn around
them in TFigure 3.

The 4.5-volt “C” battery should be
fastened to the base with a brass strip
bent and fastened with two small wood
screws as shown in Figure 1.

This Dbattery will last almost as long in
the set as when it is not in use, due to
the very light drain on it. It may readily
be replaced, when necessary, by removing
the brass retaining strip J, and discon-
necting the two leads to the battery.

You are now ready to wire the set and
should have no difficulty if the picture
diagram is carefully followed. All parts
are lettered with their designating letters
used in the parts required list and this
eliminates the possibility of a mistake.

When the wiring has been completed
the set should be fastened into a cabinet
of the sizes shown in Figure 4.

Figure 5 shows how the batteries and
the transformer should be connected to
the completed set. Although the binding
posts have been placed so as to simplify
connections to any of the preceding units
described in this series, they also cor-
respond to those used on most stand-
ard tuning units. Having the two step-
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SIMPLIES “HOW-TO-BUTL.D™
down transformer leads (corresponding
to the usual A" battery leads) at the left
of the panel makes it possible to connect
these two to the preceding unit when the
Jatter is also designed 1o use AC tubes of
this type. This minimizes induction from
long leads carrying alternating current.

Two flexible leads made of ordinary
lamp cord (or similar wire) should he
run from the two bottom bhindig posts
to the heater terminals on top of the tubes
as shown in IMgures T and 20 To make
these leads readily removable four frie-
tion clips ol the type designed for these
tubes should he soldered to the two leads.

These tubes operate best with from
3.25 to 4 volts on the heater crreuit and
a small step-down transtormer designed
for this special use should he employved
to supply this current. mus~t he
taken in obtaining  the  transformer  to
be sure it Turnishes the proper values of
voltage and preferably that it allows con-
siderable variation over this range.

Asis also the case with the usual fl-

(are

THE PANEL

IFiGuRe 6

ARTICT S

ARRANGENENT TFOR
This picture shows the front view of the panel installed in the cabinet.

FOR BEGINNIERS 251
ament tyvpe tube the heater cotls should
bhe run at
consistent

as low a voltage as possible
with reproduction and
volume. =0 as to msure long life.

In adjusting the filament circuit make
changes slowly as there 1~ a time lag of
some ten or

o
b('”(]

hifteen sceconds before vari-
ations m the applied voltage cause much
of a change m the electron emission.
Where thix unit 12 to bhe used with a
tuner already using the AC tubes, care
should be taken to =ce that the ~ame fila-
ment lead is connected to the 17 in the
tuner as 1 the amphiner. The fifth post
from the top i~ connected to the "B—"
and this post ~hould connect to the post
which goes to the flament and DB~
ol the preceding unit. This precaution
will prevent a <hort-circuit through the
common “B—""connection.  \Where a
separate BT battery ix used for the am-
plificr no such precautions need be taken.
When this amplinier i properly huili
and properly connected it will gice very
satisfactory vesults on a loudspeaker.

THE ANMPLITFTER

The only instruments on the front are the two jacks which conneci to the first
and second stages of amplification and the row of binding posts at the left.
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THE PROBABLE NUMBER AND ARRANGEMENT OF ELECTRONS IN
THIE ATOMS OF VARIOUS ELEMENTS

v The first model shows an atom of hydrogen, which consists of a

positive uu_t‘/uus and only one electron; the last model shows the calcium atom,
which contains a positive nucleus surrounded by twenty electrons.

IFicuwe 1

7he ATOM

ARTICLE No. 2:

THE NATURE OF GASES

In this article the author reveals in simple, everyday language

some more of the little-known facts about the atom—that little

understood particle that plays such an important part in radio

—and the laws that govern electrons in the various combinations
that make up the various elements.

By SIR WILLIAM BRAGG, K.B.E, D.Sc, F.R.S., M.R.L.

N the first article it was shown that
the behavior of the helium atom,
which was expelled by the radium atom
at the moment of its disintegration, ne-
cessitated a new conception of the struc-
ture of an atom.

The helium atom passes through the
hundreds of thousands of atoms of all
sorts which it may meet in its brief career.
Starting at the rate of 100,000 miles a
second, it travels in a straight line, until its
energy 1s used up in the encounters with
the atoms it meets. This and other effects
observed in the movement make us believe
that each atom is like a minute solar sys-
tem, in which the sun is replaced by a
nucleus charged with positive electricity,

surrounded by negatively charged satel-
lites which we call electrons. The posi-
tive charge of the atom is invariable: its
amount determines the number of elec-
trons which it can attach to itself. A “six-
electron” atom, for example, has a nucleus
charged with positive electricity equal
to six of the standard units of electricity
in nature—there is only one standard nmg-
nitude. It can attach to itself six elec-
trons, for every electron has one standard
unit of the negative electricity which is
the antithesis of the positive.

The atom as a whole is electrically neu-
tral. The behavior of the “six-electron”
atom is, for all practical purposes, entirely
determined by the fact that the nucleus

232
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1s a “‘six-electron” nucleus. It is what we
call carbon. When the atoms of carbon
are arranged in a certain way, they form

diamond; a second arrangement gives
graphite, and black lead; carbon is the

most important constituent of the animal
body and of all organic substances, of
coal, of fats, oils, petrol and a vast variety
of well-known materials.  But, though it
plays so great a part, all its propertics
and uses depend on its possessing a six-
electron nucleus. A “seven” or a “nine,”
or any other number gives totally ditfer-
ent properties, and, in fact, makes a new
substance, The former 1s nitrogen, and
the latter fluorine.

Atoms are found with almost every
number of charges on the nucleus, from
the “one-electron” atom which we call
hyvdrogen, to the “ninety-two” electron,
which is called uranium. Every atom has
its name: a name generally given by the
discoverer as indicating some special prop-
erty which it possesses; or it may have
been discovered so long ago that the origin

ATOM

to
'
‘>

of the name is obscure. Most of the
names are well known and time-honored,
and are not likely to be abandoned.  Actu-
ally cach kind of atom is identified with
a certamn number, as alrcady explained;
so that the number is a perfectly sufficient
description.  Some of the atoms have not
vet been met with; for example, number
43, A few months ago there was great
interest in  the
72 1t 1s

discovery of  unnmber
generally agreed that it shall
be called “hafnium,” the name being
derived from the old Latin name of
Copenhagen, where its  existence
proved.

In the first of the figures on the oppo-
site page a set of models is shown ( Figure
1). These are to represent, roughly, a
probable feature of the arrangement of
the electrons in cach of the tirst twenty
atoms.  Whether the electrons are in
movement or not, and what is the char-
acter of any movement they possess, is for
the present of no importance, The point
that is meant to be illustrated is an un-

was

':\Jusl‘a& i‘h si‘np is benf
safwards by ¢ 1ec nlinuous
: ambarﬁmnn of

e billiard

;B0 a balleonis distended

e molecu mbardmenl
ok the gas.

HOW MOLECULES OF GAS “BOMBARD” A CONTAINER
F1GUre 2: This drawing shows, by analogy, how a gas expands the silken envelope

of a balloon by bombardmcnt

the tiny molecules of gas act on the envelope
separately, just as the billiard balls do,

in bending the strip outward.
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LARORATORY EXPERIMENTS THAT ILLUSTRATE PHYSICAL LAWS

icrres 3 and A0 The figure on the left shows the action of a chimney in guiding

the molecude of gas through a tube to the flame. Figure 4 (on the right) illustrates

the fact that a feather and a coin, although of different sizes and wetghts, fall at
cvactly the sawe rates of speed in a vacuun,

doubted arrangement in groups, 1o some
extent concentric about the nucleus, Thus
the first, hydrogen, has one electron ; the
second, helium, has two.  These electrons
are more closely associated with the nu-
cleus than anv of the others that are to be
added as we go to higher numbers.  The
nucleus of lithium can attach three elec-
trons to itself. Two of these are closely
associated with the nucleus just like those
of helium; the third is further away, and
is not to be classed with the first two.
As we go along the line and add one
electron after another—the positive charge
on the nucleus growing steadilv—the new
electrons are to be classed with the third
electron of lithium. The two inside mem-
bers are present in all of them: but an
outer shell is heing formed. This goes on
until the number in the new class is eight.

After that a third group appears. which
grows until 1t also has eight members ; and
after that appears a fourth. We need not
go further, because the rules of the fur-
ther formations are of a similar character,
and we wish to avoid the complication of
detail.

All these Tacts are illustrated hy the
models.  For instance, aluminum has a
“thirteen-electron” nucleus, and the thir-
teen electrons which it can attach to itself
are so arranged that there are two close to
the nucleus, eight in the next group, and
three in the next.

The forces exerted by one atom on an-
other, when the two are brought close to-
gether, are very complicated in character,
and are imperfectly understood. If more
were known, the models might be more
exactly constructed. No doubt they de-
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pend on the way the atoms are presented
to each other, just as—to take a simple
example—a magnet can be made to at-
tract another magnet according to the
wayv their poles are brought together. We
know that atoms do attach themselves to
one another, and that the forces are very
different for different members and ar-
rangement of electrons, and depend on
that arrangement. For example, fluorine,
which has two electrons in the first group
and seven in the second, has propertics
very similar to those of chlorine, which
has two in the first, eight in the sccond,
and seven in the third. In both cases the
outside group, that which presents itself
to the outside world, is an arrangement of
seven.

A certain number of the atoms have
singularly feeble attractions for any other
atoms, whether like or unlike themselves.
These are numbers 2, 10, 18, 36, 34, 86.
They are, we may say, the “unsociable
atoms,” because they never combine with
others, they take very little part in the
affairs of the world. They were, in con-
sequence, overlooked until a few years
ago. The late Tord Rayleigh found that,
after the oxvgen had been removed from
a sample of air, and every other known
gas which might be contained as a small
impurity, the remainder did not, as he ex-
pected, exactly resemble the pure niiro-
gen which he prepared in the usual ways.

[ O]
‘-2
'

With the help of Ramsay he proved the
existence of a new gas in the air, which
was the number cighteen shown i our
models.
phere is quite considerable.

The proportion in the atmos-
The air n
the theater of the Roval Institution weighs
about three quarters of a ton: of this
about cighteen pounds is composed of the
new gas.  Such a proportion would casily
have been discovered long ago if the new
clement had been willing to enter into
combination with any other.  The
coverers named the element “argon,” the
lazy one, because of its unwillingness to
associate itself with other atoms. It is
rather, however, unsociable than lazy : its

1s-

physical movements are as quick as those
of anv other atoms of the same weight.
The discovery of argon was quickly
followed by the discovery of others like it.
The two-clectron, helium, was found in
certain minerals; its existence in the sun
was alrecady known. Neon (10), the
“new’ gas: krypton (36). the “hidden”
cas; xenon (54), the “stranger.” and the
radium emanation (80) are all very rare.
All these are gases, which 1s to be ex-
pected. Their atoms are in movement,
and are each on their own, there being <o
little tendency to assoctate.  Only when
the temperature is greatly reduced do they
liquefy, especially those that are light.
Theyv are excellent examples of the na-
ture of a gas; of the

state m which

Foo in illuminated
glass tube ,"
5 Ha

AN EXPERIMENT WITH MAN-MADE FOG

Ficure 5:

A dense fog may be formed in a tube by moisture settling on the

memerable small particles in the air,
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HOW SOUND \WAVES ARE PRODUCED

Fiaewe O This picture of a laboratory set-up

shotes ot the atoms of a gas are set in motion

by contact with cibration; a pith ball is hurled

accay when it cones in contact with a vibrating
tuning  fork.

movement overcomes attraction.  There
are many other well-known substances
which are usually met with as gases, oxy-
gen, hydrogen, nitrogen, and so on. But
in these cases we have examples of mole-
cule building which will be considered
more carefully later. In each case atoms
have combined in pairs ; and the pair forms
a contented combination, somewhat un-
willing to join up with other atoms, and
therefore maintaining an independent ex-
istence like argon.

The properties of a gas are readily un-
derstood if its nature is borne in mind.
ft 1s convenient to take the analogy of a
billiard table. For these lectures, Messrs.

POPULAL
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Burroughs and Watts were kind enough
to make a special table of small size and
having no pockets., A number of balls
moving on the table represent the atoms
of a gas-like argon; the cushions repre-
sent the walls of a containing vessel. The
only defect 1s that the balls, when set mov-
mg, soon come to rest, whereas the atoms
of the gas are alwavs on the move. But
the table and balls may still be used to
illustrate the main properties of a gas.
The pressure of a gas on its containing
vessel 1s illustrated by the continual bom-
bardment of the cushions by the moving
balls ; a thin strip forming a false cushion
15 bent outwards just as a balloon is dis-
tended by its gas (Figure 2). I, again, a
loose cushion is pushed in, the balls are
made to move more quickly.  Just so,
when the piston is driven into a cylinder,
the atoms or molecules of the gas move
more quicklv.  In other words, the gas is
heated, as every one has realized who has
felt the bicycle pump grow warm with
use. If the gas is allowed to expand sud-
denlv, it 1s chilled ; so, if the false cushion
is withdrawn, the balls that strike it lose
some of their speed. In the same way,
the hands are drawn back while catching
a ball, so that the ball can be brought to
rest.  If damp air is allowed to expand
suddenly, the chill may produce a fog.
The apparatus that is shown in the figure
1s designed to show the effect ( Figure 5).
If the air is clean, though damp, the ex-
pansion produces a light mist ; but if the
air of the lecture-room is drawn into the
tube, the expansion produces a sample of
London fog.

The pressure of the atmosphere is much
greater than may naturally be supposed.
Its flexibility, due to the independence
of the separate atoms, is so great that its
massiveness is overlooked. The pressure
on the exterior of the human body is more
than ten tons. The body would collapse
were it not that gases and liquids within
are exerting the same pressure outwards,
<0 as to counter the pressure of the air.
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The Diary of a Radio Fan

By D. R. PATTERSON

Dec. 20.—The papers say you can
hear music and bedtime stories with a
little box affair connected to tclephones
on the head, like a telephone operator.
Oh, well! Just another fad.

Dec. 22 —DBill Parker says this radio
stuff is good. Says he can almost dis-
tinguish the words on a set he made
himself.  Thik T'll get one for son
Gordon.

Dec. 23.—I1ooked up a radio set to
clothes lines tonight after Gordon had
gone to bed. You have to monkey
around with a little curly wire dinkus
the clerk told me was a cat’s something-
or-other. Then you connect the clothes
line to a water pipe or something, and
a condenser (or was it a crystal?) has
to be touched by the curly wire vario-
coupler. Maybe I've got it wrong.

Dec. 24—The darned thing works!
Iate tonight, after DParker fixed the
wires up right and Friend Wife was m
bed, I heard a chap saying, in the ear
phones: “This is Station BVD broad-
casting—" Later on [ heard some dots
and dashes. It will be great sport for
Gordon.

Dec. 26.—Tried all day yesterday to
hear something on the radio but had no
luck. Son Gordon, who has the modern

237

idea ot all children that they can «o
anything better than their parents, tried
it.  And purelv by luck he got some
nice music going. This should be good
stuff.

June 4.—Bill Parker savs the new
idea  of vacuum Dbottles  instead  of
crystals 1s Dbetter, but vou have tc use
storage tanks—or was it storage bhat-
teries? Will go over and sec what lus
new idea works like when he gets it
going, just so I can tell the young son
about it. I have no interest in it myseli.

June 10—Illeard some great stuft at
Parker’s tonight. Must get Gordon a
set like Bill’'s.  Son must be kept up-to-
date.

July 12 —Tried all evening to hear
something on new outfit; phoned a chap
who sold it and he showed me where
I'd forgotten to put the vacuum tube
in place. Staved up tll three AN
listening to dots and dashes.

July  13-—Must teach Gordon the
Morse code so he can read the messages
in the air. Dug up a code in the en-
cyclopedia.  Copied message [ heard
like this: “AXGP dnm 64k hsd mnli.”
Must have been some operator outside
the three mile limit. DMaybe T didn't
get it right myself.
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Aug. 29—~Had a lot of trouble on
Monday—that is, Gordon did—until
3ill Parker discovered it was the wash-
ing on the line. Iriend Wife will have
to hang the washing in the cellar.

Sept. 1.—Parker helped me to put up
an aerial wire from chimney to a tree,
so it won't interfere with washing any
more. Now hear stations in the west
but can’t get southern ones.

Nowv. 5.—Gordon wants to know why
he can’t work the set himself. Says I
oughtn’t to want to listen to what
Hoppity Rabbit did to PPhewie Skunk.
I don’t like fussing with the darned
radio but have to get it running for the
sake of the kids.

Jan. 8 —DParker says aerial is in
wrong direction.  Took it down and
put it up on another tree. Now hear

soutiern stations hut no westerners.
Jan. 20.-~Gordon is now using the

old crystal set all himself, while 1 keep

on experimenting with the big one until

I get it working right for him. Ieard
three concerts tonight; got to hed

earlier, two AN,  Willing to lose a
hittle sleep for the sake of the children.

Mar. 3—Got a new hook which says
a variable condenser is no good. Gave
the old set to Gordon.

Mar, 4 —Dought a new set, regenera-
tive variocoupler and variometers. Was
telling the boys at the office how to
work 1it, and those big words came in
fine. (Memo: find out what those words
mean.)

Mar. 15.—Tried for an hour to get
a station; gave it up. Put set away in
the attic.

Mar. 30.—Saw a good program in
the paper tonight which was to be put
in the air by station IOU. Some day I
may dig up that set and see if it works.

April 24—Dill Parker has a copy of
PoruLar Rapio that shows all the new
radio stunts. No wonder my set
wouldn’t work! Bill showed me where
I was wrong, and we stayed up till
three A.M. tuning in different stuff.

Apr. 18—~This radio is great dope!

POPULAR RADIO

Heard sixteen different stations tonight;
heard a lecture on shoemaking and one
on curing hay fever. I'riend wife says
you wouldn’t go to those lectures in a
hall.  Isn’t that just like a woman?

May 15—Bought a new book which
shows that all my trouble was on ac-
count of the aerial. Took it down.
Building a set myself on plans in the
book.

May 16.—Took the day off to finish
set. Got tangled up with the coils of
wire and also bust the black panel.
Finally hired a young radio enthusiast
to finish 1t for me. Didn’t cost much
more than a factory built set.

May 17 —Now using new set with
bedspring instcad of outside aerial.
With a loop hung on a miniature “Stop,
Look and IL.isten” sign can hear western
and southern stations now, but not very
well. No wonder the other set wouldn’t
work.

May 20.—This new outfit is too com-
plicated to bother with. Gave it to
Gordon and hooked up the old crystal
set. No batteries to bother about.

July 25 —Off the radio for life. Had
the boss in to hear the thing tonight and
couldn’t make 1t work. Boss wonders
why I stay off work to monkey with it.
After he left, young Gordon tuned in
Cuba on his set, just by chance.

Sept. § —The reflex is the thing! No
more regenerative radio frequency for
me. This new book says the sound
goes in the vacuum tube and out, then
dashes through it a few times more,
picking up more sound each trip, with
a final run through a crystal. Have to
look up the prices of these sets.

Oct. 10.—Friend Wife wants to
know why we didn’t buy a flivver in-
stead of spending all the cash on radio

sets. No interest in science, these
women.
Oct. 25.—Too much work getting

new set working. Son objects to tak-
ing any more sets. I took back his old
crystal set and bought him a tricycle.
The crystal is the thing for me!
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Handy Tools for Radio Fans: No. 6

s = ¥in & s

From a photograph made for Porurar Rabio

THE
JACKKNIFE

Useful for making connections

T is almost impossible to put up a

set, install an antenna, and make
connections to batteries, without the
use of a knife, yet this tool is often
overlooked in the radio fan's kit.

For scraping the msulation from
wire that 1s to be used {or connections
and for cleaning up the ends of wires
that are to be soldered, the jackkntte
is invaluable. It should contain one
large “husky” blade and at least one
other smaller blade. There are some
knives that are also provided with a
small screw-driver blade.

The preceding suagestions in this
scries  qeere  SIDE-CUTTING  PLIERS,
ScrEwW-DRIVERS, TIIE  HYDROMETER,
THE BATTERY-TESTING VOLTMETER and
Tue FrLE.
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“What Set Shall I Buy?P"

Jth Installment

For the guidance of readers who want specific and authoritative
information concerning the hest of the ready-made receivers that
arc now on the market, this featurc will be published monthly

until all of the

receivers that

have passed the tests of the

Porviar Ranio LasoraTory have been included

The Standardyne Receiver

MaNuracTurer's NaMEe; Standard Radio Cor-
poration

Monir; Standardyne

NumBer or Tupes; five

Tyre or TuxinG; tuned-radio-frequency with
a variable-reactance control that gives the
receiver practieally a straight line regencra-
tion or tendency toward oscillation curve

Tyre or DeTECTOR; vacuum tube

Rance on Proxes; 3,000 miles

Raxnge ox Loupsreaker; 3,000 miles

Cost, ComrLeTE; with cabinet, $60.00; with

all accessories, $90.00 to $150.00
ANTENNA RECOMMENDED; antenna about room

or outside antenna about 100 feet long
UV-199, 201-a,

Kixp or Tuses ror R, F.;

A

)

This picture shows the “Standardyne’

THE COMPLETE RECEIVER IN A CABINET

recetver mounted in a cabinet that contains

DV-3, DV-2

Dertecror Tuse; same

Atpio Tuses; same

Tyre or “A” Bartery; 415 volt dry cells for
199 or similar tubes; 6 volt storage for other
tubes

Tyee or "B” Batrery; 90 to 100 volt dry or
storage “B" Battery

Detector “B” VoLTacE; 2214 to 45 volts

Wavetenetn Rance; 190 to 575 imeters

Nuamser or Tuwing ConTroLs; 3 individual
variable condensers, detector and audio on
onc rheostat; radio on another

“A” Barrery CUrrent Uskp; 3 amperes with
dry-cell tubes, 14 amperes with 201-a tubes

“B" Barrery CurreNT Usip: 15 to 25 milli-
amperes, depending on tubes used

L,

batteries and loudspeaker. The dials A are the three tuning coils; B are the two
rlicostats; C and D are the loudspeaker and phone jacks for plugging in.
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“WHAT SET SHALL I BUY "

| Trirdyn

MANUFACTURER'S NAME;

Mobner, Nase; Trirdyn

Nuonnser o Tunes; three

Tyrer or ToNing:; tuned R, I'. combined with
regenerative detector, and reflex amplification

Tyre or Derector; vacuum tube

Rance on PPrioNes; 1,000 to 1,500 miles

RanGE oN Toupnsreaker; 1,000 to 1,500 miles

Cost ConrrLete; $65.00

LANTENNA RecoMmMeENDED; outdoor

Kinp or Tuses ror R. K. UV-201-a. C-301-a,
WD-12, C-12, UV-199 or C-299

Crosley Radio Corp.

L

O,
&)
-©

Receiver

Drrector Tueee; UV-200, C-300, WD-12, C-12,
UV-199, or C-299

Avpro Tepes: UV-201-a,
C-12, UV-199, or €-299.

Tyre or “A” BaTTERY; to suit tubes

Tvyre or “B7 Barrery; 90 volts

Detrctor “B” Vorrtace: 2214 volts

Waverexetin Rance; 180 to 575 meters

Nuamper oF TuNing CoNTROLS ; two

“A” axp “B" Bartery CurreNT Usep; depends
on tubes used

C-301-a, WD-12,

Melco

MANUFACTURER'S NAME: Amsco Products, Tne.
Moben Nase: Melco five

Nunser or Tuses; five

[yre or TuNiNG; varioneter-inductance

Cyre oF DETECTOR; vacuum tube

LaNGE oN PrioNes: coast to coast

RANGE ON LLOUDSPEAKER: coast to coast

‘osT; $165.00 without accessories

ANTENNA RecommeNDpeDp; 20 to 25 feet indoor
or 60 to 75 feet outdoor

Five

Receiver
Nixp o Tuses ror R, F.; UV-201-a or C-301-a
Detvecror Tupk; UV-201-a or C-301-a
Avoro Tueses: 201-\ or 301-A\
Tvyre oF “A” Battery; Exide 100 amperes
Tyre or “B” Bartery; Burgess 45-volt
Detector “B” Vortace; 45 volts
WAVELENGTH RANGE; 200 to 600 meters
NuMgreR oF TunNing CoNTrOLS; three
“A” Battery CurreNT Usekp; 134 amperes

“B" Bartery CurreNT Usep; 10 to 15 milli-
amperes
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Neutro-Junior Receiver
MaxvracTurer's Nanve: FoooA. D, Andrea, Derecror Tuse; UV-201-a, C-301-a, UV-200,

Inc. C-300
MoneL Nasme; 195-A Neutro-Junior Atpio Tunes; UV-201-a, C-301-a
NUaBikR oF TuBEs: three Tyre oF “A” BaTTERY ; 6 volts
Tyre or TuNinG; neutrodyne Tyre oF “B" Batrery; 90 volts
Tyve oF Derector: tube Durector "B VoLtace: 2215 volts
Raxce ox Puoxes; 500 to 1,000 miles WAVELENGTH Raxce; 200-600 meters
RaxGE oN LoupsrEaKker; up to 500 miles NuaBeER oF Tuxine Coxtrors: three
Cosrt: approximately $110.00 “A" Barrtery CorreNt USED; 34 ampere
ANTENNA RECOMMENDED; single wire, 60 feet “B” Barrery Currext Usep; approximately
Kixp or Tenks rok R. F.; UV-201-a, C-301-a 10 milliamperes

The Logodyne “Big Five”

AMANUFACTURER’'S NawmE: Kodel Radio Corp. Kixp oF Tuses ror R, F.; 201-a

MopeL NaMe; Logodyne “Big Five” Detector Axp Aupio Tuses; 201-a

NuMBER oF TUBES; five Tvype or “A” BATTERY; storage

TvPE oF TuNING; tuned-radio-frequency TypE oF “B” BaTTERY; 90 volt dry cell
TyPE oF DETECTOR; vacuum tube DetecTorR “B” Vortage; 22%% to 45 volts
RANGE oN ProNEs: 1,000 miles WAVELENGTH RaNGe; 200 to 550 meters
RANGE oN LoupspEaker; 1,000 miles NumBER oF TUNING CoNTROLS; three

Cost, CoMPLETE; approximately $125.00 “A” Batrtery CurreNT Usep; 1.25 amperes
ANTENNA RECOMMENDED; single wire “B” Barrery CurreNT Usep; 20 milliamperes
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Howard Neutrodyne Receiver

Ma~xvractUrer's Nasme; lHoward
Inc.

Mober; models A, I and C

Numser or Tuses; five

Tyrr or Tuning; three dial neutrodyne

Tyre oF Derector; UV-201-a or C-301-a

Rance oN ProNes; coast to coast

Rance on LoUDSPEAKER; coast to coast

Cost CovrreTE; $200.00

ANTENNA RecoMaeNpeEp: 50 feet single wire

AMfg. Co.,

Kixn or Tuses ror R, T UV-201-a or €-301-a
Detecror Tune; UV-201-a or C-301-a
Atpio Tuses; UV-201-a or C-301-a

Tyre or “A” Barrtiry; 0-volt storage

Tyre or “B” Batrery; 90-volt dry or storage
Detector “B” Vorrtace; 45 volts
WaveLEnerir Raxce; 200-600 meters

Nunmger or Tuning CoxtroLs ; three

“A” Barrery CurreNt Usep; 114 ampere
“B" Batrery CurrenT Uskp: 12 milliamperes

No.

Manuvraerurer’s Name; Wm. J. Murdock Co.
Mopel. Nawme; No. 100 Neutrodyne

Nenser or Tubes; five

Tyre or Tuning; 3 dial ncutrodyne

Tyre or DeTeECTOR; vacuum tube

RanceE oN Prones; 3,000 miles

RanGe oN Loupspeaker; 1,500 miles

Cost; $100.00 with loudspeaker but without
batteries or tubes

ANTENNA RECOMMENDED; 60 to 100 feet
Krnp or Tuses For R. F.; UV-201-a Radiotro:s

100 Neutrodyne Receiver

Detector Tube: 201-a Radiotrons

Aupio Tuses; UV-201-a Radiotrons

Tyre oF “A” BATTERY : storage

Tyre or “B” BATTERY; regular

DEeTECTOR “DB” VoLTAGE; 2214 volts
WAVELENGTH RanNge; 150 to 650 meters
Numser oF Tuwning Controns: three

“A” Bartery CUrreNT Usep: 174 amperes

“B" Barrery CurreNt Usep: 10 to 15 milli-
amperes
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THE WIRING DIAGRAM OF THE COMPLETE RECEIVER

The hook-up for the Frecd-Eiscmann receiver.

The designating letters shoun tn

this diagram are as jollows:

KEC I—Antenna coupling coil ;

KRFC 2 and RFC 3—Tuned radio-irequency
coupling coils, (neutroformer)

VO VC2 and VC3—Variable condensers :

VTL VT2, VT3, VT4 and VT5—UV-201-4
or C-301-a vacuum tubes:

ClLo €20 3, C4 and C5—Mlica fixed con-
densers;

R1 and R2—Filament rheostats;

S1—Battery switch;

S2—Amplifier jack switch;

R3—Grid-leak resistance;

J—Loudspeaker or phone jack:

AFTl and AFT2—Audio-frequency am-
plifving transiormers;

H1 and H2—Neutralizing condensers.

HOW TO GET THE MOST OUT OF

YOUR READY-MADE RECEIVER

No. R

Tie Freep-Eiseadaxy RECEIVER

This series of articles explains the theory, uperation, equip-
ment and care of standard receiving sets

This series docs not indorse the product of any manufacturer or make

comparisons between receivers. The sets already described include: No. 1

the Eagle Neutrodyne; No. 2, the Radiola Superhetcrodyne; No. 3, the
Melco Supreme: No. 4, the Crosley Trirdyn; No. 5. the De Forest Reflex ;
No. 6, the Atwater Kent; No. 7, the Grebe Synchrophase.

By S, GORDON TAYILOR

7P HE Freed-Eisemann receiver, model
NR 20, 1s of the tuned radio-fre-
quency tvpe and makes use of five
vacuum tubes,
The neutrodyne method of preventing

oscillation in  the radio-frequency am-
plifier is employed in this set. In view of
the fact that two other receivers which
employ the neutrodyne principle have
already been described in this series of

244
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articles, it will not be necessary to repeat
the theory of operation nor to again
describe the course of the signal through
the receiver and the action of the individ-
ual parts.*

Constriuction of the Receiver

This
use;

receiver is designed for home
it is not designed for use as a port-
able. The cabinet is of mahogany and
is a massive and ornamental affair. The
top raises up to permit access to the n-
side for the purpose of inserting the
vacuum tubes and other parts. In ad-
dition there is a front door that covers
the entire panel. This panel is lowered
to permit access to the tuning dials and
other panel controls. \When the receiver
is not in use the front door may be
closed, thus concealing all of the tuning
controls and at the same time protecting
them from dust.

The receiver itself is mounted entirely
on the panel and is completely assembled
and wired before being placed in the
cabinet. The binding posts for connec-
tions to the hatteries and other parts are
mounted on long shafts which extend out

*Readers who want this information are referred
to the articles of this series which appeared in
Porvrar Rapio for December 1924 and August 1925,

through holes provided in the rear wall
of the cabinet; connections to these posts
are made from the outside rear of the
cabinet. '

The Antenna and Ground
The antenna for use with this re-
ceiver may be anything from a short

wire stretched along the picture mould-
ing of one or more rooms, to a regular
outdoor antenna up to 100 feet in length.
FFor local reception a short outdoor an-
tenna or even an indoor antenna will give
results practically equal to those obtained
with the larger outdoor tvpe. [For re-
ception from distant stations, however,
the longer antenna will be found best.
Such an antenna is illustrated in Figure
1.

To find out which is the best ground
connection in any particular location, try
all that are within convenient reach of
the receiver. The cold water pipe is
usually best, but hot water pipes, radia-
tors or pumps will in many cases serve
equally well. Tf none of these are avail-
able, a pipe driven several feet into
fairly moist earth will do, or a coil of
copper wire suspended in the water of a
well.

The antenna should be well insulated
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from its supports and the lead-in wire
should either be a continuation of the an-
tenna wire or else sccurely soldered to
the antenna wire, to prevent corrosion at
the joint.  Before making the actual in-
stallation of the outdoor antenna it is ad-
visable to make inquiries as to the re-
quirements of the local rules of the hre
underwriters.  These require the use of
a lightning arrester with an outdoor an-
tenna and sometimes require that the
arrester be installed on the outside of the
house with a ground conmection from the
arrester to a point outside of the house.
These requirements vary in ditferent lo-
calities, but in any casce the desired in-

formation may be obtained  from the
local fire insurance agents.
The Tubes That lre Used

The Freed-Eisemann receiver 15 de-
signed for the use of the 201-4 type tubes
in all five sackets.  These may he either
UV-201-a, C-301-a or the De [Forest

N WsuATORS — =

iy
T

WaLL OF House

POPULAR RADIO

DV2. “Soft” detector tubes, such as the
L'V-200 or the C-300 cannot be used,
nor can power amplifier tubes such as
the VT2 or 216-a be used. These limita-
tions are due to the fact that the rheostats
incorporated in the receiver have insuffi-
clent  current carrying  capacity for
these tubes, which require comparatively
high filament current.

IVhat Batteries to Use

For lighting the filaments of the vac-
uum tubes, a six volt storage battery is
required, preferably with a capacity of
not less than 60 ampere hours. The fil-
ament current consumption of the re-
ceiver is approximately 114 amperes an
hour when all five tubes are in use. This
means that, in theory, with a 60 ampere
hour battery the receiver can he operated
for close to 50 hours from a single charge
of the battery. Actually it is not ad-
visable to keep the battery in use until it is
completely discharged, as a total dis-

SRR

= ANTENNA COMVECTION

LEAD-Wy Wik — A B Frcerver
FUE Ok Ornee FORCELAIN BusHinG — 3 (]
ANTENNA vPPORT
LIGHTVING ARRESTOR
: RS R S
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3
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HOW TO ERECT AND BRING IN YOUR ANTENNA LEAD

Ficugg 1:

This shows how the antenna should be erected and
to the antenna and anchored near the window.
lead passes through a porcelain tube or bushing

how the lead-in is attached
From the insulator outside the house the
that is set in a hole bored through the

window shaft.
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THE AUTHOR ENXPERIMENTING WITH TIHE RECEIVED
After the set had been installed in the laberatory it was carefuliv tested on differe ‘
aerials and different tvpes of lowd speakers to deterniine the dat that s bheew seritton wp in
article to enable the prospective user to et the post practical bewept trom

charge is harmiul to the battery. Wath
such a battery the receiver should he used
only about 40 hours hefore recharging
the batteryv; this means that the hattery
should he recharged every ten days if
the receiver is used four hours a day.
The advantage of using a battery with
higher ampere hour capacity is thercfore
evident. A 100 ampere hour battery is
probably the most practical size.

The storage battery requires little care
other than occasional recharging.
month or two it will be necessary to add a
little distilled water to each of the three
cells of the battery to keep the level of
the electrolyte above the tops of the
plates. It is never necessary to add acid.

A check is kept on the state of charge
of the battery by means of a hyvdrometer.
This little instrument shows the specific
gravity of the electrolyvte and therefore
indicates the amount of charge in the bat-
tery because the specific gravity fluctu-
ates in a known proportion with the
charge and discharge of the bhattery.
When the battery is fully charged the
hvdrometer should read approximately
1,285, and will drop to about 1,150 when

livery

the hattery s tully dischare I he stat

of charee ~houbl alwavs he kept hetweel
maximum amd TIS3 for et results and
l»l‘ulnllg‘ﬂl Iiic of the hattery

To provide the high voltage plate sup-
ply I hatteries are necessary and may
he of cither the dryv-cell or the ~torage
type. The first cost of the
lower hut the torave batteries will Le the
cheapest in the long run, hecanse m-te uel
of throwing them awayv when they e
come run down, they can be recharged
for a few cents. Thus the hire of
I batteries is figured moyear

FIner is

Loragce
rather
than weeks or months.

I dry-cell “B batteries are used they
should he either the “large™ <ize or the
large  “heavy  dutv™ tvpes The
“heavy duty™ type are more coonomicil
as <hown in the accompanving tabulation.
While their first cost is some higher, their
life 1s much greater.

In anv cvent, the total required “B”
battery voltage ix 90, Tn the case of dry-
cell hatteries this will mean two of the 43
volt Dlocks while in the case of the stor
age "B Datteries,
made in 24

extra

which are usually

volt blocks, four will be
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needed.  In this latter case the total volt-
age will be approximately 96, which is
close enough.

Some owners may wish to equip their
receivers with a “B” battery eliminator
m place of the “B” batteries. In such a
case the eliminator should be purchased
with the understanding that the price will
be refunded if the eliminator fails to
function properly during an actual trial
at the home of the purchaser.

Provision is also made for the use of
a so called “C” battery. This is a small
dry-cell battery of 414 volts and is used
to provide the proper grid bias to the
audio amplifier tubes, thus serving two
most useful purposes: First, by main-
taining the tube at the proper bhias, which
tends to improve tone quality and vol-
ume;  Second, by prolonging the life of
the “B™ batteries, hecause the “B hat-
tery current drain is reduced through
the action of the ¢ battery.  The cur-

IFANTENNA 15 L £55 Tan
00 [E€7,Commvecr 7o

rent drain on the “C” battery itself is
almost zero and its life is therefore great
—usually somewhere in the neighbor-
hood of a year. The economy effected
through the use of a “C” battery with
the Freed-Eisemann receiver is shown in
the accompanying tables.

How to Operate the Receiver

In putting the receiver into operation,
connections are first made from the re-
cetver to the antenna, ground, batteries
and loudspeaker as shown in Figure 2.
Be sure that connections are made ex-

actly as shown, otherwise there will be

trouble — especially if the “A” battery
connections irom the receiver are con-
nected to the “B™ battery instead of the
“A" battery. The penalty may be one
or more tubes ruined.

The filament supply current from the
“A7 Dattery is then turned on. This is
accomplished by first pulling out” the
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THE BATTERY HOOK-UP
FIGURE 2: ITow to connect the “A4,” “B" and “C" batteries to the rear of the recetver.

Check up before actually using the set to mak

e positive that you have the terminals connected

exactly as shown in this diagram; then you will have no trouble with burned out tubes.
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TIIE PANEL VIEW OF THE RECEIVER

This picture shows the set with the front flap let down as in operation.
controls are VCI1, V(2 and UC3while the rie

knob of the battery switch in the Tower
right hand corner of the panel. and then
turning the knobs of the two rheostats in
a clockwise direction to about 40 on their
dials. Now insert cach of the five tubes
in the first socket to make sure each lights
properly.

The next step is to insert the five tubes
in their proper sockets. Place them m
their sockets so that the pin on the side
of the tube slips down in the slot provided
in the side of the socket. Then press
down as far as possible and turn tube to
the right as far as it will go. Thus it 1s
securely locked in place.  The rheostat
knobs are then turned up to about 70.

Now the tubes should all light up, pro-
vided the knob of the “amplification”
switch is pulled out, and all is in readi-
ness to tune in the broadcasting stations.
If the “amplification” knobh is in only
four of the tubes will light. By referring
to the chart near the end of this article
the approximate settings of the three
large dials for a number of broadcasting
stations will he found. These readings
were made with the receiver shown at

The three principal

ostats R1 and R2 control the volume and gualbity.

the beginning of this article and should
correspond very closely with those of any
other Freed-Ilisemann receiver of this
tvpe. At least this is true of the settings
of the second and third dials.  The set-
ting of the first will vary according to
the antenna used.

It is advisable to first try tuning in a
local station which is known to he “on
the air’™ at the time. Find its dial settings
on the chart, or the dial settings of an-
other station operating on the same or
near wavelength. When it is heard read-
just each of the three dials until the great-
est volume of sound is obtained. This
setting will be the proper one for that sta-
tion. If the station 1s not heard at all,
even after considerable “feeling around™
with the dials, it is evidence that some-
thing is wrong in the connections to the
hatteries, or in the tubes, and they should
he checked over carefully.

Assuming that the first station has
heen successfully tuned in, it 15 well to
repeat the opcration on a number of sta-
tions until the method of tuning becomes
familiar. DBe sure and keep a record of
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the dial settings at which each station is
tuned in so that the same station may he
tuned in again if desired, without the ne-
cessity for hunting around,

Now for a little investigation of the
other controls—and a word or two of ad-
vice regarding them.,

Under ordinary conditions this receiver
will deliver more than ample volume of
sound in the case of reception from local
stations. 1T it is operated at full blast on
the locals the tone quality will he sacrificed
because the average loudspeaker cannot
handle such volume satisfactorily, espe-
cially if it be operated in a small room
with the acoustic qualities of the average
room.  Secondly too great volume is une
comfortable to the car of those who nay
not be used to Nstening to the receiver.

The upkeep cost of the receiver can he
greatly reduced by keeping the volume
at a pomt where it is comfortably au-
dible. In the case of local reception this
15 accomplished by pushing the “amph-
fication™ knoly all he way m. or by turn-

70 A" Barrery CommecTions
OF RECEIVER

i

3

O
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POPULAR RADIO

ing the “volume control” dial in an
anti-clockwise direction until the volume
is reduced to the proper point. By fol-
lowing the former plan the last tube is
automatically cut out of the circuit and
its filament extinguished. The drain
through the rheostat (R2) is thus re-
duced and this rheostat should be turned
back (anti-clockwise) about 20 degrees
on its dial.  The best plan for ordinary
use, however, is to leave the “amplifica-
tion™ knob pulled out and to control the
volume by means of the volume control
dial.  This provides a smooth regulation
of volume to just the degree desired and
results in just as economical operation
so far as “B” battery consumption is
concerned—and this is the largest item
of upkeep cost—as would result from
using the “amplification’” knol to reduce
the volume,

When the receiver is to be turned off
it is necessary only to push in the knol
marked “battery.”  The rheostats may
be left in their regular operating position

[ HouseCoreent ueesy-Orecr Curment

A" Barrery
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HOW TO CHARGE THE BATTERIES WITH DIRECT CURRENT

This diagram shows the proper connections
volt direct-current lighting lines.

for charging the storage “4” battery from 110
If you have alternating current in Your home, the battery

should be connected as shown in any of the preceding articles of this series.
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VIEW OF THE RECEIVER FROM UNDERNEATIE

This picture gives the general construction features of the Freed-Iiscmann Neutrodyne
receiver as viewed from below.  The mounting and spacing of the coils are clearly shown us
well as the method of supporting the sub-panel.

hecause the hattery switch cuts off the
entive receiver from the .\ hattery cir-
cnit. Also, when the “A™ battery is dis-
connected by means of this switch the
“B hatteries are in effect cut off also, as
no current can flow from the “B7 battery
unless the tube laments are hghted.
The loudspeaker may be connected to
a phone plug angd plugged into the jack at
the center of the lower edge of the panel,
or it may be connected without a plug to
the two binding posts that are provided
{for this purpose at the back of the re-
ceiver. Results are the same in either
case. If desired, the headphones may be
plugged into the jack whether or not the
loudspeaker is connected at the back of
the receiver. This is a convenience as it
is sometimes desirable to use headphones
in tuning in distant stations. \When this
is donc. however, the “amplification”
lnob should be pushed all the way in and
the “volume control” knob will probably
have to be turned back somewhat to re-

duce the volume to a comfortable degree
{or use with the headphones.

In any case the two rheostat dials ( R1
and R2) should he kept at as low a set-
ting as possible, consistent with good vol-
ume.

In this way the lives of hoth the “1”
hatteries and the vacuum tube filaments
will e greatly prolonged and the “.\7
hattery will give somewhat longer service
on a single charge, although this last 1s
not important if the owner has a battery
charger.

Another item that cffects cconomy of
operation is the little “C™ hattery.

While this battery is small and lasts
for a long time its influence on the entire
receiver is marked. It affects tone qual-
ity, volume and “B” Dbattery life mate-
rially.  The accompanying table showing
the approximate life of “B” hatteries
demonstrates the effect of the “C" bat-
tery on the economical operation of the
receiver. 1t will be noted that the life

wwWWwW americanradiohistorv com

PR


www.americanradiohistory.com

of the “B™ batteries increases with -
creased voltage of the “C" battery ; there-

fore 1t 1s most economical to use
the full 4% volts of the “C" battery.
On the other hand the Dbest tone

quality 15 frequently obtained with only
172 or possibly 3 volts of “C” battery.
[t s Turther up to the owner to experi-
ment a littde to determine whether 144, 3
or 4% volts of *C7 battery give the
nmost satisfactory results. Indeed the tone
quality without any “C"" battery at all
may  prove than the
greater obtained
when the

desirable
and - economy
C7 battery s used.

more
volume

o

Selectizity

When an antenna 100 Teet i length is
used, and 15 connected to the bhinding
post at the hack of the receiver marked
“short found that
two stations separated less than 10 meters
apart in wavelength will mterfere with
each other, especially 1f one is a powerful
station.  In

antenna.” ot may he

local that case the antenna

should be connected to the “long an-

POPUILLAR

RADIO

tenna’ binding post. Thus connected,
there will be ample selectivity.

[f the antenna be only 00 or 70 feet
m length there will probably never be
occasion to use the “long antenna” con-
nection.  Best results are obtained with
the antenna connected to the *‘short an-
tenna’ ternunal, provided it 1s found that
selectivity 1s satisfactory in this case.

Charting the Receiver

Under the head of “llow to operate the
receiver’ 1t was suggested that a record
of the dial settings for each broadcasting
station be kept, m order that the same
stations may be tuned n again at will
without the necessity of hunting around
for them.

It 15 well to keep this record in a con-
venient form so that it constitutes a tun-
mg chart.  An  approximate chart is
shown on page 253. A better form of
record, however, 15 one which lists the
actual settings of each of the three dials,
as the settings may be different.

[t is advisable to jot down the settings

VIEW OF THE SET FROM THE REAR

In this picture the reader may clearly see the method of shielding the three tuning units,
VCI, VC2 and VC3 and also the arrangement of the sockets and the transformers, which

are mounted directly upon the top of the sub-panel.

The designations of the various parts

are the same as shown in the other diagrams, in the list of parts and in the text.
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DIAL SETTING
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the various wavelengths used i broudcasting.

350 400 450
WAVELENGTH-MIETERS

3

A TUNING CHART FOR THE RECEIVIER

This eives the approximate setting for the three diaks, UVCI, VC2 and 1'C3 for tuning in

The first dial setting may be a little higher or

a Little lower than shown in this curve on account of the varying lengths of antenna that may
be wsed with the receiver; loscever, the setting given above will be approximate for all three dials.

APPROXIMATE “B” BATTERY LIFE OFF TITE FREED-EISEMANN NR 20

AVERAGE
UslE PIEL

N
I No. “C7" battery.

volt ¢

R

Ay

volt “'(

Measurements made with 90 volts of “"RB™7 hattery, varying

HOURS

DAY

C"LARGE™ BATTERIES [

RECEIVER

SHEAVY DUTY” BATTERIES

2 hiowrs

68 davs ‘

S1
01
107

3 howurs 7 hours

38 davs 20 davs 147

H | 16 26 ¢ o164

. S 3 170

. ' 63 39 0 203
|

“CU batters

switch pulled out and both rheostats set at 70

Same can litinn

2 lhours

voltape from 0 ta Fh,,

3 hiowrs ! hours

davs 84 davs 32 davs
06 60
o7 68° "
o 123 8

Tamphification”

i« in Table 1 exeept with the “Amplification” switch pushed in.

CLARGEY

BATTERILES

CTHEAVY DUTY” BATTERIES ‘

AVERAGE HOURGS -
RS Py RAD AY
| SERRURSRIRT Shons s 3 Do 1 honrs 2 lours 3 oy S hours
-~ N U | . o
‘ No. “C" batterv..o 0. 99 davs 59 davs 34 davs 190 davs 114 davs | 73 davs
1Yo volt “C7 00 107 " 63 " 39 Y 203 123 s1 "
Ivolt "¢ s 60 " 43 | 215 130 88
‘ +15 volt O [IRIN VA RN 237 0 148 100 **
| f
Diasmuceh as the cost ol B battery replaccment is practically the entire upkeep cost

of the receiver, the above lables will be of interest. The conclusion to be drawn
from the tables is: To attain mavinum cconomy, use 44 volts of “C”" battery and
keep the “amplification” switch pushed in wherever this will provide sufficient

colitme.

Also, don't start the receiver going carly each

ventng and leave it going

wntil bedtime unless sonteone is actually listening.
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“for each station as it is tuned in for the
first time. After this has been done for
a few evenings a new record should be
made listing all the stations that have
been recorded 1 some convenient order.
This may take the form of alist arranged
alphabetically according to station calls,
or it may list the stations in the order of
their wavelengths with the highest wave-
length stations first.  If one is not fa-
miliar with the wavelengths of the differ-
ent stations, or if someone other than
the maker of the record will have oc-
casion to use it, the alphabetical arrange-
ment will probably be best; one can easily
determine which form is most suitable to
his needs,

After this list has heen made up it will
need to be revised occasionally as new

POPULAR

RADIO

stations are tuned in for the first time, in
order that the dial scttings of these new
stations may be entered in their proper
place on the record.

The important item is to note the dial
settings for every station received. Other-
wise, when it 1s desired to listen in on the
program of one particular station, several
minutes may be spent in trying to locate
it on the dials. This in itself does not
seem a serious matter but every operator
of a receiver knows the embarrassment
of having to “fish around” in front of
company, when one of the guests asks to
hear some particular distant station. If
the operator can, by referring to his tun-
ing chart, set the dials immediately for
the desired station it is much more plea-
sant for everyone concerned.

United

A UNIQUE USE OF RADIO IN THE BUSINESS OFFICE

Henry I'ord maintains the largest private radio system in the country. His station
at Dearborn, Mich., is in constant communication with six of his plants and his
four lake ships. Communicating in private code, Ford is said to be able to save
large sums yearly. In each of his stations are installed eclectric typewriters which
transmit the messages to other reproducing typetwriters in the wvarious plants.
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Call Letters That Have a Past

By LAWRENCE A, CORRIDON

Call letters that wweere originally assioned to ships that have mel disas-
ter are seldom re-assigned to oller ships, in defercice to the superstitions
of seamen.  Thex are, however, now assigned fo broadcasting stations.
For example:

KJS, now assigned to the Bible Institute of Los Angeles, was for-
merly used by the steamer North Star in transmitting an important
message when on a foggy morning in August, 1919, a call for immediate
assistance was sent out by the radio operator of the vessel.  Radio played
an important role in the rescue of all of the 348 persons an board.

WSE, now assigned to the station of the Atlanta Jowrnal, was for-
merly assigned to thc steamer [Francis 1. /ll/(/l// which foundered off the
Oregon coast on September 18, 1914, with 07 persons on board, two of
whom were lost.  After this wreck the call signal was re-assigned to the
steamer [Nirweood which burned ofi the coast of Peru on December 18,
1919, with 28 persons on board, none of whom were lost.

WHN, now used by the station of Loew’s Theatre, New York ity
was at one time assigned to the steamer HHanaler which was wrecked, 1t
was later used by the steamer Sanfa [sabel which was sold to citizens of
Chile. When a vessel as sold to a foreign country, the country to which
it is sold assigns its own letters to the vessel's station,

KL.Z, Revnolds Radio Co., Denver, Col, was the call of the steamer
Speedwoell in 1920, KLZ and SOS were an important combination of
signals on September 29 of that year when the Speedieell was caught in
a tropical hurricane in the Guli of Mexico.  This storm was 50 severe
that after the distress call and position of the vessel were sent out the en-
gine room bhecame flooded, the dynamo ceased to work and the sea carried
away the whole after-deck, taking with it the storage batteries which were
necessary to operate the radio station. This catastrophe caused the loss of
nine lives, including the captain, mate, and two women passengers, out of
25 persons on hoard.

KGE, now assigned to the Tacomo Daily Ledyer, was at one time
used by the steam screw [0 N Luckenbach which was sunk by a sub-
marine about 100 miles off the French coast on December 27, 1917

WGR, Federal Telephone Manufacturing Co., Buffalo, N. Y., was used
by the passenger steamer (Governor prior to its assignment to the broad-
casting station.  The Gopernor was sunk in a colliston with the freighter
I est Hartland in April, 19210 Eight lives were lost. No doubt some old-
time operators recollect when WGR was heard up and down the Pacific
coast.

WW]J was once the call of the steamer Perie; it is now used by the
Detroit News station.  The Pern was transferred to the IFrench flag,
causing the cancellation of the call letters of the United States.

KLS, now assigned to the Oakland Tribune, was formerly assigned
to the steamer Kermanshah which was transferred to the Hungarian flag.

KNX. Los cAnacles Evening Express, was formerly used by the
vessel Susana which was sold to citizens of Italy,

KOB. New Mexico College of Agriculture and Mechanic Arts, State
College, New Mexico, was used by the steamer Princess Aune up to the
time she stranded on Rockaway Shoals, Long Island, February 6, 1920,
with 100 persons on board none of whom were lost. The Princess hroke in
two and the cargo, valued at $500,000, was practically a total loss.

KRE, Berkeley Gazette, Berkeley, Cal., was at one time assigned to
the steam screw Florence 1. which was blown up by an internal cxpl()\mn
in Quiberon Bay, FFrance, April 17, 1918, causing the loss of 45 lives out
of 77 on board.

755
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S R. Winters

INVENTIONS BY PUBLIC OFFICIALS MAY BECOME PUBLIC PROPERTY

The value of stock in radio enterprises that are based upon inventions and patents of men who

were in the Government’s employ are vitally affected by the recent court decision against

Major General George (). Squier, whose “wired wireless’’ putents have been declared public
property.

Riding to Riches by Radio

PART 11

How much are the radio stocks that vou own—or that you are thinking of

buying—rcally worth?  On what factors do their values depend? What is

their value likely to be?  In this series of two articles the author points out

some of the points that every investor or prospective investor should consider
before he buys.

By RALPH E. RENAUD

Y IE quickest way is to purchase the

offered certificates, take them to
vour bank and ask how much they will
lend you on them. But this is expensive
and may subject you to insult. On the
surface, at least, the proper examination
of radio stocks does not differ from that
suitable to any proposed investment.
Perhaps the Golden Rule is: Don’t be-
lieve the salesman. After that the first
consideration should be the general fi-
nancial position of the company. This

includes  the average earnings over a
reasonable period, the progression of
earnings in proportion to the outstand-
ing capital, the current asset posi-
tion, the latest available balance sheet
and the relation of the funded debt to
the capital stock. Then there is the ques-
tion of management—how much brains,
how much honesty and what sort of repu-
tations are back of the enterprise? Mar-
ketability is also a factor in the radio field
where changes have been so rapid.

256
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RIDING TO RICHES BY RADIO

Inventory is an item decidedly worth
considering. A company which manufac-
tures more sets than it can sell is to be
avoided. These extra sets, above the pre-
vailing market, may be carried as surplus
or current assets, but they almost invari-
ably mean loss. The only way to move
such current assets is through sales, and
in view of the fact that sales failure
caused the accumulation the prospect 13
usually and obviously pretty poor. Per-
haps nothing except yesterday’s news-
paper becomes obsolete more quickly than
today’s radio set. Even eggs keep Detter
in storage.

When you have settled all these points
to your satisfaction and are about to
reach down into vour pocket, stop one
moment more. Consider the patent as-
pect of the stock. Ask vourself these
questions:

1. What patents does the company control
or under what patents are they licensed?

2. How basic are these patents? _

3. Is the company equipped to conduct scien-

tific research and thus build up its patent

structure? ) .
4 Am I about to buy a radio patent -

fringement suit?

Don't flatter vourself that you will ever
be able to answer all these questions defi-
nitely or even approximately. The radio
experts themselves, the boys who get a
hundred dollars a day to contradict each
other on the witness stand, can't answer
The courts thus far have spoken

Can-

them.
obscurely and with many voices.
didly, the patent situation is a mess.
But unfortunately for the buver of
radio stocks this patent situation must
govern the future of his mvestment for
two reasons. A patent is the most con-
venient nozzle in the world through
which to pour water into a stock. And
the patents under which any company
operates may turn out any minute to be
valueless or void. Nevertheless, in this
labyrinth of patent litigation there are cer-
tain signposts which may serve to guide
the investor toward peace and profit.
For the layman to grasp even the first
syllable of the patent crossword puzzle it

257

is necessary to go back a little way for a
running start. Before the United States
entered the war wireless communication
in this country was controlled chiefly by
the Marconi Company, a Dritish concern.
The Marconi Company, it 1s claimed. could
not give efficient service because of faulty
apparatus at both ends. 1t used the iflem-
ing, or two clectrode tube, but required
to perfect its service at least two things
which it never succeeded in getting
three electrode vacuum tube, based on
De Forest patents then controlled by the
American Telephone and Telegraph Com-
pany, and the Alexanderson alternator,
developed and controlled by the General
Electric Company.

When the United States entered the
war the government took over the Mar-
coni stations and appealed to all manufac-
turers to disregard patent rights for the
period of the conflict.  Under the govern-
ment guarantee of protection efficient
radio apparatus was manufactured and
many improvements perfected. .\l pat-
ents were, in effect, scrambled, and to this
day thev have never been satisfactorily
unscrambled,

After the war the British Marcont Com-
pany naturally sought to buy the rights
to the Alexanderson alternator.  Their
advances were smiled upon. .\t this junc-
ture Admiral Bullard stepped in with an-
other patriotic appeal to the General Elec-
tric Company not to make it possible for
American radio communication to f{all
wholly into the hand of foreign interests.

That appeal was the genesis of the
Radio Corporation of America, the child
of the General LElectric. In 1919 all
rights and physical assets of the Marconi
Wireless Company of America passed to
the new corporation, a strictly American
organization, which thus started with con-
trol of both the Marconi and General
Electric patents.  Within two years
thereafter, in one wav or another, it
acquired the radio patent rights of the
American Telephone and Telegraph, the
Wireless Specialty Apparatus, the Federal
Telegraph Company, the Western LElec-

d
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tric Company, the United Fruit Company,
the Radio Engineering Company of New
York, and the Westinghouse Electric and
Manufacturing Company which, as far
back as 1920, had developed radio receiv-
g sets but couldn’t sell them because the
Radio Corporation controlled the vacuum
tubes.

The chief elements in this combination,
of course, are the General Electric, \West-
inghouse and the American Telephone &
Telegraph Co.  A\greements of the Radio
Corporation with the General Electric run
to 1947, with Westinghouse 1o 1943 and
with A, T, & T. only until 1929, Under
these agreements the Radio Corporation
of America accepts 60 pereent of its manu-
factures exclusively from General Elec-
tric and 40 percent from Westinghouse.
Through its various connections it is said
to control the rights 1o something like
2,000 patents, among them the highly im-
portant Armstrong Recenerator and the
Fessenden  Ieterodyne.

Irom a photograph made for PopuLar Rabro

RADIO

Anyone might think all this consolida-
tion, as in the case of the steel industry,
might have tended to clarify and stabilize
conditions.  Far from it. Despite the fact
that the Radio Corporation controls 2,000
patents there are thousands more which
it does not control  And always there are
new ones. At this moment 2,247 radio
patents are pending. In addition there are
all the government patents, many foreign
patents and the German patents seized
during the war,

The legal confusion may be gauged hv
the present anomalous position of the
Armstrong regenerative svstem, a basic
circuit used in the bulk of modern sets.
I.ee De IForest has attacked it repeatedly
as an infringement on prior patents of
his own.  One court has decided for the
Radio Corporation.  Another court in a
different district has held for De [Forest.
The Court of Appeals has ruled for Radio
Corporation and De Torest is attacking
on another angle in still a different court,

D

Bt A e LA TR

A COMPANY THAT PLAYFED A CONSPICUOUS PART ON THE CURB

During the first fqur months of this vear (1925 the stock values of the Dubilier

Condenser & Radio Corporation (one room in whose faclory is pictured above)

fluctuated b(ju'pmz 1278 and 3514, Stocks in other companies varied between ? and
1734. How may the causes be uscertained—and anticipated?
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RIDING TO RICHES BY RADIO

It will be fully two wvears before the
United States has adjudicated the main
patents in dispute. DBig issues in the radio
industry are at stake. Radio Corporation,
for example, is suing Hazeltine on the
eround that the neutrodyne is an infringe-
ment on the Rice and Hartley patents
which are held the pionecer inventions in
the field of controlled regeneration.  The
Alexanderson tuned-radio-frequency is
just about to be litigated. In fact, there
are now approximately twenty big radio
patent suits of which six are of the most
vital importance,

The recent decision against Major Gen-
eral George O. Squier, refusing him the
fruits of his wired wireless invention,
largely because it was perfected through
the expenditure of government funds, has
also precipitated the fat into the fire with
a sickening sizzle. LEvery radio inventor
who was in public service, during the war,
and there were manyv, now fears his pat-
ents mav have become public property.
The Latour patents have also risen to add
another element of confusion to the pre-
vailing madhouse atmosphere.

Dr. Marius C. A. Latour, a French
scientist, formerly in the employ of the
General Electric Company, recently vis-
ited us with the glad tidings that there
was scarcely a receiving set in use here
which did not infringe some of his eighty
basic patents. The Radio Corporation
thought they had exclusive rights to these,
but Professor Latour differed. TFinally.
after long negotiations, four non-exclusive
licenses were issued to the American Tele-
phone and Telegraph Company, the Pos-
tal Telegraph Company (purely for wire
use), the Radio Corporation and the
FFreed-Eisemann Company. It now devel-
ops that the Hazeltine Corporation has
bought control of the Latour corporation
and threatens suits against all unlicensed
users of the Latour devices.

Obviously those who have really put
constructive effort into radio development
will use the courts to maintain their rights.
A lot of patent claims are bound to blow
up in the next two years, and among the

MILLTIONS ARE INVESTED TN RADIO
IN THE UNITED STATES
If you want to find out something of the value of
the particular stock that yvou own, bring the stock
certificates to u bank—and find out how much the

bank will lend vou on them. (The above picture
was made in the plant of a concern that manufuc-
tures radio parts.)

tragments will be many flv-by-nights and
pirates who have worked the stock game
to the limit.  Unhappily, some legitimate
enterprises will also suffer.

But let us reason together. It isn't all
hopeless.  Radio will continue to develop
despite the patent confusion and the in-
dustrial slump.  Safety for the investor
seems to lie inevitably with the big fel-
lows, those which have the means to build
up a broad patent structure, to defend it,
and to prosecnte extensive rescarch.

Research. indeced, is the kev to the fu-
ture of radio. Systematic invention, as
against empirical experiment, is almost
bound to win. It is the laboratory against
the work bench. Of course, outsiders will
continue to invent, just as Professor Haz-
eltine did with his amazing mathematical
formulas, but even there a scientist was at
work. Amateur experiment is interesting,
but it is also disorganized and sometimes
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incompetent.  The cleverest of the ama-
teurs are pretty sure to find their way
into somehody’s research laboratory.

It is through research that what looks
to be the next great step in radio will have
been taken.

Now they are talking super-regenera-
tion which enables us to make one tube do
the work of three. It is true that no com-
mercial super-regenerative sets have vet
been manufactured and sold.  But the
problem is an engineering one which is
bound to he solved. The new thorium fila-
ment tubes which use less current hecause
their electronic  efficiency is heightened,
new methods of more efficiently exhaust-
ing these tubes are likewise the result of
research. Clearly, the organizations which
cannot produce these improvements are
going to be left ecither without anything
to sell or will be forced to sell their obso-
lete produce at a price too low to guar-
antee profit,

Other factors, too, now dimly moving
beind the continuous curtain of time,
will influence radio as a business and as
an investment. There is, for example, the
gradual shaping of public opinion, re-
flected in Congress, toward the great pub-
lic utility group of industries. Will it be
actively inimical, inclined to regulation,
or merely passive? The Radio Corpora-
tion, summoned into being, or at least god-
mothered by one branch of the govern-
ment, is now being examined as a mo-
nopoly in restraint of trade by another
branch of the government, the IFederal
Trade Commission. Is this a symptom?
Or is the change in character within the
Commission itself and the postponement
of the present proceedings the vital symp-
tom?

Then there 1s the matter of radio com-
munication or radio telegraphy. There
1s no question of competition here. Radio
Corporation controls it absolutely so far
as private enterprise may, in face of the

POPULAR RADIO

web of great government stations. A
plotted chart showing a curve of radio
set sales and another curve of returns
from radio communication reveals -some
interesting trends. The curve for set
sales is like the trajectory of a shell; it
mounts spectacularly until recent months
when the upward angle begins to diminish
appreciably. The curve for radio com-
munication, though flatter. doesn’t dimin-
ish at all. It has remained steadily up-
ward.  Where will the two lines be ten
vears hence? Will they, like Einstein’s
parallel lines, meet each other at infinity,
or will the set sales curve acquire a new
cnergy ? Few people realize that already
twenty percent of the total telegraphic
communication with Europe is handled by
radio,

American Telephone and Telegraph is
the most powerful agent of communica-
tion in the United States today. The
agreements Dbetween A, T & T. and
Radio Corporation only run until 1929.

If the telephone company, with its superb
patent structure, ever decides to enter the
field of radio, either in communication or
set making, present estimates of the indus-
try will have to be revised. Just now A. T.
& TLounderstands telephonic radio trans-
mission perhaps better than any other’
group and maintains what the public re-
gards as some of the most efficient of the
broadcasting stations. \s the advance
of radio is inextricably interwoven with
the improvement and limitation of broad-
casting this may or may not be signifi-
cant. '

But enough has been revealed here to
show that the purchase of radio stock isn't
quite so simple as it is made to seem. I
am serenely aware that nothing I have
said will check you if vou have the bhug.
But if you have read this far vou may
at least be able to do a little blooping with
the salesman before vou sign on the dotted
line,

How to Cut Down Interference in Reception

A helpful and essentially practical article on

this timely topic will appear

in PopuLar Rapio next month—aritten by the well-known expert, John 17, I.. Hogan.
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LISTENING HORNS TO DETECT AIRCRAFT 201

LR o

Ordnance Department, U. S, Army

Listening Horns to Detect Aircraft

The United States Ariny has developed this ingenious listening device to delect
the approach and position of hostile atrcraft by means of the noise of the motors.
The horns are designed on the so-called “‘exponential’”’ equation, also wused in
designing some types of loudspeaker horns. One pair of horns follows the eleva-
tion of the sound; the other pair follows the sound around a horizontal circle.
One operalor controls each pair. The combined setting shows both the direction
of the aircraft and its elevation angle. Corrections must be made, however, [or
the relatively slow speed of sound and for the “‘drift” caused by wind. The
sensitivity of the horns could be increased, no doubt, by attaching microphones
and audio-frequency amplifiers instead of the ear tubes.
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IN THE EXPERIMENTER'’S LABORATORY

Opcrating a Loop Receiver Near
an Outdoor Antenna

Maxy radio experimenters who have pre-
viously operated sets on the ordinary outdoor
antenna have finally built a loop receiver and
installed it on their radio table or bench and
found that its sclectivity is not what they
expected,  This, in many cases, is due to the
fact that when the outdoor antenna lead-in wire
runs near the loop antenna it gives too great
a pick-up for the ultra-sensitive loop receiver,
causing lack of seclectivity. A loop receiver
should be operated at least fifteen feet distant
from the lead-in wire to be of the required
selectiveness. :

If vou want to test out the loop receiver to
find its true sclectivity, it is always Dbest to
curl up the lead-in wire and leave the out-
door antenna ungrounded. In this way its
cffect of energizing the loop will be negligible
and the true directional characteristics of the
loop antenna may be employed.

Tubes for Resistance-coupled
Amplification

THERE are some new tubes now being placed
on the market for use with resistance-coupled
amplifiers.  These tubes have a higher “mu”
and thus will enable the user to obtain greater
amplification when used with this type of am-
plifier.  They run in amplification with a
ratio of about 20 to 8, which is about two
and one-half times that obtained with  the
standard tubes.

Soldering Connections

Wien soldering the wires in a receiving
set, the experimenter should alwavs be careful
to use soldering flux or paste sparingly, wiping
off cach joint after the conncction has been
made, to be sure that no superfluous paste or
liquid is left on the joint or on the insulation
surrounding the joint. This will prevent cor-
rosion of the joint itself and will also prevent
leakage across any insulating materials, which

might decrease the efficiency of the receiver or
transmitter that is being wired up.

When soldering leads to taps on an induc-
tance be sure that the silk or cotton covering
on the wire is first scraped back out of the way
before the soldering flux or paste is applied.
This will prevent the hot flux or paste from
running up along the insulation and causing
a short-circuited or partly short-circuited turn
in the coil.

“Straightline Frequency”
Condensers

Tue latest development in condensers that
scems to overshadow, at present, the “low-loss
theme” is “straightline frequency.”

Condensers, to date, are constructed so that
as the dial setting is varied the capacity will
vary proportionately and the area of the
meshed plates will vary uniformly. But, it
has been determined, that, as the wavelengths
of the broadcasting stations are allocated ac-
cording to frequencies, the old type of con-
denser normally known as the “straightline-
capacity type, crowds the low-wave stations
too closely.

Frequeney is figured from the formula

f‘_ 1,000,000 159,154 :
20y LC HILC

where [ = frequency in cycles per second,
C = capacity in microfarads, and L = induc-
tance in microhenries. In this case we may
regard the inductance, L, as unity and there-
fore not consider it in the fermula,

159,154
so that =— ..
. v C

Therefore, it will be seen that the frequency
will vary inversely as the square of the ca-
pacity. In a condenser this means that in
order to space the frequencies of the stations
cvenly over the dial the meshed condenser
plates must vary as the square of their areas.
Thus, if at a frequency of 1,250,000 cycles
(240 meters), the included area of all the
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THE EXPERIMENTER

THE ROTOR PLATE DESIGN TFOR
STRAIGHTLINE-FREQUTENCY CONDIENSERS
VFicere 12 Tere are shiown iwo new types of straightline-frequency variable con-
densers. The condenser on the left contains also a coimpensating plate that foris
a shunt capacity across the condenser which can be wvaried. This cnables the con-
denser 1o be set so that it will give a straight-line-frequency curve with alinost
any type of tuning coil.

plates is figured to be 6 square

Such a condenser would be just the thing

inches, then, at hali that frequency, 625,000
cycles (480 meters), the included area of the
meshed plates would have to be 36 squarc
inches and so on.

Neglecting all other capacities outside the
condenser such as distributed capacity of coils
the shape of such a plate would be as shown
in Figure 1. The curves for this condenser
are shown in Figure 2.

for spacing the frequencies evenly over the
dial, but as soon as the condenser is coupled
in a radio set to some part of the circuit, then
the distributed capacity of the coils commected
with it (and even the connections to a shght
degree) will affect the capacity of the condenser
and likewise the straight-line-irequency char-
acteristic. Laboratory tests and experiments
have shown that ordinary coils coupled to the

500

50

400 |-

300

A
QS

200

g.

CARACITY- MICROMICROFARALS

S
FREQUENCY- KILOCYCLES

~
o

100
0
DiaL SETTING
EVALUATED CONDENSER CHARACTERISTICS IN CHART FORM
Ficure 2: These curves show the characteristics of the lefi-hand condenser shown

in Figure 1. The lower capacity curve marked “condenser alone,” shows the con-
tinuing wvarious walues of capacity with dial setting. This gives the frequency
curve shown under the heading “frequency-condenser alone.” It will be noted
that this curve has a slight curve characteristic. To make it a straightline, a shunt
capacity must be added as shown in the top capacity curve. This gives the straight-
line-frequency curve which is marked on the chart “frequency- with shunt capacity.’
In this way the condenser with the compensating plate can be adjusted so thai i
will give a straight-line-frequency characteristic with any type of coil.
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THE TWO PREVIOUS TYPES OF VARIABLE CONDENSERS

Ficure 3:

The condenser “A” is a straight-line-capacity condenser in which the
g )

capacity varies directly as the dial setiing. The condenser “B” is a straight-line-
wavelength condenser which is supposed to prevent crowding at the lower wavelengths.

condenser vary up to approximately .000025
microfarads in  distributed  capacity.  Coils
with a small number of turns may have 000005
inicrofarads distributed capacity. One manu-
facturer of the new type of condenser, in
order to offsct this effect, adds an extra end
plate, which has the appearance of the old
time vernier. He has so figured his condenser
that when the end plate is fully meshed the
resultant readings are absolutely straightline

in frequency. This plate can be so adjusted
as to compensate for the distributed capacity
of the coil in the circuit.

To design a straightline frequency condens-
er properly a capacity curve for a condenser
of the desired capacity should be drawn first,
ignoring coil capacities.

Then a second curve should be drawn, de-
ducting a certain amount of capacity corre-
sponding to the distributed capacity of the

250
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WAVELENGTH - METERS

—H 19000

DIAL  SETTING

WAVELENGTH AND CAPACITY CURVES FOR THE STRAIGHT-LINE-
WAVELENGTH CONDENSER

Ficure 4: A4 study of the above capacity curves and its corresponding wavelength
shows that this condenser although 1t does distribute the lower wavelength slightly

over the dial,

is not as effective as the straight-line-frequency condensers for this

purpose.
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DIAL SETTING

IDEAL CHARACTERISTICS FOR THE STRAIGHT-LINE-IFREQUENCY
VARIABLE CONDENSER

FiGure 5: This curve gives the data for the proper capacity settings against dial
settings in order to have an ideal straight-line-frequency condenser. The capacity

as denoted in the lower curve includes both the capacity of the condenser and the

distributed capacity of the coil. To find the correct capacily to be incorporated

in the condenser, the distributed capacity of the coil must subtract all aloig
the line.

coil to be used, say .000025 microfarads, from
the first curve.

This will then give the actual capacities of
the condenser at various dial settings.

The truth of the whole matter is this;
there is really no such thing as a straight
line-frequency condenser, except when con-
sidered in connection with a particular type
and size of coil

—Morris M. SILVER

Single-circuit Receivers

It is recommended that single-circuit re-
ceivers (that is, those circuits in which the
input circuit to the tube is also a conductive
part of the antenna circuit), should not be
used in crowded arcas where recceivers are
located closer than half a mile apart. These
simple receivers, if they are of the regencrative
type, will cause great disturbance in neighbor-
ing sets because they radiate a wave in the
same manner that the Dbroadcasting stations
do, except that the waves are of smaller
intensity.

These simple circuits have been found to
be useful in portable sets used in the country
or in any place where necighboring receivers
arc not closer than half a mile or so, but in
the city their use should be prohibited by
mutual consent of all radio users.

Radiation or So Called
“Re-radiation”

Tuere seems to be considerable misun-
derstanding regarding the question of ra-

diation. Many fans scem to be under the
impression that a receiver which contains one
or more stages of radio frequency amplifica-
tion cannot radiate. On the other hand,
there is another faction which labors under
the belief that any receiver which squeals also
radiates.

Both of these impressions are wrong.

Many of the receivers which include one
or more stages of radio frequency amplifica-
tion radiate as freely as the “single circuit”
type. On the other hand some regencrative
receivers which whistle freely when tuned
while in an oscillating condition will not ra-
diate.

It is true that any receiver which is ca-
pable of oscillation is capable of radiating.
However, in some types of receivers this
radiation is possible only from the coils of
the receiver—not from the antenna—and there-
fore is effective only a few feet from the
receiver.

In the case of the I'our-circuit receiver, for
instance, a test was recently made to deter-
mine its radiation qualitics. In the test two
other sensitive receivers were used, and two
antennas. The Fonr-circuit receiver was con-
nected up to one antenna and put into regular
operation. In the same room a tuned radio
frequency recciver loop was set up and also
put into operation. \When the IFour-circnit
receiver was made to oscillate, the oscilla-
tions were picked up faintly with the other
receiver but—and this is important—the os-
cillation was picked up equally well whether
the antenna was connected to the FFour-circuit
receiver or not.

This proved that the slight radiation no-
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Fieore 00 This simple circiudi shozos the man-
ner of connecting a condenser woith dry cell

and buszer for testing of short-circuits.
ticed  was coming  from the receiver direct,
rather than through the antenna.

Next, the loop reeciver was moved into the
next  room  and  another test  made.  This
time no - radiation could be picked up from
the lour-circuit, with or without an antenna,

Finally, a third receiver was connected  to
an antenna which ran almost parallel with the
once connected to the Four-cirenit, and about
15 deet distant from the latter.  When both
receivers were put in operation, absolutely no
imterierence was noticed in the other receiver,
although the Fonr-circuit set wis oscillating
continnously,

This gave conclusive evidence that the Fonr-
cireuit receiver does not radiate, in spite of
the fact that it can be made to oscillate, es-
pecially on the lower wavelengths.

The fact that a receiver is used with a loop
rather than with an outdoor antenna does not
prevent it from  radiating.  Many  super-
heterodynes cause considerable interference to
neighboring receivers, even when operated on a

)
\

RADIO

loop.  But it does not follow that all super-
heterodynes radiate.  \Where the first tube s
used as a stage of non-oscillating radio fre-
quency amplification there is little danger of
radiation.  Or a balancing coil arrangement
may be used, as in the Pressley Superhetero-
dyne, which will prevent interference to other

receivers.  The real trouble makers among
the superheterodynes are those which have
the oscillator  coupled directly to the grid

circuit of the first tube.

A recciver will not radiate if the first tube
does not oscillate, and there is no oscillating
circuit coupled to the antenna circuit or the
antenna coupler.  Moreover, even if the first
tube does oscillate, there will be no radiation
providing the coupling between the grid cir-
cuit of the first tube and the antenna is suf-
ficiently loose. In many regenerative receivers
the coupling between antenma and regenerative
detector cannot be made sufficiently loose to
prevent radiation and at the same time pro-
vide satisfactory reception. The [Four-circnit
receiver works best with extremely loose coup-
ling, the coupling consisting of the single turn
which is wound around the stabilizer coil. It
is this extremely loose coupling that prevents
it from radiating. )

—5. Gorvbox Tavior

Shooting Trouble in Condensers

Wiiex trouble is encountered in a radio
receiver it is frequently desired to test the
fixed and variable condensers to make sure
they are O, K,

There are two main possibilities of trouble
in condensers, i.e.: short-circuit between plates
and poor internal connections.

SUALLED

ConEnser Utk TEst

SO N

HOW THE BUZZER TEST LOOKS

Frouke 7: G
to find out if they are short-circuited or

This shows the set-up diagrame

d in Figure 6 for testing fixred condensers
not. If the busser operates, the insulation
in the condenser is broken

down and it is useless.
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l CONDENSER 70 BF TESTED
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FPHONES

8: The wirtng diagram for testing
condensers for leakage.

oey CAL

F16URE

The test for a complete short circuit in either
fixed or variable condensers is simple. It is
necessary only to connect the condenser in
series with a battery and buzzer as shown in
Figures 6 and 7. If the buzzer operates it is

an indication of a complete short. If it does
not operate, however, therc is no complete
short. This test does not show a partial

short-circuit. In making such a test the con-
denser must, of course, be disconnected from
the receiver.

There is a single test for both of these
defects in the ordinary small condensers used
in radio reccivers. This test is simple but,
nevertheless, some care will have to be exer-
cised to make it cffective. When a direct
current, as from a 1Y% volt battery, is allowed
to flow through a circuit in which a
series condenser is connected, the current
will flow for only a fraction of a second, or
until the condenser becomes charged. If phones
arc in the circuit during that time, the mo-
mentary current flow will result in a single
audible click in the phones. Even if the cir-
cuit is broken and immediately connected again,
there will be no further current flow in the
circuit. If current does flow it indicates a
defective condenser. Such a test circuit is
shown in Figure 8.

If a path is provided from one side of the
condenser to the other, without the battery
in the circuit, there will be another flow of
current while the condenser discharges the
energy which it has stored up. If the finger
is placed across the two ends of the condenser,
for instance, this energy will flow through the
finger. Or if the phones are connected di-
rectly across the condenser the energy will flow
through the phones, resulting in another audi-
ble click. This is a sure sign of a good
condenser.

Perhaps the surest way to make this test, to
avoid any undesirable leakage path, is shown in
Figure 9. Connect one phone tip to the negative
side of a dry-cell and hold the other phone tip
against one end of the condenser with the fin-
gers (being sure that the fingers do not touch
the other end of the condenser). Now tap this
other end of the condenser against the posi-
tive pole of the battery. At the first tap there
should be a comparatively faint click. At the
second tap there should be no click because the
condenser was charged at the first contact.
Now touch this end of the condenser to the
negative pole of the battery. In effect this

267

connects the phones across the condenser, al-
lowing the charge to leak off through the
phones, making another click.

To sum up: a condenser is short circuited
if a click is heard every time the battery cir-
cuit is connected, provided the circuit 1s dis-
connected and reconnected rapidly. The cur-
rent is then not stored up in the condenser
but flows right through. If no click is heara
at all, there is a poor connection inside the
condenser which does not permit the current
to flow into the condenser, and therefore the
condenser can neither charge nor discharge.
Due care must be exercised in all cases to
prevent any leakage path across the condenser
while it is charged, such, for instance, as hold-
ing the finger across both ends of the con-
denser during the test. If this is done the
condenser will discharge as quickly as it is
charged and the cffectiveness of the test will
be spoiled.

—S. Gorpon TavLor

An Oscillating Wavemeter

Tue Parts Usep 1N TiE OSCILLATING
WAVEMETER—

A—414 volt “C’" battery, Eveready type No.
771

B—Small size 22Y, volt “B” battery, Eve-
rcady type No. 763;

Ficure 9:
set-up diagramed in Figure 8 for testing the
ordinary fived condenser for leakage. If more

The author is here shown using a

click is heard
defective.

than once the condenser 1s
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THE WIRING DIAGRAM FOR THIEE NEW OSCILLATING WAVEMETER

Frovre 102 This diayram gizes the hook-up for the wacemeter. Al e symbols

Jor the coils, condensers and other instrumenis bear designating /('//v.l:\‘ which are
usced tn the list of paris and throughout the text and idlustrations.

O
153
_}J |T
S
A
ha>
2]
.
e 11| S ———

C—Cuardwell 0005 id, variable condenser, \V'—Accuratune vernier dial, 4 inch diameter;
21 plate; Ni—General radio inductance coil No. 277 A,

D—Na-ald No. 499 socket for UV-199 tube, without plugs:
cquipped with Na-ald panel mounting No. NX2--General radio inductance coil No. 277B,
400 : without plugs:

JLJ2 and J3—General Radio coil nounting NJ3—Gerneral radio induactance coil No. 277C,
jacks, No. 2741, without plugs:

P—12 General Radio cotl contact plugs, type N4—General radio inductance coil No. 277E,
2741 (3 used with cach coil). witlout  plugs ;

R—General Instrument 30 ohm rheostat ; I composition panel, 7 inches by 10 inches:

S—Benjamn Battery switeh; 4 by binding posts;

(R

.
JA&
«

s" 2 . N i
I'HTE FRONT VIEW OF THE OSCILLATING WAVEMETER AND
ONE OF THE COILS

IQTHE 112 This picture gives an idea of how the wavemeter looks when viewed
from the Jront. As all the parts and accessories are marked with designating letters
the /’)‘(7.\‘/’(:(‘II'Z'(’. operator will hate no trouble i locating the wvarious controls as tlw\;
are cxplained in the text. In operation any one of the four coils may be nsed by

plugging into the three jucks, J1, J2 and J3. ) -
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THE INSIDE VIEW OF THE OSCILLATING WAVEMETER
Fiovwe 120 This gives the general arrangenient of the instrument fastened to
the  panel and  showes  how  the  two batterics are  attached to the  cabinet.
It also shows the hole <wwohich is wmade in the top of the cabinet for inscrting the
cacuiem tiube.
Lumber, screws, strap brass—18 inches by Four coils are used, and they cover the
Y inch by 3/32 inch. wavebands as follows:
L N1—231 to 100 meters

O~k of the most important  pieces  of
caiipment that a radio experimenter can have
is an oscillator wavemeter such as the one to
he described below.,  This instrument serves
not only as an accurate and precise reading
wavemeter, hut also as a standard for meas-
uring capacitics, inductance and other details.

In making vour own coils, this instrument
cnables von to tell the exact waveband the
coil will cover; it also enables you to measure
the capacity of small fixed condensers. the
maxinmum capacity of variable condensers and
vour antenna capacity,

With it it is possible to tell in an instant
the wavelength of a broadcasting station to
which vour receiver is tuned.

This article is confined to the counstruction
and operating directions for the oscillator used
as A wavemeter; in a later issue more data
will he given on the use of this instrument for
measuring  condenser capacities and  coils.

The circuit used in the oscillator is a modifi-
cation of the Hartley Circuit; it is shown in
IFigure 10,

The coils are fixed and are connected into
the circuit by a plug arrangement which pro-
vides a simple and satisfactory way of chang-
ing coils for different wavebands.

The construction of the oscillator is clear
from the illustrations, It will he nnted that
the coil, tube and "1 battery are placed well
away from the dial for the purpose of elimi-
nating hody capacity. 1t is for the same rea-
<on that the variable condenser is shunted
across only one half of the coil rather than
across the entire coil.

N2—65 to 206 meters

N3—127 to 328 meters

N4—194 to 602 meters

As will be noticed this set of iour coils
covers all of the broadceast band and also the
amateur 150-200 and 75-85 and 37-12 meter
bands.

It is best to usc only .the upper part of the
oscillator dial—from 30 to 180 1if accurate
readings are desired.

It is extremely important that no changes
be made in the oscillator after it is once cali-
brated, otherwise recalibration will be neces-
saryv.  lLiven the position of the batteries in
relation to the oscillator must remain fixed.
It is for that reason that the bhatteries are
attached directly to the case of the osciliator.
as shown in Figure 2. Va-iations in rheo-
stat selting or battery voltage will, however,
have little effect on the dial setting, and as
a rule the use of a different tube of the same
tvpe as the one used when the oscitlator is
calibrated will not materially affect the cali-
bration. It is well to always use the same
tube, thus climinating any possible chance of
variation from the calibration.

There are several wavs of calibrating the
oscillator.  The first and best way is to cali-
hrate it by means of a standard oscillator—
if the use of one can he obtained. The next
best plan is to listen in on the standard fre-
quency signals sent out from the Burcau of
Standards in Washington. These are sent out
on the Sth and 20th of every month, beginning

at 10 P.M. Each evening a band of fre-
quencies is covered. One evening, for in-
stance, the band from 545 meters down to
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200 meters is covered; the next transmission
night the band from 200 to 100 meters is cov-
ered. The schedule of transmissions may be
obtained from the Kadio Bulletin  issued
monthly by the Government Printing Ofhice; it
may be purchased for five cents a copy.

The third and most usual methcl of cali-
brating the oscillator is to use the wave-
lengths of broadcasting stations.

To do this a number of broadcasting sta-
tions, ranging from the lower to the upper
wavelengths, are tuned in on any type of
ordinary receiver. When a station has been
tuned 1in the oscillator is placed about three
feet from the receiver, the oscillator tube is
lighted and the dial rotated until the familiar
heterodyne whistle is heard as the oscillator
is tuned to resonance with the receiver (and
therefore also with the transmitter of the
broadcasting station).  As the wavelength of
the broadcasting station is approached on the
oscillator dial the whistle will first be high
pitched.  As the dial 1s turned further the
whistle will become lower until it is no longer
audible. At this point the oscillator is in
exact resonance with the broadceasting  sta-
tion. If the dial is turned too far the note
once more rises, an indication that the dial
has been turned too far.

When the oscillator has been tutied to reso-
nance in this manner make a note of the read-
ing of its dial, together with the wavelength
of the broadeasting station.  Now repeat this
operation on different  stations, obtaining a
goodly number of calibration points.

The method of calibrating the smaller coils
by the harmonies of the higher wavelengths
will be explained in a later issue.

To make up the calibration “curve” or chart,
i piece of cross-section paper will be helpful,
preferably the style with 20 lines to the inch,

both vertical and horizontal, dividing ea_ch
square inch into 400 small squares. The size
of the ruled form should be not less than 6%
inches by 9v inches. This 1s a standard size
which can be obtained at most draughtsmen’s
supply stores.

The left hand margin of the sheet 1s marked
off to correspond with the dial, the bottom
line being marked 30 and the top line 180,
if the above size paper is used. Every tenth
line is marked, the tenth from the bottom
marked 40, the twentieth 50, and so on. This
applies in cases where a 180 degree dial s
used on the oscillator. If a 100 degrec dial
is used the bottom line may be marked 0, the
tenth line 10, and so on.

The bottom margin is marked with wave-
lengths.  Where the coil being calibrated is
one which covers the broadcasting waveband
the left-hand line is marked 200 and the right-
hand line 600, Then every vertical line rep-
resents 2 mieters and  every tenth line s
marked accordingly,

To spot the calibration points, find the in-
tersection of the dial setting and the wave-
length.  L'or instance, the eightieth line from
the left represents 300 meters. If a reading
has been taken on a 360 meter station the
cightieth tine is followed up to where it inter-
sects the horizontal line corresponding  with
the oscitlator dial setting for that station. At
this intersection a dot is made, and all of
the other calibration points are marked in the
same  way.,  After they are all marked in,
connect them together with a line and the
“curve” will be completed,  Such a set of
curves is shown in Figure 5.

The method of using the oscillator and
the “curve™ is simple. Suppose a broadcast-
ing station is tuned in on a receiver (not
necessarily the same receiver used in obtaining

Col. TERMINALS

MoUNTING
FPLUGS

Ficure 130 Tawo of the coils and the method of mounting plugs on the cross strip

provided on the coil form. Four holcs

will be found in the cross strip but only

three of them are used. In the left-hand picture, the first plug on the left is

comnected to the front end of the coil: the second one is connected to the center
tap and the third right-hand plug is connected to the rear end of the coil. The two
tner coil terminals are connected together with a plece of wire as showen.
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IN TIHE EXPERIMENTER'S LABORATORY

waveensTn- Merees(on X-3)
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Dinr Serrine

IR it I

e e B i
780 300 820 340 360 30 400 4D

440 460

480 500 & 540

Waveerers-merers  (Con X-4)
A SAMPLE TUNING CHART

Fictre 14:

fext of his article.

This diagram shotws ot ‘fwo funing Curves werd

X4 and X3. This is the kind of chart which the author tells low
With one of these charts and the osctllator
cxperimenter is able to tell the wavelength of any incoming signal that he

made for coils,
to make in the

described, the
picks

wp with his receiver.

the calibration points) and it is desired to
know what station it is, or what the wave-
length is. The oscillator is turned on and its
dial rotated very slowly until the whistle is
heard. The dial setting of the oscillator is
noted. Referring to the “curve” the horizon-
tal line representing this dial setting 1s fol-
lowed across until it intersects the “curve.”
The vertical line nearest this point of inter-
section represents the desired wavelength.
The cabinet shown in the illustration can
be easily made. Its inside dimensicns are
6 inches by 9 inches by 3!% inches deep. A
small shelf is mounted on one side for the
batteries and a piece of strap brass is bent to
fit the batteries and is screwed on to the side
of the cabinet. A threaded rod is provided
at the center of the brass bracket to tighten
it against the batteries, holding them securely

in place.
—S. Gorpox TavLor

A Power Tube in the Last Stage
of Audio

It is often advisable to use a power tube,
such as the VT-2 or the 216-a tube, in the
last stage of audio-frequency amplification.
This will usually help considerably in getting
better guality from the receiver, especially if
the receiver uses radio-frequency amplification
ahead of the detector.

If a power tube is used, be sure that the
last rheostat has sufficient current carrying
capacity for the tube you use. If it has not,
it should be changed and the proper rheostat
installed.  In the case of Amperite filament
adjusters, the ordinary type No. l-a (which
is used with the 201-a type tubes) should be
taken out and an Amperite No. 1 substituted.
This latter tvpe will accommodate the so-
called power tube.

“How to Compare Losses in Condensers”

Useful information—based on

laboratory experiments—that every

radio amateur should have, will appear in Porrrar Rapio for next month.
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AN ENGLISH “RADIO CARAVAN” THAT COMMUNICATED WITH AMERICA

Adn enterprising and inzentice English radio experinienter
contiuwmcating weith amateurs across the

ment wlhich obtained ils potoer

from the vear wheel of his motor car.

recently succeeded n
Atlantic by using a transutitting equip-
The rear

end of the car was belted to a igh voltage generator wolich supplicd the current

to the plates of the

vacunm tubes cmployed.

I’he BROADCAST LISTENER

Comments on radio programs, methods and technique
—from the point of view of the average fan

By RAYMOND FRANCIS YATES

Why German Programs in
America?

HE artful publicity department of the

Radio Corporation of America probably
thought it was dropping a great big bombshell
when it announced that the German broadcast-
ing station was going to export its programs
to America and that they were going to be
rebroadcast here. The announcement was
received coolly in our department, however,
for, while we anticipate the day when the en-
tertainment of the nations of the world will
mix and blend in the great amphitheater of
the ether. we are, for the time being at least,
perfectly satisfied with the American-made
product.  This decision is not the result of
a patriotism so intolerant that it cannot condone
the thought of music from the Deutschland,
As a matter of fact. there is a place in this big

heart of ours for the

art. worst-sounding, beer-
drinking German

band that ever inflated its
red cheeks. OQur argument is, “Ladies and
Gentlemen of the radiophone audience,” that
the exchange of foreign programs can be noth-
ing brt an amusing experiment made to order
for the publicity departments of the various
corporations concerned, As gz diversion for
a night or two. it receives our very official
O.K., but technical radio is not ready to ex-
tend this into a lasting performance of a really
meritorious nature,
* * *

Something Novel on a Program

WHEN our field department wired us from
Cincinnati that the Crosley station had installed
a new feature, we were all aflutter. Any studio
manager who is caught doing a little thinking
in an effort to inject fresh blood into the fast

272
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THE

hardening veins of the art, will find the full
power of this department squarely behind him.
We don't care if it is the simple trick of
permitting a pig to squeal into the micro-
phone; as long as a pig has never squealed
into a microphone before (and we really don't
know why pigs have never been permitted to
squeal into microphones), we shall be back
of the pig-squealing movement heart and soul.
The trouble with radio (or one of the troubles
at least) is that studio managers are not ex-
perimentally inclined.  When KDKA  broad-
cast its first program, it sct down a pattern that
has heen followed ever since.

WILW is using a novel method to present
the daily news, and while it may not be very
exciting as excitement is measured in these days
of petting partiecs and uncovered feminine
knees, it is pretty good for so young and yet
so mossy a thing as radio broadcasting. WLW
mixes news items with music, reading a piece
of news and then playing an appropriate (or
as near appropriate as possible) seclection. Al-
though the brief wire of our Cincinnati at-
tache does not so state, we presume when a
news item concerning the K.O. of a pugilist

is read, that the orchestra lapses into the
plaintive strains of “I Dreamt I Dwelt in
Marble Halls.” This may be a little far-

fetched, but it is the best cxample we can
think of at this time.
* *

The “Invisible Guest”

lonG vears ago, when we were annoying
the rcaders of the New York [erald-Tribune

£l

Kadel & Herbert

BROADCAST LISTEXNER

|7
~J
(N

with clumsy paragraphs very similar to the
present run, Mrs. Marie Hemstreet contributed
a little poem that we liked a great deal because

" it pleasantly expressed sentiments of our own

concerning the constant reference made by an-
nouncers to the “invisible guests.”” One is
very uncomfortably reminded of a spiritual
seance because that is really the only place you
would expect friends in the proto-plasmic
realm. Mrs. Hemstreet objects with poetry:

There is one thing I hate to be called,
Against it 1 boldly protest;

It gives me a shiver,

A chill on the liver,
To be hailed as “invisible guest.”

It’s hard to imagine the cther,
As craweling with Dodiless hosts,
But it gives me the creeps,
I hen a voice from the deeps,
Secks to claim me as one of the ghosts.

When you call me
“dear fan,”
Ll tune in with fervor and sest.
But sowmehow [ quiver,
And cannot but shiver,
When hailed as “invisible yuest.”
* *

This Month’s Cake Is Awarded

“dear friend’ or

CoNTINUING our practice of including one
little puff of simon-pure praise each month, we
wish to lay a wreath at the
Eveready Entertainers.

> door of the
The nice thing about

HOW A STATE'S PRISON INMATE EVADES THE
LLONELINESS OF CELL LIFE

Radio is a magic fluid that seeps into every crevice of human life—even through

prison walls,

Here is a Sing Sing prisoncr manipulating a curious radio set. built

by himself.
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274 POPULAR RADIO

the Eveready Entertainers is the delightfully
reckless way in which they abuse the most
sacred traditons of the art, for the habitual
listener of WEAR, WSAL WEEIL, WJAR,
WOC and WEAF must feel with us that
Evercady entertainment is unusually good to
the point of being actually satisfying. It
scems that a perfectly appalling amount of
thought and painstaking effort has bccn.put
into the construction of these weckly evénts.
They should be a great inspiration to the
hundreds of studio directors with heads filled
with ground-up corn cobs.
* *

A Real Nut Comedian on the Air

WHILE we are at it, we may as well add
another dash of parsley to this unpalatable
dish of arid hokum. We wish, in this case,
to extol larry Richman, who is perhaps the
most outlandishly foolish man on the air. To
say that he is the most outlandishly foolish
man on the air is saying a pretty large mouth-
ful, too, when we stop to think things over.
Yet with all of his downright foolishment, he
15 a powerfully funny man, and the weak old
thing that runs this department has been a
subscriber of his since the sccond night he
came to the air through WHN—yes, it's a
little over a year ago now.

It takes a good man to be so foolish that
he is funny. Most of the super-nutty come-
dians are just foolish without being funny,
which is a most pathetic status. While Harry

Richuiran unloads many scuttles of utter crazi-

Ir. M. Deiano, Paris

ness, one finds in much of it kernels of real
subtle humor. To say that one was dining
with a big rubber man {irom the Turkish
Baths or that one went to the theater with
a large collar man from Great Neck or that
the evening was spent with a big locksmith
man from Key West is, to our way of think-
ing, a pretty steamy line of talk. All of which
goes to show how easily a man like Richman

can take on customers like us.
* * *

Talky Announcers

SoME day when we are under a little less
social pressure, we are going to look up the
WEAL, WJZ, WJ]Y, KDKA, WMAQ and
WEL programs of a year back and publish
them with the programs of the present time,
This would be, perhaps, the most effective
way of saying that radio is hog-tied to the
hitching posts of broadcast tradition and that
the majority of our impresarios and entre-
preneurs are at the very end of their wits. If
you changed the date on any one of these
program cards, it would be just about all you
would have to do to bring them right up to
the minute as the classiest and newest means
of cooking up a batch of entertainment for
the yokels “out there.”

With the precious few announcers that we
have who know how to carry on an intelli-
gent, connected conversation free from “ands”
and “buts,” we often wonder if the bare
announcement of the station, the number and the
artist would not be the wisest course to

THE ALUMINUM LOUDSPEAKER SPEAKS

This gigantic loudspeaker, which was set up on the grounds of the Leipsig Fair
m Germany, consumed approximately one horse-power of electric current, which

was sufficient to send the sound waves scurrying over the entire exhibition,
loudspeaker operates with a thin aluminum ribbon pulled taut between the poles

This

of a powerful electromagnet,
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FIVE POINTERS FOR REDUCING STATIC

follow. Surcly that would be better than lis-
tening to a long line of grammatical goulash,
which, after all, is simply designed to say,
“This is station BXW, Buffalo, N. Y. John
Jones will play ‘Home Swecet Home’ on the
harmonica.”

It is certainly amusing to hear some of the
patter that is offered as intelligent comment
by talky announcers. There is one chap in
New York (we’d hate to mention his name
because he took us out to lunch one day, .poor
devil; we're pretty decent after all, aren't
we?) who offers the rarest bit of irrelevant
matter that vou would care to listen to every
time he approaches the microphone. He is
perhaps the most capable oratorical kaleido-
scope that has ever faced a microphone. The
photographic rhapsody of a Pathé news reel
is an example of unblemished harmony when
compared to the thoughts commented upon by
this young man in the course of a single min-
ute.  Metaphysics, baseball, music, pancakes,
flowers, race horses, subways and hardware
are some of the subjects that you might find
in any one of the little rhetorical grab-bags
that he injects into the program at the end of
cach studio feature.

We  don’t mind being announced at in the
conventional manner by men like Milton Cross
(WJZ) or Thomas Cowan (WNYC), but we
are awfully sensitive to the intellectual white
wash peddled by the average young man who,
by some dirty trick of fate, has found himself
in a radio studio.

And that’s that!

Underwood & Underwood

A BROADCAST ARTIST WINS A
FORTUXNE
So gentle and soothing was the .jazz sym-
phony music played by Paul Ash that a lmd-
licarted old lady of Olathe, Kansas, renicm-
bered him to the extent of $66,500 in her
will.  This is the first case on record where
a man has been rewarded in the will of one
of his rudio listeners.

Five Pointers for Reducing Static

1. NearBy signals, when we have the ad-
*  vantage of a relatively high signal level as
compared with the static level, arc fairly free
from static. Good reception is thercfore as-
sured from nearby broadcasting stations, es-
pecially today when many of the broadcasters
have gone to higher powers so as to insure
proper reception of programs under all con-

ditions.
2. THE most effective way of reducing static
* . is to select a powerful radio signal—which
usually . means a local station. Ordinarily,
there will be no static interference in the first
place; but if the background is scratchy and
blurred as the result of intense static, the out-
put volume of the set can be cut down until
the background noises are reduced to the van-
ishing point. Obviously, the signal volume
is also reduced, but if it is sufficiently power-
ful to begin with, there is ample opportunity
for reducing it and still have left sufficient
volume at the end.

3. WHEN static interference is excessively
* troublesome, the amplification should be
cut down to one stage. In the event that static
interference is overwhelmingly troublesome
(such as with an approaching thunderstorm)
it is still possible to listen to sufhciently pow-

erful signals by means of the head-set, with-

out amplification of any kind.
4_: LoupsPEAKER reproduction often may be
improved in summertime reception by
bridging a small fixed condenser across the
loudspeaker terminals, The capacity of such
a condenser obviously must vary from one type
of loudspeaker to another, but a little experi-
mentation with several sizes of small fixed
condensers must soon disclose the proper value

for a loudspeaker,
S. IT is hardly necessary to go to the trouble
7*  of installing a shorter antenna for summer-
time operation, although the radio listener will
obtain interesting results by trying out various
kinds of antennas. After all, the only result
of a short antenna or an indoor antenna is
that the amount of energy intercepted is no-
ticeably less than with a full-sized antenna;
hence the static level falls and with it falls
the signal level. If the static level is below
the signal level to begin with, this matter of
dropping the initial values to lower levels must
bring the low static down below the thresh-
old of audibility. At best it is an illusion,
though to some it is highly pleasing.

—Dr. Arrrep N. GowLpsmiTH
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Tuts department is conducted by Porvrar Rapio LABORATORY for
radio cxperimenter and the broadeast listener
approved developments in radio ecquipment.

endorsed by the Laboratory is noted in these columns.

ADIO APPARATUS

the purpose of keeping the

informed concerning the newest inventions and the
Only such apparaius as has becn tested and

AERIALS
Super-Sensitive Omond-Directional aerial: Portalle

Globe  Aerial Co.
AUDIO-FREQUENCY TRANSFORMERS

Lacent audioformers; Pacont Electric Co o,

Poeerless Tworawdio: Peerless Radio Corp.

Precise audio-frequency  transformer:  Precie-
Mfg.,  Co.

Precise push-pidl transformers: Precise Miy., Cuo.

“Hegehog” andio-frequency transformer, Premier
Electric Co.

“Neceptrad™ awdio-frequency ransforner: Radio
Receptor o

Reliable audio-frequency  transformer;  Reliable

Parts Mfg. Co.
“Rhamstine” andio-frequency
Thomas Rhamstine.
“Rubicon” audio-frequency transformer- Riebicon
Co,
Duplex (push-pull) trausformicr: Rubicon Co.

BATTERIES

transformer: ).

Prest-O-Lite batteries; DPrest-O Lite Co.. Tuc.
Jumbo battery; Primary Mfg. Corp. ) ]
“Rebat”  rechargeable “wet B hatteries: Radio

Rebat
BATTERY

Co.

CIHHARGERS
g

AND RECTIFIERS

rectificr; ). Thomas Rham-

“Rhamstine”
stine. .
Battery chargers; . C.

Rumbold

CRYSTAL DETECTORS
Oscillaformer: Oscillaformer Co.
Detector stand; Pacent Electric Co., Tne. .
“Death Ilallexy” crystal; Pacific Radio Specialty

Co.
“Death Palley”  permatect; Pacific Radio Spe-

cialty  Co.

De-Tec-Tone crystal detector; Pyramid Products
(‘1]-

Big Pyramid crystal: Pyramid Products Co.

Goldwhisker; Rep Radio Co.

Roll-Q crystal; Roll-O (Crystal Co.

R-C-I semifived detector: R-U-F Products Co.

RA17 rowgh wonder crystal; R-U-F  Products
(‘l)v

Rusonite fived detector; Rusonite Products Corp.

DITALS
Ultra-cernier  tuning  control;  Phoenix Radio
Corp.
“Hemeo™ dials; Geo. Richards & Co., Inc.
GRID-LEAKS AND RESISTANCES
Cartridge resistances: Pacent Eleetric Co., Inec.
Grid-leal: and condenser; Pfanstiehl Co.
Nonoise  carfable grid-lead ;  Radio Foundation,

Inec.

A dial made in two parts that is self-centered.

Malker:

TIHE DIAL WITHOUT A SET-SCREW

Name of instrument: Knob and dial.

Description: This knob and dial unit is made
I two picces and is attached to the
shait of a tuning instrument by means
of a threaded chuck. The dial itself
1s placed over the shaft in the right po-
sition  and then the small knob is
screwed up tight causing the chuck to
pinch on the shaft, thus making a secure
and  self-centered fit.

Usagc’." As.a dial for tuning a radio-frequency
circuit,

Outstanding features: Neat appearance. Clear
vision of the numerals. Self-center-
ing. No set-screws. No wobbling.

Waterbury Button Co.

276
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WHAT'S NEW IN RADIO APPARATUS 277
HEADPIHONES ‘ -
“Pacent”’ headsets; Pacent LElectric Co., Inc. .
“Perfectone” phone; Perfectone Radio Corp.
“Randolph’ special headphone; Randolph  Radio
Corp.
“Royalfone” lheadsct; Royal FElectrical Labora-
tories.
JACKS
Pacent jacks; Pacent Flectric Co., Inc.
KITS ’

[Jltradyne kit; Phoenix Radio Corp.

Pinke-o1-Tone  superheterodyue loit;
Radio Corp.

“Iir Bren’ kit; Radio Instrument Co.

“Raven’’ superheterodyne kit;

“Rubicon’ Iit;  Rubicon Co.

LIGIITNING ARRESTERS

Anchor lightning arrester; Radio Receptor Co.

LOOPS
“Pathe”

Pinkerton

Curtentenna;  Pathe  Phonograph &

Radio Corp.
“Pollard” loop; Pollard Dros.
Collapsible
America
Diuo-Spiral folding loop; Radio Units, Tuec.
(‘4).,

aerial;  Radio  Association of

lvop

“Hemco” loop acrial; Geo. Rchards & Inc.

“Ritter” loop aerial; Ritter Radio Corp.

An automatic switch that prevents short-circuits,

A BATTERY CIRCUIT BREAKER

Name of instrument: Circuit breaker,

Description: A protective switch enclosed in
a neat metal container for mounting near
the storage battery of a receiving set,
to protect the battery and the set against
short-circuits, The breaker may be set

in operation by pressing one of the small -

buttons. The other one if pressed will re-
lease the switch and open the circuit. If a
short-circuit occurs the switch auto-
matically opens and stays open until it
is reset by the operator. The mechan-
i1sm may be set to open at a load of
three or four times that drawn by the
ﬁlaments of the vacuum tubes in the
receiver.

Usage: As a protective switch against short-
circuits in a radio installation.

Ountstanding  features: Absolute protection.
Small size. Ease of setting.

Maker: Precise Mfg. Corp.

Raven Radio, Inc.

i - — JER—

A low capacity is obtained between terminals.

AN EFFICIENT VACUUM-TUBE SOCKET

Name of instrument: Vacuum-tube socket.

Description: This instrument is about as sim-
ple as it is possible for it to be. The
contact pieces are attached to the skele-
ton insulator base by screws which can
he used for fastening counecting wires.
The contact, however, is also hrought
out in a single piece which is available
for soldering. The tubular support for
the. vacuum tube contains a unique flap

for applying pressure on the s:dc_Qf
the tube and thus holding it securc in
the. socket. The four eyelets are m-

stalled in the base for mounting.
“Usage: As a holder for vacuum tubes in a
receiving set.

Outstanding features: Light weight.  Good
contact. Low capacity between ter-
minals. High insulation. Neat appear-
ance.

AMaker: Leich Electric Co.

LOUDSPEAKERS

Mig. Co.

“O’'Neil” andiphone: O'Neil
Phonograph &

“Pathe”  loudspeaker; Pathe
Radio Corp.
“Perfectone”
Corp.
“Radiola”
America
Radio 1ase: Radio Vase Co.
Amcerican  Bell  loudspealker;

loudspeaker; Perfectone Radio

loudspeaker; Radio Corporation of

Randolph  Radio
Corp.

“Thorola’ loudspeaker; Reichmann Co.

“Thoroplione™” loudspeaker: Reichmann Co.

“Remo” Trumpet: Remo Corporation

“Remola’ recreator; Remo Corp.

“Royalfone’” loudspeaker; Royal
oratories

Electrical ILab-

MISCELLANEOUS ACCESSORIES

Radio wall map: Ozarka. Inc.

Pcerless  Twin-andio amplifier;
Corp.

“Nodust” cleaner; Peiffer & Co.

“PRSH” A. C. leads; Pittsburgh Radio Supply
IHouse

Standard adjustable acrial base; Pomona Hard-
ware Co.

Panel engraving machine; 1. P. Preis & Co.

“Precise’” No. 1.600 protector (circuit breaker) .,
Precise Mfg. Corp. .

Filtoformer: Precise Mfg. Co.

Coil plug receptacle: Pacent Electric Co.. Inc.

Jack name plates: Pacent Electric Co.. Inc.

Qumb_\v radio_frames; Quinby Radio Frame Corp.
‘Radeco” safety fuses: Radio Equipment Co.

Peerless Radio
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A small condenser provided with an adjusting
screw that is a great aid in neutralising a
receiver.

A SMALL ADJUSTABLE CONDENSER

Name of instrument: Small variable condenser.

Deseription: The two plates which form part
of this condenser are mounted inside
of the neat bakelite container directly
on the two screw terminals shown and
also serve as  binding-post  terminals,
The adjustable screw in the center when
turned in a clockwise direction depresses
one of the plates, thus decreasing the
distance between them and  increasing
the capacity.

{“sage: In any part of an clectric circuit where
a very small variable condenser is neces-
sary.

Outstanding features:  Small
ctheiency.  Iixactness  of  manuiacture.
Fase of adjustiment, Neat appearance,

Vaker: X-1. Radio Laboratories.

size.  Eleetrical

Kuwn-a-Radio”; Radio Appliauee Co.o g
Lony-Twrn vernier contirol: Radio Units, T
CRagalt’ o swap terminals: Rajah Auto Supply G
Najalt” radiator  grownd: Rajah Nute Supply
o
Goldwliskery : Rep Radio Co,
PANFELS
Panelyte radio panels; Panclyte Board o e
Insuline radio panels: Radio PPanel & Pane Corp

PHONE PLUGS
Plugs; Pacent Eleetric Co., Tuc.
Poly plug: Polynet Mig, Corp,

PITONOGRAPH ATTACIHMENTS
Phonograph attachment: Perfectone Radic Conge,
Thorota™  phonograph  attachment:  Reidhnianm
Co.
KRltamstine”
“Rhamstine”
“Royalfone”

POTENTIOMETERS
No. 88 potentiometer: Pacent
“Premiter”  potentiometers,
POWER AMPLIFIERS
“Radiold™ balanced amplifier Cpush-pull s ;

Corporation of \merica.

RADIO CABINETS
“Campbell”
Radio  cabinets

Cabinet Co.
" Robbins” radio desk: Robbins Woodwaorking Co.

RADIO FREQUENCY TRANSFORMERS

Ultraformier: Phoenix Radio Corp.

D) N 7 - . N N ™~

Pink-A-Tone transformer;: Pinkerton Radio Corye

Super-mudtiformer: Precise Mfg, Co.

Prrcl:ﬂun radio-frequency transformer: Precision
Coil Co., Inc.

I'tr Bren radio-frequency transformers: Radio
Instrument Co.

sictoplone: 1. Thomas Rham-tine
needlephone: 1. Thomas Rhamstine
unit: Royal Electrical Laboratorics

Electric Co.. Ine.
Premier Flectrie Co.

Radin

radio cabinet:

Perkins-Camphell o,
(desk

styler: Peters Eledtric

POPULAR

RADIO
“Iir Bren' Tuput transformer; Radio Tnstrument

0.
“Reliable”  radio-frequency transformer; Reliable
Parts Mfg. Co.

Intermediate-frequency transformer: Reliable
Radio Mg, Co.
Intermediate-frequency transformey; Remler

Radio M{g. Co. )
“Nubicon” radio-frequency transformer; Rubicon

o.
Tuned stage transformer: Remler Radio Mfyg.
Co.

RECEIVING SETS

“Operadio” recciver; Operadio Corp.

Low-ware  rveceiving  set (for amateurs); Ou
Radio, Inc.

“Oczarlea’ portable receiver: Ozarka, Inc.

CQzarkae’” A-tube sct; Ozarka, Inc.

“Minute dMan” yeceiving set: Pathe Phonograph
& Radio Corp.

I his loop is jointed in five places, which perntits
folding into a wery compact unit.

N COLLAPSIBLE 1.OOP

A wme of dnstrument:  Loop antenna.,

Ur.\‘(l'lf’fim'l.‘ A portable loop with a unique
ful(_hng feature.  The wooden strips
which support the five slotted insulator
rods are hinged so that they may be
folded up. The two upper sections thus
may be inverted and the two lower sec-
tons may be closed up vertically, reduc-
mg the over-all dimensions to a small
space for packing. The wires, however,
remam taut in any position of the outer
frame. The loop itself may be revolved

) on a fixed base.

Usage: As 3 pick-up device for a radio-
frequency receiver.,

Outstanding features: Portability. Neat work-
manship.  Good appearance. Variable

_ mductance. Directional efficiency.

Maker:  Aalco Radio Laboratories, Inc.
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CoNpucTED BY

The IEther and the Soul

Sk Oriver Lonce is one of the world's most
competent and sensible scientific investigators.
He 1s also, as newspaper readers well know,
one of the few scientific men who have ac-
cepted the beliefs of the spiritualists. e not
only admits a possibility that there exist non-
material forces and actions and even beings, but
he believes all these things to be facts. e has
devoted much work to the field of psychic re-
search. e is convinced that human person-
alities survive after the dissolution which we
call death.

Unusual interest attaches, therefore, to a
recent radio address made by Sir Oliver from
21.0O, in London, in which he suggests that the
mysterious ether, about which there has been
so much argument, may be the seat of psvchic
forces and entities as well as the medium for
the transmission of radio waves and of light.*

It is possible, Sir Oliver thinks, that life may
be conncected much more intimately and per-
manently with the ether than with matter.
The ecther has “perfect properties.” No en-
ergy is lost when light (for example) traverses
1t.  Matter, on the other hand, is liable to de-

terioration.  Fnergy is lost in it and by it
Matter becomes the seat of the mysterious
forces which we call life. Matter becomes

“animated.” The question arises, can cther be
animated too?

All force, Sir Oliver continued, is exerted
through the ether. It is the medium of such
life attributes as mind and memory. These
attributes belong to the part of the universe
which is unseen. 1f they have contacts with
physical things at all, those contacts are pre-
surnably through the ether. Our material bod-
ies are transient. They wear out. Mind, too
may need a vechicle, one that is independent

*The address was the last of a series of seven broad-
cast by Sir Oliver under the title “Ether and
Reality.” It was delivered on March 31, 925,
and was reported in the London press and in Nature
(London), vol. 115, page 505 (April 4, 1925). In
another address in Christ Church, London, on March
12, 1925, Sir Oliver expressed somewhat the same
ideas. This address is reported in the Chemical
News (London), vol. 130, page 199 (March 27, 1925).
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of the body and of matter. The present con-
nection of life with matter is probably, Sir
Oliver thinks, neither permanent nor direct.
The real medium of the life force is ether.

Undeniably these speculations are interest-
ing.  Sir Oliver always contrives to be that.
Whether, in the present state of knowledge,
they get us much farther in the progress of
thinking, is another question. The ether itself
is, admittedly, utterly mysterious. The life-
force or soul or whatever you want to call it
15 equally mysterious. It does not seem so
very useful, therefore, to equate the two mys-
teries.

Still, most people demand to be allowed to
think about the soul. They might as well
think about an etheric soul as any other kind.
No one can say that they are wrong—or right.

New Antenna System Reduces
Static

AN ingenious application of two loop an-
tennas to the problems of directive recep-
tion and of static reduction has been per-
fected by Mr. H. T. Friis of the Bell Telephone
Laboratories and was described by him re-
cently before the Institute of Radio Engi-
neers, in New York City.*

The device consists of a long structure, like
the movable part of a rotating drawbridge.
It rotatess, too, just as the drawbridge does,
but on wheels at the two ends instead of on a
central pivot. At the two ends of the structure
are the two loops, the length of the “bridge”
being such that these loops are distant from
each other just 1/12 of the wavelength that is
to be received. For example, for receiving a
600-meter wave, the length of the bridge be-
tween the two loops is 50 meters, approxi-
mately 150 feet.

the In-
It was

FMr. Friis’ paper was presented before
stitute of Radio Enginecrs on May 6, 1925.
reported in the Radio Section of the New York
Herald-Tribune on May 10, 1925. The facts given
here are taken from a’ statement issued by the Bell
Telephone Laboratories, Inc., New York City.
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“The operation of the apparatus depends on
the fact that radio waves need time to move
through space. If one end of the bridge is
pointed directly toward the transmitting sta-
tion the loop at that end of the bridge will
receive the wave first. The loop at the other
end of the bridge reccives the wave a little
later. 1f the two loops are 1/12 wavelength
apart this will mean that the received wave in
the second loop will be 1/12 later in phase than
the wave in the first loop. Expressed in the
usual fashion, this means that the second wave
will be 30 degrees out of phase with the first.

The next step is to shift this phase differ-
ence still further by means of a phase-changer
attached to the rcceiver. It is shifted, in fact,
150 degrees, which makes it just 180 degrees
out. This means that the wave coming from
that direction will actuate the two loops in
exactly opposite fashion. They will cancel
each other. Nothing will be heard in the re-
ceiver.

But consider a wave coming from the oppo-
site direction. This wave will encounter the
two loops in the reverse order. The 30-degrec
phase lag will apply in the reverse direction
to the 150-degree phase difference produced
by the phase changer. Accordingly, the net,
or resultant, difference in phase between the
two loops will be 120 degrees, instcad of 180
degrees. This means, as any electrical engi-
neer will tell you, that the signal strength
is not canceled. In fact, it is left ununpaired.
The two loops function as though they were
a single loop or any other satisfactory type of
antenna.

Thé net effect is, then, that signals coming
toward one end of the bridge are reccived per-
{ectly, while signals approaching toward the
other end of the bridge are not received at
all. This gives us a directional antenna which
will receive from any direction lying in one
semicircle and not at all from any direction

Bell Telephone Laboratories
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lying in the opposite semicircle. The ordinary
directional loops are mmuch less cffective than
this, since they receive reasonably well from

any dircction except those within a narrow
angle necarly perpendicular to the plane of
the loop.

This 1s why Mr. Iriis’ device is so effective
in reducing static. Most of the static is di-
rectional. If the bridge is pointed in any direc-
tion in the semicircle opposite to the direction
of the static, the static will be canceled ouf
and will not be heard. Any desired signal
coming from the proper semicircle will be
heard unimpaired. In the actual! set-up used
by Mr. Friis a superheterodyne receiver was
employed, and the precise tuning of this re-
ceiver enabled a still further reduction of the
static.

The chief disadvantage of the apparatus is
the length, cost and cumbersomencss of the
movable bridge carrying the two loops. DBut
doubtless this can be reduced.  One thinks,
for example, of a pair of very light loops
mounted on the two ends of a long pole or a
duralumin  girder and balanced on the top
of a tall vertical pole, like the weathercock
on a steeple.

Earth Conductivity Aftects In-

clination of Radio Wave

Most of the modern theories of radio
transmission asstme that onc component of
the wave arriving at a distant receiving
station has reached there by some path high
up in the air, as, for example, along the sup-
posed Heaviside Layer. If this be true this
component of the wave ought to arrive at the
receiver with a downward inclination, its wave-
front being not quite perpendicular to the sur-
face of the ground. A mechanical analogy 13

A NEW ANTENNA SYSTEM FOR DIRECTIVE RECEPTION
This rotating bridge, having loop antennas at both of its ends, has been built by Mr. H. T.

Friis to obtain more complete directive reception as well as to reduce static.

The systen

receives signals from any direction in one semicircle, bul from no direction in the opposilc
semzcircle.
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D RO L. Smith-Rose

MEASURING ELECTRIC FIELDS
T'his straighi-wire antenna, or *‘Ilerision rod,”
was used by Dr. Swmith-Rose to determine the
direction of the electric field of an arriving radio

wave.

the artillery shell which is fired at a high
angle of clevation, reaches the higher levels of
the atmosphere during its flight. and finally
arrives at its target along a downward-pointing
path as though it were falling obliquely from
the clounds,

The well-known English  radis (ngineers,
Dr. Smith-Rose and Mr. Bartield, have now
attempted to verify this theory by a direct
test of the inclination of the wavefront arriv-
ing at a receiving station* This proved to he
impossible practically because of the relatively
high conductivity of the carth’s surface. For
a perfectly-conducting earth the electric force
is always vertical and the mmagnetic force alwayvs
horizental regardless of the real inclination of
the wavefront of the arriving wave,

Experimental tests of the actual conductivity
of the earth at a number of localities in Enge-

*On the Determination of the Direction af  the
Forces in Wireless Waves at the Earth's Surface.”
by R L. Smith-Rose. Ph.D.. and R, TE Barfield.
Proccedings of the Roval Society (London). Series A,
vol. 107, pages §87-601 (Murch 2, 1923,

RADIO

values between 6 x -10° and
47 x 10" electrostatic units. The higher of
these values 1s equivalent, roughly, to 800
ohms resistance per cubic inch of soil. The
mceasurements were made at radio frequencies,
by observing the forward tilt of waves from
a nearby transmitter.

These conductivities are relatively high for
materials of the insulator class and this is
ascribed to the fact that the soil and rocks of
ILngland are prevailingly moist.- This sug-
gests a possible research for radio engineers
who liappen to be located in some of the
Ainerican desert regions.  In large parts of
California, Nevada, Arizona and other west-
ern states the soil is alimost waterless. Its con-
ductivity is probably far lower than the values
found by Dr. Smith-Rose and Mr. Barfield in
England.  The repetition of these experiments

land showed

in some such locality might yield very useful
information about the actual paths of radio
waves close to the carth.

The research is not to be recommended, how-
cver, to the amateur or to any one except a
well-trained  and  experienced radio engineer.
The necessary technique involves the determi-

- w
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Dr. R. L. Smith- Kose

THE TILTING LOOP

This device determined the d irection of the magnetic

feld of the arriving wave. The intensity of the

segnal varied with the position of the loop relative
{o the wave.
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Dr. R, L. Smiith Roae

TINE COMPLETE

and the tilting magnetic loop shown on the preceding page.

WORILD'S

APPARATUS TFOR
This portable apparatus, being operated by Dr. Smiith-Rose, combines the Ilertzian rod

MEASURING

LABORATORIIES

WAVE INCLINATION

Measurenients with this appa-

ratus led to a determination of the prevailing electrical conductivity of the sorl in [England.

nation of the direction of the clectrostatic ficld
by a Hertzian rod—practically a straight, sin-
gle-wire antenna the inclination of which can
he varied—and the cxploring of the electro-
magnetic field by means of a tilting loop.
Both of these pieces of apparatus will work
usefully only in the hands of experts, who
know exactly what they are about.

Surface Films as Radio Detectors

WiaTEVER be the sceret of the detecting ac-
tion of a crystal, it is reasonably certain that
this action is accomplished within a thin filim,
possibly some scores of atoms deep. on the
surface of the crystal.  The main hody of the
crystal serves merely to support this surface
(o 1t has no more to do with the detecting
action than the main structure of a house has
to do with the paint on its roof.

Why not make use, then, of a mere fitm of
ervstal material, of lead sulphide (which 1s
the same as galena) or of silver sulphide or of
something else?  That this can be done with
considerable success is claimed by Nr. James
Strachant* whose work on various phases of
erystal detection is already familiar to readers
of this department.

Mr. Strachan reports, for example, that a
picce of lead, a picce of silver or a picce of
copper may he exposed to moist sulphuretted
hvdrogen gas (which is the gas of rotten eggs)

*“Qame Interesting Experiments with Single-Point

Detectors,” by James Strachan. ireless iorld
(London), vol. 15, pages 200-202 (November 12,
1924),

and will acquire a thin film of the respective
sulphide, which film is then quite efhicient as a
detector. 1t works best, he reports, when used
with an applied potential. Similar etfects may
he obtained with oxide films on copper or
brass. The mere tarnish which forms natu-
rally in the air on brass articles and which
consists, usually, of mixed oxides and sul-
phides of copper and zinc, will serve quite well
for radio detection.

These hilm detectors are worthy of more at-
tention from experimenters than they scem to
have had hitherto.

How to Repair a Broken Lead
Wire

A Thint of real value for those who experi-
ment with vacuum tubes is contained m a
recent note by AMr. Do A, Wells of the Uni-
versity of Cincinnati* When one of the fine
wires that enters through the glass of an ex-
perimental tube is broken off outside the class,
as is all too frequently the case, it is usually
believed necessary to throw the tube away.
Soldering a new wire to the tiny projecting
point of metal is ordinarily a hopcless tasls.

Mr. Wells uses, he reports. a contact consist-
ing of a drop of metallic mercury. IFirst he
cleans the broken, projecting point of thie wire
with a drop of nitric acid. Then he places a

*«\ethod of Repairing Broken-off T.cad-in Wires,”
by D. A. Wells, Journal of the Optical Socicty o
America  (Menasha, Wiz, vol. 10, pages 615-616
(May, 1025,
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drop of mercury on it. Next he dips the end
of a clean copper wire into this mercury. The
copper wire must be held in place mechanically
by a strip of tape around the tube or in some
other way.,  Electrically, the mercury contact is
good enough.  Many a damaged experimental
tube can he saved i this way, thus avoiding
the blowing and pumping of a new tube.

Radio Wave Absorption by
Berlin Houses

Over a year ago the engineers of WEAF
made a series of measurements of the strength
of signals from their station at numerous
points on and near Manhattan Island and pre-
pared a map showing in most interesting fash-
ion just how the signals were affected by the
two rivers and by the blocks of tall steel huild-
ings in the downtown and the Fortv-second
Street districts of the c¢ity. A similar inves-
tigation has now been made by Postal Coun-
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cillor M. Baumler, of the German Government
Telegraph  Service, for the cities of Berlin
and Hamburg.*

As was expected, Herr Biumler found deter-
minable irregularities in the strength of the
fields in different directions from the trans-
mitter.  Perhaps the most interesting feature
disclosed by the map of Berlin is the fact that
transmission was better over the famous Tier-
garten park than in directions where the city
is closcly built up.  Buildings are evidently
more absorptive than trees, at least under the
conditions of these tests.

As was the case m New York, no actual
“dead spots” were found. We hear less of
these supposed dead spots nowadays in the
United States, but London is going through
an epidemic of them. The London broadcast-

“The results are reported in “Elektrische Nach-
richten-Technik,” vol. 1, part 5, published by the
Wiedemannsche  Buchhandlung, Berlin, and are ab-

stracted (in German) in Der Funker (Berlin), vol. 4,
pages 17-19 (February, 1925),
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HOW THE CITY OF BERLIN AFFECTED RADIO WAVES

The black dot al the center shotws the location of the transmitter at Voxhaus.
indicales a uniform distunce from this transmitter. '

which the same signal strength was found.
westnorthwest, over the

The circle
The other line connects points at

Note that the transmission is good toward the
greal park marked “‘Tiergarien.” )
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From a photograph made for PorpuLar Rapio

HOW DEAF STUDENTS CAN LEARN TELEGRAPHY
The “touch receiver’’ invented by Mr. Jakosky and his associates is worn by the man at

the right.

Mr. Jakosky hiniself is at the key.
of Mines, and Mr. Ingel of the Western Pennsylvania School for the Deaf.

At his left are Dr. McConnell, of the Bureau
The type of

receiver designed for reception by the finger tips may be seen on the table.

ing station, 21.O, was moved recently to a
new location. Since then there has been much
complaint that the southeastern portion of the
city is so shielded that the programs cannot
be received.

Long Waves Also for MacMlillan

Tue MacMillan Arctic Expedition, which
saifed recently for its winter vigil in the north,
was originally designed to be equipped only
with short-wave radio, the experiences of the
last expedition having convinced the officials
of the American Radio Relay League that
the best results would be attained with waves
shorter than one hundred meters.

But this is not to be. The United States
Navy is contributing to the expedition some
airplanes and equipment together with fliers
to operate them. The Navy insisted that the
expedition carry regulation long-wave radio
apparatus, it being the Government opinion
that these more nsual wavelengths were more
surely dependable than the newer short ones.

And so, if newspaper reports are to be
trusted, the expedition will he equipped with
hoth short-wave and long-wave transmitters
and receivers, Assuming that space for both
is available, this is an admirable outcome. The
expedition should come back with much data
pertinent to the controversy between advocates
of short waves and low power and advocates
of long waves and high power.

Receiving Radio Code by Touch

Axoxg professions lately made available
to deaf persons is. curiously enough, the
profession of telegraph operator. This has

Leen done by the perfection of a code receiver
which operates hy touch instead of by hear-
ing. The device can be applied to radio code
as well as to the Morse code of land tele-
graph lines. There is no reason. therefore,
why deaf persons cannot now enjoy code con-
versations by radio or even, it may be possible,
seck employment as commercial radio oper-
ators.

The new touch receiver has been devised by
Mr. J. J. Jakosky, well-known radio engincer
of the United States Bureau of Mines, in co-
operation with Dr, W J. McConnell, a surgeon
of the Dureau of Mines, and Mr. Truman L.
Tnele, Principal in the Western Pennsylvania
School for the Deaf.* Two forms have been
perfected; one operating through the finger
tips. the other by means of a small plate held
against the temple, as the telephone receivers
worn by switchboard operators are held against
the car.

In both cases the line is actuated with ordi-
nary 60-cvcle alternating current. Attached
to the “sounder” or receiving device on this

*«Telegraphy for the Deaf,” by J. T. Jakosky., W
7. McConnell” and Truman L. Tngle, a pamphlet
printed by the Class in DPrinting at The Western
Pennsvivania School for the Deaf, Englewood, Pitts
burglh., Penna., 1925. 7 pages.
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line is a vibrating armature designed to re-
spond by vigorous vibration to tlis 060-cycle
current, In the finger-tip apparatus this arma-
ture is attached to a small metal plate against
which the fingers are placed.  In the head-band
form of the apparatus a similar metal plate
presses against the skin of the temple.

Pressing the key at the sending end of the
line sends the alternating current into the re-
ceiver, sets the vibrating plate into motion and
makes the quivering of this plate pereeptible to
the deaf “listener™ at the receiving end. Dots and
dashes are distinguishable by length, just as in
the usual andible receivers, Weak impulses from
long lines are fed nto relays and converted
into the alternating-current local signal, just
as telegraph signals are now  reinforced by
using direct-current relavs,  Radio signals may
be converted and made sensible 1o touch in
the same way.

Two Important Experiments on
the Ether and Relativity

Tue famous FKinstein theory was developed,
yvou remember, partly from a remarkable ex-
periment known as the Michelson-Morley ex-
periment.  This experiment had for its object
the detection of any possible motion of the
carth with relation to the ether, this being as-
cribable, of course, to the motion of the carth in
its orbit or to its rotation on its axis,

The experiment failed.  No drift of ether
through or past the carth was detected. There
were three possible explanations: 1) that

thiere 1s no ether, ¢2) that an ether exists but
moves with the earth, (3) that the motion of
the carth relative to the ether is exactly com-

pensated: by a contraction of matter in this -

direction, just as a wind blowing against a gas-
filled balloon will cause it to contract a little
in the direction of the wind pressure, The
Einsicin theory is consistent with either the
first explanation or the third,

Two recent experimenters have carried out
tests  essentially  analogous  to the  famous
AMichelson-Morley one,

POPULAR
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nounced at the recent meeting of the National
Academy of Sciences in Washington and con-
stitute some of the most important scientific
data that we are likely to acquire this year.

One of the experiments was devised by the
same  Professor  Albert . DMichelson who
helped conduct the original Michelson-Merley
experiment,  In a field some ten miles west of
Chicago, Professor Michelson built a square of
iron pipe approximately one mile on a side. He
pumped most of the air out of this pipe so that
accidental variations of the temperature or
pressure of the air inside the pipe would not
affect the experiment. Then he sent two light
ravs around the square of pipe; one ray in one
direction, the other in the opposite direction.

AMeanwhile the carth was revolving, carrying
the pipe square with it.  The light ray that
moved in one dircction through the pipe was
moving, on the average, with the rotation of
the earth. The ray in the opposite direction
was moving against the carth’s motion.  Ac-
cordingly any  “ether drift” should ~ cause
one rav to complete the circuit a trifle faster
than the other one. '

A long series of very exact measurements
was carricd out. No ether drift was detected.
The result agrees, therefore, with that of the

carlier  Michelson=Morley experiment and 1s
consistent with the instein theory of rela-
tivity *

The other experiment was carried out by
Professor Davton C. Milter, of the Case School
of Apphed Science, of Cleveland. Hé too re-
peated an experiment essentially similar to the
AMichelson-Morley experiment, but he did it on
top of Mt. Wilson, in California, where the
great  astronomical  observatory is. situated.
His results are absolutely contrary torthose of
Professor Michelson.  He finds a drift of the

*The results were announced tentatively at a lec-
ture in Chicago on  January 8, 1925, this lecture
being since printed in the Unizersity Reécord, Uni-
versity  of  Chicago, voll 11, pages 136-153  (April,
1925). Details of the results are given in “The
Lffect of the Earth's Rotation on the Velocity of
Light,” hy A. A. Michelson, Henry G. Gale and

© N

- Fred  Pearson,  Astrophysical  Journal  (Chicago),
he results were an-  vol. 61, pages 137145 (April, 1925).
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LLOSSEV'S OSCILLATING CRYSTAL USED AS AN AMPLIFIER
When the voltage drop across the oscillating crystal is adjusted to exactly the right value the
crystal can operate as a ‘‘negative resistance,”’ thus causing some amplification of the signal
heard in the telephones connected to the detecting crystal.
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ANMERICN'S GREATEST EXPERT ON ETHER WAVES
Professor Alhert A. Michelson completed recentl v the wost accirale measurement ever made of

the speed of light.

His experiment on ether-drift 1s described in the lexi.

In addition,

Professor Michelson has dowe wiuch other wniportant work with light rays, including lhe
perfection of the inler/eromeler nethod of measuring the sises of the slurs.

carth relative to the ether equaling approxi-
mately ten kilometers per second.  More sig-
nificant still, this drift varies in amount in
jnst the way it should at different times of the
day and the vear, corresponding with the chang-
ing direction of motion of the particular point
on the carth where the experiment was con-
ducted.

This leaves us confronting a sharp contra-
diction between two experiments which should
lave come ovt the same. It is too soon to say
that the IZinstein theory is disproved or even
have not vet becn pub-

t1rofessor Miller’s data
reported orally to the

Nished in detail. They were
National Academy of Scicnces, in secssion at Wash
ington, D. ., on April 28, 1925  Brief accounts
by D, E. E. Slosson, of Science Service, appear in
Science (Lancaster, Pa.) vol. 61, number 1584, (May
8, 1923) and number 1586 (May 15, 1925).

that it is notably shaken. That theory is sup-
ported in any event, by a vast amount of other
evidence. But neither is it possible to sayv that
the real existence of an ether is disapproved. If
Professor MNliller's results stand the tests of
criticisi and repetition theyv will furnsh strong
cvidence for the reality of an ether through
which our earth sails along like a bullet through
the air.

In the report referred to Dr. Slosson makes
the interesting suggestion that the difference
between the results of Professor Michelson at
Chicago and those of Professor Miller at Mt
Wilson may he due to the greater altitude of
the latter station. Close to the carth’s surface
the ether may be dragged along, he thinks, hy
the motion of the ground. Higher up this
dragging effect may be less complete.

In Porurar Raoio for October, “How to Buildd the New Single
Control Superheterodvne Receiver’—tlie latest dewvelopment of
J. L. McLaughlin in the Porurar Rapio LaBoraTORY.

wwWwW americanradiohistorv com


www.americanradiohistory.com

Coxpucted BY LAURENCE M. CoCKADAY

IN justice to our regular subscribers a nominal fee of fifty cents per question is charged to
non-subscribers to couver the cost of this service. and this swm must be inclosed with the letter

of inquiry.

Subscribers’ inquiries should be limited to one question or one subject.

The Browning-Drake Receiver

Question: Wil vou kindly give me
the proper circuit for wiring up the
Browning-Drake receiver?

R. E. WiLLraas

Axswer:  In Figure 1 vou will find the
circuit for this receiver. The parts you will
need for this set are the following:

L1, L2, I.3 and L4—inductances which com-
prise part of the National Regenaformer

kit ;
VCl and VC2—variable condensers, 00035
mfd. and .0005 mfd. respectively  which

also comprise part of the above mentioned
kit ;
Cl—mica fixed condenser, 0001 mid.;

C2—Rathbun three-plate vernier condenser;
C3—mica fixed condenser, 001 mfd.;
(C4—bypass condenser, 1 mfd.;

R1—fixed resistance, 25 ohms;

R2—filament rheostat, 20 ohms:;

R3—filament rheostat, 10 ohms:

GC—grid condenser, .00025 mfd.;

GL-~—variable grid-leak;

J1—double-circuit jack;

J2—single-circuit jack, filament-lighting type ;

AFT1 and AFT2—audio-frequency ampli-

fying transformers.

Three standard sockets should be used for
the last three tubes and one 199 type of
socket for the first two. The first tube may
be either a C-299 or a UV-199 tube—this is the

rcason for the extra resistance, R1, The three
other tubes should be either UV-201-a or
C-301-a tubes.
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WHAT READERS ASK

All the tuning is done with the two condens-
ers, VC1 and VC2 while regeneration is con-
trolled by revolving the small knob which is
connected to the tickler coil, 1.4.

Condenser Capacity

Question: I have recently constructed
a 5-tube receiver with two stages of tuned
radio-frequency amplification but find
that the entire broadcasting waveband
lies between 5 and 6O on the dials. The
tuned circuits consist of coils taken from
an old neutrodyne receiver shunted by
variable condensers of .0005 mfd. ca-
p