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?(mr Headphones

ALL in the crowd, now.
Everyone can listen in with
as much joy as one man at

the headphones. Here is a loud-
speaker with a reproducing range
so wide that it gets all the tones
—the high notes—and the low
. ones—with all their overtones

- and partials—full and rich. With
. a horn so perfect that it causes no
. distortion—adds no vibration of
its own. And a one-finger adjust-
ment that controls the volume, at
your pleasure. Everything—
music, speech, sports news—clear
for the crowd! No more one-man
radio sets. Everybody getsit—all!

diola Loudspeaker
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@ bice $36.50
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Everybody- ?
lIistenn/ ¢

“Tune”’ with your Malched Tone H
Headset. Then let the family listen 2
with a Brandes Table-Talker! The
perfect combination for real radio
fun.

!
i

The néw Table-Talker does for group-
listening what the AMalched Tone
Headset does for the individual.

It provides true tone—mellow and
strong. Il reproduces the program
faithfully—from the deepest speak-
ing voice to the highest instrumental y

music. And it’s a good-looking ad-
dition to any set—with its simple
lines and neutral brown finish. A

remarkable loud-speaker!

50c additional All Brandes Products are sold
west of the Rockies under a money-back gquaraniee.

C. BRANDES, Inc., New York

cMatched Tone
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HE 20-foot silk-covered wire, supplied with
] I this Receiver, is the only antenna required.
This wire may be concealed behind the
picture moulding or run along the baseboard
in your library or living room.
The beautiful walnut cabinet has compart-
ments for all necessary batteries.
Write for “Grebe Radio in the \Vc"-r\-ppoiuud Home”
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PAGES WITH

BEGINNING with this number the regular
publication date of PopuLar Rabio is the 20th
of each month preceding the date of publi-
cation.

L E *

WHEN PopuLAr RaDIo inaugurated the policy
of mentioning specifically by name the exact
parts that are required for the most successful
operation of the circuits described in its pages,
it did so with just one purpose in view: fo help
the experimenter build and wse his set to the
best possible advantage.

s % %

THe Editor was fully aware of the dangers
that lurked in such a policy—a policy that was
unique in the radio field where the editorial
methods of the trade journal and of the house
organ so largely prevail.

£ x %

INn the first place, several manufacturers of
radio apparatus {and some of the more skeptical
of our readers as well) assumed that editorial
mention of these parts was inspired by our
advertisers.

This was not, is not and will not be the
case.

Such radio parts as are mentioned in our
reading pages are specified by our technical staff
as the result of long and careful experimenta-
tion in the laboratory, and these parts are recom-
mended for use only for the specific set that
is under consideration.

x o+ *

No pressure from the business office has in-
fluenced, nor will it influence, the unbiased judg-
ment of our technical staff.

| * *

Txe Editor belicves that our readers are
entitled to the most helpful, practical, specific
and authoritative data that our staff can give
them. And he believes that the mention by
name of such parts as are necessary to the
most successful operation of their sets is not
only exceedingly valuable but, in fact, essential,

* % %

APPARENTLY this policy is receiving the sub-

stantial endorsement of the great army of radio
fans —if the remarkable growth of PoruLar
Raprio in circulation is any criterion. Appar-
ently, too, our readers are quick to express
their approval in personal letters. Qut of the
mai! bag the Editor picks at random the fol-
lowing endorsement that comes from Fort A. A.
Humphreys, in Virginia:
x x =&

“T AM sorry that any question of business
ethics has come up in the matter of your pub-
lishing the name of the parts necessary to make
a working receiver. It is knowledge. It is
what 1 have been craving since the hook-ups
have frst been published. For the average
tinkerers with radio to go into a large store
to pick out parts is nothing but a gamble pure
and simple. There are, say, twenty different
kinds of each and evervy part he may desire,

THE EDITOR

and it takes no mathematician to figure the
number of permutations and combinations he
may form or the chance he has of picking out
the right combination. Here is one reader who
most heartily endorses your policy. Person-
ally, I have ordered the parts for the tuner and
oscillator through my Washington dealer, and
if there is any violation of business ethics in
that, then let us change our ethical viewpoint.”
—GrorGe A. BrownN
¥ ® %

EvenN from abroad come letters that endorse
this policy. From an engineer in Nancy,
France, for instance, comes this word of ap-
proval :

£ % =

“I appreciate very much the fact that when
describing new sets you give all the data and
the names of the furnishers of spare parts.
This is very useful, especially for foreigners
who have no conuections with the dealers of
your country.”

—EwMiLe F. Laxorp
x x %

AcaiNn PopuLar Rapio has had another
feather stuck in its editorial cap! The first
prize awarded to amateur sets at the New
York radio show in October fell to Qliver B.
Parker of Brooklyn, N. Y., whose receiver
was unanmimously proclaimed the bhest for
“originality, craftmanship, workabilitv and all-
around excellence.”” And the set was a Cocka-
day four-circuit tuner—the set that was first
announced in PoruLar Ranio for May, 1923—
arranged in a portable cabinet that included
an aerial. This clever adaptation of the fa-
mous Cockaday circuit will be described in
this magazine by Mr. Parker himself.

] * *

THE four-circuit tuner—popularly known as
the “Cockaday Circuit” in honor of the in-
ventor, who is the Technical Editor of Popu-
LAR Rapio—is hitting the middle west with a
bang. Reports indicate that the fans of the
district between Buffalo and Kansas are be-
ginning to get acquainted with this new and
wonderfully efficient receiver,

* * =

OnEe fan out in Chicago, H. W. Bond, for
instance, wrote rccently to a friend in Mem-
phis, Tennessee:

“Tell the boys that if they want a real re-
ceiver that tunes, to junk their standards, re-
flexes and singles and build a Cockaday four-
circuit, stick in two new-type, low-ratic Thor-
darsons and lean back and listen to everything
from Hell, Hull and Byhalia. It is the only
medium priced receiver that, from Chicago,
will tune out WDAP and KYW and pick up
outside stations so that they can be put on the
loudspeaker.”

*® * »*

It is estimated that about 500,000 radio fans

in this country alone have built the Cockaday

(Continued on page 6)
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T F, the filament terminal of the grid leak Is shown connected to the
negative side of the tube. Occasionally beiter results are obtained
by connecting the grid leak terménal to the posivive side of the tube.
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Dubilier
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Dubilier Variadon
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« To Tuner

The Variadon—a Variable Grid Control ;

BETTER than the average variable grid-leak and a fixed
condenser in a grid-circuit are the Variadon (the
Dubilier variable mica condenser) and a fixed resistance.
Better because it is difficult to control the resistance
with the average variable grid-leak buf certain and easy fo
conlrol the capacily of the grid-circuit with the Dubilier
Variadon.
Used with a fixed resistance the Dubilier Variadon

DUBILIER greatly increases both the selectivity of the set and the
The Stand- volume of the signals. Thus disappear the difficulties ex-
ﬂNiPlfgckct perienced when poor variable grid-leaks are used.

Because of its compactness the Dublier Variadon

readily finds a place in the average cabinet. It is no larger
than an ordinary dial.
Price $2.50. At all good dealers.

Write for further information to department 125.
DUBILIER CONDENSER & RADIO CORPORATION

9 : 48-50 West Fourth Street
DUBILIER
MICADON New York
" The Stand-
ard Fixed
Condenser
—
DUBILIER D U B l LI E R
DURATRAN
Radio-Fre-
qQuency Trans-
former

DEVICES\
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PAGES WITH THE‘ EDITOR
(Continued from page 4)

four-circuit tuner. And now the Editor is be-
ginning to get reports about its steadily grow-
mg populanty in England, Europe and South

Aerica.
* * *

Tyrican of the hundreds of letters that have
reached the Editor from enthusiastic fans, is
the following from Douglas Henderson of
New York; he writes:

“Since 1922, when radio broke out in good
shape, I had used the conventional regenera-
tive tuner with a variometer in the plate cir-
cuit; the results were satisfactory. DBut—
about the 15th of last May when the wave-
lengths changed according to the new govern-
ment regulations, I moved from the Bronx
out to Richmond Hill. The former location
was such that I had a small cutdoor aerial
but out where I am now it is out of
the question. Hence I resorted to an indoor
arrangement whereby a small wire was run
around the rooms, concealed. The moving
and change of wavelengths was too much for
the old set and talk about interference . .
WOwW!

* * *

“THEN came PopuLar Rapio with your new
circuit and I was just in the right frame of
mind to put it into effect. The results were
immediate. With that little farce of an an-
tenna, using WD-11 tubes throughout with 45
volts on the plate, I have been literally as-
tounded at the stations I hear. The aerial
violates every known rule, being a piece of
single cotton-covered magnet wire salvaged
from an old variometer; in many places the
insulation has been destroyed, and is tacked
around the baseboard of the rooms with ordi-
nary carpet tacks, without insulation. The far
end terminates on a bedspring.

“Everything as far west as Chicago arrives
in a satisfactory manner.”

£ x  *

Acain the Editor feels constrained to utter
a friendly word of warning to our readers
against manufacturers of and dealers in “out-
law” radio apparatus that is made by radio
bootleggers in violation of patent rights. And
also against apparatus that is unsound scien-
tifically or cheaply made or otherwise ineffi-
cient and unsuitable for use. And against un-
scrupulous promotors who aim to sell stock in

such cnterprises.
* +

Some of these promotors have issued ad-
vertising circulars that quote from articles
that have “appeared in PorurLar Rapio, and
quoted them in a ‘way that might be construed
as indicative of this magazine's endorsement.
These quotations have been made without the
Editor's knowledge or approval, In order to
counteract the impression that these quotations
may create, the Editor espeeially warns our
readers against those stock dealers who quote
PopuLar Ranio in their advertising circulars.

ferson

Tur success of the Haynes DX receiver—
described in our September number—was in-
stant and nation-wide. One fan ‘out in Win-
field, Kansas, has written in such-an’ interest-
ing report of it that the Editor is sharing it
with our readers.

Here it is:

*  x %

“I built the Havnes DX receiver as de-
scribed 1n Porurar Rapio and added two
stages of audio amplification. In one evening
I heard the following stations, all on a loud-
speaker: WHAS Louisville, Ky, WOS Jef-
City, Mo., WSB Atlanta, Georgia,
WOC Davenport, Iowa, WJAZ Chicago, I,
KYW Chicage, Iil, WDAP Chicago, Ill,
WOAF Omaha, Ncb., KSD St. Lows, Mo,
WGY Schenectady, N. Y., WLAG Minne-
apolis, Minn., and the next evening KFI Los
Angeles, Calif., and KH] Los Angeles, Calif.

T T

“THE complete set (including the two stages
of audio amplification) is in a cabinet 10%; by
7% by 6 inches, the variable condenser which
is in the grid circuit is a .0005 with vernier,
a .00025 which I first used worked fine but it
would not allow me to tune above 411 meters;
the fixed condenser across the primary of the
first audio transiormer is a .0005; a .002
worked but the .0005 was much better; this I
believe is due to the transformer which is an
All American ratio 10-1.

* * *

“THis set is a real DX receiver, the tuning
would probably bhe dificult with rough tuning
devices but I considered this in selecting the
parts, which are a Bradleystat for the detector,
an A.C. Hayden sharp-tuner dial for the tick-
ler and the .0005 variable condenser with ver-
nier for the grid circuit.”

—Bert DECK
¥ + =% *

SpeEcuLATION about “the receiving set of the
future” is beginning to focus upon a type that
is aptly referred to, in an Esteemed Contem-
porary, as follows:

“To do away with the tinkering—simply to
turn one handle to a definite, marked point and
get the station wanted, if it is transmitting;
that is the kind of set which will probably find
a good deal of favor in the future”

The prophecy is signed “J. H. M.,” whom
the Editor suspects is no other than the emi-
nent physicist, Prof. J. H. Morecroft. It is
with particular gratification, therefore, that the
Editor is able to refer our rcaders to a detailed
description of just such a set—beginning on
page 23 of this issue of PorurLar Rabnio!

Editor, PoruLar Rabio

o
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Char

Nothing speaks so eloquently of HOMCHARGER satisfaction as the fact that thru sheer merit
alone it has become the standard by which all other battery chargers are judged. Over 125,000
HOMCHARGERS already in use offer the most convincing proof that it is the most efficient,
economical and fool-proof battery charger at any price.

A NEW TRADE-MARK FOR A TRIED AND 3. Quick~Its high charging rate of 7 amperes eliminates

Sarn e, o

PROVEN PRODU

{ts phenomenal success has led to the ihtréduction of many
inferior and make-shift imitations. To insure dur reputation
and protect the buyiaf_l public against substitution. the
Radio De Luxe HOMCHARGER henceforth will be sold
under a new Trade-Mark, viz:

Retaining the same fundamentally correct operating principle
and beautiful ar)pearance of our Radio De Luxe model, it is

a step nearer ultirnate perfection through adoption of several
construction refinements dictated by the policy of Progress.

HOMCHARGER'S 10 POINTS OF SUPERIORITY

1.  Simple—Only one moving and wearin%}::art. replaceable
after thousands of hours use for $1.00. ill last a lifetime.

1. Efficient—Uses less than one-half the current of any
bulb or liquid type rectifier. Will charge any radio or
automobile battery for a nickel.

DEALERS!

GOLD SEAL HOMCHARGERS will outsell any other radio device this season, ) . e 1
attractive sales helps.and explains how we are prepared to co-operate with the Trade in making this »
for your copy and Trade Discounts TODAY.

trates man

“*HOMC GER Year.” Send

(gnsist

on the GOLD SEAL

When buying order by
OLD SEAL, which appears on the carton as

It is your protectjgn against’ substitution.
name and verify bﬁ?:‘
well as the nameplate

leng waiting for battery to become charged. Will charge
any “A™” or "B" battery over night, or three times as
fast as a 2-ampere machine.

Clean—No expensive bulbs to break or acids to spilt

o

or replace. o acid fumes. Charges without muss
fuss or bother.

6. Dependable—Tungsten contacts insure continuous
opcration—prevent sticking and stopping.

6. Fool-Proof—Can be operated by anyone. Attach to

lamp socket and connect battery either way, it will
alw:ia(ys charge. High-grade ammeter eliminates guess
work.

2. Safe—No danger of shock or fire. Tested and approved
by Firc Insurance Underwriters everywhere. ives
tapering charge—will not overheat or injure battery.

8. Becautiful—Mahngany and Gold Finish

9. Unqualifiedly Guaranteed.

10. Popularly Priced—Retails at $18.50 complete ($23.00
Canada). INo extras to buy. Sold by all dealers.

FREE BROADCASTING LIST.- Send to-day for
Free List of Broadcasting Stations, and
Circular Describing the Gold Seal Homcharger.
JOBBERS!

“GOLD SEAL Business Builders' illus

%eAutomaticElectrical DevicesCo., 132 West Third St..Cincinno*”
<= Largest Manutacturers of Vibraling Rectifiers in the W

/\\
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MODEL V

A New and Radical Radio Achievement

This new Kennedy Model V 1s one of the
foremost contributions ever made to the
radio art. It was developed by the Ken-
nedy Enginecring Stafl to meet a definite
demand for a receiver with greatly simpli-
fied control—but with the same high stand-
ards of selectivity and mechanical excel-
lence that have always distinguished
Kennedy radio equipment.

The most striking individual feature of this
new Kennedy Model V is its utter sim-
plicity of operation. After a single initial
setting is made, only one dial is used to
control all tuning. And with this sim-
plicity of tuning comes the positive assur-
ance that, night after night, a given sta-
tion will “come in” at its own particular
setting—even though lhe recewer is tuned on
different anlennae.

Model V is very selective. For instance,
in New York one of these receivers located
in the Belmont Hotel “tuned out’™ station
WEATF, only two blacks away, and "'brought
in" out-of-town stations. It is stable in
operation, reproduces music and voice with
unusual fidelity and is credited with re-
markable distance records. “'Re-radiation”
is practicallv eliminated. Responds to all
broadcast wave-lengths—operates on any
ordinary antenna, outside type preferred.

KE NN

The cabinet 1s built of mahogany and fol-

“lows dignified, harmonious lines that give
it a ple_asing appearance and make it an
d

attractive addition to any home. The ar-
rangement of the panel is the result of con-
siderable study—it is placed at a height
and angle that arec new and provide an
unusual degree of case, comfort and pre-
cision in tuning. Dials, knobs and tubes
are symmetrically arranged and tend to
enhance the already attractive appearance
of the receiver as a whole.

Model V is an entirely new development in
radio science—it is unusually simple to
operate, very selective, has high electrical
cfficiency, presents a pleasing appearance
and sells for only $125.00, completely
equipped with all tubes, dry batteries,

ennedy 3,000-chm phones, with plug.
This unquestionably stamps it as the one
striking value in the radio ficld.

Ask your dealer lo show you the new Kennedy
Radio Aodel V— or wrile us direcl for fully
iiustrated filerature. Other Kennedy meodels
in period furnilure decigns range up to $825.00
Jully equipped, including buill-in foud speaker,

THE COLIN B. KENNEDY COMPANY
SAINT LOUIS SAN FRANCISCO

Al Kennedy reeetuing sels are régensralive.

Licensed under Armatrong U, 5. Palent No. 4.113,147
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Is Radio Changing Our Mental Habits?

Dr. Willis R. Whitney, one of the world’s foremost scientists, thinks it is;

he will tell his reasons in a coming issue of Porurar Rapro,
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Armstrong Perry

Radio Joins the College Faculty

Some of the more progressive of Awmerican cducators are beginning to realize the

tremendous possibilities of radio as a means of disscminating education, not merely

‘to small groups of students, but to all the residents of large areas. Here is_shown

the antenna of the broodeasting station WPAR of Pennsylwania State College,

which is developing “cxtension caurses” that may reach the peoples of an eutire
state. (See “Tue Uxiversity or THE Evuer” page 57.)
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Numser 1

Avoiding Train Wrecks
by Radio

The chief cause of railway accidents is the “human factor.” Some one
forgets, some one dozes off for a brief moment—and the damage is done.
The most careful of men are fallible once in a while; the remedy is to
make human error impossible by using automatic apparatus This article
describes how radio devices are contributing to this end.

By ROBERT G. SKERRETT

NE of the most frequent causes of

railway accidents is the uncertain
human factor. Despite all that has been
done to safeguard traffic, the fact re-
mains that block signals, no matter how
operated, do not always impress their
warnings upon the man at the throttle.
Time and again in the course of each
year trains go speeding by these cau-
tioning sentinels, sometimes because the
semaphore or the light:is obscured by
fog or smoke, but once in a while be-
cause of some mental lapse or physical
disability of the engineer.

The consequence may be a collision
or a derailment entailing serious damage
to property, or even the sacrifice of life.
Be the outcome what it may, the annual
toll is a heavy one,

Recognizing the fallibility of human
nature and the hampering conditions of
fog, smoke or snow in the air, the In-
terstate Commerce Commission decided
several months ago upon a momentous

step in the direction of increased safety
of railroad operation. It has ordered
that no fewer than forty-nine of our
great railways shall either equip their
lines with some type of automatic train-
control apparatus by July, 1924, or shall
give satisfactory reasons for not doing
s0.

" This attitude on the part of the. Com-
mission was based upon the knowledge
that some of our inventors have brought
such train- control devices to an accept-
able stage of dependablllty The sys-
tems devised have taken various forms,
but all of them are designed not only to
arouse the engineer t6 a state of alert-
ness but automatically to slow up his
train and bring it to a stop if, for any
reason, he neglects to heed the visual
signals of the semaphore or those other

signals transmitted to him by the system

of automatic control.
One of the simplest methods of train
control depends on the growing
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cation of radio telephony to the problem
of communicating with the moving train.
All radio engineers are familiar with
the fact that radio impulses from wires
strung along the track can be communi-
cated to parallel wires fixed to the train,
as in the usual systems of carrier-cur-
rent radio or “wired wireless.” Of
course, a transmitting device on the trajn
can operate such a system in a reverse
direction so that signals from the train
can be sent to the wires along the track
and thence to a central control station
anywhere.

By this method it is possible for
the dispatcher at a railway division point
to be in constant touch by telephone
with the engineer of a moving train and
thus to control its operation almost as
perfectly as though he himself held the

| 1

Keystone View Co.

4

i

throttle. And if the enginecer is ill or in-
attentive and thus runs by a signal set
against him the dispatcher can communi-
cate at once with the conductor or any
other official on the train so that assist-
ance can be sent instantly to the cah
of the locomotive.

It is simple enough to equip these
systems with call-bell devices controll-
able from the dispatcher’s office so that
the instant attention of the engineer or
the trainmen can be secured whenever
necessary. It is possible, even, to install
on the train a system of relays actuated
by radio signals, like the relays used in
the automatic radio control of un-
manned battleships and airplanes. These
relays, adjusted to be sensitive only to
special sets of signals, can be used by
the dispatcher to stop the train at any

A BT
|I \1 ._1'4 1"-

-y o
= 1
' {
|
|

THE RADIO TRAIN DISPATCHER

Using ordinary transmitting apparatus connected swith wires strung along the track
parallel with the moving train, the dispatcher can communicate af any tnstant with

the conductor on the train.
from the central office.

The train movement is thus under constant control
The set shown was used in the dispatcher’s office at

Nashuille, Tennessee, during trials on the Nashville, Chattancoga and St. Louis
Railway.

e b R e el
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Keyatone View Co.

HOW ANTENNAS ARE ATTACHED TO RAILWAY CARS
The antennas of each car are separate; they are indicated in the illustration above
by B. These antennas are connected together by the lecads A, so that there 1s prac-
tically one long antenna that covers the entire length of the train.

instant without reference to the engi-

neer at all.
Indeed, so extensive are the present
resources of the experts in the remote

“control of machinery by radio that it

would be perfectly possible to dispense
altogether with the engineer and to di-
rect unmanned locomotives from a cen-
tral office; stopping and starting them,
increasing or reducing speed when neces-
sary, and performing all other opera-
tions by radio signals exactly as ships,
airplanes and motor cars have actually
been controlled on many occasions.
But while all such systems that de-
pend upon radio signals from the dis-

patcher do eliminate the dangers arising -

from a failure of the visual signal sys-
tem or from an error of the engineer,

they still contain an element of human
fallibility. They remain dependent upon
the dispatcher, who must send the proper
radio signal at the proper instant, and
they also depend upon this signal getting
through to the train wtih sufficient
strength and accuracy to actuate the
proper relay. A really perfect system of
train control must eliminate even this
source of failures and mistakes. It must

‘be comipletely automatic, not dependent

upon the action of any man, eithy\\
—

the train or elsewhere. And it
. . 7/
sirable that this perfect systew
involve the simplest possible/””
and electrical apparatis, s
accidents (as for exy/
storm) will not put~
business. .




6 POPULAR RADIO

. | MRS N AT M e 2
THE MAGNET THAT SAYS “STOP!”

If the engineer runs past a block when he should not do so, this brake-application
magnet (one of which 1s situated at the entrance end of each block) operates
automatically to set the brakes.

A number of such purely automatic
and accident-proof systems have been
devised. Some depend upon radio
vaves sent along the rails and effective
within the train to signal the engineer
or to operate relays, just as the usual
electric currents in the rails are ef-
fective now to operate the signals of the
block-signal systems. Others depend
upon radio-transmitting antennas of
small range, or upon magnets, placed
from point to point along the track and
adjusted to stop the train if it runs
past them too rapidly or if it passes
them at all when the signal says that
it should halt.

The radio transmitters that are useful
for this purpose are merely loops or
condensers supplied with high-frequency
current. They operate just as all radio
devices operate, the closest analogy to
them in familiar radio science being the
short-wave directed radio now being ex-
erimented with so actively both here
abroad.
pe radio methods have much prom-
e future, but they do not seem
ied, as yet, so conmplete a

perfection as has been attained by the
magnetic devices. Most of the systems
actually installed and tried out under
service conditions, if not all of them,
depend upon the use of magnets.
Permanent magnets or electromagnets
are placed at proper points along the
track and these influence, by electromag-
netic induction, other magnetic or elec-
tric devices placed on the trains that
pass over them.

One of the most complete of these
magnetic systems is the achievement of
an eminent electrical engineer, Mr.
Frank J. Sprague, who was assisted in
this work by his son, Mr. F. Desmond
Sprague. The system is the outcome of

nearly a decade of research costing more

than $500,000.

Most of us are familiar with the
hlock signals spaced at suitable intervals
along the right of way of a railroad.
We know that they are placed there to

inform the engineer whether he can

proceed at full speed or at a slackened
pace. If danger is near the semaphore
or light will bid him halt. Now the pur-
pose of the Sprague audtomatic train con=

.3
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At the entrance end of each block is one of these magnets.. When the block 1s
clear the magnet resets the apparatus on the engine so that the train can proceed.

trol is to repeat the indications of these
block signals and, furthermore, to sub-
divide each block into smaller regulatory
zones. This subdivision of the blocks
not only adds to safety of traffic but
it also keeps the transportation stream
in motion with as few stops as possible.
The average person does not realize how
much time is lost in getting a train under
way after it has come to a standstill or
how much this costs in fuel wastefully
consumed.

The Sprague system locates between
the tracks in each signal block three in-
dependent magnets. The first is situated
a short distance from the entrance to
the block, The second is stationed at
the critical point of the block, that is, a
littte beyond the middle of it. The
third is not far from the exit of the
block.

Magnets number one and number two
are permanent magnets so constructed
that they act to start the application of
the train’s brakes. Magnet number three
is a reset- apparatus which restores the
control mechanism on the locomotive to
its original state so that it is ready to

function anew when it gets into the next
block. All three magnets are linked
electrically with the block-signal system.
and the manner in which they perform
is determined entirely by the orders
transmitted through that system. Mag-
net number one is controlled by the sig-
nal at ther entrance of the block, while
magnets number two and number three
respond to the warning of the signal at
the exit of the block.

The magnets are sunk in the road-
bed, between the rails, so that their upper
surfaces are nearly flush with the
wooden ties, where they are out of
harm’s way. FEach of the first two
or brake-application magnets is really
an aggregation of several independent
bar magnets, tucked away inside a
water-tight metal casing and surmounted
by two short, upright projections, called
pole pieces.
coils of wire which are connected with
the regular block-signal system. w”
the track is clear current is fed/’/
coils in such a direction thaft
rent opposes the ordinary ~
magnet and suppresses ¢

These pole pieces carry -
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When the magnet is in this condition it
is inactive and the sensitive element on
the locomotive will pass through this
“dead” field without being affected.
That is, there is no automatic applica-
tion of the brakes and the trdin is free
to run on unchecked. The object of
making the brake-application magnets
normally active rather than normally
inactive is a safety-first measure. Should
any of the magnets cause the brakes to
be set when the block really is clear this
gives notices that the electric circuits
are out of order and must be attended
to.

The third or reset magnet placed near
the exit of each block is not a permanent
magnet at all. It is an electromagnet,
and is energized from the signal just
beyond it. If this signal is at “danger”
no electricity reaches the magnet’s coil
and the magnet is powerless to reset the
train apparatus as it would do if the
succeeding block were clear.

The first two or brake-application
magunets are fixed in the road-bed so

that their magnetic fields are exerted
vertically. On the other hand, the reset
magnets are arranged so that their fields
are parallel with the rails. Keep this
difference in mind. Suspended beneath
the forward end of the locomotive is a
box from the bottom of which project
two crosswise iron plates and two length-
wise ones. These plates are from three
to four inches above the rails. The gap
between them and the road-hed magnets
is seven or eight inches. The crosswise
plates collect magnetism only from the
brake-application magnets, while the
lengthwise plates respond only to the
flux of the brake-application magnets.
Inside the Dbox, which is water-proof,
dust-proof and not itself magnetic, are
two small metal armatures which are
exquisitely sensitive to magnetic im-
pulses and yet are so mounted that the
jarring of the train does not disturb
them. Depending upon whether the
magnetic impulse, to these - armatures
comes from the crosswise iron plates or
the lengthwise ones,  the armatures

—

e
—— e

L SERCE S WY T

THE MAGNETIC BRAIN ON THE LOCOMOTIVE

The projecting tron plates on this box pick up the magnetic impulses from the track
magnets and thus supply the necessary signals to the engincer and to the automatic
controls.
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Lackawanna Railroad

TELEPHONING FROM A MOVING TRAIN -

As long ago as 1915 this apparatus was used in experimental tests of the possibility
of communicating with moving trains by radio waves passing from. wires stretched

along the track to other wires carried on the train.

The development of this

system, interrupted by the war, is now active again.

make or break one or the other of two
electric circuits. By this means they
call into play -the control apparatus on
the train. Iven though a train may
rush past any of the magnets in a small
fraction of a second, the iron plates that
serve as magnetic collectors are suffi-
ciently receptive to catch and transmit
the magnetic flux to the proper arma-
ture.

We might liken the collector plates
and the receiver armatures to our senses
and the linking circuits to the corre-
sponding nerves. These nervelike cir-
cuits converge in their turn, upon a
metal box on the running hoard of the
locomotive. In this sealed case, or brain,
are the nerve centers, a group of three
delicate relays capable of responding to
electric impulses lasting only one-

%

‘traffic needs of any railroad.

thousandth of a second. In complete
correspondence with the magnetic sig-
nals from the road-bed these relays send

-electric orders to the proper valves and

other mechanisms.
For example, the relays actuate two
air valves which automatically move the

engineer’s brake valve by way of warn-

ing to him and also to discharge air to

apply the brakes, either partially or com-

pletely, as circumstances may demand.

These valves can be set to produce dif-

ferent braking actions to meet the special

Herein

lies one of the admirable features of the

equipment. It is thoroughly flexible. /A

There is also an automatic speed-con”.
trol mechanism which is connected /v"

an axle of the locomotive. Tb’
paratus, likewise, can be set t
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Boycr, P'aris

RADIO TRAIN CONTROL IN FRANCE

This railway car of the French State Railways will have memories for members

of the A.E.F. Fixed to the top of the car are the antennas used in the experi-

ments now being carried out on train control by radio telephony between the dis-
patcher’'s office and the train crew.

train whenever its speed exceeds that
prescribed in a “caution” block. Should
the engineer be unmindful of the warn-
ings given him, and release the auto-
matically applied brakes with the inten-
tion of defying the control system, mat-
ters are taken out of his hands and -the
train is slowed up or brought to a halt.

Now let us see just how this system
works. Assume that the train is about
to enter a protected block and that it is
speeding a'ong at sixty miles an hour.
You are standing on the floor plate of
the locomotive where you can observe
what goes on in the cab as well as the
semaphores by the roadside. The last
semaphore has been at “clear,” and re-
peating this signal a little green light
shines in the cab in front of the engi-
reer. A duplicate green light glows on
the opposite side of the cab before the
fireman. All is well.

But the next semaphore is at “cau-
tion,” and when the locomotive arrives

at the first magnet beyond this sema-
phore the brakes are automatically ap-
plied, unless the engineer has already
seen the semaphore and applied them.
The brakes continue to retard the train
until it has reached the prescribed safety
speed, say forty miles an hour. Simul-
taneously with this automatic application
of the brakes two yellow lights, meaning
caution, takes the place of the two
green ones in the cab.

Simultaneously, whenever the brakes
are called into play by the impulse from
the road-bed magnet, the lever of the
engineer’s brake valve moves under his
hand. This movement is counted upon
to arouse him if he has not noticed the
signal just passed. He may be further
warned by a whistle or horn in the cab.

The automatic equipment does not
immediately take the control out of the
hands of the engincer. He can return
the valve lever to the brake-releasing
position by exercising a vigorous effort.

s
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‘But if he tries to rud his train above

the prescribed “caution” speed he is
forced to surrender control the moment

‘the train reaches the second brake-appli-

cation magnet. If the speed is then
still excessive the brakes grip the wheels
again and hold on until the train is
slowed to the predetermined caution
speed of forty miles an hour. At the
second magnet the audible signal is once
more annouiiced in the cab and the yel-
low lights again blink their admonition.

Let us suppose that the engineer is
perverse. Having left the first and the
second magnets behind, he believes that
he can beat the system from there into
the nearing block. He forcibly releases
the brakes and opens up the throttle.
The train gathers prohibitive headway.
But upon arriving at the third or reset
magnet the engineer is in trouble again.
This magnet, instead of restoring the
train-control mechanism to normal, steps
in and dominates the situation. It
causes an emergency application of the
brakes which stops the train abruptly.
Before the train can start again the en-
gineer must descend to the ground and
press a releasing button located below
the cab. This final functioning of the

reset magnet effectually prevents the
train being wilfully driven past a sema-
phore that demands a halt.

It should be understood, of course,
that if the man at the throttle is careful
and does of his.own volition whatever

the wayside signals bid him do, then he

anticipates the road-bed magnets and his
train is at all times subject to his own
control. The object of the Sprague sys-
tem is toeserve merely as an auxiliary
to the block-signal system. It is not de-
signed to stop a train so long as that
train is moving in accordance with the
traffic regulations.

The system is actually in use on a
five-mile stretch of track between Ossin-
ing and Tarrytown, New York. Months
of daily testing have shown that the
magnetic impulses can be relied upon to
command the situation whenever it is
necessary that they do so. With un-
canny certainty they reach across the
eight-inch gap under the train and in-
stantly set in motion the series of cor-
rective mechanisms. The flow of traffic
is restrained only so far as may be
necessary to insure safety, but no train
can move when further progress would
invite disaster.

THE RADIO-EQUIPPED CAR OF A FIRE CHIEF

In order to kecp in constant towch with headquarters, the head of the Dallas, Texas,
fire department has equipped his official auto with a recetving set, on which he picks
up all fire signals broadcast from station WRR.

"



Burcau of Standards

EXPLORING THE MYSTERIES OF RADIO TRANSMISSION

With this mouvable loop connected to delicate receiving and recording apparatus the

scientists of the Bureau of Standards are investigating the distortion of radie waves

during transmission, one of the radio mysieries that will bring rich rewards to the
experimenter who succeeds in soluving it.

WHERE FORTUNES AWAIT

Unlimited opportunities lie before the radio amateur,
the radio fan and the scientist for solving the mysteries

of radio phenomena.

This article points out what

some of these mysteries are.

By

N eminent doctor recently called
on me to ask how he could get
a transmitting and receiving radio sta-
tion. ' _
“Where do you want to transmit to?”
I asked.
“Any part of the world,” he an-
swered. “Two of my patients are in

12

HENRY WOODHOUSLE

Paris, one in London, one in Egypt, sev-

eral at various summer resorts, and two
on the Pacific Ocean en route to China
and Japan. With a radio I can keep in
touch with them daily and advise them
instantly regarding their health. If I
don’t prepare for it they’ll soon find a
more progressive physician.”

B
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1 had to admit that the argument was
convincing, although I advised him that
the matter of transmitting would be too
complex for a physician and he should
make arrangements with one of the
large corporations.

“How many physicians are there in
the United States?” I inquired.

“Qver one hundred thousand,” he an-
swered.

It may seem visionary to state that it
will not be long before every physician
will have to have a radio telephone.
But it is not more visionary than it ap-
peared twenty-five years ago to say that
physicians would soon have to have the

telephone. Alexander Graham Bell, the
inventor of the telephone, told me that
even in his wildest dreams he never
dared to think that doctors would ever
find it necessary to have telephones in
their offices. What would you think
now of a physician who did not have
a telephone in his office?

The incident is significant. The stu-
pendous spread of interest in radio, by
bringing into being a corps of hundreds
of thousands of radio experts, profes-
sionals. and amateurs, has created a
world-wide organization, large enough
and equipped - with the means neces-
sary to attack the most - profound
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DOES THE MAGNETIC POLE AFFECT RADIO TRANSMISSION?

Captain Amundsen’s ship MauvDd is now frozen in the ice in approximately the place

shotwn on this map. It is planned to drift across the pole, locked in the ice fields.

The Maup is sending out daily radic messages; if radio amatewrs will histen for

these messages and record the facts about them they may help to solve the great

mystery of the effect of the North Magnetic Pole (shown by the black star) on radio
transmission.,
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problems. that “have heretofore baffled

science, the solving of which will, coin-’

cidentally, solve the basic problems that
stand in the way of further progress in
radio transmission and the fundamental
progress of electric. art and science.

If we can solve these problems radio
will become a five-billion-dollar indus-
try; the electrical industries will ad-
vance until they equal twice as much
more. For it is the same group of fun-
damental. mysteries that underlies both
radio and all the other uses of elec-
tricity and magnetism.

The future of radio—to take only
this one among the possibilities of elec-
tricity—is so immense that it is beyond
our power to grasp. The world is ready
to adopt radio in every branch of hu-
man endeavor, and will do so as soon
as ways are found to so control radio
waves that a million or more mes-
sages can be sent and received simul-
taneously from as many stations, with-
out mutual interference, and as soon as
natural electric, magnetic and atmos-
pheric interferences are eliminated or
controlled. _

To get an idea of the developments
to be expected.you must ask yourself
what radio can do in co-operation with
the hundred or so gigantic industries
like the shipping industry, the railroad
industry, the automobile industry, the
telegraph, telephone and cable indus-
tries, the oil industry; in every branch
of the commercial world, such as bank-
ing, huying, selling, negotiating con-
tracts and concessions; in the transmis-
sion of news, photographs and images
of events; in the various professions,
and at home and in every phase of daily
life.

For instance, in the near future it
may be a legal requirement to equip
automobiles with radio-telephone re-
ceiving instruments, to facilitate the
control of interstate traffic. Then there
will be a sudden demand for over
13.000.000 receiving instruments, one
for each registered auto. This develop-

ment 1s dependent upon better control of
transmitting and receiving and on the
neutralizing of local magnetic and other
natural or artificial phenomena created
by railway and electric systems, steel
buildings and other local conditions.

The better control of radio will make
it possible for millions of firms and
individuals to communtcate with their
correspondents by radio messages, re-
cceived on typing machines at the receiv-
ing end as fast as they are typed at the
sending end.

The solution of these pressing radio
problems may make it possible, also,
to realize the task of supplying to air
craft, water craft or land craft, as well
as to machinery, power from central
radio stations—as proposed by Nikola
Tesla to me ten years ago.

In the not distant future we may
expect that audible broadcasting will he
supplemented by visible broadcasting of
what we may call radioscapes, through
systems that will make it possible to
project the pictures of ships and trains
in transit and of other events on a
screen in any part of the world.

A baseball game in New Zealand will
be projected on a screen in a theater or
private home in New York or on ships
at sea; an opera performance in New
York will be seen as well as heard, all
over the world; the progress of ships at
sea will be shown on the screen at the
offices of the shipping companies, or in
the homes of friends of persons travel-
ing on the ships; it will be possible to
see actions of congressmen and mem-
bers of legislatures as well as to hear
their addresses, and civic associations
will no doubt maintain auditoriums in
cities and communities where people
may go daily to follow the acts of their
legislators; the maneuvers of warships
will he projected on screens in Washing-
ton where the naval authorities may fol-
low them; and so on with every public
branch of human endeavor.

Radio has always had a keen scien-
tific appeal.. But now it 1s becoming an

I »
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From a photograph made for PnruLar Ranto

RICHES WAIT FOR THE MAN WHO SOLVES THIS MYSTERY
ABOUT THE NATURE OF MAGNETISM
No one knotws, the author savs, the nature of the forces that hold the string of little

steel balls suspended from the pole of the magnet. Whocver finds out will rank
antong the simmortals in science.

essential of everyday life, just as has
the telephone, which now has over
15,000,000 subscribers in American ter-
ritory. There are even greater prospects
for radio provided we solve the prob-
lems that restrict the volume of radio
trafc.

“How can we solve these problems,”
asks cvery radio worker who is ambi-
tious to win fame or fortune from his
art. Sc also asks every person who sees

a possibility of using radio or elec-
tricity 1o solve some problem of business
or of everyday life.

The first step is to see what the
problems are.

As a result of twelve years of in-
vestigation and contact with leading

scientists, who accorded to the writep”
the rare privilege of stating frap’ :

what e know ‘and .what we d
know about fundamentals, the

/
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has listed over one hundred. unsolved
radio, electric and magnetic mysteries
that await solution. The following are
a few of them.

1. What are the sources of terres-
trial magnetism? If these sources are
inherent in the earth can they be so
vast as to supply so enormous an
amount of magnetic force for thousands
of years without being capable of being
tapped for power to drive our ma-
chinery, ships and automobiles?

2. Why is it that both radio and ter-
restrial magnetism diminish and fade
away' at the equator? Is it that radio is
less strong there hecause it is unsup-
ported by terrestrial magnetism or is it
that both are diminished by some third
mysterious phenomenon about which we
do not know anything?

3. Why does the Aurora or polar
lights, while disturbing telephone and
telegraph service and creating radio dis-
turbance in some regions, improve radio
transmission in other regions?

4. By adopting the new theory that
ether is a magnetic (or electromagnetic)
flux can we explain the kinetics of the
universe, providing a mechanical basis
for computations which were limited,
heretofore, to mathematical deductions
and philosophic conceptions?

5. Do the radio signals from surface
vessels, that are picked up by submerged
submarines, travel over the surface of
the water and then ground where the

SR A - ——

HOW RADIO MAY GO TO THE POLE

submarine i1s? Or do they ground.im-
mediately they are transmitted and fol-
low or “hug” the bottom of the ocean?
Or do they traverse the whole vertical
depth of the water?

6. Are the phenomena of “static”
and “atmospherics” the same below, on
and_ beneath the surface of the earth?
Or, to phrase it differently, is ground
static the same as atmospheric static or
are they entirely different, each requir-
ing different means for its elimination
or utilization?

7. Why is it that static disturbances
are directional and come mainly from
areas located at the magnetic equators,
these areas being also the areas of
maximum frequency of thunder storms?

8. Are sun spots, magnetic storms,

polar lights, magnetic variations and
static conditions simultaneous occur-
rences, interrelated causes and effects

all originating from the same source?

9. What is the cause of the mysteri-
ous ‘“‘dead spots” for radio transmission
which have been found in the Eastern
United States, in Alaska, in Europe,
on the oceans, and elsewhere?

10. What forces associated with, or
resulting from, the motion of the earth
increase or decrease radio conductivity ?

11. Is the electron responsible for
magnetism, or magnetism for the
electron, or neither? Is there an ulti-
mate magnetic particle and what is its
relation to the ultimate electric particle?

This airplane with which Captain Amundsen will try to flv across the ice-covered

be maintained.

polar regions is equipped with radio so that communication with civilisation mnay
Note the ski-like runners.
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From a photograph made for 'OPULAR RADIO

IS THIS WHAT BLOCKS THE POLAR RADIO?

With this sinall globe the author illustrates the magnetism of the carth. The
point of the pencil indicates the end of a small bar magnet thrust through the globe
to reproduce the magnetic axis of the earih.

12. What are the effects on the earth
of the action of the sun in charging
space with electric energy amounting to
millions of billions of volts and with
light amounting to innumerable billions
of candle power?

When these questions, and the scores
of others like them, have heen answered
we shall have ‘gone a long way toward
solving the practical problems of radio
and of electrical engineering. Practi-
cally every one of these problems af-
fords a stupendous opportunity for
fame, rewards and distinction to who-
ever succeeds in finding the answer to it.

An experimenter, a radio amateur
provided only with the simplest equip-
ment, may in secking the answer to one
of these questions discover some new
principle or some new method of ap-

plication of old principles, some utiliza-
tion of forces and elements now ig-
nored, just as Edison discovered many
new principles while experimenting to
obtain entirely different results, just as
Roentgen discovered the X rays by ac-
cident, just as De Forest evolved the
revolutionary audion lamp from observ-
ing, while experimenting, that the dis-
charge produced by a spark coil af-
fected the intensity of the gas burner in
his lodging room, and just as Ampere
discovered the principles that brought
him fame while working as a village
locksmith,

“Why do we not know these things ?”
and “Tell me where to begin?” are the
two questions I have 'asked the world’s
leading scientists—and "in turn I have
been asked by hundreds who have heard
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my lectures and read my statements on
some of these subjects.

I have space here to mention only a
very few of these problems. One of
the most alluring of them is that of the
nature of magnetism. It is a subject
about which we know almost nothing
but which probably, nevertheless, is the
most important of all to the future of
radio ‘and of electricity.

What is this mysterious something
that we call magnetizm, that penetrates
everything and is to be found every-
where? Where does it come from?
Why is the earth magnetic? What are
the magnetic poles? How has it been
possible for the magnetic poles to mag-
netize everything in the earth and, un-
doubtedly, in the surrounding atmos-
phere without the source becoming ex-
hausted ?

The world cannot answer these ques-
tions. Captain Roald Amundsen, who
studied magnetism since boyhood and
who actually lived over a year in the
region of the north magnetic pole in
order to study the phenomena there,
told me:

“Magnetism is more fundamental and
more wonderful than electricity. We
know only very little about it.”

A ‘small compass, a piece of lode-
stone, a magnet, a half ounce of iron
fillings and a dozen needles, the whole
costing about $3.00, will demonstrate
more mysterious phenomena than the
collective knowledge of mankind can
explain today.

It is a curious commentary upon
man’s proverbial enterprise that although
billions of persons—or an average of
two billion every fifty years—have lived
and died since the Chinese began using
the magnetic compass, about two thou-
sand years ago, only half a dozen men
ever tried to follow the compass to the
earth’s magnetic poles to find out what
the source of this phenomenon is; and
of this half dozen, only one, Captain
Amundsen, stayed in the magnetic
polar regions a number of months to

study the phenomena that occur there.

A number of the most pressing prac-
tical problems of radio are related, pre-
sumably, to this matter of the earth’s
magnetism. One ecxample is the fre-
quent phenomenon of variable path of
waves in radio transmission. We are re-
minded by Marconi and other authori-
ties who have opportunity of obtaining
continual data of such variations that
signals from stations at great distances
do not always retain their direction
along one great circle, but reach the
receiver from either way or various
ways round the earth, Marconi reports:

“The observers noted American sig-
nals from Radio Central and from
Tuckerton coming from a direction
which indicated that they preferred to
travel a distance of three-quarters of the
way round the earth, rather than come
by the shortest way round.”

Another interesting and extraordinary
result was noted on several occasions,
according to the report of Mr. Tremal-
len from Rocky Point, New Zealand,
where during last March the signals
from Nauen appeared to travel to him

via the South Pole, whilst those from

Hanover, also situated in Germany, and
not very far from Nauen, appeared to
prefer to travel wia the North Pole.

Why? Nobody knows, but we may
explain the phenomena if fifty thousand
radio experimenters report for six
months what they hear at different times
of the day and night, because when such
reports are tabulated they may make
evident facts which we do not even
suspect at present.

The Mand, the ship of the Amund-
sen Arctic Relief Expedition, frozen
in the slowly drifting polar ice, is send-
ing two radio weather reports each day
from its powerful plant. These are re-
ceived across the North Pole, at Euro-
pean stations, but, as far as has been
ascertained, are not received in Alaska,
Canada and the United States.

What is it that prevents the Maud’s
daily radios from reaching the stations
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TFrom a photograph by William Henry

WHAT EFFECT HAS THE NORTHERN LIGHTS ON RADIO?

The radio fans mav be able to anstver this question, the author believes, if they

will co-operate in collecting information about it. This unusual photograph of the

Northern Lights (or Aurora Borealis) was made from the top of the old Herald
Buwilding in New York, March 11, 1914.
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on the American continent? It cannot
be the ice ficlds, the frigid air, the arctic
storms, because there are more of these
north of the Maud than south and west
of her. The North Magnetic Pole, the
center of the earth’s magnetic attraction
may be the cause, bhut nobody knows.

It is one of the mysteries that may
be solved by the world’s radio amateurs
if they will listen for the Maud’s daily
radio signals and report whether they
hear them or not. And any amateur
who succeeds in solving this mystery,
or any other one of the basic radio
problems stiil unsolved, may find that
it puts into his hands the key to wealth
as well as to scientific distinction.

In May, 1916, when I delivered an
address to the New York Electrical So-
ciety, I reported my experiences in test-
ing the compass at high altitudes and
the possibility of aerial torpedoes and
torpedoes mounted on airplanes, direct-
ed through the air by radio, and pointed
out that the mechanical problems of
launching a five-ton load of T. N. T,
through the air by radio would be
solved before we could solve the prob-
lems of directing that load safely.

This is the case today. The Ham-
mond system has demonstrated that
even a battleship can be operated by
radio, but we dare not venture a full
size airplane, because of the many un-
solved problems of radio transmission.

Directing military airplanes by radio
cannot be undertaken so long as there
is a possibility of interference. While
the airplane would carry the load of
explosive past a dead spot, which the
airplane could easily negotiate, the
radio could not cross that spot and the
airplane would from that point on be
adrift, guideless, a menace to communi-
ties below!

This gives an idea of the importance
of some of these problems from a mili-
tary standpoint. Many of them are
Aequally important commercially.

Another one, which may or may not
have a magnetic element, is the mystery

of the disturbances known popularly as
“static” or ‘“atmospherics.” Very little
1s known of these disturbances Dbeyond
the fact that they occur. The phe-
nomena may be at times electric, at
times magnetic, at times atmospheric.
One of the important needs at
present is to analyze the disturbances
into these or other divisions. Only by
learning their nature will we be able
to screen them off or to utilize them,
the latter being the most likely result
because 1t is not natural with human
beings to let power go unharnessed.

The genius of Tesla, in noticing that
the stationary waves caused by a distant
storm could be reproduced in the con-
ducting layer of the earth by means of
two synchronized oscillators, and utilized
to explode submarine mines is an ex-
ample of how we may utilize all “static”
phenomena.

But first we must find out what the
disturbances are. Do they originate in
the crust of the earth, or in the atmos-
phere which wraps the earth, or from
cosmic sources altogether outside the
earth, or from all of these in combi-
nation?

This is one of the cardinal questions
to he solved.

We must not forget that whatever the
nature of these disturbing factors, they
use the same conductive media as radio
signals, therefore we may learn about
both in studying either.

Were it possible for a radio experi-
menter to view the whole earth when-
ever his receiving instruments register
the clicks and rattlings of static he
would find, probably, that polar lights
are flashing their dazzling streamers
from points ranging from sixty to one
hundred miles above the north and
south polar regions and extending sky-
ward, several hundred miles up.

Why? No one knows. It is one of
the many unexplained phenomena which
the radio experimenters may help to de-
fine, benefiting the art of radio trans-
mission in so doing.

fr
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WHY DO RADIO WAVES GO EVERYWHERE?

The airship and airplanc high in the air, the subumarine nnder the sea, the miner

decp in the carth all receive radio waves, vet the nature of these waves and the

medinny that carvies them is still @ mystery that demands solution and that teill
hugely reward the experimenter who solves it

By adding to their radio sets the
simplest equipment used for determin-
ing magnetic variations,, the world’s
radio experimenters could supply in the
course of a year data that might make
it possible to establish the connection
of the so-called “static” and “atmos-
pheric’” disturbances with the polar
lights, the connection hetween polar

lights and magnetic storms, the direc-
tion and geography of magnetic dis-
turbances and other basic facts.

Radio engineers have been as prodi-
gal with the natural resources avail-
able to them as other pioneers have
been. Their attitude toward static and
atmospheric disturbances is similar to.
that of the salt miners a century,

’\
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who cussed when they struck some stuff
called petroleum = while mining salt.
They are just as wasteful as the rail-
road people who spent thousands of
dollars wearing out brakes in slowing
up electric trains going down hill. Now
the salt miners who strike oil abandon
the salt to take care of the oil, and the
railroads use the downward journeys
of trains to generate electricity to use to
take the same train up the next hill

The time is coming when what is now
grouped under “static” disturbance and
cussed by the radio experimenter, will
be divided into categories, such as clec-
trics to designate electric phenomena,
magnetics to designate magnetic phe-
nomena and atmospherics to designate
phenomena caused by atmospheric con-
ditions. IEach will be utilized and used
not only to advance the cause of radio
and clectric transmission but also to
advance other industries, arts and
branches of science.

We may obtain benefits of material
value in everyday life, such as means of
tapping the natural electric fields for
cheaper power to drive machinery and
to light the streets and homes of the
most isolated communities.

It may come to pass that static and
the polar lights, instead of being re-
garded purely as vagaries of nature that
often disrupt the radio and telephone
and telegraph service, may become sig-
nals that conditions are favorable for
tapping the natural electric fields and
for storing away electricity to drive our
machinery for months to come.

Imagine the world-wide and lasting
fame, to say nothing of more tangible
rewards, that awaits the man who first
succeeds in doing this. Every radio
experimenter has wunparalleled oppor-
tunities of winning fame and wealth by
solving one or more of these basic
scientific mysteries. There are oppor-
tunities for thousands.

Armstrong Perry

RADIO ENTERTAINS THE CROWD AT THE HENLEY REGATTA

The classic rowing event of England was marked this past season by pleasure craft
equipped with reeciving sets that kept the spectators interested, between the races,
with broadcasts from London.
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THE COMPLETED SET

. -4!-"_*‘

The inventor, Mr. Cockaday, is here shown demounsirating his experimental recetver :
to Dr. E. E. Free and Raymond F. Yates, s
HOW TO BUILD THE
IMPROVED 4-CIRCUIT TUNER
By LAURENCE M. COCKADAY, R.I.
It is estimated that there are now in use about 500.000 four-circuit tuners—first :

ammounced in Porurar Ranio for May, 1923. This article describes a remarkable
development of this set—a development that provides for Aurtomaric TuNiNg,
practically unlimited distance range, maximum volume of sound, excellent repro-
duction and no interference. This set is probablvy the most important contribution

that has vet heen made to the

Costs or Parts:

RECEIVING RANGE:

g Four-cireuit coil set, units A, B, C, D;
5 A—primary winding, consisting of a single turn
of tinned-copper, bus-wire 1/16-inch squarc;

p 3—secondary winding, consisting of 65 turns of
« No. 18 DSC copper wire;

C—stabilizer winding, consisting of 34 turns of

No. 18 DSC copper wire; (coils A, B and

C are wound on a hard-rubber tube, 34

inches in diameter and 5 9/16 inches long) ;

D—_antenna tuning coil, consisting of 43 turns

of No. 18 DSC copper wire double bank

wound and tapped on hard-rubber tube,

314 inches in diameter and 154 inches long.

E and F—Amsco vernjer variable condensers,

23

equipment of the radio fan. \
—EmTor

About $95.00
Ower 3,400 wiiles

Here Are THE ITEas You WiLL NEED

26 plates, .00046 (.0005) mifd. (with 4-inch
knob-and-dial and vernier knob) ;

G and H—Amplex grid-densers (small vari-
able condensers) ;

I—Bradley-leak, variable 4 to 10 megohms;
J1, J2, J3, J4 and J5—Melco vacuum-tube
sockets ; :
K—Amsco filament rheostat, 6 ohms,;
L1, L2, L3—Amsco filament rheostats,
M1, M2, and M3—Pacent jacks, 7 ;,‘%

circnits and one single-circuip/ " T
Ni and N2—Amertran audio-f ppE

fying transformers;
O—=Como input “push and

ik - <0
4 7 -
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Q and R—switch levers and knobs;
S—switch points;
T—Dubilier mica fixed condenser 0005 mid.
{with lugs for transformer mounting) ;
U—Dubilier mica fixed condenser 00025 (with
clips for grid-leak);

V—Durham variable grid-leak;

W1, W2 and W3—Lavite resistances, 48,000
ohms ;

X—Amsco potentiometer, 400 ohins;

-

Y1, Y2, Y3—composition panels (7x24 inches),
(3x214 inches), (and 1 foot x 12 inches).
See Figures 7 and 9;

Z—binding posts;

AA—base;

AB—cabinet. (See Figure 8);

AC, AD and AE—brass brackets.
ure 9;

varnished cambric tubing;

solder, etc.

See Fig-

HE letters telling of the radio en-

thusiasts’ experiments and success
with the four-circuit tuner have Dbeen
pouring in so fast that the author has not
had time even to try all the suggestions
that they contain. Nevertheless he has
managed to investigate every suggestion
for improvement of seemingly worth-
while value that has come in and has
picked out the good ones received and
applied them to the set. Along with this
haye come letters from fans who have
built the set described in the May issue
of PoruLar Rabpio and have for some
reason or other not had the success with
it that they should have had. Some
have found the set ideal on local recep-

£ o

tion but poor on DX ; some have found
it wonderful for DX reception but not of
enough volume on local stuff. Some
write in that their set does not oscillate
freely ; some say that their set oscillates
too much.

In every case, the trouble can be run
down and it is almost always found to be
due to a mustake in connections or to
apparatus of poor design or poor guality
that has heen incorporated in the set. It
should be remembered that a sef 1s no
better than its poorest part, and if one
such part is used in the set, the whole set
will be dragged down to this level. A
poorly designed instrument can never be
boosted up to the level of a good one by

tn the circuit.
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THE COMPLETE WIRING DIAGRAM THAT INCLUDES—
: Ficure 1: This diagram shows how to hook up the various instruments and parts

It will be noticed that all the parts are given a designating letter
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placing it in a circuit in company with
good ones,

The improved circuit which is here
described, -besides having its recognized
qualities of (A) unusual selectivity,
(B) unlimited distance range, (C) ease
of tuning, (D) truthful reproduction,
also incorporates the following new
features:. '

E—wavelength range, 150 to 675 meters;
F—wavclength calibration;

G—autematic tuning;

H—power amplification;

I—simpler construction;

J—adjustable circuit values.

The feature I makes the circuit suit-
able for amateur, broadcast, and com-
mercial reception from CW, telephone,
or spark transmitters.

Feature F allows the operator to set
the dials for any particular wavelength
he wishes to receive on, with thefassur-
ance that he will immediately pch up
the station he is trying to get, without
interference—providing the station is
transmitting at the time.¢™

Feature G allows. of" Tining by a

novice, even though he has no conception
of what is happening when he adjusts
the dials to the given settings.

Feature H allows of loudspeaker re-
ception of DX* within 3,000 miles, and
on account of the quality assured hy the
“push and pull” amplifier system, the re-
production of music and voice signals
will be pure and undistorted.

Feature [ 1s 1mportant because in
building the first four-circuit tuner it
was necessary to make special hrackets
for mounting the instruments, which
were almost beyond the scope of the
amateur builder. The new set is a struc-
ture in which all the instruments, except
those that are mounted directly upon the
panel, are fixed fo the hase, which is
made of hard walnut wood. By this con-
struction all the instruments are easily
accessible and may be wired up with
little difficulty.

Feature ] is important because the
various people who build the set may
find that their set may oscillate too freely

*Amateur slogan for “long distance.”
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—THE TUNER, AUDIO AMPLIFIER AND POWER AMPLIFIER
which is the same as that given for the same wunits in the list of parts and the text,

The binding posts are numbered.
wiring up.

This climinates the possibility of mistakes in
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THE REAR VIEW OI3THE SET

FiGure 2: This picture shows the general arrangeuent of all of the instruments
fastened to the panel or the base. The exadl lgcations for the instrioments are shown

tn Figure 4.

or not enough and if the grid condenser,
the by-pass condenser, and the grid leak
are made variable, these difficulties can
be overcome and the set put into critical,
regenerative condition.

The cabinet for the set is of simple
construction; it consists of three sides
fastened together which may be fixed
onto the base and the panel by screws
running through the base and the panel.
The receiver is built on a 7x24-inch panel
which is a standard size and can be ob-
tained from any dealer. -

Of course, the receiver does not re--

“radiate ; this is really important in these

days when closely coupled regenerative
receivers are the rule, and we have so
much whistling and squeaking accom-
panying reception in a locality where a
number of these re-radiating receivers
are in use.

The set is not susceptible to body
capacity and needs no shielding at all;
this is taken care of by the wiring of the
set itself.

The wiring diagram is shown in Fig-
ure 1._

The Pafls Used in Bujlding the Set /

In all the diagrams in this article each part

bears a designating letter. In this way the
prospective builder of a receiver mey casiy
determine how to mount the iustruments
the correct places and connect them properly
in the clectric circuit. The same desiginiating
letters are used in the text agd the list of parts
at the beginning of the arf{¥e. F.
The list of parts There given includes
the cxact instrioments used in the sct
From <chich these specifications were
made wp,; howcever, there are many
other reliable makes of instrinients
which nay be used in_the set with
cqually good results.

If instruments other than the ones listed are
used it wiil necessitate only the use of different
spacing of the holes drilled in the panel and
shelf for mounting them.

Howe to Construct the Set

After procuring all the instruments and ma-

terials for building the set, the amateur should
set about preparing the panel Y1, (shown in
Figures 2, 3,4, 5, 6 and 7).

First of all the panel should be cut to thg_

correct size, 7 by 24 inches. !

Then the edges should be squared up
smoothly with a file. The centers for boring
the holes (which are necessary for mounting
the instruments) should be laid out on the
panel as shown in Figure 7.

The holet outlined here with a double circle
should be countersunk so that the flat-head ma-
chine screws used for fastening the instru-

-
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ments will be flush with the panel. All the rest
of the holes in this panel are straight drill
holes. Sizes for the diameter of these holes
have not been given, but the builder will readily

-decide what size. hole is necessary by measur-,

ing the size of the screws and shafts of in-
struments that'have to go through the holes.

When the panel is drilled, it may be given
a dull finish by rubbing lengthwise with smooth
sandpaper until the surface is smooth, then
the same process should be repeated except
that light machine oil should- be applied during
the rubbing. The panel should then be rubbed
dry with a piece of cheese-cloth, and a dull
permanent finish will be the result: © Or the
panel may be left with its origial shiny-hlack
finish, if care is cxercised so that it 1s- not
scratched during drilling.

Next mount the condensers, E and F on the
main pancl Y, by means of three screws cach,
and attach the knobs-and-dials. Be sure that
the plates of the condensers are *“‘all out” when
the dial settings read zero. This is important
if the calibratton curve is to he used. Also
e sure that the vernier plates of the condensers
are “half in and half out” when the word
“vernier” reads horizontally across the vernier
knobs. Then mount the variable grid-leak I,
on the panel with two screws, sec Figures 2,
3 and 4.

Now mount the pcientiometer X directly be-
neath the grid-leak by ineans of two screws.

Fasten the 6-ohim rheostat K directly above
the hole for the first jack M1 by mcans of two
more screws. The three 20-ohin rheostats L1,
L2 and L3 should now be mounted in their

ekl

respective positions to the right of the 6-chm
rheostat K

Then mount the two switch levers and knobs
Q and R on the pancl, and also the switch
points S. (Sce Figures 2, 3, 4 and 6.)

Next mount the three jacks M1, M2 and
M3 in their respective places at the lower
right end of the panel.

The correct positions on the panel for alt
these various instruments are shown in Figure
3, where all the knobs and parts are designated
by the same. letters as appear in the text.

The complete panel should now he attached
to the wooden lase by means of two small
angle-brass hrackets AC, seec figures 2, 4, 5
and 9. The two holes for these brackets are
shown in the drilling plan of the panel Y1 in
Figure 7

Now mount the coil set A, B, C and D with
two screws fastened through the brackets AE
as shown in Figure 4. Then fasten the five
tube sockets J1, J2, J3, J4 and ]J5 in their
respective places as shown in Figure 4,

Next fasten the two transformers NI and
N2 to the base, as shown in Figures 2 and 4.
The first transformer N1 is attached to the
base by slipping the small metal leg under-
ncath the detector socket and fastening with
the same screw as that used for one side of
the detector socket. This gives close spacing.
It will be noted that these two transformers
are placed at right angles to cach other. It
should also be noted that the sockets arc
mounted with the slot facing a specific direc-
tion so that the grid terminals will be closest
to their respective points of connection. (See

.4
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Froure 3:
dials and kuobs are marked with leiters

which they are attached, the prospective operator will have no trouble in

the vartous tuning controls as thev are

automatically.

THE PANEL VIEW OF THE RECEIVER
This gives an idea of how the set looks from the front and as

which correspond to the mstrumeut.c

cyplained in the instructions f

»” N
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THE WORKING DRAWING FOR CONSTRUCTION

Frcure 4 Here are showen the correct positions for the wvarious instruments. The
positions are grwen, center to center, for all insirumcnts.,

Figure 4.) This makes for short leads.
The next job will be to mount the trans-
former O at the rcar of the base, and the
transformer P close to the panel Y1. These
two transformers are fastened to the base by
means of two screws, one through the leg of
transformer P near the panel, and one through
the remaining leg of this transformer and the
adjacent leg of transformer O. The remaining
leg of transformer O will be held by one of
the screws which are inserted up through the
base and which hold the cabinet to the base.

Now mount the condenser T across the
secondary terminals of the first transformer N1
and mount the condenser U and the grid-leak
V across the secondary terminals of the second
transformer N2. This is clearly shown in
Figure 4,

The next job is to screw the two small
rectangular-shaped variable condensers G and
H in their respective positions as shown in
Figure 4. These two instruments are mounted
by two screws for each condenser.

Now cut the small connection block Y3 out
of composition panel material, to the size shown
in Figure 9 and drill for the binding posts.
This panel should then be mounted on the

base AA. by means of three small brass
brackets AD constructed as shown in Figure 9.
Sce Figures 2, 4 and 5 for mounting the con-
necting block.

The last job is to cut the small composition
panel Y2 ior mounting the three resistances
WI, W2 and W3. This is done as shown in
Figure 9, which gives the dimensions for drill-
ing and shows the manner in which the units
are mounted.  As this panel is supported by
the wiring of the set, the directions for mount-
ing it will be left until later.

Hozw to Wire the Set

The design of this set is such that the grid-
circuit wiring of each of the five tubes may
be made extremely short and isolated from the
other circuits. In fact, all the tuning circuits
and leads are so arranged that short connec-
tions may be used. As this is the case, the. set
may be wired with bus-bar with little loss in
efficiency.

A tinned-copper wire 15 recommended. Tt
should be about 1/16-inch square. All con-
nections should first be shaped so that they will
fit and then soldered in place. Start wiring the
filament circuit as shown in the diagram in

A8
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Figure 1. Be sure to include the rheostats in
the correct side of the filament circuits. This
15 important!

In wiring up the potentiometer X be sure
that the left-hand post of this instrument is
connected to the negative “A" battery and inhe
right-hand post is connected to the positive “A”
battery.

Run a wire from the antenna post and loop
it around coil C, one turn (forming winding
A) spaced ¥4 inch in fromn the outer end of
the winding as shown in Figure 4, Run the
other end of this loop over to the top end of
coil D and from there over to the first switgh
point on the panel Y1, then connect up the
rest of the switch points to their respective
taps on the coil D. The switch lever QO should
now be connected to the ground binding post
and the negative “A" battery post on the
connection block Y2

Now wire up the two condensers E and F
as shown in Figure 1, with the rotor and
stator plates connected as shown in the diagram.
Then wire up the grid circuit of the detector
tube which includes the condenser G and the
grid-leak 1.

Run a wire from the middle post on the
potentiometer X to the detector ncgative “B”
post on the connection block. This is the fifth
post from the right (looking at the sg,t,from

5 Yz

the rear). The sixth post should be connccted
with a wire over to the B4 terminal of the
primary side of the first transformer N1 with
the remaining terminal connected  to the plate
terminal of the first tube socket. Now connect
the small variable condenser H, by two wires,
across the primary of this same transformer

Next connect up the secondary of trans-
former N1 to the correct terminals of the
second tube socket.

Then wire up the plate circuit of the second
tube which includes the primary of the second
transformer N2 and the first jack M1, The
seventh binding post on the connecting block is
for the negative 90-volt amplifier “B” battery
and the cighth post is for the positive 90-volt
amplifier “B" battery, which is connected to the
second-tube plate circuit.

Now connect up the secondary circuit of
the second transformer N2 to the grid circuit
of the third tube. The ninth binding post on
the connecting block is for the negative “C”
battery and the tenth binding post is for the
positive “C"” battery.

The resistances W1, W2 and W3 which are
fastened to the small panel Y2 are now con-
nected with bus-wire to the switch points S s

and switch lever R and also to the seco
terminals of the second transformer N

/4
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VIEW OF THE SET AS SEEN FROM THE LEFT

Ficure §5:

This photograph shotws the way to mount the condensers and the coil

set, and specifically the manner of attaching the single turn of bus bar for the coil A.

dicated in the wiring diagram and shown in
Figures 1, 2, 4, and 6.

Now connect the plate circuit of the third
tube which includes the second jack M2 and
the proper connections on the input trans-
former O which are printed on the bottom of
the transformer. The eleventh post is for the
negative terminal of the extra 45-volt “B” bat-
tery used on the two last stages of amplifica-
tion. This post should be connected by a wire
to the cighth post. The twelfth post is the
positive terminal of the extra forty-five volts
of “B” battery. This should be connected to
the plate circuit of the three last tubes as
shown in the wiring diagram in Figure 1.

Now connect the remaining terminals of the
input transformer QO to the grid circuit of the
last two tubes, including the “C” battery con-
nection.

Connect up the plate circuit of the last two
tubes which includes the primary connection to
the output transformer P.

The last job in wiring is to connect the two
secondary terminals of transformer P to the

two terminals of the last Jack—M3. This

completes the wiring.

How to Install the Set

After the set has been completely wired, the
cabinet may he attached by means of wood
screws inserted up through the base into the
ottom edges of the cabinet and by smaller
wood screws {nickel plated) inserted through
the panel into the edges of the cabinet.

The binding posts Z on the connection block
will now protrude through the slot cut for them
in the back of the cabinet.

To comnect the set, do the following:

Attach the antenna wire to the first binding
post at the right (looking from the rear).

Attach the ground wire to the second post
from the right.

The third post from the right should be con-
nected to the negative “A” batterv, 6 vojts.

The fourth post from the right should be con-
nected to the positive A" batterv. 6 volts.

The fifth post from the right should be con-
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VIEW OF THE SET AS SEEN FROM THE RIGHT

Ficure 6: - This view gives a better idea of how to mount the two push-pull trans-
formers and the rheostats and resistances.

nected to the detector negative “B” battery,
18 or 20 volts.

The sixth post from the right should be con-
nected to the detector positive “B" battery,
18 or 20 volts,

The seventh post from tie right should be
connected to the amplifier negative “B” bat-
terv, 90 volts.

The eighth post from the right should he con-
nected to the amplifier positive “B"” battery,
90 volts.

The ninth post fromn the right should be con-
nected to the negative “C” battery, 9 volts.

The tenth post from the right should he con-
nected to the positive “C"” battery. 9 volts.

The eleventh post from the right should be
connected to the extra amplifier negative
“B” batterv, 45 volts.

The left-hand post should he connected to the
extra amplifier positive “B” batterv, 45 volts.
For the detector, insert one UV-200 or one

C-300 vacuum tube in the first socket J1.
Insert one UV-201-a or one C-301-a tube in

cach of the remaining sockets J2, J3, J4, and J3.

If the telephones are to be used, the plug
should be inserted in the first jack M1, and
the first two tubes lighted by turning the rheo-
stat knobs K and L1. Turn rheostat K up
about three-quarters of the way. Turn rheo-
stat .1 up about the same distance. This will
allow of reception from local and distant sta-
tions with the headphones. If the DX stations
should be very far away and too weak on the
first stage, take the plug out of the first Jack
and insert it into the second jack M2. Then
turn up the rheostat L2 about three-quarters
of the way, and the signals will now be ampli~
fied sufficiently to allow reception: without
trouble. If a loudspeaker is to be used; it may
he plugged into this same second jack M2,
which should give sufficient volume. However,
if the DX signals are not quite loud enough
in this jack. the loudspeaker plug should be
withdrawn and inserted into the third jack
M3 and the rheostat 1.3 turned up nearly afl 0
the way. This will produce plenty of volume
even on stations located on the other sidey="
the continent.
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THE DRILLING PLAN FOR THE PANEL
Ficure 7: This drawing shows where to drill the holes for mounting the tnstrit-
ments.  The correct spacings are given for the holes. The holes outlined with a

double circle should be cowntersunk.

Be sure to use a loudspeaker which is capa-
ble of handling quite considerable amounts of
power, otherwise it will chatter on account of
the diaphragm or armature hitting the
magnets.*

Now to put the set into actual operation:

First set the two grid-densers. These are
twoe smmall semi