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Radiola 25 (picturcd
above with Loudspeaker
Model 100}, a six tube
uniontrol Super-Het-
erodyne, that uses the
new power tube. It has
space in the cabinet for
dry batteries, but can

used with Loud-
speaker 104 without
batreries. With 6 Ra-
diotrons  but  without
Joudspeaker . . $165

-are not only the product of RCA, but have behind them as well,

RCA-Radiola.

MADE BY THE MAKERS

principles in radio

developed. by RC A

The new Radiolas, embodying new principles of radio reception,

the research facilities, the engineering and maaufaccuring skill
of General Electric and Westinghouse. They meet, with new
standards of achievement, /] five fundamentals of good radio re-
ception,

1. Quality of tone—New Radiotrons and new RCA Loud-
speakers mean perfection of tone never before achieved,

2. Volume of tone—The new Radiotrons make pagsible tre-
mendously greater volume of tone. ‘
3. Selectivity—The Super-Heterodyne is known to be the
most selective set on the market; and this selectivity has been-
carried 1o au even greater degree of exactness.

4. Range— Power amplification has brought fmpproved distance
reception.

5. Simplicity—The new -uni-control system at last bring} sin-
gle control operacion to complete, practical success. And some of
the new Radiolas can be operated entirely on the house current
without batteries—a final step in a series of achievements that
put radio today many strides ahead, '

L Radiola 28, eighttube |

i dyne,' extremely selective
i It gives great ‘volgme on

&

\ } ]

uni-control  Super-Hetero-

‘dry batteries, or if used
‘with the Model 104 Loud-
speakér, all batterjes can be
eplaced by ‘110" volt, 6o
ieycle A.C. highting circuie,

With S'Radxo_trons. $260 I

Radiola 20, an entirely
new five-tube, tuned radio |
frequency set, with regen-
efation. Antenna type, with
the new dry battery power
Radiotron. 'Without acces-
sores ., . $102.50
With s Radiotrons . $115

Radiola Loudspeaker,
Model 100, RCA Cone
type, achieving new clarity
and far wider tone range.
Can be used with any radio
receiver . ., ,

1

Be sure to see the new Ra- J
diolas and hear them demon-
strated. Write today 'to the
nearest RCA district ofice

- for the booklet thacde_s"‘cribes; ;
the entire Line in detail,

OF RADLOTRONS £
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This diagram shows the amplification curve
ofthe new audio transformer. (A) shows the
high amplification ofthe low tones. Straight
line from (A) to (B) shows uniform amplifi-
cation over the whole range.

BAvess oo | mRarsropmed
e P —T

|
rEgCurany mlcredls erd secd-e

o 200 o0 le0a 2000 <300 2000 3280

Price $400

o
with a Brandes Transformer
} ERE’S anew audio transforme;' that gr';i i ‘;’i’; H-a ggzg‘q‘fef
“lets through” the deep and the high : e

tones—that gives an even amplification tone. Adjustable $18

over the whole range.
The Brandes Cabi-

net Speaker of ma-

hogany, finished in |
walnutbrown. The =
same unit, quality Q
of tone and even

greater volume

than the Type H

$30 (pictured below),

)
- Brandes

EXPERTS IN RADIO ACOUSTICS SINCE 1908

S

It amplifies at a high ratio of 1 to 5—
without any transformer distortion. And

- its perfect amplification of the overtones
gives mellowness and reality.

The Brandes Cone —a

% Address, 200 Mt Pleasani Ave., truly decorative bit of
Newark, N.J., for an interesting booklet g“‘;’;;:)‘;‘;ig{)"’l‘; C;’;‘::Eéi
describing  Acoustics by  Brandes. $38 (pictured above.

Prices slightly more west of the Rockies and in Canada

» il et o

Al t-zpﬁamtus advertised in this magazi;;é_h:zs been tested and approved by POPULAR RADIO LABORATOR
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ONE OF THE GREATEST OF RADIO DEVELOPMENTS
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Grebe “Colortone”

HIS tone control is, perhaps, the greatest of recent Grebe
inventions.

Grebe “Colortone” enables you to alter to your taste, the quality
of speech or music from high, thin pitch to deep. round tones
with all the variations between. The Synchrophase is inde-
pendent of the loud speaker’s influence.

With the “Colortone™ a complete range of tone characteristics
is thus available and the best qualities of any loud speaker are
brought out. ’

The “Colortone” makes it possible to suppress considerably
the high pitch frequencies caused by heterodyne interference of
one station with another and also to reduce, to a great degree,
disturbances due to static.

Ask your dealer to demonstrate this as well as the
many other exclusive Grebe features; then compare

A. H. Grebe & Co., Inc., Steinway Hall, 109 West 57th St.,, N.Y.
Factory: Van Wyck Boulevard, Richmond Hill, N. Y.
Western Branch: 443 So. San Pedro Street, Los Angeles, Cal,

This company ounsand operatcs stations WAHG
and WBO{); also low.wave rebroadcasting sta-
tions, mobile WGMU and marine WRMU .

“It is only he
who possesses
absolute truth
who can cre-
ate.”

— Confucius

A CENUISSIN

\ e
N @ DY

WAy g
The constant R S
seeking for
truth has crea- All Grebe
ted the *‘Color- apparatus
tone”and other iscovered
Grebe advan- ST by patents
ces in radio S gr;ntedd
tion. A and pen
reception Synchrophase is also supplied ing.
%WT_« with base for batteries and in a
A de luxe Console model.

S RS IR U TR A TN R S A LMl

N

All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY
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PAGES WITH THE EDITOR

"OxE of the most valuable services that
PorvLar Rapto has rendered to the radio in-
dustry,” a prominent scientist recently told the
cditor, “has been the stabilizing of the industry
through the medium of the tests made of radio
apparatus in Porvrar Rapio @.ABORATORY.”

* * *

Tuis observation checks up with similar
comments that have reached us from many
sources—irom radio amateurs, from broadcast
listeners, from dealers, from manufacturers.

Porcrar Rabio’s policy of ‘submitting to
rigid test every piece of radio apparatus that
is submitted to the laboratory, and of rejecting
every piece of radio apparatus that does not
meet the required standards, and of refusing
advertisements of all unsatisfactory apparatus,
has not only proven invaluable to radio fans by
guarding them against inferior products, but
has been of inestimable value to the manuiac-
turers themselves, who have in many cases
been able to improve their products through
the expert advice and constructive suggestions
of our laboratory staff.

s * *
Up to August 1, 1925, over 1,500 pieces of

radio apparatus have been tested and ap-

proved.  Of this number many were not ap-

proved until certain changes were made in
I

I
i

CERTIFICATE HAS BEEN FOUND TO CONFORM TO THE
} HIGH STANDARDS PRESCRIBED BY THIS LABORATORY
i AND I8 HEREBY OFFICIALLY APPROVED
" POPULAR RADIO LABORATORY ISSUES THIS
} CERTIFICATE OF APPROVAL TO THE MANUFACTURERS |
OF THIS APPARATUS SUBJECT TO THE CONDITIONS ”
} SPECIFIED ON THE REVERSE SIDE |
!

Lowel ihiy \)"’ﬁa’,{y aj’v"%}kf{' i)

POPULAR RADIO LABORATORY b

THIS IS TO CERTIFY THAT THE FOLLOWING APPARATUS
Richardson~3 Receiver

i | MANUFACTURED BY
Richardson Radio, lne. -

HAS BEEN RIGIDLY INSPECTED AND TESTED BY

: POPULAR RADIO LABORATORY

U AND THAT THIS APPARATUSR AS INDICATED ON THIS

them in accordance with recommendations of

the laboratory. And many pieces of apparatus

were rejected entirely.
* * *

No advertisement is accepted by Poprurar
Rapio unless the product or the service adver-
tised is approved by the laboratory, and no ad-
vertisement s accepted that contains extrava-
gant or misleading claims.

* * *

To every manufacturer whose product is ap-
proved is issued a PorurLar Rabio CERTIFICATE
OF AprprOVAL shown on this page. The original
of this certificate is 1334 inches wide by 12
inches high, beautifully printed on a Japan
vellum, g

* * *

So valuable do manufacturers consider this
certificate that the originals are almost invari
ably framed and hung in prominent positions
in the sales rooms or offices.

* * *

AND in most instances, also, duplicate copies
of this certificate are furnished to the sales-
men. Experience has shown that the “sales
resistance’” of prospective buyers is appreciably
lessened upon presentation of this proof that
the apparatus has met the standards set by
PoruLar Rapio LaBoratory.

(Continued on page 6)

N I W
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POPULAR RADIO’S CERTIFICATE OF APPROVAL

The original 1s printed on Japan vellum, and is 12 inches high by 13 % inches wide. The
manufacturer is authorized to use on the product approved the small oval silver imprint that is
shown affixed in the lower left corner.

1
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The Best in Radio LEquipment

[~ “‘W ‘ ] ’ o R

L

Your set at its
| best alwayswith a

Super-Ducon

~the ‘B Battery Substitute

When guests come in, your set is ready.
No run-down B’ batteries—no batteries
being recharged. There’s the Super-Ducon
plugged into the light socket—ready to
deliver a steady, silent flow of current.

It's the perfect substitute of “B” batteries
—equipped with a specially designed RCA
tube (Rectron UV-196) that has an
average life of more than 1000 hours.
It’s a thoroughly efficient device—made
and backed by Dubilier. And it keeps
vour set at its best!

) Tested and listed by the National Board of Fire Underwriters

Dubilier

CONDENSER AND RADIO CORPORATION

S 1

L ml

AOJ ) A.C. Type 800—

$47.50
(60cycles—110volts)

Write for descriptive booklet

o. D-3
“The Super-Ducon—
and how to install it.”’
4377 Bronx Boulevard
New York City

All apparaius advertised in this magazine has been tested and approved by POPULAR RADIO LLABORATORY
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PAGES WITIH THE EDITOR
(Continued from page 4)

: FRAGILE

1 Hp ¥ D

WHAT ONE MANUFACTURER THINKS OF POPULAR RADIO'S O.K. :
The Sterling Muanufacturing Conmipany, manufacturers of a tube reactivator, sent in copy for ¢

an advertisement for the October issue of PoruLar Rapio,

But as the reactivator had never

been tested and approved by PorULAR RADIO LABORATORY, we could not accept the advertise-

ment until a sample had been sent to us.

As we were nearing the closing dale for the maga-

zine, we wired the Sterling Mfg. Co. to send us one of the instruments and they, realizing the |
umportance of getting it on time in order to have their advertisement run in the magazine, sent
i by first-class air mail from Cieveland to New York, at a cost of $10.80 for postage.

Porurar Rabio LasoraTory makes no charge
for making these tests. It makes no charge for
the Certihicates of Approval.

ES * ¥

Ax~p it makes no distinction whatever hetween
manufacturers who advertise in PorurLar Rapio
and those who do not.

* * *

THe testing of any radio part places the
manufacturer under no obligation whatever to
advertise in Porurar Rapio.  Indeed, many
hundreds of pieces of radio apparatus have been
tested and approved which have never been ad-
vertised and may never be advertised in
PoruLar Rabpro.

K * £

FURTHERMORE, every manufacturer of radio
apparatus that is approved by Porurar Rabpio
LagoraTORY 1s authorized to use the small sil-
ver “Seal of approval” in his advertising and
to stamp it into the product itself, or to attach
the scal to it in the form of a label.

So high are the standards that have beéen
established by the laboratory, and so impar-
tially have these tests been made, and so
helpful have been the changes and improve-
nents that have heen suggested by the tech-
nical staff of the lahoratory, that the Popu-
LAR Rapro stamp of approval has been accepted
generally as standard of merit.

AND it was this service—valuable alike to the.
buyer, seller and maker of radio apparatus—
that the prominent se¢ientist had in mind when
he commented upon the important part that
Poruvrar Rapio has played in stabilizing the
radio industry, ;

* * *

THE snapshot of Mr. John Hays Hammond,
Jr., which appeared on page 218 of our Septem-
ber issue, proved to be in reality a portrait of
one of Mr. Hammond’s former assistants, taken
during some of their experimental work in
radio. To show that he harbors no ill will as
the result of this photographic error, Mr. Ham-
mond has not only sent the Editor.an authentic
portrait of himself but his opinion of PorPurLar
Rapio to boot. You will find them both on
page 395 of this number.

* * *

IN the next number of PopuLar Rabpio will
appear a complete *“How-to-Build” description
of the latest and most important contribution
of the PopurLar Rapio LABorRATORY—the re-
markable LC-26 radio receiver.l

L}

mw e

Editor, Popurar Rabio

WwWWWwW.americanradiohistorv.com
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The Best in Radio Equipment 7

f ALWAYS *
el EREART, O RELIABLE

For real radio enjoyment, tune in the EVEREADY Rale BattCI'ICS arc
“Eveready Group.” Broadcast through sta- . . !
tions— always uniform and reliable!

yew)&’ork w%lAjl girzcir}?atl I“ d f h
roviden T ol >

Brovldento [ - Lvereadys perrorm the same,
Philadelphia St. Paul
Builaio W Davenport everywhere, for everybody,

Pittsburgh Worcester i . .
needing no skill, calling for
no experimentation, wasting
no time, saving you moncy.
Trouble-proof, wonderful
Evercady

2 Columbia Evereadys. There1san Ever-
1 Ignitor

Batiory eady dealer nearby.
pff,fe,l Manufactured and guaranteed by

dry ol NATIONAL CARBON CO., Inc.

radio .
dry cell New York San Francisco

l%‘g‘;}” Canadian National Carbon Co., Limited

Toronto, Ontario

EVEREADY HOUR

FOR
RADIO, 1GNITION

= eVEREADY
- Radio Batteries

-they last longer

No. 766
22V45-volt
Large
Horizontal
Price

P

No. 486
45-volt
Layerbilt
Extra-
Large
Vertical
Price

$5.50

T

All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LLABORATORY
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8 The Best in Radio Equipment

TYPES C301A C-299 In the
= csora ) ORANGE and
BLUE CARTON
PRICE

€300 cC11 c12

L (:”NN'"GHQ ' _--= - Ty -‘ '

% : ~ L < - ’ | -
: Rt A 3 ' { : C
CUNN\N,Gh.NA, R PE 4 = . ' | , . ;&NN’NGHAM
BEY_‘%CIQ;‘;SB‘ £-301-A% & am | | - A CXOR-ar1p1 1ok
JE Ch300 PR ! d )

e nTeD | ampPerie g 9
£ i - 4 -

§

12 2 L CUNNINGHAM |
B JE‘I :%af:‘icror(_-AMpu;‘lE_B_

NGy SOTYPE €301 A

PANIRANCISCH ¢ PATENYEL ’ ™™ |

h>

L Inz s =N 1 i

qur'—u x ) e

Quality Detected—Servce plified
by

e —

RADIO g/ TUBES)

Since 1915 Standard for All Sets
PEAK SATISFACTION Youwant real music, true tone clarity ana

utmost sensitivity from your radio set.
in detection, amplification and rugged Cunningham Radio Tubes—gleaming and
long life are factors that have marked glowing in every socket—are the secret in
the radio tubes bearing the Cunningham your obtaining the utmost in broadcast
name. reception.

Home Office, %f 3 (7 Sl
182 Second Street [4 . .
SAN FRANCISCO 7 oUCS NEW YORK

Al apparalus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY
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Wide \Vor
The High Place Occupied by PoPULAR R.ADIO
in the Radio Profession

“I WisH to conyratulate you on the worlk that PorurLar Ranio

has been doing. You have balanced the subject wmatter of the

magasine remarkably well, maintaining a wvery dignified and re-
liable scientific background, yet making it readable and of popular
interest to the public. From personal experience I knotwo the skill
which this involves. T wish to congratulate vou also for the high
place that your magazine has taken in the estimation of the radio

profession.” J ,Q“ w’ o) "—

PRESIDENT, ITAMMOND RADIO
RESEARCH LABORATORY

www.americanradiohistorv.com
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American Machine and Foundry Co.

Radio Apparatus Sorts Cigars by Color

THE remarkable photo-electric cells, now coming rapidly into use in radio,
especially for the broadcasting and reception of pictures, have been made to do the
work of the human eye in selecting the lighter, the darker and the redder varieties
of cigars. A beam of light is reflected from the cigar into a pholo-eleciric cell.

This operates a relay which sorts the cigars into differently colored groups.

wwWw.americanradiohistorv.com
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WITH WHICIT 1S COMBINED “TITE WIRET.ESS AGE”

Vorume VIl

RADIO'S

NOVEMBER, 1925

NEWEST

NumBer 5

INNSTRUNMENT —

The Photo-electric Cell

In all the marvelous development of radio, one new

device 1s essential—the

photo-electric

cell.  This

article describes how photo-clectric cells are built and
how our familiar friends, the electrons, operate them,
much as they do the ordinary vacuum tubes of radio.

By 1t

HFE rise of modern radio began with
the perfection of the vacuum tube
—one of the most remarkable and useful
mstruments ever devised by science, and
the first one, with the exception of a
few laboratory devices, in which f{ree
electrons were put to work for a useful
purpose. The entire radio  industry
would collapse overnight if those tiny
electrons which fly off from the hot fila-
ments of our vacuum tubes went on
strike and refused to behave any longer
in the manner which we have grown so
confidently to expect.

Now another electron device is hegin-
ning to find uses in radio as well as in
other industries. It, too, is a vacuum tube,
although constructed and operated quite
differently from the familiar detectors
and amplifiers used in radio.

It is called a photo-electric cell.

It.

397

[FRICIS

What the photo-clectric cell does 15
to convert a hight heam mto a stream ol
electrons,  Or, to speak more exactly,
the Tight beam which enters the cell starts
off a stream of electrons, much as the
heat of the filament ol an ordinary radio
vacuum tube starts  the  electrons  to
streaming from it and across to the plate.
By means photo-clectric  cells, ar-
ranged with various other devices and
accessories, it is possible to convert o
light signal mto an electric signal, or even
to convert mto audible sounds a regular
vibration which has been carried by the
light heam.

Photo-electric cells are in use in nearly
all of the modern systems of sending pic-
tures by wire or by radio.

These cells serve to convert the alterna-
tions of the light which constitute the
picture into electric alternations whicl

of
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can be sent over the wire or ~uperposed
on an outgoing carrier wave.  Similarly,
photo-electric cells serve to translate the
photographic record of the ralking mov-
myg picture back mto electric oscillations,
which may then be converted once more
mto audible sound.  \gam, the photo-
clectric cell 15 one of the very few relay
devices which has practically no lag and
no nertia.  Finallv, it is being apphed
rapidly to the measurement of the in-
tensity and quality of light,

From a photograph made for PoruLak Rabio

INSIDE A PHOTO-ELECTRIC CELL
This blunk, into which the alkali metal has not
vel been introduced, indicales the assembly of the
parts shown in illustrations on following pages.

POPULAR

RADIO

The Dbasic principle on  which the
photo-electric cell operates was discov-
cred long ago by the German physicist,
Hallwachs, and is simple. It is merelv
that certain metals have the property
of giving off electrons when the sur-
face of the metal is illuminated.,

Under ordinary conditions, with the
surface of the metal exposed to the air,
this enussion of electrons is mpercep-
tble. The electrons are lost in the vast
swarm of air atoms which surround the
metal.

But 1f the metal is put in a vacuum
and 11 a beam of light is then allowed to
fall on 1. the electrons are not stopped
by the air atoms. They become quite
perceptible.  1f some kind of a grid or
plate or other collector is put in the
vacuum with the illuminated metal plate,
the clectrons may be collected on this
and will give a quite measurable “plate
current.” just as do the electrons which
are driven off by heat from the filament of
an ordinary vacuum tube.  The electrons
will continue to be given off and the cur-
rent due to them will continue to flow so
long as the beam of light continues to
fall on the metal plate.

Just as a dynamo is a machine for con-
verting mechanical motion into electricity
and as a telephone 15 a device for con-
verting electric vibrations into the vibra-
tons of sound. so the photo-electric cell
Is an energy converter of another kind.
It converts a part of the energy of light
mnto electricity; that is, into free elec-
trons. At present the best photo-electric
cells make this conversion of light energy
mto electric energy only very inefficiently.
Most of the energy of the light goes to
waste.  But even the dynamo is not a
periect converter of one kind of energy
into another, and it was still less perfect
in its early days when it had just been
invented. It has lheen improved. Possi-
bly the photo-electric cell will be im-
proved no less.

If it can be, there are some interesting
possibilities. One of them is the utiliza-
tion of sunlight. It is sunlight which

www.americanradiohistorv.com
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TIIE PHOTO-ELECTRIC CELL 399

Henry Millc;

e — xS

PHOTO-ELECTRIC CELLS ARE USED TO BROADCAST MOVING PICTURES

This famous apparatus (already described in POPULAR Raoro), is employed by Mr. C.

Francis Jenkins, of Washington, D. C., to send moving pictures by radio. Photo-electric

cells are used at lhe lransmilting end, in order to translute the variations of light and shade
into electric vibrations which are then sent out as modulations on the radio wave.

keeps the world alive. Solar energy
raises the water {rom the sea to make
the rain, it provides the power that
drives the winds, it gives living plants the
energy which they need to produce sugar
and starch and fodder and wood. lhe
total amount of sunlight and solar heat
which falls on the earth is equivalent in
heat value to the burning of 100,000,000
tons of coal cach minute for ever and
ever.

[f we could but catch and use a small
fraction of this power—if we possessed,
for example, a really efficient photo-elec-
tric cell, which would convert eighty or
ninety percent of this solar energy into
electricity—we would not need to worry
any more about the exhaustion of the
coal mines. Energy would be about the
cheapest thing in the world.

Unfortunately, no such boon is in
sight. Even with the most efficient and
modern types of photo-clectric cell a
beam of full sunlight falling on the ccll
will free only enough electrons to pro-
duce a minute fraction of an ampere.
The device is now, and probably will he
for some time, a way of detecting light
signals rather than a way of making prac-
tical use of the energy in the light.

This is so because the action of the
photo-electric cell is essentially an atomic
action and one in which only a small
fraction of the atoms of the active metal
are taking part at any one instant. Most
of the modern photo-electric cells use,
as the active metal, one of the so-called
“alkali”  metals, potassium, sodium,
lithium, caesium or rubidium.

All of these metals have atoms pos-
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400 POPULAR

sessing, we beheve, the same signincant
characteristic.  One ol the electrons of
ach atom s relatively far awav {rom the
center of the atom and 1s attached rela-
uvely loosely to . It is as thouzh our
solar system had a number of planets
close m o the sun and hrmly held to
it, while one lonely planet was away off
1 space, far outside the others and likely
to be detached rvather casily from  the
rest of the group.

It 15 probably outer, looselv
hound clectrons ol the atoms in the plate
of potassium which are detached by the

these

RADIO

Fehit rays and which are responsible for
rhe photo-electric effect.

So much has been written lately about
the nature of atoms and the relations of
electrons to them that evervone inter-
coted i radio has a general idea of what
they are like.  Our potassium plate, for
example, is not really smooth and solid,
as 1t seems to be. It is really a rather

open network ol atoms, held near each
other by their mutual electric and mag-
netic attractions,  Around  the central

“nucleus” of each atom there
revolve a number of electrons, behaving

body or

HOW A PHOTO-ELECTRIC CELL IS CONSTRUCTED

These pictures show a side view and a fronl view, respectively, of the {ype of photo-electric

LF]

cell that is called the " photolron.

which serves to collect the electrons.

This cell was developed by Mr. Samuel Wien 1n the

laboratories of the Pliotion Corporation in New York City.

the coating of active alkali metal is to be placed.

T'wo of the wires connect to the grid, the third one (o
the plate.

P inducates the plate on which
G is the wire grid, in fro i of the plate,
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Radio Corporation of America

ANOTHER INVENTOR WHO USES PHOTO-ELECTRIC CELLS
In the center is Mr. C. A. Hoxie, of the General Electric Company, demonstrating his

apparatus for making sound records on a motion picture film.
Radio Corporation of America, is at the left, and Mr. Sarnoff at the right.

General Harbord, of the
Mr. Hoxie's

tnvention makes use of a photo-electric cell to re-translate the photographic record into
electric vibrations and thence into sound.

much as do the planets which surround
our sun, except that the electron planets
revolve in many different planes, not
close to one plane as do the astronomic
planets. In the atom of potassium there
are nineteen of these planetary electrons.

The size of these atoms and electrons
is, of course, astoundingly minute. In
that famous classic, “Alice in Wonder-
land,” the fortunate Alice chanced to
find, you remember, some magic medi-
cires which made her shrink or swell
at will.  Suppose we had some of the

shrinker and suppose we stood in front
of the potassium plate of a photo-electric
cell and used it. We would grow small
enough to get inside the cell; then small
enough to stand quite comfortably on one
of the grid-like wires in iront of the
plate; small enough, finally. that we could
begin to see the tiny atomic nuclei and
the flying electrons surrounding them.
When we got to this point we would
he so small that it would take about a bil-
lion of us, laid end to end, to make an
inch.  The entire population of the world

www.americanradiohistorv.com
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could come 1 with us into the photo-
cleceric eell and sull leave plentv of
room lor some new arrivals from Mars,

To pur it another way, if you were as
small as that and 11 you walked off across
the potassium plate at a speed correspond-
ing to a swilt walk of an ordinary-sized
man, 1t would take you nearly forty
vears, walking  continuously  day  and
nmight, to walk one inch.

Small as you would be, the -electrons

& -
American Machine and Foundry Co.

RADIO

driven ofl from the potassium by the
light beam would be much smaller still,
They would look like grains of dust. As

vou stood close to the surface of the

metal one of these dust grains would get
loose once in a while from the atom to
which it had been attached and would
whiz past vou. This would happen very
scldom indeed, i1 comparison with the
number of atoms present.  Even in a
very strong light, only one clectron out

THE PHOTO-ELECTRIC EYE OF THE CIGAR SORTING MACHINE
This is a part of the machine shown entire in the frontispiece of this issue. The cigar is

seen resting in the Liltle trough in the center.

In the box above is « photo-electric cell which

recetves light reflection from the cigar.  Different colors reflect difierent amounts and
quantilies of light, so that the cell can distingussh them automatically.
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it ——————

e



www.americanradiohistory.com

THE PHOTO-ELECTRIC CELL

403

From a photograph made for POPULAR RAaDIO

A MODERN PHOTO-ELECTRIC CELL COMNPLETE
This is the finished phototron, the internal parts of which have been shown in preceding illus-

trations.
edge of the plate.

Note the droplets of congealed polassium clinging to the supports and to the upper
A thin coating of this metal covers the surface of the plate and forms the

active material for the detection of any light ray entering from the front of the cell and

passing through the wires of the grid.

of many million atoms is detached each
minute by the photo-electric action. The
reason why the action is perceptible at
all is simply that so many billions of
billions of atoms are present in even the
tiniest plate of potassium.

Why the light drives out an occasional
electron in this way from the assemblage
of potassium atoms is one of the things
that the physicists still do not know. It
is well known, of course, that atoms can
lose electrons in a number of ways.

Suppose, for example, that a lot of
atoms of potassium are flying around

- atom minus one electron.

This celi is equipped with a standard radio base.

freely in a heated space, forming a potas-
sium gas. The atoms will hit against one
another frequently, just as sand grains
do in a dust storm. Some of these col-
lisions of one atom with another will be
quite forcible; even more forcihle, in
proportion to size, than the collision of
two high-speed express trains. It has
been proved that such collisions occa-
sionally knock off the loosely-bound
outer electron, leaving the potassium
It then pos-
sesses one unbalanced unit of positive
electric charge, a unit which was previ-
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ously neutralized by the electron which
has disappeared. This positively charged
potassium atom is called an “ion.”

Other things besides atomic collisions
can make an atom lose an electron in
this way. One of them is light. An in-
tense beam of ordinary light or of ultra-
violet light or of X rays, sent into a
mass of gaseous potassium atoms will
produce some ionization. It will knock
out electrons from some of the atoms.
Doubtless something of this same sort
takes place at the surface of the solid
potassium in the photo-electric cell. The
light waves come along and hit against
some of the tiny atoms in the plate or
against the individual electrons of these
atoms. A few of the electrons fly off
and produce the photo-electric effect.

We do not yet know just what light
rays are. To say that they are ether
waves does not help us much, for we
know very little about the properties of
the ether or even whether there really is
any ether. Accordingly, we can only
guess, very dimly, at what kind of inter-
action takes place between the light ray
which strikes the potassium plate and the
electron which then escapes from that
plate. Such guesses as there are have
great interest for the physicist. They lie
close, for example, to the present puz-
zles of the quantum theory of light and
to certain aspects of the famous Einstein
theory of relativity. But they are not, at
present at least, of much practical assist-
ance in radio or in the understanding of
photo-electric cells.

For practical purposes what one needs
to remember is this. When light hits
against a plate of potassium or of certain
other metals in a vacuum, electrons are
given off from this plate. Within limits,
the number of electrons thus given off
per second is proportional to the intensity
of the light. A grid, or some other de-
vice, opposite to the illuminated plate is
kept at a high positive potential relative
to the plate. The electrons immediately
seek this grid. They may be returned to
the plate through a galvanometer, which

measures their number. This is the pho-
to-electric current of the cell. It is pro-
portional to the intensity of the light.

One of the practical uses of photo-
electric cells is to measure the intensity of
light in this way. Starlight has been
measured thus by the astronomers. Bot-
anists have used the same device to
measure the light needed by plants.

More frequently, however, photo-
electric cells are used to detect interrup-
tions or variations in a light beam. Sup-
pose, for example, that a light ray from
an electric lamp is falling on a photo-
electric cell, and suppose that you cut off
this light intermittently by placing your
hand in and out of the beam. You could
telegraph dots and dashes in this way ; in-
deed the military signalling instrument
called the heliograph is so operated.

If this dot-and-dash light beam falls
on a photo-electric cell the cell will trans-
late the dots and dashes into electric sig-
nals. Variations of intensity in the light
beam, without entire interruption, are
similarly recorded by variations in the
current from the photo-electric cell. The
resultant currents can be amplified to any
desired strength. Thus the varying light-
record of the talking moving picture is
made to operate a loudspeaker. Thus a
code message may be telegraphed along
a light beam. Thus the light of a star
will make its own record of the instant
at which it passes the cross-wires of a

-telescope, to mark the standard time.

It is quite possible, even, that every-
thing which we see is due to a photo-
electric effect. Light which falls on our
eye produces, we know, a change of some
kind in the sensitive retina at the back
of the eyeball. Many physiologists be-
lieve that this change is a photo-electric
change; that some constituent of the
retina loses electrons under the influence
of light, just as does the potassium plate
of the photo-electric cell.

The eye may be a living photo-electric
cell. Turning the argument around, a
photo-electric cell may serve, quite suc-
cessfully, as a radio eye.
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THE RECTIFIER
[ TUBE
FIGURE 1: The Raytheon
| tube which makes possible
| this new device is a fila-
mentless tube of the fanmous
| “S" type. DBut it has
| been developed so that a
single tube wutilizes both
halves of the alternating
; current for rectification.
HOW TO BUILD THE
For years the radio world has been waiting for a really
._ dependable method for obtaining a “B” source of sup-
| ply from the electric light wires in our homes. This
| article describes the new unit that is the first to solve
this problem.
¥
: By LAURENCE M. COCKADAY
Cost oF Parts: Not more than $45.00
Here ARE THE ITEMs You Wi NEED—
- A—Raytheon tube;- paper condensers, 2 mfd.:

B—Acme Apparatus Company transformer
for Raytheon plate-supply unit, type No.B-4;

(See note on page 414)

C1 and C2—Acme Apparatus Company 30
henry choke coils for Raytheon plate-supply
unit, type No. B-2; (See note on page 414)

D1 and D2—Tobe shielded, high-voltage

D3 and D4—Tobe shielded, high-voltage
paper condensers, 4 mfd.;

D5—Tobe shielded, high-voltage paper
condenser, 1 mfd.;

D6 and D7—Tobe shielded, high-voltage
paper condensers, .1 mfd.;

E—Federal socket, type No. 16;
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THE COMPLETE CIRCUIT DIAGRANM
FIGURE 2: The hook-up for the plate supply unit. All the symbols for the instruments
beur designating letters, which are used consistently in the list of parts, text and illustrations,

F—Benjamin cleat receptacle, type No. 9401 ;
G—Bradleyohm No. 10, 100,000 ohms;
IT—Bradleyunit resistance, 7,500 ohms;

I -Electrad resistance mounting:

J—hardwood baseboard, 7 by 20 inches;

K-—composition binding post strip, 1 inch by
7 inches;

L—small brass brackets (sce Figure 9).

HE development of so-called “B”
climimators during the past two
vears has been rapid.  During that time
there has been a great amount of experi-
mentation in an endeavor to obtain a
really satisfactory method for employing
the alternating current as an encrgy
supply for the plate circuits of vacuum-
tube receivers.  During this time there
have also been some hundreds of such
allied schemes made public for accom-
plishing this end—some of them very
successful and some of them not at all so.
Ilerctofore the two main drawbacks

THE FRONT VIEW OF THE UNIT

to such a device have been:

First: the inability to filter out all
hum;

Second: the short life of the rectifier
tubes.

Of course, this second consideration
applies only to plate-supply units that
cemploy vacuum tubes as rectifiers.

It is well known that the UV-201-a
tube when used as a rectifier may be
casily overloaded when employed in
connection with a set that employs five
tubes or more. This is especially true
when the receiver uses no “‘C’’ batteries

FIGURE 3: This picture shows the general location of the transformer. the Raytheon tube,
the choke coils and the variable reststance.
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and thus places a hcavy current drain
on the plate-supply unit.  This causes
excessive filament  emission from  the
rectifving tubes and reduces their life
to a mere 250 to 300 hours. This is,
of course, unsatisfactory.

There has been an insistent demand
from the readers of PorurLar Rabio
during the past year to have our Tech-
nical Staff tell them how to build a de-
vice of this sort, but we have withheld
publication awaiting the development
of this new deviee until it had reached
the stage where the first cost would be
the last cost and where the tube would
he a permanent thing and where there
would be no possibility of an alternating
current hum in any receiver to which
it might be attached.

This has finally been realized, and its
application is duc to the development

FIGURE 4:

010G RIBICICIDIDIGIOIDI0IGIO

THE REAR VIEW OF THE DEVICE
This illustration shows the positions of the binding post strip, the fixed resistance,

of a remarkable new filamentless, double-
wave rectifier tube—the Raytheon.
This tube is pictured in Figure 1.
The tube is the final development of
the famous “‘S” tube which has been
for years popular among the amateurs
as rectifiers in their transmitting sets.
Mr. C. G. Smith, the inventor, has
finally produced a tube which is about
the size of the ordinary receiving tube,
but which takes the place of two large
rectifier tubes heretofore used. It really
is two tubes in one but contains no
filaments and operates by means of
ionization. The tube has been given a
conservative rating of 150 volts at 60
milliamperes, taken from the output of
the unit which will be described. Even
on full load the full peak of the wave of
the alternating current is rectified in.
stcad of being cut off as is the casc of

the condensers and the porcelain cleat receptacle for connection to the A.C. mains.
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THE WORKING DRAWING FOR CONSTRUCTION

Ficure 5: This drawing gives the correct dimensions and spacing for mounting all the
component parls of the plate supply unit.

the filament tube in which the load mayv
cause the limited emission to cut off
the current.

The advantages of this tube for use
in such a device are the following:
Full-wave rectification:
Filament-less operation;

Long life;*

High voltage output;
High current output;
Rugged construction;
Compactness;

8. Uniform results.

Since the development of the tube
there has been a lapse of almost a year.
During this time the design and func-
tioning of numerous circuits have been
under careful test and consideration.

\IO\.U'\A(/JI\)b—-

* These tubes have been tested upwards of 10,000 hours
at full load without any sign of deterioration.

The final design, which has proven to
be the most satisfactory, is the one which
will now be described.

By referring to Figure 2 it will be
noticed that the tube A contains 2
anodes and a single cathode. The tube
is so arranged that when used in a stand-
ard UV-201-a socket the anodes are
connected to the filament terminals and
the cathode to the plate terminal, the
grid contact being left open. The input
to this tube is supplied from a step-up
transformer that operates on 110 volts
(alternating current) and that employs
a split-secondary winding for applying
half potential on each side of the tube
through its prospective anodes. Stable
operation of the rectifier is facilitated
by means of two “buffer” condensers of
low capacity which are designated on the

www americanradiohistorv com
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circuit diagram (Figure 2) as D6 and D7.

The rectified full-wave current is then
applied across the terminals of the con-
denser D1 which voltage is then passed
on through a large choke coil Cl1 and
applied across the terminals of a second
filter condenser, D2. The condensers
act as voltage reservoirs and, as the
choke! resists variations in current, the
voltage applied to D2 is very constant.
The voltage across this condenser is then
supplied through a second filter choke
C2 and is stored up in the two larger
condensers D3 and D4, which are con-
nected in parallel and which act as the
main reservoirs for the direct-current
energy to be supplied to the tubes. The
full voltage from the filter is then applied
across terminals 1 and 3 which may be
connected directly to the plate terminals
of the amplifier tubes. Terminal 3 is
about 90 to 105 volts positive and
terminal 1 is negative. For reducing the
voltage for use on the detector a suitable

high-resistance G is inserted in series with
the high potential line and another fixed
resistance H is used directly across the
plate circuit of the detector tube which
may be connected between terminals 1
and 2, where 2 would be positive. These
two resistances act as a potentiometer.
A bypass condenser, D5 of 1 microfarad
is placed across these two terminals to
allow audio and radio-frequency cur-
rents to pass in the plate circuit of the
detector without diminution. The re-
sistance of the fixed unit H is rather low
so that the plate-current variation of the
detector tube 1s only a small part of the
current flowing through H. This elimi-
nates any trouble from a change in the
dynamic operation of the detector tube
through varying currents flowing through
the variable resistance G, which other-
wise might vary the voltage drop across
G over wide limits that would be dan-
gerous to quality reproduction. The
unit is absolutely stable in operation, is
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HOW THE UNIT LOOKS FROM THE LEFT

FIGURE 6: In this picture of the input end of the unit the porcelain receptacle will be
seen conmected directly to the two left-hand input terminals of the transformer.

permanent and will give perfect satis-
faction to prospective builders who
follow the details of construction that
arc given here.

Parts Used In Building the Unit

In all the diagrams in this article each part
bears a designating letter; in this way, the pros-
pective builder of a set may easily determine
how to mount the instruments in the correct
places and conncct them properly in the electric
circuit.

The same designating letters are used in the
text and in the list of parts at the beginning of
the article.

The list of parts there given incudes the
exact instruments used in the unit from which
these specifications were made up The experi-
enced amateur, however, will be able to pick out
other reliable makes of instruments which may
be used with equally good results. But we
recommend that the novice follow the list, as
the diagrams in this article will tell him exactly
where to bore the holes and exactly where

to_place the connections in wiring up.

If instruments other than the ones listed are
used, the only change that will be necessary-will
be the use of different spacings for the holes
that are to be drilled in the panel for mounting
the instruments,

How to Counstruct the Unit

After procuring all the instruments and
materials for building the unit, the experimenter
should prepare the baseboard J. This should
be made of one-half inch oak and cut to the
size of seven inches by twenty inches as shown in
Figure 5. When this has been done the base-
board should be dried out thoroughly by placing
in an oven or in a warm place for a few hours
and fastened securely under heavy weights to
prevent warping Then it may be given a coat
of shellac. When it has finally dried, the in-
struments should be mounted upon it.

First of all, mount the lighting socket F in its
correct position by means of two wood screws
as shown in Figures 4, 5, 6, 7 and 8. After this
has been done fasten the transformer B in its

proper. position by means of four screws. Be

sure that the output terminals are_ facing to-
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HOW THE UNIT LOOKS FROM THE RIGHT

FIGURE 7: This diagram shows the output end of the device with the binding post
strip and the two resistances for oblaining a variable detector voltage.

wards the left as in the plan view, Figure 5.
Then mount the two condensers D6 and D7
in their respective positions by means of four
wood screws as shown in Figures 3, 4 and 5.
The two chokes C1 and C2 may next be placed
in their respective positions as shown in the
three same Figures.

Notice that the two middle mounting-flaps
of the chokes C1 and C2 are placed one over the
other so that only two screws are used between
the two chokes for mounting instead of four,
making a total of six screws for mounting the
two chokes. (See Figure 5.)

Now, fasten the Bradleyohm G in its position
by screws inserted through the holes under-
neath the knob which extends right through the
instrument.

The next job will be to mount the two con-
densers D1 and D2 into position as shown in
Figure 5. They may be mounted with two
screws to each instrument.

Next, do likewise with the two condensers,
D3 and D4. The flaps for mounting these con-
densers may be bent into the correct position
as shown. When this is done finish mounting

the condensers by placing DS in its position
and making fast by two more wood screws.
Then place the resistance mounting I in place
and attach to the sub-base with a screw in the
same manner. Insert the fixed resistance H in
its terminals.

Next, on the construction program will be
the preparation of the binding-post strip K.
This should be cut from hard rubber and drilled
as shown in Figure 9. When it has been drilled,
cut and bend the two brackets L as shown in
Figure 9 and drill them for the screw holes that
fasten to the strip and also to the sub-base.
After they have been connected to the strip by
means of two machine bolts and nuts the whole
assembly may be tightened to the sub-base as
shown in Figures 4, 5, 6 and 7 with two sturdy
wood screws. The binding posts 1, 2 and 3
may then be attached and firmly tightened.

The last job will be to mount the socket E
in its correct position as shown in Figure 5 with
the socket slot pointing towards the left as
denoted by the small black portion of the rim
in the drawing. This is extremely important.

When this work is completed the unit is
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THE PICTURE WIRING DIAGRAM FOR CONNECTING UP THE
INSTRUMENTS

FiGure 8: All the instruments have been drawn in their approximate positions. The
heavy black lines show the exact way to run the wires for conmecting up the instruments.

ready to be wired up and connected in the circuit.

How to Wire the Unit

The mechanical and electrical design of this
device have been worked out with extreme care
through many months of experiment and test.
The whole unit is sclf-shielding and it is due to
this as well as the electrical design of the filter
circuit that there is no hum produced in the
receiving set to which it is attached.

It is recommended that all wiring be done
with an insulated, solid, round bus-wire.*

In wiring up refer constantly to the picture
wiring diagram in Figure 8. Notice that in
this arrangement of parts the alternating cur-
rent as applied to the socket F is isolated from
the output as obtained from terminals 1, 2 and
3 on the connection block K. The alternating-
current transformer B 1s also fully shielded from
the output. Notice that the cases of the trans-
formers and the chokes and all the condensers
are connected together on the negative side
of the direct-current voltage which is on the
center tap of the transformer and the binding

* The type of bus wire used in all of the experimental
set-ups and in the model which is being described was
**Celatsite.”

post No. 1. This procides full electrostatic
shielding throughout.

Start wiring by making the two connections
from the socket F to the two low-voltage termi-
nals of the transformer B. These are the two
binding posts that should ordinarily be used with
the ordinary set that requires about 90 volts
or so. Where 125 to 135 volts is necessary, the
wire that goes to the center terminal may be
disconnected and attached to the far terminal
(looking at the baseboard as shown in Figure 8):
this results in a larger voltage ratio in the trans-
former with a correspondingly higher plate volt-
age applied to the set.

Next, run two wires from the outside secondary
terminals of the transformer B to the outside
terminals of the condensers D6 and D7 and
extend these two wires over to the two right-hand
terminals of the socket E.*

Next, join the two adjacent (inside) terminals
of the condensers D6 and D7 by a wire that also
goes to the middle terminal of the secondary of
the transformer B. Extend this same wire to

* Right-hand and left-hand and front and back as
applied to wiring refer to the diagram in Figure 8.
Front being the closest to the observer and back being
the side of the instruments turned away from the ob-
server.
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the screws that fasten to the metal cases of the
transformer B and both of the condensers 16
and D7. Also run this wire over to the cases of
the condensers D1, D2, D3, D4 and DS. An
extension of this wire should run to the front
terminals of D1, D2, D3, D4 and DS and also
to the binding post No. 1 and the front terminal
of the resistance mounting I. (See Figure 8.)
Another extension of this ground lead should go
to the front middle screw that fastens the two
chokes C1 and C2 to the baseboard.

In making connection to the cases it will be
necessary to file the metal lugs bright and shiny
and then fasten the mounting screws down
tightty and make soldered connections to them.

The next job will be to connect the two left-
hand terminals of the socket E together by a
wire and run one extension to the back terminal
of condenser D1 and another extension to the
right-hand terminal of choke Cl. Then join
the left-hand terminal of choke C1 to the right-
hand terminal of choke C2 by a wire and run
an cxtension from here to the back terminal of
condenser D2, The left-hand terminal of choke
(2 may then be attached by a wire to the two
back terminals of condensers D3 and D4 and an
extension run from this wire over to the left-
hand terminal of the variable resistance GG and
also to the high-voltage Linding post No. 3.

Next, run a wire from the back terminal of
the fixed resistance mounting I over to the right-
hand terminal of the variable resistance G and
then run an extension from this point to the
back terminal of the condenser DS, running a
wire from there on to the binding post No. 2.
This completes the wiring of the unit. Be sure
that you have done it exactly as shown in
Figure 8.

www americanradiohistorv com

Check over your connections a number of
times to be sure that you have made no mistakes.
If you make every connection exactly as shown
you will have no trouble in getting the unit to
work properly. In doing your wiring job remem-
ber that care and neatness will enable you to do
an efficient job. Don't hurry, but take it easy.

All of the instruments are marked with desig-
nating letters so that you should not make any
mistakes.

How to Install the Unit

After the wiring has been completed the unit
is ready to be installed and placed in operation
so that it may furnish the direct current necessary
for operation of the receiver that it is to be used
in conjunction with. Place the unit in the radio
table or cabinet where you have previously kept
the ‘‘B"" batteries in a position as shown in the
photograph on page 406 with the transformer, the
chokes and the adjustable Bradleyohm pointing
toward vou. Be sure that it is at least one foot
distant from the receiver.

Next obtain a double-conductor cord with an
ordinary light socket plug and jack attached to
each end.

It is advisable to obtain about 15 feet of
standard lamp cord and two lamp socket plugs
for this purpose. Attach one of the plugs to
each end. Then screw the detachable part
of one plug into the Benjamin socket F on the
plate-supply unit, and screw the detachable
part of the other end of the cord into an ordinary
lamp socket. When both ends of the cord are
plugged in a connection will be made direct from
the lighting line to the unit which will follow
standard electrical practice and insure you
against any possibility of fire or short-circuit.
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DETAILS OF THE CONNECTION BLOCK AND SMALL BRASS BRACKETS

FIGURE 9:  This drawing gives the necessary data for making the insulating strip on
which the binding posts are mounted. It also gives the dimensions Jor making the brackets

that are used to fasten the strips to the base.

Of course, the lighting socket fixture where you
are taking off the juice should he turned off.

Next connect binding post No. 1 on the unit
to the terminal of your radio receiving set that
is marked ‘B’ battery minus (—).

Then connect binding post No. 2 on the unit
to your detector ““B" battery plus (+) binding
post on the receiver. Next connect binding
post 3 on the unit to the amplifier ‘B’ battery
plus (4) binding post on the receiver. The
unit is now ready to furnish a pure direct current
(wholly unmodulated or without hum) to your
receiver.*

Now turn on the rheostat and light your tubes
to their correct brilliancy as you have in pre-
ceding times. Then turn on the switch at the
light socket and your Raytheon plate-supply
unit will start to function.

Next adjust the small knob on the variable
resistor G until you get the correct plate voltage
for the detector tube. It is best to set this at a
rather high sctting (turned out three-fourths of
the way) and then tune in a station, after which
the maximum signal strength and quality can be
adjusted for with G. There are no further ad-

* Be sure that the filament circuit of your receiver
is grounded somewhere in the hook-up.

justments to be made on the unit and it will give
you steady satisfaction for years. In fact, it
should last you permanently unless you break
the glass bulb of the tube.

To turn off the Raytheon unit, all that is
necessary i1s to switch off the current at the
socket as you would ordinarily do with a floor
lamp or an electrical toaster. There is no upkeep
beyond the expense of the extremely small cur-
rent drawn by the transformer B which is
negligible.

If all the instructions that are given in this
article are followed minutely, even a beginner
can build this unit and obtain very fine and en-
joyable results both on local and distant recep-
tion.

* The following manufacturers have been supplied with
the design and also have placed on the market their own
transformers and choke coils for use with the Raytheon
glqte-sppply unit. All of these instruments have been

uilt into the same type of unit in PoPULAR RaDIO
LABORATORY as that described here, and they have all
been approved for use in this circuit. This means that
the experimenter may choose any of these makes accord-
ing to his preference:

General Radio Co.; transformer type No. 365 and

chokes type No. 366;
Jefferson Electric Co.; transformer type No. 355 and
chokes type No. 356;

Dongan Electric Co.; transformer type No. 509 and
chokes type No. 514.

Cockaday’s Newest—and Best—Receiver

ONE of the centers of attraction at recent national radio shows was the

newly developed Cockaday receiver.

Judging from the interest shown in a

model of this new development (which incorporates the principle of the Four-
circuit Tuner with unified control and incorporating radio-frequency ampli-
fication as well as distortionless resistance-coupled amplification), it will be
the most popular home-made receiver of the year 1926.

In this receiver, the name and description of which will be published in
the December issue of PoPULAR RaADIO, the designer, while retaining all of
the fine characteristics of the old Four-circuit Tuner, has made use of some of
the newest and most important developments that have been made during the
last year for obtaining better sensitivity, more selectivity and purer reproduction.
The receiver will operate on any antenna between 10 feet and 200 feet in
length—and mey be built by the experimenter at a cost for parts not in excess
of $60.00.
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HOW TO SCALE OFF THE ANSWER TO YOUR PROBLEM

With the position of the known specifications found on the chart on the opposite
page, it is ¢ simple matter to find the unknown specifications with no other help than
that of a ruler and a good ecye.

A MEASUREMENT CHART

FOR ESTIMATING THE INDUCTANCE OF A SINGLE-LAYER COIL

ARTICLE NO. 12

This article gives the amateur a quick method for determining the mechan-

ical and electrical specifications of coils that are required for a certain band

of wavelengths with specified sizes of condensers—thereby climinating much
loss of time in experimenting by the “cut-and-try” method.

By RAOUL J. HOFFMAN, AM.E.

N designing a radio circuit to cover

a certain band of wavelengths using
a condenser with a maximum and mini-
mum capacity, the amount of inductance
may be readily ascertained and thus the
tapping of the coil may be eliminated.

In the following simplification of the
well-known formula of Nagoaka,

L=nmd*nl K

L denotes the inductance in microhen-
rys, d the diameter, # the number of
turns to the inch, ! the length of the
coil and K the correction factor depend-
ing on the relation of //d shown by the
line A on the accompanying chart.

To simplify the formula we have re-
placed the curve A by the straight line

B, which after evaluation will follow
the equation.
K=69Vl/d ..... . . 2)

and Dby transposing equation No. 2 into
No. 1 and by substituting for the
metric units, the Dritish units in inches
we will have, the inductance

L=.0033V%. .. ... . .. ... 3)

wherein [ denotes the total length of the
wire used and n the number of turns to
the inch.

LLooking at the chart we see that the

415
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How to Make Resistance Measurements

The next article of this series will explain how to make resistance measure-
ments to determine the proper rheostat to employ in your receiving set

for the multiple control of tubes.

The value of the multiple control idea

lies in the fact that it reduces the number of variable contacts in a filament

circuit.

A measuring chart will accompany this article.

Besides, there

will be a graph that will give tube data that any fan should be glad to get.

line B is within 3 percent of the line 4,
when the diameter of the coil is not
larger than ten times the length and not
less than seven-tenths of the length,
which is within the limits of practical
design.

Drawing a line C parallel with line B,
we will have a point /) on line .1 which
denotes the maximum possible induc-
tance for the same length of wire, which
will be reached when the diameter is
two and a half times the length of the
coil.

The alignment chart shown will be a
substitute for equation No. 3, when you
connect the number of turns on scale
No. 1 with the total length of the wire
on scale No. 2 and read the inductance

at the intersection on scale No. 3 in
microhenrys,

To find the total length of wire on a
coil, connect the total number of turns
on scale No. 4 with the diameter of the
coil on scale No. 5 and read, at the in-
tersecting point on scale No. 6, the total
length in inches or feet.

Example: To find the inductance of
a coil 3 inches in diameter with 75 turns
of No. 22 DSC wire closely wound, con-
nect 75 on scale No. 4 with 3 on scale
No. 5, and the length of 700 inches on
scale No. 6; then connect No. 22 on
scale No. 1 with 700 on scale No. 2 and
you will find that the line intersects
scale No. 3 at 345 microhenrys which
1s the inductance of the coil.
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HOW THE MATHEMATICAL BASIS FOR THE
MEASUREMENT CHART IS DETERMINED
This graph shows how the formula of Nagoaka was plotted and modified to find
the lines B and C which are sufficiently accurate for the practical use of the measur-
ing chart on the opposite page.
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THIS IS THE CHART THAT CALCULATES FOR YOU

The text of this article tells you cxactly how to determine the inductance of single-

layer coils. This chart can be used for estimating inductances of practically all

coils that are nogv in general use in radio receiving sets. It can only be used accu-
rately, however, for solenoid types of inductance coils.
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LIAL SETTING
A SPECIMEN FREQUENCY TUNING CHART

FIGURE 1:

This chart shows exactly how to set the dials of a standard neutrodyne receiver

for any specific frequency within the broadcast range.

NEW METHODS OF
Calibrating Your Receiver

This article describes a method for preparing charts for your receiver that
will tell you exactly where to set the dials for any station, the wavelength or

frequency of which you already know.

One of these charts will give you a

permanent record of the dial settings for all the stations that are listed 1n the
call book.

By MORRIS S. STROCK

O one can deny that a good deal

of the fascination of radio comes
from receiving the programs of distant
stations.

The fad of spotting numerous stations
merely for the purpose of hearing the
announcer is not to be commended;
nevertheless, it is true that, given two
equally enjoyable programs, mnearly
everyone prefers to listen to the one that

NotE: This article has been approved for publication
by the Bureau of Standards.

comes from the greater distance, al-
though it may not be received as well.

A tabular record of stations heard is
often used to assist in resetting the dials
of the receiving set to a particular broad-
casting station. This method requires
the locating of each individual station.
Sometimes the dial settings that corre-
spond to the frequency or wavelength of
a new station can be estimated from the
table, but this is usually unsatisfactory
in the case of distant stations.

418
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WAVELENGTH IN METERS

A NEW METHOD OF CALIBRATING

A second method of finding the dial
scttings that correspond to the fre-
quencies of broadeasting stations, con-
sists in locating a few stations that have
a uniform scparation over the broadeast
frequency band and then in plotting
curves from this data.  The curves fur-
nish a graphical mcthod of obtaining the
dial settings corresponding to a given
frequency.  Typical curves are shown
in Figure 1. Onc curve is plotted for
cach frequency control dial on the re-
ccaiving set. Curves plotted to wave-
length instead of frequency have the
form shown in Figure 2.

Although this method is pretty gen-
crally known, it is not widely used.  This
may be due to the fact that the plotting
and rcading of curves appears difficult
to the non-technical man. It is also
probable that the advantages of this
method are not generally appreciated.

119

These advantages are

(1) The elimination of hunting for
new stations;

(2) The maintaining of a permanent
calibration for the recciving set.

In explanation of the first point it may
be stated that when curves are emploved
with sets that have a high degree of
sclectivity, one may often locate a distant
station which normally would not be
heard.

The importance of the second point is
evident when one considers the recent
changes in frequency assignments to
broadcasting stations and the difficulty
of relocating these stations on the re-
ceiver dials. With the aid of curves, the
dial secttings that correspond to a new
frequency assignment can be immediately
determined.

It is the purpose of this article to
describe the method of obtaining and
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ORRL SETTING

A CHART THAT INCORPORATES A TUNING RECORD IN WAVELENGTH

FiGuRre 2:

This gives you at a glance the correct dial settings for an y of the wavelengths

that lic unthin the present broadcast waveband. The text of the article explains how to make
these charts and how to use them.
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using accurate calibration curves. In
this, the use of certain stations which
maintain a constant frequency close to
their assigned values is suggested. These
stations, which are known as ‘‘Standard
Frequency Stations,” arc listed cach
month in the Department of Commerce
Radio Service Bulletin.® The data given
on page 422 (with the addition of a wave-
length column) arc taken from a recent
issue of that publication.

These stations are measured regularly
at the Burecau of Standards, and as
shown in the table, have cxtremely small
deviations. In all probability there arc
many other broadcasting stations that
maintain frequencies close to the assigned
values; the stations in this list are, how-
ever, of known reliability.  If the broad-
cast listener is able to receive all of the
Standard Frequency Stations they will
cnable him to obtain rehable curves
which will assist in adding distant sta-
tions to the radio log.

As many stations deviate somewhat
from their assigned frequencies, they will

* Obtainable from the Superintendent of Documents,
Government Printing Office, Washington, D. C., for
25 cents a year.

P

not always be found on the receiver dials
at the exact settings indicated by the
curves. Since, however, the deviations
may be in either direction, the calibra-
tion curves obtained from Standard Fre-
quency Stations will follow what may be
termed a mean path bctween the devi-
ating stations and consequently, a mini-
mum error will be introduced in obtain-
ing the dial settings.

The importance of using Standard Fre-
quency Stations for obtaining curves in-
creases in direct ratio with the selectivity
of the receiving set.

Sets that have a high degree of selec-
tivity are generally also very sensitive,
and in the eastern part of the country
should permit reception of all Standard
Frequency Stations. Sets of moderate
sensitivity and selectivity may not be
capable of picking up all of these sta-
tions. These sets will not permit of
extremely close dial settings; their cali-
bration curves will be slightly less accu-
rate; consequently it is not so necessary
to depend entirely upon the Standard
Frequency Stations for obtaining these
curves.

The dials marked 1,2 and 3 correspond with th
designating numbers so that the operator may

A STANDARD NEUTRODYNE
FIGURE 3: This is a receiver that was used in making up the chart shown in Figures 1 and 2.

e curves which are also marked with the same
know exactly at what settings they should be

adjusted for various wavelengths or frequencies.
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INKING IN THE CURVE

FIGURE 4:

This photograph shows how the various points that have been plotied on cross-

section paper are connected with a smooth curve line which is guided by a set of French curzes.

Owing to the fact that frequency allo-
cations to broadcasting stations are de-
termined by a uniform separation of ten
kilocycles, the use of kilocycles in plot-
ting and reading curves offers the advan-
tage of simplicity; but as broadcasting
stations are generally listed in meters,
it will be necessary to make conversions.
These conversions are easily made and
the small amount of time required to do
this will be found worth while. To
change meters to kilocycles or to change
kilocycles to meters, divide either quan-
tity into 300,000. In the former con-
version, the resulting number of kilo-
cycles which is nearest an even multiple
of ten should be chosen.

Figure 1 shows three curves obtained
from the Standard Frequency Stations
by the use of a neutrodyne set, a picture
of which is shown in Figure 3.

In this set it so happens that curves
for dials 1 and 3 are practically identical.

Figure 2 shows curves for the same
receiving set that uses wavelengths in-
stead of frequencies. As the curves fur-
nish a permanent calibration, attention
should be given to all features of the re-
ceiving installation which might cause a

change in the dial settings for a particular
frequency. In general it will be neces-
sary to see that the receiving antenna
and ground wire are permanently in-
stalled and even the question of approx-
imately constant ‘“B” battery voltage
and filament currents should be given
some attention unless it has been defi-
nitely ascertained that these factors will
have no effect upon the calibration of the
receiving set.

This is the method emploved for ob-
taining and for using the curves in Figure
1, although using the dial settings for the
neutrodyne set, is applicable to all types
of receiving sets.

The dials of the receiving set were
carefully adjusted to obtain a maximum
signal from each Standard Frequency
Station, giving data as shown on pagc 422

These observations represent the aver-
age of several trials. Care was taken to
read the dials with the eye of the ob-
server directly in front of the zero
markings.

The plotting of curves from the data
obtained from the receiving set requires
care, as the dial settings for the various
broadcasting stations are obtained from
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these curves. A rather detailed de-
scription of this process is, therefore,
required. The cross-section paper used
for this purpose should be accurately
divided into small squares, preferably
not larger than about one millimeter.
Paper with larger subdivisions than this
may be used, but this will require a sheet
of rather inconvenient size in order to
obtain an accurate frequency or wave-
length scale.

The vertical scale, representing fre-
quencies of wavelengths, is chosen so
that the smallest square or division
represents not more than five kilocyeles
or two and one-half meters.

The horizontal scale, giving dial
settings, should be so chosen that the
slope of the curve will be approximately
45 degrees.

The curve shown in Figure 1 was
plotted on cross-section paper divided
into one-millimeter squares. On  the
vertical axis, once millimeter represents
five kilocycles, and one the horizontal
axis, two millimeters represent  one
division on the receiver dials.

The following explanation shows the
method of plotting points on the curve
sheets:

The frequency or wavelength of the
broadcasting station is located on the
vertical axis and the corresponding dial
scttings are located on the horizontal
axis. A light horizontal line, AB
(Figure 1), is drawn through the fre-
quency point and vertical lines CD and

Assigned
frequency
Station Location (kilo-
cycles)
WEAF | New York, N. Y... .. .. 610
WCAP | Washington, D. C. . 640
WRC Washington, D. C.. . 640
WSB Atlanta, Ga..... .. . 700
WGY Schenectady, N. Y. . 790
WBZ Springfield, Mass.. . .. ... .. 1900
KDKA | East Pittsburgh, Pa.. .. . 2970

POPULAR

RADIO

C’D’ are drawn through the points on
the horizontal axis representing the djal
settings. These lines must be care-
fully located so as to determine accur-
rately intersecting points O and 0.
Other points are located in the same
manner.

These points are to be joined with
smooth even curves. For this purpose,
celluloid curves of the type shown in
Figure 4 are most satisfactory. In lieu
of this, one may use a piece of rubber
insulated copper wire of sufficient stiff-
ness to remain in any desired shape.
The wire is first straightened and then
carcfully bent to the required curva-
ture, as the eye is a fair judge of the
uniformity of curved lines, it is even
possible to sketch in the curves de-
termined by the plotted points in free-
hand fashion. The inaccuracies in-
volved by this process will be greatly
reduced when the points are plotted to
a larger scale than previously mentioned.
The adoption of any of these methods
does not warrant a lesser degree of care
and accuracy in locating the required
points.

The explanation given below assumes
that the curves are drawn with the aid
of curves forms and inked in with a
draftsman’s ruling pen. It will also be
of assistance in obtaining reliable curves
when some other method is employed.

The curve forms are so choosen that
the edges approximate the curves de-
termined by the points. In starting the

Average
Period Zer{en!agz
Assigned covered Number e!}tr%t::ns
jength by of assigned
= By fimes frequencies
E— ments measured noted in
L) measure-
ments
491.5 3 35 | 0
468.5 18 81 1
468.5 15 61 1
428.3 18 70 E
379.5 21 115 1
333.1 11 29 1
309.1 18 143 1

THIS TABLE GIVES A LIST OF STANDARD FREQUENCY
BROADCASTING STATIONS.
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A REGENERATIVE RECEIVER
FIGURE 5: The chart shown in Figure ¢ incorporates the dial seltings for the wave-
length control C and the regeneration control B. This is ¢ more difficidt type of receiver to
chart, although it is readily accomplished if the details of the text are followed closely.

curve, the celluloid form is fitted to at
least three points. The curve is then
drawn only part way to the third point,
and the celluloid form is readjusted so
that it exactly coincides with a portion
of the curve previously drawn and so
that it includes at least two two addi-
tional points.

This method is illustrated in Figure 4,
in which the heavy line represents the
inked portion of the curve, the double
line represents the curve as previously
drawn in pencil, and the arrow repre-
sents the point where the inked line is
stopped preparatory to shifting the
celluloid form before it begins to diverge
from the pencilled curve.

The curves may be accurately ex-
tended beyond the limiting points de-
termined by the Standard Frequency
Stations provided a uniform rate of
curvature is adherred to.

The use of the completed curves to
determine the dial settings on the receiv-
ing set corresponding to the frequencies

of broadcasting stations is similar to the
procedure used in plotting points for
the curves. TFrom a point on the verti-
cal axis (Pigure 1) representing a fre-
quency of say, 650 kilocycles, a horizon-
tal line is projected to the right until
it intersects the curves. TFrom these in-
tersecting points vertical lines are pro-
jected  downward, giving points of
intersection with the horizontal axis,
49 and 55.5, which determine the dial
settings for 650 kilocycles.

The data obtained in this manner
should be recorded in a table giving the
broadcasting station, the frequency,
and the dial settings corresponding to
that frequency.

When the dials of the receiving set
are adjusted according to this data, it
will in some cases be necessary to make
only slight changes in the settings in
order to obtain signals of maximum in-
tensity. This condition will generally
be caused by a slight deviation of the
broadcasting station from its assigned
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frequency. In the event of a station
being assigned a new frequency, the new
dial scttings can be immediately deter-
mined from the curves.

Although these instructions are based
upon curves for the neutrodyne set,
the ideas there given apply to various
kinds of receiving sets. Circuits that
employ regeneration will usually show
an appreciable change in the setting of
the tuning dial for a particular broad-
casting station when the dial controlling
regeneration is readjusted; hence it is
desirable to consider certain refine-
ments in obtaining and using calibration
curves for such sets.

Some objection may be raised as to
the necessity of plotting curves for
receiving sets which may be made to
generate, as in the operation of such
sets it is a simple matter to locate broad-
casting stations by the whistles produced
with the carrier waves. As this method
results in interference to other receiving
sets it is objectionable on that score.
It is also true that if one has a dial
setting obtained from a curve, he is
more apt to wait for that particular
station, provided it is reasonably certain
that the dial setting is correct. In using
calibration curves for receiving sets of
the regenerative type, distant stations
may usually be located without the
production of disturbing whistles. This
result is secured in the method de-
scribed below.

Figure 5 shows a regenerative set
having an untuned primary circuit with
fixed coupling to the secondary. The
range of broadcast frequencies is covered

POPULAR RADIO

by the condenser dial, C. The small
knob directly below this dial is used
to obtain a fine adjustment by friction
with the edge of the dial. Dial B con-
trols regeneration. The calibration
curve obtained from this set is shown in
the upper part of Figure 6. The lower
curve shows the approximate variations
in settings of dial B with settings of
dial C giving maximum regeneration.
This second curve represents a mean be-
tween the points as plotted, it being im-
practical to obtain these points ac-
curately.

To obtain the points for these curves,
dials B and C were carefully set to an
approximate maximum signal from the
broadcasting station. Dial B was then
carefully readjusted until the best posi-
tion was found for maximum regenera-
tion without oscillation. This process
required a slight readjustment of dial C.
The settings of the two dials were then
recorded together with the assigned
frequency of the broadcasting station.
Dial settings for other broadcasting
stations were obtained in the same
manner.

After the settings of dials C and B
were determined for the Standard Fre-
quency of other broadcasting stations,
the points were plotted on cross-section
paper in a manner similar to that de-
scribed. The method of locating the
points for the two additional curves was
as follows:

The settings for dials C and B for a
broadcasting station of 900 kilocycles
were found to be 29 and 83 respectively.
From the 900-kilocycle point on the

Frequency in Wavelength in

Station kilocycles meters
WEAF 610 491.5
WRC
WCAP } 640 468.5
WSB 700 428.3
WGY 790 379.5
WBZ 900 333.1
KDKA 970 309.1

Dial 1 Dial 2 Dial 3
64.5 56.4 64

59.4 52 57.6
47.2 41 47.4
35 29.4 34.8
24 19.3 24

19.4 14.8 19.35

A SAMPLE TABLE THAT MUST BE PREPARED IN PREPARATION
FOR THE CHARTS.
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recetver shown in Figure 5.

TUNING CHART FOR A REGENERATIVE RECEIVER

These two curves give the dial seltings for the dials B and C of the regenerative
The upper curve gives the setting of the dial B in frequency and

the lower curve gives the corresponding setting of the dial C.

vertical axis (Figure 6) a horizontal
line EF was drawn to the right and a
vertical line was drawn up from a peint
on the horizontal axis corresponding
to a dial setting of 29. This determined
a point, S, for the upper curve. The
vertical line was then extended down-
ward below the horizontal axis. From
a point on the lower vertical axis cor-
responding to a setting of 83 for dial
B, a horizontal line was drawn to the
right, giving an intersecting point, T.

When all the points were located in

this manner they were connected with
smooth curves as already described.

The data from these curves should be
recorded in a table that gives the broad-
casting station, its assigned frequency,
and the required dial settings.

Assume that it is required to obtain
the dial settings for a station with a
frequency of 650 kilocycles. From this
point on the vertical axis, a line is pro-
jected to the right until it intersects the
upper curve. From this intersecting
point a line is projected down until it
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intersects the lower curve. From this
point a third line is projected to the left
and the point of intersection with the
vertical axis determines the approximate
setting of the dial controlling regenera-
tion.

In obtaining data for curves for a
regenerative  set which has a  small
(vernier) condenser connected across
the terminals of the tuning condenser,
it will Dbe necessary to maintain a
definite setting of this small condenser.
This setting should preferably give one-
half the capacity of this condenser. In
the subsequent use of the set, the small
condenser is turned to the same position,
the proper settings of the other dials are
obtained from the curves, and the small
tuning condenser is used for the final
tuning adjustment.

The data obtained from the curves of
the type shown in Figure 6 will give
airly reliable dial settings that corre-

spond  to the frequencies of various
broadcasting stations. As the lower
curve 1s less accurate than the upper
curve, the method of setting the dials
of the receiving set will require most
careful attention to the setting of the
dial that controls the tuning; that is,
dial C in the set shown in Figure 5,
Having set the dials at the predeter-
mined points, the detector filament
rheostat is carefully adjusted until maxi-
mum regeneration, without oscillation,
is obtained. A slight readjustment of
the dial controlling regeneration may
then be made.

A careful following out of these in-
structions for obtaining and using cali-
bration curves for receiving sets should
result in reception from an increased
number of stations and, in the case of
regenerative sets, there will be an almost
total climination of radiating inter-
ference.

WA
Kadel & Herbert

IS THIS THE “LARGEST RADIO RECEIVING SET IN THE WORLD?"

Anyway, it is one of the largest. It was built by Robert J. Sieglack of Sheepshead Bay,
N. Y., at a cost for parts alone said to be over $3,000. It is a special superheterodyne
circuit and employs twenty-three tubes.
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The helpful information incorporated in the articles of this series
is obtained by independent and unbiased experiments conducted
by the staff of the POPULAR RADIO LABORATORY.

IHOW TO GET THE MOST OUT OF

YOUR READY-MADE RECEIVER

No. 9: Tue Garop NEUTRODYNE TyYPE V RECEIVER

T his series of articles explains the theory, operation, equip-
ment and care of standard receiving sets

This series does 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 Superheterodyne; No. 3. the

Melco Supreme Receiver; No. 4, the Crosley Trirdyn; No. 5, the De Forest

Reflex; No. 6, the Atwater Kent; No. 7, the Grebe Synchrophase Re-
ceiver; No. 8, the Freed-Eisemann Receiver.

By S. GORDON TAYLOR

EXPLANATION OF SyMBoLs IN FIGURE I—

RFC!—Antenna coupling coil; : AFT1 and AFT2—Audio-frequency ampli-
RFC2 and RFC3—Radio-frequency coupler fying transformers;
coils; R! and R2— Blocking resistances;
VC1, VC2 and VC3—Variable condensers: R3—Smoothing resistance;
VTl, VT2,VT4and VT5—UV-201-aor C-301-a R4—Grid-leak resistance;
vacuum tubes; R5 and R6—Filament rheostats;
VT3—UV-200 or C-300 vacuum tube; R7 and R8—Automatic filament controls;
427
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THE WIRING DIAGRAM OF THE GAROD NEUTRODYNE RECEIVER,
TYPE V
Firovke 1o The designating symbols used are expluined in the list of parts and in the text.

Cl o C12—Fixed condensers;
Mo Double range voltmeter;
M-—Aleter resistance coil;
S1—Buattery switeh;
52 - Vaoltmeter switch;
J Phone j:u‘k.
HIS five-tube receiver is of the
tuned-radio-frequency  amplifica-
tion type. making use of the neutrodvne
method of preventing oscillation in the
radio-frequency  amplifier  stages. A
description of the theory of operation of
this type of receiver has already been
given 1n this series of articles.*
Constructior: of the Recerver
The receiver is of ample size to permit
plenty of spacing between parts, thus
preventing to a large extent undesirable
interaction between the various circuits.
The panel 1s of wood, finished to match

the cabinet; the tuning controls are
likewise finished in a shade to match the

* Those who wish to familiarize themselves with the
theory of operation are referred to the articles of this
series which appeared in PorpurLar Rapio for December
1924 and August 1925,

rest of the receiver. FEase of tuning is
made possible by the use of large dials
and the panel is sloping so that it is not
necessary for the operator to crouch
down before the receiver in order to
tune it.

The parts of the tuning instruments
which come in contact with the wood
panel are at low potential.  This is not
umportant, however, inasmuch as well
scasoned and finished wood is an ex-
cellent insulator, with little possibility
of electrical leakage. The balance of
the instruments are mounted on a
wooden sub-base to which the panel is
also attached. Thus the entire “works’’
may be readily removed from the cabinet
if necessary, as shown in Figure 3.

The two radio-frequency-amplifier
tube sockets are mounted directly on
the sub-base but the detector and audio-
frequency-amplifier sockets are placed
on a rubber strip which in turn is
mounted on two springs. Thus vibra-
tions are absorbed by the cushioning
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springs and microphonic tube noises,
sometimes encountered when a radio
receiver is jarred, are eliminated. Vibra-
tions do not cause trouble in the case of
the radio-frequency-amplifier tubes;
therefore a cushioned mounting is not
necessary so far as they are concerned.

The cabinet itself is of mahogany and
presents a pleasing appearance. Access
to the receiver for inserting vacuum
tubes and connecting battery leads is
gained by removing a panel at the rear
of the cabinet.

How the Receiver Works

The first two vacuum tubes, from the
left (looking from the front of the re-
ceiver) are the radio-frequency-amplifier
tubes. It is the function of these two
tubes and the accompanying equipment
to amplify the incoming signals in the
exact form in which they are received.
This is in the form of an alternating
current of high frequency—much too
high to lend itself to audible reproduc-
tion. Before reproduction is possible,
the signalsmust pass through what is
called a detector. In this receiver an-

o O
LOUD XPEAKER

other vacuum tube is used as a detector
and is placed near the panel on the right-
hand side of the recciver. If hcadphonces
were connected in the output circuit of
this detector tube the incoming signals
would be distinctly heard, the head-
phones serving to transform the clee-
trical energy, after it has been rectified
by the detector tube, into sound encrgy.
Instead of connecting the headphones
into the output circuit of this tube two
more amplifier tubes are provided, the
purpose of which is to amplify the recti-
fied current from the detcector thus mak-
ing the use of a loudspeaker possible.§
These two audio-frequency-amplifier
tubes are those directly behind the de-
tector (VT4 and VT3, Figure 3).
Tuning the receiver to the incoming
signal is accomplished by means of three
variable condensers, VC1, VC2 and
VC3. These tune the input cnergy to
the first three tubes. By tuning cach of
these three circuits to resonance with
the incoming signal, that signal will be

t A more detailed explanation of the amplifier and
detector action may be obtained from the previous articles
of this series, in the December 1924 and the March,
June, August and September 1925 issues.

4
’
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passed along to the detector and the
audio-frequency amplifiers (VT3, VT4
and VTS). If any one of the circuits is
out of resonance the passage of the
signal will be blocked. The method of
tuning will be explained later.

Amntenna and Ground

In localities where there are several
local broadcasting stations it will be
found that results are generally more
satisfactory if a short antenna is used.
This may be located out of doors and
should be about 60 to 75 feet in length
measured along the antenna from the
receiver to the far end of the wire, and
including both the antenna proper and
the lead-in wire. Or it may be erected
indoors, strung along the picture mould-
ing or even along the baschoard. The
indoor antenna may be anything over 40
fcet in length, measured as above, and
should preferably be strung continuously
in one direction, rather than around two

or more sides of one room. It is some-
times possible, for instance, to run the
wire from the receiver, across the room
and then into a hall where a good straight
stretch is available.

Short antennas such as the above will
do much to reduce static interference
which is sometimes bothersome in sum-
mer. [t will also prevent nearby, power-
ful broadcasting stations from over-
lapping or interfering with broadcasting
from more distant or weaker stations,
which operate on nearly the same wave-
length. An indoor antenna will prove
entirely satisfactory for all local and
moderately distant reception. The short
outdoor antenna will, as a rule, provide
reception from somewhat greater dis-

tances than the indoor type.

For reception from great distances a
long outdoor antenna up to 150 feet in
length 1s recommended. This should be
strung as high above the ground as pos-
sible and should be kept well clear of

& @& O ®

FRONT VIEW OF THE RECEIVER, SHOWING THE PANEL CONTROLS

FIGURE 2: Tuning is accomplished by means of the three large dials. The meter at the
right normally shows the voltage across the detector filament, which should be man‘ztazzze:(‘l avf
five or lower. This meter may also be used to obtain the voltage reading of the A, *'B

and '‘C"" batteries, as explained in the text.

The use of the two rheostat dials, R5 and RG,

and of the filament switch S1 and phone jack J, are explained in the text.
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THE RECEIVER REMOVED FROM CABINET

Ficure 3:

A view of all the instruments is clearly shown here.

The designating lelters are

the same as those used 1n Figure 1.

trees or other buildings. Trees espe-
cially have a tendency to absorb radio
waves and it is therefore advisable to
keep the antenna wire at least 10 feet
from them and preferably 20 feet.

For the outdoor antenna, long or short,
the use of ordinary bare, seven-strand
copper antenna wire has proven en-
tirely satisfactory.  The insulators
should be of high quality. If possible
the wire should be purchased in a single
length so that no joints are necessary.
If it is necessary to make joints, however,
they should be clean and well soldered.
This applies to joints in the antenna
proper and also where the lead-in wire
is joined to the antenna. A fair sub-
stitute for soldered joints may be made
by scraping the wire clean and joining
the two ends together by twisting; then
wrapping the joint in tinfoil and finally
wrapping two layers of rubber tape
around the tinfoil.

In the case of an indoor antenna,
where it is to be strung along the walls,
insylated wire should be used. This
may be No. 14 stranded wire or single-
conductor insulated wire of the same

size. In tacking it up care should be
exercised to prevent the tacks from
going through the insulation and making
contact with -the wire. This difficulty
can be avoided by using the small in-
sulated staples or double pointed tacks
which straddle the wire.

Figure 4 suggests a good arrangement
for the outdoor antenna. The method
of placing the insulators is clearly shown;
also a good way to bring the lead-in wire
into the house. The method of connect-
ing the lightning arrester is also given.
It is a requirement of the Tire Under-
writers that every outdoor antenna be
equipped with an approved lightning
arrester. In most cases the ground side
of the arrester may be connected to the
same ground connection as used for the
receiver instead of using a separate out-
side ground connection as shown in
Figure 4. In a few localities, however,
the insurance companies require that the
arrester be mounted and grounded out-
side of the house.

A good ground connection for the re-
ceiver is of much more importance than
1s usually believed. There are many
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who believe that simply driving an iron
pipe a foot or two into the ground pro-
vides a positive connection.  Occasion-
ally 1t does, but more often it does not.
The best ull-around ground connection
is one made to the cold water pipes,
scraped clean at the point of contact.
In some cases, however, there may be
msulated sections in the pipe line, es-
pectally at the water meter, so it is al-
ways a good move to bridge a piece of
wire acruss the meter, attaching the ends
to the pipe on each side of the meter.
For this purpose ground clamps may be
used, after the pipe has been filed clean
where the clamps are to bLe attached.
If there is no cold water pipe in the
house a good connection can usually be
made by suspending a coil of copper wire
in a well, or burving a quantity of copper
wire several feet underground at a point
where the ground is moist. In any case
it 1s advisable to keep the ground lead
as short as possible by using the nearest

POPULAR

RADIO

ground connection that proves satis-
factory

The Vacusomn Tubes to Use

The amplitier tubes, VT1, VT2, VT4
and VTS, are UV-201-a’s or C-301-a’s.
These are so-called *‘hard” tubes.
Many makes of these tubes are now
going on the market, some good and
Some not so good, therefore it is best to
stick to standard makes in purchasing
the tubes.

For VT3, which is the detector tube,
a “'soft” tube is used; this may be
either the UV-200 or the (-300. In
many of the present day receivers a
UV-201-a or C-301-a tube is used as
detector but the Garod receiver is de-
signed for the use of the UV-200 type
tube. The manufacturer has two rea-
sons for the choice of this detector;
experimental and development work on
this receiver convinced him that the
soft” detector tube lent a mellowness

‘e
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AN EXCELLENT ANTENNA ARRANGEMENT

F1GURE 4:
yard space available.

The design of the antenna is necessarily governed, in most cases, by the roof or
However, many of the ideas suggested by this tllustration may be
used to advantage in any antenna installation.

The best length for the antenna will detend

in each case on the interference conditions.
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ITOW TO CONNECT UP THE RECEIVER

FiGcure 5:
arrangenient.
is connected to the receiver.

Ilere all the external connections are shown;

When the double-pole, double-throw switch is thrown up the storage battery
To charge the battery it is necessary merely to throw the switch
down and the ba!tery is thus connected to the charger.
the alternating current house lighting socket.

also a convenient battery charging

The charger plug is then inserted in
When the house supply is direct current the

charger connections used are those shown in Figure 6.

to the tone quality of the receiver which
was not obtainable with the ‘“hard”
tube and sccondly, he found the UV-
201-a type of tube to be less sensitive
to weak signals from distant stations.

There 1s no question but that the
UV-200 works out very well in this re-
ceiver and its use is therefore recom-
mended.

What Batteries to Use

Three types of batteries are used with
the Garod recciver. First there is the
6-volt A" battery to light the fila-
ments of the vacuum tubes; then there
is the high-voltage ‘‘B"” battery to
supply the necessary plate current, from
which the power for the amplified signals
i1s obtained. And finally, there is the
low-voltage “C” battery which provides
the proper “bias” to the grids of the
audio-frequency amplifier tubes to pro-
duce the best tonc quality in the ampli-
fier and at the same time conserve the
current of the more expensive “B’’ bat-
teries.

The 6-volt “A’ battery must be of
the storage type. Any of the standard
makes of radio storage ““A’ batteries

will serve this purposc and should have
a capacity of not less than 100-ampere-
hours.

The “B” batteries may be of either
the dry-cell or storage type. Fither
will give satisfactory results. The tatle
below shows the approximate life cf
dry-cell “B” batteries under different
conditions of service.

The “C” battery is a small battery
unit made up of three flashlight cells in
a single block, having a total voltage of
415-volts.  For “C" battery voltage
higher than 45-volts two of these
blocks may be connected in scries, thus
providing for potentials up to 9 volts.
The current consumption from this
battery 1is practically nil and for that
reason there would be no advantage in
using a storage battery here. The life
of this battery should be a vear at least,
regardless of how much daily usc the
receiver is subjected to.

The storage “A’ battery necds little
attention. It will need an occasional
charge and for this purpose a battery
charger may be purchased in any radio
store. This is a device which permits
charging the battery from the lighting
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circuit. It is first essential to determine
whether the house supply is alternating
or direct-current because the tvpe of
charger needed will depend on the kind
of house supply current.

Another necessary accessory is a
hvdrometer, which is an instrument
used to measure the state of charge of
the storage “A” battery. It is an inex-
pensive glass instrument with a rubber
bulb on one end by means of which
some of the clectrolyte (liquid solution)
from the battery is drawn up into a
chamber in which there is a calibrated
float. It is from the point on the
calibrated scale at the top of the solu-
tion that the recading is taken. A
reading of 1,285 indicates a fully charged
battery while a discharged battery will
register approximately 1,150. When the
reading drops to 1,185 the battery should
be recharged at once as allowing further
discharge is likely to injure it. A fully
charged storage battery with a capacity
of 100 ampere hours should operate this
receiver for approximately 40 hours
before recharging becomes necessary.
The current drain of the recciver is
about two amperes per hour and the
life of a single charge should theoretically
be 50 hours but as stated before, it is
not advisable to run a battery down
completely.

About once every month or two a
little distilled water should be added to
each of the three cells of the storage

battery, in order to keep the electrolyte
level somewhat above the tops of the
plates. The electrolyte consists of sul-
phuric acid and distilled water. The
acid does not evaporate, however, and
therefore does not need replacement
as does the water. A word of caution
should be given here against allowing
any of the electrolyte to spill over onto
the floor or clothing because the acid
will leave its mark on anything it
touches.

How to Operate the Receiver

For use in connecting up the receiver
to batteries and antenna the Garod
Company have available a connection
cable containing a sufficient number of
wires for all connections to the receiver.
Each of these wires is of a different color
so that the proper leads are easily dis-
tinguishable. The complete connections
arc shown in Figure 5 and in each case
the color of the wire is noted. An “A”
battery charger has been shown in the
diagram, with a double-pole, double-

throw switch for disconnecting the.

battery from the receiver and connecting
it to the charger. With this arrange-
ment it is never necessary to discon-
nect the leads from the “A” battery.
To charge the battery the plug from the
charger is inserted in a convenient alter-
nating-current, house-lighting fixture
and the switch is thrown to the side from
which wires lead to the charger. When

TABLE OF ESTIMATED *B” BATTERY LIFE
WITH GAROD RECEIVER

Receiver Used

2 hours
hours per day r

3 hours 4 hours

Batteries 1 and 2| 154 days

96 days 63 days

Battery 3. .. ... I 200 days

130 days 92 days

3 batteries inter-
changed weekly 166 days

106 days 72 days

The above estimates are based on the battery voltages specified in this article, and assum-

ing that the loudspeaker is used and volume is kept at maximum at all times while receiver

s in operation. The current drain from the first 90 wvolts of “B" battery will be higher

because it supplies both the radio and audio-frequency-amplifier tubes, while the other

45-volt battery supplies only the audio amplifier. To even up the wear on the batteries,

therefore, it is well to interchange them once a month, putting the third where the Sirst was
before, the first where the second was before, and so on.
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CONNECTIONS FOR CHARGING “A” BATTERY FROAI D.C. HOUSE SUPPLY

FIGURE 6:

If it is alternating current, a regular A.C. charger is used.
current, however, a simple arrangement of electric lamps is used as shown here.

The type of battery charger used depends on the kind of house supply current.

If the house supply is direct
If pre-

ferred a D.C. battery charging resistance may be used instead of the lamps.

the charge is completed it is only neces-
sary to pull the charger plug from the
lighting socket and throw the switch
to the side from which wires go to the
receiver. This arrangement is not only
convenient, but is absolutely fool-proof
as it is impossible to have the battery
connected to the charger and the re-
ceiver at the same time, a condition
which would in all probability result in
burned-out tubes.

It must be borne in mind that this
arrangement applies only where the
house supply 1is alternating current.
For charging a battery from a direct-
current house supply the charger may
consist of simply a bank of five ordinary
100-watt lamps. Connections are shown
in Figure 6.

Assuming that the five tubes have
been placed in their sockets and the
receiver is all connected as shown in
Figure 5, it is ready to put into opera-
tion. The two knobs, volume and de-
tector control should first be turned as

far as possible in a counter-clockwise
direction. Then the battery switch
knob is pulled ort. The tubes in sockets
VT4 and VTS5 should now light up.
Next turn the volume control in clock-
wise direction until the tubes in sockets
VTI1 and VT2 are lighted to the same
brightness as the audio-frequency ampli-
fier tubes. Then turn the detector
control knob in clockwise direction until
a faint hissing sound is heard in the loud-
speaker, and turn it back again until the
hissing has just stopped. This will be
the most sensitive point of adjustment
for the detector. The detector tube
will light up much more brilliantly than
the other four tubes.

As the detector control is adjusted it
will be noticed that the hand of the
meter will move. As a rule the hissing
sound will start when this hand has
reached about 4}5-volts on the lower
scale of the meter dial. The control
should never be turned sufficiently far
to bring the meter hand past 5-volts,
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TUNING CHART OF GAROD NEUTRODYNE RECEIVER

Station Wavelength Dial No. 1 Dial No. 2 Dial No. 3
KDKA 309 43 41 40
KYW 535 94 89 89
WAAM 263 28 27 28.5
WAHG 316 44 43 4?2
WCAE 461 77 73 73
WEAF 492 84 80 80
WEB] 273 33 31.5 31
WEEI 476 81 77 77
WGCP 252 25 24 25
WGY 380 60 57 56
WHN 360 56 53 52
WLIT 395 64 60 60
WLW 422 69 65 65
WMCA 341 51 49 48
WNYC 526 91 86 87
WOKO 233 12 14 16
WOO 508 87 83 83
WOR 405 64 61 61
WOS 441 73 69 69
WPG 300 40 39 38
WRC 469 79 75 75
WRNY 259 27 26 27
WTAN 390 62 58 57

otherwisec the tube will last only a
short time,

At first when tuning in a broadcasting
station it is advisable to use headphones,
which should be plugged into the jack
at the lower, right-hand corner of the
panel. When this is done the light in
VTS goes out. This is due to the auto-
matic filament control feature of this
jack which cuts off the filament-supply
current to this tube, inasmuch as only
four tubes are used with the headphones.

The actual tuning of the receiver to
bring in broadcast programs is accom-
plished by turning the three dials slowly
and in unison. It is well to start with
the three dials set at any number, say
40. If nothing is heard, turn them each
to 42, then on to 44, and so on. In
this way it will not be long before some
broadcasting is heard. Each of the
three dials is then adjusted separately
to the point where the signals come in
with sufficient volume. It may be that
the three dials will not be set exactly
alike, perhaps having a difference of one
degree or so. This is especially true of
the left-hand dial, the setting of which

varies slightly according to the length
of the antenna.

With this first station tuned in, re-
adjust the volume and detector knobs.
The best setting is the lowest one that
will produce sufficient volume and maxi-
mum clarity. If these knobs (one at a
time) are turned all the way off (counter-
clockwise) and then turned slowly clock-
wise, the volume of signals will increase
steadily up to a certain point, after
which there will be no increase in signal
strength. This is the point at which to
leave these controls set. If turned
higher both tube and battery life are
wasted.

The next move is to try various “B”
battery voltages on the detector tube.
In Figure 5 the connection is shown at
1915 volts. Move this to the 18-volt
tap of the “B” battery, then try 16145,
then go up to 21, etc. One tap will
usually give better results than the
others, and this is the tap to which the
wire should be left connected. It is
advisable to slightly readjust the detector
control knob after each change in “B”
battery voltage during -these tests, to
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keep it at the point of maximum results.
This point varics some with variations
of the “B’”" battery voltage.

If desired, more, or less, “B” battery
voltage may be used on the audio-
amplifier (although 90 volts should al-
ways he used on the radio frequency am-
plifier tubes). Tests have demonstrated,
however, that 135 volts is best for ordi-
nary conditions and it is recommended
that this be the voltage used.  This also
applies to the “C” battery. In this
casc 3-volts has been found best for the
radio-frequency amplifier and 6-volts for
the audio-frequency amplifier. These
arc the voltages shown connected in
Figure 5. So far as tone quality and
volume are concerned 414 or even 3-
volts of “C” battery on the audio-

437

frequency amplifier will give practically
the same results as 6 volts, but the higher
“C" battery voltage increases the life of
the “B’’ batteries materially.

How to Chart the Receiver

As each new broadcasting station is
tuned in an accurate record of the
settings of the three dials should be
kept.  After twenty or thirty stations
have been tuned in and recorded they
may be transferred to another piece of
paper and arranged in alphabetical order
according to call letters. Thus when it
1s desired to tune in any particular
station it 1s only necessary to consult
this chart for the dial settings for this
station and set the dials accordingly.

American Legion

OLD DOCTOR RADIO CHEERS UP OUR DISABLED SOLDIERS
In this ward of the Walter Reed General Hospital in Washington, D. C., the beds have been

Sfurnished with headsets that enable each patient to listen in as he desires.

The radio equip-

ment was furnished by the New York Sun-Roxy Radio Fund, in collaboration with the
American Legion.

www americanradiohistorv com


www.americanradiohistory.com

THE “CRYOPHORUS” EXPERIMENT
FIGURE 1: The two gluss bulbs, together with the
connecting tube, contain only water—with no air.
When the lower bulb is emptied of water and im-
mersed in liquid air, the water in the upper bulb

freezes.

HE difference between a gas and a
liquid 1s that in the former the
atoms and molecules move to and fro
in an independent existence, whereas in
the latter they are always in touch with
one another, even though the touch is
transient and they change partners con-
tinually.

Heat is required to make a liquid
turn into a gas, because the molecules
must be given greater energy to cnable
them to break away from one another;
we see this when the wet street dries
in the sunshine. Somectimes it may
seem that there is no supply of heat
when a liquid evaporates, but there must
be a source somewhere, though it may
be unnoticed.

For instance, the supply may come
from the liquid itself, which becomes
colder in consequence. The way in
which this takes place is quite simple.

Zhe ATOM

ARTICLE NO. 3
The Nature of Liquids

Scientists tell us that the entire universe is made
up of only ninety different kinds of atoms. Tre-
mendous power is believed to lie within these
minute and constantly moving particles. To
solve the age-old mysteries that lurk within
them and to harness their energy has now be-
come one of science's greatest problems.

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

The molecules in the liquid are in motion,
vibrating, turning, shifting their posi-
tions. At the surface there are always
some that are for the moment more
energetic or less lightly held than their
fellows, and these may part company
and be flung off into space. It is, on
the whole, the more energetic that go,
so that the average energy of the re-
mainder is reduced. This is equivalent
to saying that the temperature of the
remainder is lowered.

Cooling by evaporation is a familiar
effect. When our hands are wet, they
feel cold because of the evaporation of
the water. The surgeon may use an
cther spray when he wants to cause a
local freezing; nature cools our bodies
by the same principle, but in a gentler
fashion. In hot dry countries, drinking-
water is cooled by putting it into a
porous canvas bag, so placed that it is
shaded from the sun but exposed to the
wind, and the hotter the wind the
better.

The experiment of the cryophorus
(Figure 1) illustrates the point very
well. The two bulbs and the connecting
tube contain only water, no air. The
water is brought to the upper bulb; the

438

www americanradiohistorv com



www.americanradiohistory.com

IRRID

lower, which as cinpty, is immersed in
hiquid arr.Ina surprisingly short time
the water s rozen solid. The explana-
tion s that the water molecules which
fling: themselves from the surface of the
witter make their way in large numbers
down Lhe tube and so to the lower bhulls,
This would happen anyhow,  whether
there was or was not. 1 quid air round
the Tower vessel; hut if there were none
they would come bhack apain and return
to the water carrying  their  super-
abundant cnergy with them.  The liquid
air cools the walls of the lower vessel, and
they in turn cool the molecules that
strike them, so that they stay there,
and their encrgy is never restored to the
water.

When a liquid boils in the open air,
the molecules leave the surface at such
a rale and with such energy that they
push back the air en masse; in evapora-
tion, the molecules leave one by one and
must make their way as
through molecules of the air.

The forces that bind molecule Lo
molecule ina liquid are very pgreal in-
deed.  In a drop of water that hangs
from one’s finger the molecules cling to
onc another like the hees in a swarm
that hangs from a tree.

mmdividuals

Jut this gives

y
THE DESTRUCTIVE EFFECT OF A “"WATERHAMMER" ON A SHIP'

When the spiral cavities, formed in the water by the action of a revoly
collapse, the shock is so severe as to damage the metal that may come in conke

FIGURE 2:
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\VTTOM

avery feeble idea of the may
the forces that can be exe
well known that a liquid
sists compression: it 1s not
generally that it strongly res
s1on also.

Curionsly enougrh, the effed
watcer-haminer is met with
where 16 has caused great
loss. When sere
began to be turbine-driven
were found to be caten aw
tacked by some powerful
cause was at last traced to't
of empty spaces in the wates
moved so fast that the wat
[ollow them. Especially d
pen near the tips of the b
drawing in I'igure 2 is from a
taken in the Turbinia Works
screw is turning in a tank, ans
lowing past it contains 4 set
tics in the form of spirals. ¥
cavitics  collapse  the shocks
severe, and if any part of the
pens to fornt part, of the cavigy
blow may tcar away a porti
metal,

Since every molecule in a
some attraction for cvery ofl
is a general tendency to mo

monclary
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Soap Bubbles Experiment

AN EXPERIMENT WITH SOAP BUBBLES

FIGURE 3: [Ilere is a soap bubble blown within another bubble. So long as the drop of
water on the bottom of the inside bubble does not touch the outer bubble, the two will not
coalesce, even though the outside bubble is distorted as shown.

give each molecule as many neighbors
as possible. Any separate portion of a
liquid, therefore, tries to gather itself
into a sphere. So raindrops try to be-
come round, and so do drops of molten
lead as they fall in a shot-tower. Mer-
cury gathers itself into drops when it is
spilled upon the table, and the smaller
the drops the more nearly they approach
to the spherical. The liquid behaves as
if it had an outside layer which resisted
being stretched; it has to have the

HOW OIL CLEARS THE WATER
OF POWDER

FIGURE 4: A few drops of oil dropped upon the

surface of water covered with powder will instantly

cause the powder to arrange itself outside of the
rim of oil.

smallest possible amount of surface.
This is very well seen in an experiment
with the liquid toluidine. The dark-look-
ing liquid, toluidine, does not mix with
water, and its density is such that it
floats conveniently in the middle of a
vessel containing a layer of pure water
riding on a layer of salt water. The
liquid gathers itself together into a large
drop, which takes a spherical form.,
If disturbed by a glass rod it wobbles
heavily through a variety of remark-
able shapes.

When a glass plate is forced to the
bottom of the mercury in a dish, it does
not rise again—in fact, it requires con-
siderable force to release it. The rea-
son is that the mercury will not make its
way under the plate, because in doing
so its atoms must be spread out, against
their desire to herd together.

Very interesting cases arise when cer-
tain molecules are put into water—as,
for example, when we make a soap
solution. \

In soap there are many molecules of a
very peculiar form, which we shall be
able to examine more closely when we
come to consider the action of X rays.
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THE AREA OF A DROP OF OIL ON WATER
FI1GURE 5: When drops of oil are put upon water covered with powder, small circles are
cleared; the sizes show how much of a layer one-molecule-thick can be covered by the oil that
is put on.

Their length is very long compared
to their width. The central part is a
zigzag chain of carbon atoms, and at
each end there are what we may call
finials, consisting of certain special
atomic groups. One of the finials has
a strong attraction for water, and the
other has not. The consequence is
that, whenever these molecules arrive
at the surface of the soapy water in the
course of their wanderings, they take
up an arrangement in which that finial
which has the attraction for water is
directed inwards, and the other finial
is on the outside.

However, the molecules have a certain
attraction for each other which prompts
them to line up side by side. The con-
sequence is that a special film of these
molecules forms all over the water, the
molecules standing at right angles to
the water surface in which they are
rooted. It reminds one of a row of
policemen linked arm in arm to hold
back a crowd. Such a film resists
rupture, and may exert remarkable
powers of holding together its content
of water and soap. We use this prin-
ciple whenever we blow a soap-bubble;
the thin wall of the bubble has a film
both inside and out, and when we stretch
the bubble, more of the molecules slip

out of the liquid and take their places
in these films.

Some years ago Mr. C. V. Boys
showed in a lecture-room a long series
of beautiful experiments on soap-
bubbles. In one of them, which is
illustrated in Figure 3, he blew one soap-
bubble inside another, and, withdrawing
his pipe, allowed the second to rest
gently within the first. He showed that
at first it was necessary to extend the
outer bubble by attaching a small weight
at the bottom, in the manner shown in
the figure. There is then a circle of
contact between the two bubbles: the
drop on the bottom of the inside bubble
does not come into contact with the
outer. If it did there would be a col-

BOATS DRIVEN BY CAMPHOR

FIGURE 6: A small lump of camphor fastened
to the stern of a miniature boat propels it slowly
through the water, due to the chemical action.
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“The Atom and the Nature of Things”

Stk WiLLiaM BRAGG is a pastmaster in the art of expounding the mysteries
and wonders of science to popular audiences, and his lectures at the Royal
Institution in England fascinated his hearers, both voung and old. He has
written for PoruLar Rabio special abridgments of the six lectures, the first
two of which—on ““The Atoms of Which Things Are Made” and *“The Nature
of Gases”-—were published in our issues of August and September respectively.
The next article will treat of “The Nature of Crystals: the Diamond.”

lapse, because the two bubbles would
actually join together and try to become
one bubble. These things may be
explained by referring to the peculiar
arrangement of the long chain mole-
cules. The outside is in ecach case
a sheet of the finials which have so little
attraction for water—and, indeed, for
cach other. Consequently, when two
bubbles seem to touch, the outside sheet
of one has no attraction for the outside
sheet of the other and there is no
desire to coalesce.  One bubble can be
pressed against the other without harm,
or rest on the other, as in the illustration.
But the drop of water would form a link.
When it is carefully drained away, there
1s no longer any nced to pull the outer
bubble out of shape.

[f we put a drop of oil on water, the
long chain molecules of the oil at once
arrange themsclves side by side on the
outside of the water, one end of the
molecule rooted in the water and the
other in the air.  The action is extraor-
dinarily prompt.  If the surface of a

sheet of water (Figure 4) 1s covered with

OIL QUIETS TROUBLED WATERS

FIGURE 70 Anyone nay lest the trick long known
to mariners, of dropping oil on waters thal are
disturbed by wind that, in the case of a miniature
tank, may be applied as shown in this picture.

a powder, and a little oil is allowed to
fall on it, the surface is cleared at once
When a very minute quantity is put on
to the water a small circle is cleared,
the size of which shows how much of a
layer one-molecule-thick can be covered
by the amount of oil put on (Figure 5).
When camphor is dissolved in water,
the solution spreads at once, and in so
doing exerts a back pressure on the
fragment of camphor. Ience the wrig-
ghngs and twistings of the fragments of
camphor thrown on water—a very old
experiment. A little lump of camphor
fastened to the stem of a miniature boat
propels it slowly across the water; in
the experiment illustrated in Figure 6
a small flotilla went through various
cvolutions.

An oil film seems to offer no oppor-
tunity to the wind to raise waves. The
air blast in Figure 7 (a vacuum cleaner
used as a blower) caused a series of
ripples to run along the tank, which
were stilled at once when a drop of oil
was let fall. When the oil film had been
blown away the ripples began again.
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Handy Tools for Radio Fans: No. 8

From a photograph made for POPULAR RADIO

THE SOCKET
WRENCH

A useful device for tightening nuts

\ HERE it is necessary to tighten bolts and nuts of

various sizes in a radio set—especially where it 1s
impossible to use an ordinary wrench—the socket type
of wrench as shown in this picture is extremely handy.

The wrench is made up similar in appearance to a
screw-driver. But it contains a socket for either hexagon
or round nuts. This is a useful tool for the amateur ex-
perimenter and set builder to have on hand for keeping all
the terminals in his set secure and tight to insure good
connections. Many times the trouble in a recciving set is
through faulty terminal contacts due to loose threads on
the screws or bolts that make connections.

The , preceding suggestions in this series were SIDE-
CUTTING PLIERS,  SCREW-DRIVERS, THE HYDROMETER,
THE BATTERY-TESTING ' VOLTMETER, THE FILE, THE
Jack KNiFE and THE ELECTRIC SOLDERING TRON.
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From a photograph made for PorULAR Rap10

TESTING THE FINISHED TRANSFORMER

The electrical characteristics may be checked u
Placed in actual service—as

p with a voltmeter and an ammeter before it is
the author is here doing.

PRACTICAL POINTERS ABOUT

TRANSFORMERS

What they are, how they work, and how they are de-
signed and built—together with construction details
for the radio experimenter.

By F. E. NIMMCKE, E.E.

HE day is fast approaching when

the “A” and “B”’ batteries will no
longer be used in connection with radio
sets. Where the house current is avail-
able, there the required voltages to
operate the set will be obtained by plug-
ging into the light socket just as though
it were an ordinary household appliance.
Direct current and alternating cur-
rent are conveniently adapted to radio
purposes because of the small amount
used and the small maintenance cost of
the necessary equipment. Several arti-
cles describing the construction of “A”

and “B”’ eliminators and storage battery
charging devices using alternating cur-
rent have appeared in print; in con-
junction with these devices, transformers
are used either to step up or step down
the supply voltage. This flexibility of
alternating current facilitates its use.

In the printed articles on the subject,
the types of transformers used are usu-
ally of a specified make; they are not
designed or constructed. Yet the radio
enthusiast would get as much pleasure
out of designing and constructing a
transformer as he would in making a
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set. The lack of knowledge as to what
it does, how it is designed, and how it is
constructed, is his greatest drawback.

In this article is given the necessary
data to dcsign and construct trans-
formers for voltages and capacities that
are ordinarily encountered in radio work.
The mathematical complexities have
been reduced to the simplest forms re-
quiring only a good knowledge of arith-
mectic.

Before proceeding with" the design of
a transformer, it is well to give a brief
theory of its operation:

A transformer is an alternating cur-
rent device which converts electrical
energy at one potential to energy at a
higher or lower potential. It consists
chiefly of three parts:

(a) The iron core;
(b) The primary winding;
(c) The secondary winding.

The iron core is the magnetic link be-
tween the primary and secondary wind-
ings and forms a low resistance path for
the magnetic lines of force. The prim-
ary winding receives energy from the
supply line, while the secondary winding
receives the induced energy and delivers
it to the secondary external circuit.

The operation of the transformer de-
pends upon the theory of mutual induc-
tion. When an alternating voltage 1s
impressed upon the primary winding of
a transformer, an alternating current
flows. At no load (that is, with the
secondary disconnected from its external
circuit), one component of this current
known as the “magnetizing component’
sets up a magnetic field or flux about
the primary winding. This flux, by
virtue of self-inductance, sets up in the
primary winding a counter voltage which
is nearly equal to the impressed voltage.
The difference between the impressed
voltage and the counter voltage is known
as the effective voltage, as it causes the
primary current to flow.

This flux about the primary winding
and through the iron core also cuts the
turns on the secondary winding thereby
inducing in it a voltage. In rotating
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machinery, such as an alternating cur-
rent generator, the conductors or turns
cut a stationary flux, whereas in the
transformer the flux cuts the stationary
conductors producing the same result.
When the secondary winding is con-
nected to an external load, such as the
filaments of vacuum tubes, a current will
flow in the secondary winding. This
current creates a flux opposite to the
primary flux, as shown in Figure 1.
The secondary flux tends to de-
crease slightly the primary flux, and in
so doing it reduces the counter voltage,
thereby increasing the effective voltage
and hence more current flows in the
primary. This operation is automatic
and depends upon the secondary load.
The tendency of this action is to main-
tain the primary flux and the primary
counter voltage practically constant.
The voltage induced in the secondary
will depend upon the number of turns
that are cut by the primary flux. That
is to say, if the primary has 100 turns
and the secondary 10 turns, then 100
volts impressed upon the primary would
give a result of 10 volts at the secondary
terminals. Thisis a “step-down’’ trans-
former and shows that the voltages of
the primary and secondary are directly
proportional to the number of turns in
the windings. If this same transformer
is used again, but this time the 10-
turn winding is the primary and has

Fremaey /ZUx
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TECOMDARY FLLX >
HOW THE CURRENT FLOWS

FiGURE 1: This drawing shows how the current

in the primary sets up a curreni in the secondary
of the same frequency, but of a voltage depending
on the turns ratio.
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impressed upon it 10 volts, then 100
volts would result at the terminals of
the 100-turn or secondary winding.
This is a “step-up” transformer, The
ratio of the secondary voltage to the
primary voltage is known as “the ratio
of transformation’ and may be expresscd
by r.

r = sccondary voltage/primary volt-
age. (1) If r is greater than 1, it is a
step-up transformer; and if r is less than
1, it is a step-down transformer, The
primary side of a transformer is that
side to which the voltage is applied: it
may have a large or a small number of
turns—this is irrelative to the term
“primary.” The secondary side is that
side to which the output load is con-
nected.

In general there are two classes of
iron-core transformers:

(1) The core type;

(2) The shell type.

The chief distinction between these
two types is the arrangement of the
coils with respect to the core. In the
core type the iron core is embedded in
the coils and the external surface of the
coils is exposed throughout, while in the
shell type the coils are partly embedded
in the iron core which forms a shell
around them. The two types are shown
in Figure 2.

The simpler of the two for amateur
construction is the core type. As single
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phase alternating current is commonly
used in house lighting from which radio
sets are operated, this article will deal
with single phase core type transformers.

In design work the designer must use
his judgment as to the application of
theory to practice. Many design values
are assumed and the calculated results
must be adjusted to make the construc-
tion practical. The design procedure
following is self-explanatory, and with
a little judgmerit on the part of the de-
signer, excellent results will be obtained.

Before the actual design is started,
the requirements or specifications of the
transformer must be known. These are:

(1) The capacity or output of the
transformer;

(2) The frequency of the supply volt-
age;

(3) The primary or supply voltage:

(4) The desired secondary or output
voltage.

To facilitate design calculations, the
output is assumed to equal the input,
since the losses in a transformer are very
small.

The output of the transformer is cal-
culated from the current that must be
supplied by the secondary, and from the
desired secondary voltage. It is the
product of the voltage and current ex-
pressed in volt-amperes.

P=ExI (2)
where P is the output in volt-amperes,

kS

HELL TV PE

TWO TYPES OF CONSTRUCTION

FIGURE 2: 1
and secondary coils wound on opposite legs.

At the left is shown the regular square core type of transformer with the primary
At the right is the shell type, in which two legs of

the core surround the primary and secondary windings which are both wound one ovey the
the other on the middle leg.
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THE GENERAL DESIGN OF THE WINDINGS

FIGURE 3:

These drawings give the general designations for the various dimensions of the

coils to be figured, and the design for mounting the coils on the core.

E is the secondary voltage, and I is the
output current. If the transformer is
to light the filament of, say, 3 UV =
201-a tubes, then the required trans-
former capacity is as follows: Each
tube draws 0.25 ampere at 5 volts, hence
the total current is 3 x 0.25 = 0.75
ampere at 5 volts; therefore, the output
s 5x0.75 = 3.75 volt-amperes. The
input also is 3.75 volt-amperes. Assum-
ing that the supply voltage is 110 at a
frequency of 60 cycles, then the primary
current is the input divided by the
supply voltage, or P/E—3.75/110 =
0.034 ampere. The values known thus
far are: primary and secondary voltages,
primary and secondary currents.

The next step is to determine the

number of turns from the general
formula
Ex 108
N=fiiBAT )

where N is the number of primary turns,
E the primary voltage, B is the flux
density or magnetic lines of force per
square inch of core area, A is the net
core area in square inches,*F is the fre-
quency of the supply voltage, 4.44 and
108 are constants. The constant 108 is
expressed as 100,000,000. The primary
voltage is known. The flux density, B,
is assumed from values ranging from

50,000 to 80,000 lines per square inch of
core area, a good average is 60,000
lines per square inch. The core cross-
section for this type of transformer may
be assumed from areas ranging from
0.5625 to 2.25 square inches. The net
area, A, is obtained by multiplying the
assumed area by 0.9 (for 0.014 inch
iron) which makes allowances for oxide
coating or other insulating material
placed between the core punchings. It
is convenient to use square cores which
facilitate not only the construction but
also the winding of the coils. TFor in-
stance, a core area of 0.5625 sq. in.
will mean a core 0.75 inch wide and
0.75 inch deep. In order not to have
an excessive number of turns, the values
of B and A should be large, yet within
the above limits. Here again the de-
signer must use his judgment.

To determine N, the known values
and the assumed values are substitued
in formula (3). The known values in
the example are:

E = 110; F = 60.
The assumed values are:
B = 60,000; A =156x0.9 = 1.40

hence,

110 x 100,000,000

N =177 60,000 x 1.40 x 60

= 491.5 turns
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Since a half turn is inconvenient, the
number of primary turns are 492. The
secondary turns are determined by mul-
tiplying the primary turns by the trans-
formation ratio obtained from formula
(1). In this exampler =35/110 = 0.045.
Multiplying 492 by 0.045 there results
22.14 turns. Adjusting the primary
turns to 500 and the secondary turns to
24, the ratio will be 24/500 = 0.048.
This ratio will give a secondary voltage
of 110x0.048 = 5.28. This is satis
factory because it is better to have the
voltage a little higher than too low.

The size of wire to be used is next
determined. The current density which
is the amperes per square inch of copper
cross-section, may range, for this small
type of transformer, from 1,200 to 2,500
amperes. The size of wire best suited
for radio work ranges from No. 18 B.S.
Gage to No. 28 B.S. Gage D.C.C.
Either No. 22 or No. 24 B.S. Gage wire
can be used for the filament current
winding, depending upon the number of
tubes, whereas No. 26 or No. 28 B. S.
Gage wire can be used for the plate
current and primary windings. Of
course smaller wire could be used but
the mechanical strength must also be
considered. The size of wire for each
winding can be determined by dividing
the current in the winding by the copper

%’. Lnéf... A —)

cross-sectional area in square inches of
the wire. The formula is

Iw
D= A, 2mperes (4)

where D is the current density, I, the
current in the winding, and A, is the
cross-sectional area of the wire. The
value of D must lie within the limits
stated. In the example, let the primary
consist of 500 turns of No. 26 B.S. Gage
D.C.C. wire and the secondary of No. 24
B.S. Gage D.C.C. wire, then the current
densities are

o 169 amperes
P = 5.000201 mp

] 0.75
D, = 0.00031% = 2,388 amperes

The high secondary current density
is permissible because of the compara-
tively few turns in the winding.

The last item to be determined is the
size of the iron core punching. This
punching should be of the “L” shape
because of the ease with which the
core can be assembled. The primary
and secondary windings should be ar-
ranged according to layers and turns
per layer. If the primary or secondary
winding has a very large number of
turns, it is best to split the total number
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THE DIMENSIONS OF THE WINDING FORMS
FiGURE 4: By referring to the figures given here and the designations that are explained

in the text, a proper size for the transformer-

cotl forms may be determined for any small

experimental transformer.
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of turns into two coils each having the
same number. All coils are of the
“pancake” type because they are easily
wound, insulated and assembled. In
the example, the primary winding of
500 turns may be arranged in 25 layers
with 20 turns per layer; the secondary
winding of 24 turns may be arranged
in 4 layers with 6 turns per layer.

When the coils have been arranged,
then allowances for insulation between
turns, between coils, between coils and
the core, betwecen coil ends and the
core, and for the clearances in construc-
tion work, must be made.

Referring to Figure 3, the procedure
is easily followed. Let N represent the
number of turns per layer, n the num-
ber of layers, and d the diameter of the
wire in inches over the insulation, which
is found in the B.S. Gage Wire Table,
then the width, w, of the coil is

w = N x d inches (5)
If t' is the thickness in inches of the
linen tape, and t”’ the thickness of the
fiber insulation, then the total width, W',
is
W’ = w + 2t" + 2t” inches (6)
The value of t’ varies from 0.005 to
0.008 inch, and that of t” from 1/32
to 1/16 inch.

Letting the letters represent the same
as above and 0.125 inch for construc-
tion clearance, then the height, H’,
of the coil in inches is

H=nxd+2t +2t"4+ 0.125 (7)

Applying the values of the preceding
example to formulas (5), (6) and (7),
there results

w = 20x 0.024 = 0.48 inch

W’ = 0.48 + 0.01 4+ 0.0625 = 0.5525 inch

H' =25 x 0.024 4 0.01 + 0.03125 + 0.125
= 0.76625 inch

Similarly the dimensions of the second-
ary coil are computed.

w 6 x 0.028 = 0.168 inch
W = 0.168 + 0.01 + 0.0625 = 0.2405 inch
H” =4 x 0.028 4+ 0.01 4+ 0.03125 4+ 0.125
= 0.27825 inch

Allowing 1/16 inch between coils and
1/8 inch on each end for clearance, then
the length, L, of the core opening is
the sum of the total widths of all the

i
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WRAPPING THE COIL

Ficure 5: This diagram shows how the coil
should be wrapped with tape when it is completed.

coils plus allowance between coils plus
twice the clearance at each end, or

L =W 4+W'40.0625 4+ 2x0.125inches (8)

The width, H, of the core opening is
the largest value of the height of the
coils obtained by formula (7) plus 1/8
inch for clearance, thus

H = H’ 4 0.125 inches 9)

If a is the width of the core punching,
then the length, R, of the long leg of
the punching is the length L plus twice
the core width, thus

R = 1. 4+ 2 x a inches (10)

The length, S, of the short leg of the
punching is the width H plus the core
width, thus

S = H + ainches (1)

The thickness of the core punching is
14 mils (0.014 inch) for frequencies from
50 to 100 cycles, and 20 to 40 mils
(0.020 to 0.040 inch) for frequencies
below 50 cycles. The number of core
punchings required is determined by
dividing the depth of the core by the
thickness of the punching and multi-
plying the quotient by 2 since two
punchings are required to form a closed

core. ‘The formula is
N, = 2xa/t, (12)

where a is the core depth which in a
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square core is equal to the width, and
t, is the thickness of the punching in
inches. An addition of a few punch-
ings should be made to the value ob-
tained by formula (12).

Substituting the values of the example
in formulas (8), (9), (10), (11) and (12),
there results

. =0.5525 4+ 0.2405 + 0.0625 + 0.25 = 1.1055
inch

H = 0.76625 4 0.125 = 0.89125 inch

R = 1.1055 + 2 x 1.25 = 3.6055 inch (354
inches)

S = 0.89125 4+ 1.25 = 2.14125 inch (2 9/64
inches)

Np = 2 x 1.25/0.014 = 179—call it 200 punch-
ngs.

The width of the core in the above
formulas is 1.25 inches.

The number of coils of a transformer
depends upon its purpose.  If it is to
light the filaments of the tubes in the
sct, supply the “B” voltage, and also
light the filaments of the rectifying
tubes, then 3 or 4 coils are necessary.
The output in this case is

P =P 4+ P” 4+ P volt amperes  (13)

TERMINVAL ﬁ'

POPULAR RADIO

where P’ is the output of the filament
coil for the set, P” is the output of the
“B” voltage coil, and P’ is the output
of the filament coil for the rectifier.
The input is determined by substituting
the value of (13) in forinula (2) and
dividing by the supply or primary volt-
age. :

The number of turns of the various
coils 1s determined from the different
voltage ratios using the primary or
supply voltage as a common voltage to
all coils.

The size of wire is determined from
the current to be carried in each coil as
illustrated by formula (4). The prim-
ary current will be equal to the total
output divided by the primary voltage.

All the coils are placed on one leg of
the core and the size of the punching
is computed in a manncr similar to that
in the illustrative example.

This completes the necessary infor-

mation for the construction of a trans-
former.
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