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Radio Experimenting
By Hugo Gernsback

“An ounce of cxperimenting is worth a pound of theorizing.”

H1S title is perhaps somewhat misleading, for the was connected directly in the grid in various circuits.
reason that experimenting in Radio is not neces- Not that this was a revolutionary discovery, or anything like
sarily restricted to that branch only. it.  On the contrary. it was made many vears ago, but the

I'he radio art has grown to such tremendous characteristics had not been studied systematically until I took
proportions that it has endless branches today. up the subject again, making no less than 800 different experi-

For instance, an engineer who is familiar with all phases of ments in connection therewith. In these researches I discovered
broadcasting does net necessarily know anything about manu-  at least twenty new things that had never been done before,
facturing a radio set. As a matter of fact, he probably does many of these points being brought out in articles to appear in
not.  An expert in vacuum tubes may not have the slightest Radio News from time to time.
knowledge of the intricacies of the construction of a telephone Nor is this subject exhausted. There are many more possi-
receiver. bilities with a crystal detector in conjunction with the vacuum

I might, therefore, say that experimenting in radio embraces tube. [ do not, of course. refer to reflex sets, but placing the

a very large field. It is no longer possible today for any one  vacuum tube in a circuit to obtain amplification. In other
person to know radio in all its many phases. The so-called words, I get the results of two tubes by using only one. I may
radio engineer is expert in one particular phase of radio, and  sav here that the surface has hardly been scratched.
has all he can do to keep up to date in it. One can, to be sure, Recently, in an article in the December issue of Radio News,
have a slight acquaintance with almost all branches of radio, 1 opened an entirelv new line of thought by a simple little
but this will only skim the surface, so to speak, and will not device which I termed “The Radio Dancer.” Up to this time
make him expert in all the different branches. the power output of a radio set was used only for one purpose;

Particularly in this country, specialization is constantly namely, a pair of headphones or a loud speaker. No one had
becoming greater.  Our big corporations, as well as every intel-  ever thought of utilizing this rather large energy for other
ligent employer, demand, as a rule, an expert, and this the purposes. The Radio Dancer is simply a large-diaphragm
experimenter should keep in mind at all times, even though he  telephone receiver, the diaphragm being some five inches in
may never be in need of employment. diameter. \When connected to a 3- or 5-tube radio set, we get

If vou hope to strike out for vourself and not work for quite a strong vibration of the large diaphragm. Small, light,
anyone else, it is even more imperative that vou become an  3-legged dolls, when placed upon the diaphragm, will now
expert along one particular line, because if you are not, it is begin to dance in a very amusing manner.

almost certain that with rare exceptions vou will not survive. Now vou can see what I am leading up to. We have a

There are naturally many branches in radio in which the certain power from the output of the average radio set, which
voung cxperimenter may interest himself. It is an excellent e should be able to use for other purposes, be they amusement,

idea in starting out to acquire radio experience through experi- instruction, or what not. e can create vibrations, we have a

mentation with every possible thing vou can think of, from fair amount of power, and the field for experimentation along
the building of your first crystal set, on through the various these lines is very large. It has as yet not been touched. Mr.

tube sets. McFarlan Moore, the well-known inventor. must also have

I must insist here that nothing is more destructive than radio  thought along similar lines. because recently he informed me

“book” experimenting. I have mentioned this before in one of  that he placed a small neon lamp across the output of a radio

my talks, and this is particularly true in radio. You may think  outfit and in the dark he could “see” the music. or, rather, let
vou know all about radio when studyving books, but it is quite  us put it that he could see by means of the neon lamp that the
impossible to master the aft in this way. Practical experience current of the radio outfit turned the neon lamp off and on in
counts more in radio than in any other art. It is one thing to  exact unison with the music or talk that came from the radio
build a set in your imagination; and totally different to build outfit. Any number of lamps could. of course, be used, giving
one with your hands, using your head to guide them. You will a very pretty effect of actually seeing the radio vibrations—a
discover a thousand different things in the course of the build- good stunt for exhibition purposes, window displays, etc.

ing of such a set, that are not contained in any books. Hundreds of other similar ideas can, of course, be worked out.
There are many worth-while experiments that the experi- and T hope that the ball will keep on rolling.

menter can conduct, and T give a few herewith which may take We are still in want of a really good. as well as cheap, loud

vou out of the beaten path and direct vour thoughts to new  speaker. I have mentioned many times that a loud speaker

channels as far as radio is concerned. with a diaphragm is a monstrosity. 1 would advise those who

Many experimenters are apt to scoff at the humble little wish to delve into this experimentation to study up first in
crystal detector, but nevertheless it has nig potentialitics. I  physics and then acoustics, before tackling the problem. Only
demonstrated this recently when I developcd a number of new  an expert in these two subjects will be able to solve the problem
circuits termed ‘“Interflex.” whereby the crystal detector in time to come.

Mr. Hugo Gemnsback speaks every Monday at 9 P. M. from Station WRNY on various radio and scientific subjects.
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Lighting With Neon Lamp

T Neon Luminescent Tube Light is

the newest and one of the most heauti-

ful torms of electric display lighting.
It is known as the Claude Neou Lamp. as
derived from the name of the famous French
inventor, Georges Clande, and neon. the rare
gas used as the illuminating medium for the
tubes.

Many of our readers have no doubt seen
the pleasing <it glow of a neon lamp and
have wondered at its fascinating color and
cold light.  No doubt, too, they have heen
interested in the process involved in making
such a lamp.  The following information
should prove of more than passing interest
to evervone.

Neon is a rare inert gas present in the air
in very minute quantities, one part in 66,000
parts of the armosphere.  This rare con-
stituent of the air is extracted by the lique-
faction process as a by-product of the oxy-
gen industry. 1t was first discovered by
Ramsay and Travers in 1898 and resembles
helinm and other members of its type in
heing chemically inert, no compounds being
known. Neon (symbol, Ne: atomic weight,
20.2) i< a colorless and odorless gas which
can he liquefied helow—210° C. (—346° F.).
Its molecules, like those of argon, helium,
krypton, xenon and other rare gases of the
atmosphere, are made up of single atoms.

The neon tube contains no filament, hav-
ing electrodes at each end; heing filled with
neon, which is itself a conductor, light is
produced hy passing an clectric current
throungh the tube. The so-called “break-
down potential™ is higher than is supplied by
the 110-volt A.C. line. and thus it is neces-
sary to employ a step-up transformer and
choke coil in connection with the operation
of the tubes. Direct current cannot be used
as the tubes will not act with it.

The voltace required depends on  the
length and diameter of the tubes. Thus, for
a one-foot length of a 11-millimeter dizmete~
tube it is necessary to use 200 volts for suc-
cessful operation.

. On passing an clectric current throngh
such a tube, the neon gas produces a deep
orange-red color having very lasting and
penetrating qualities and properties.  This
basic orange-red color may he turned into a
brilliant blue by introducing a few draps of
mercury into the tube hefore scaling. The
mercury vaporizes gcradually and the color
hecomes blue.  Towever, the neon light is
so nearly a cold light that when the atmos-
pheric temperature drops helow 40° 17 it

is difficult ta maintain vaporization of the
mercury, and when freezing temperature is
reached. the tube reverts to the ncon red
color. \With a rise in temperature, the tube
becomes hlue again. going through the suc-
accounts for th evariation in conlor nf certain
accounts for the variation in color of certain
tubes during the winter months. The neon
orange-red cnlor is not affected by tempera-
ture changes. and gives practically a cold

Some striking examples of
the use of neon tubes for illu-
minated advertising si g ns.
The diffused glow of the neon
gas is distinctive from the ef-
fect of incandescent lamp
signs.

light, and the glass tubes are not affected
by sudden temperature changes.

Aside trom the novelty and advantages
using a coutinuous tube of light. wlhich is
adapted to being shaped to any desired de-
sign or letter, the light is exceedingly attrac-
tive and compels attention because of its bril-
liant glowing color.

The amount of neon gas necessary for the
operation of a tube gives a pressure of not
more than 5 millimeters, indicating a very
insignificant amount of neon. Thus, the
tube, although slightly more expeusive than
a corresponding set of electric bulbs, is much
cheaper, both in operation and efficiency.

The air within the tube is exhausted to as
high a degree as desived and a small quan-
tity of the gas injected. The degree of
evacuation is not specifically an important
issue, but generally as much air is taken out
as is possible under manufacturing condi-
tions.

The neon light has greater visibility than
any other form of light. The light from
incandescent lamips is very brilliant at its
source, and without proper direction of the
rays soon expends itself, causing a glare
and blurred eftect at any great distance. The
neon lamp. however, owing to its diffus<e
nature due to the fact that it is an ignited
cvlinder of a hali-iuch or more in diameter.
and not a tiny filament, produces an appar-
ent cffect of increasing the light when scen
at a distance. A hali-inch diameter neon
tube appears several times its true diameter
at a distance of a few hundred feet. In
fact. due to the greater penetrating power
of the neon light throufh heavy fog, light-
houses in the English channel are being
cquipped with them, and we can expeet that
many other uses will he found wherein a
cheap, cold and cfficient long-lived source
of light is necessary,
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The details of construction of neon tube signs.
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The metal trough acts to give a sort of diffusion

Two parallel tubes are sometimes placed in a single trough.
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— . - - 2 B == » % ing current used. An imeresting apparaitt
El §or conducting these tes's s heen devised
‘ by the experts or th IFederal Burcan of
§ Standards.
! A test specimen for he measurem

§  phase difference and dicleerric constant
radio {requencies eonsists ol a sheet oL
insulating  material  placed  between m
plates s that the whole combination ¢
stitues an eleciric condenser. The sheet
material is floated on mescury and a p
yi mercury is formed on top of the she
confined by strips of copper

The measurements requite a o generat
circuit and a measuring circuit. Iu the

P A

able air condenser anid a 100-volt plate or

batiery as well as necessary ammeters

volmeiers. A variable condenser ¢
special switeh  with mercury  wells

ity

ircuit, and the condenser formed by
test specimen floatng on mercury has
same kind of terminals,

<
A 100 volt unit of a battery used by the Bu-
reau of Standards as plate supply. The battery
i3 of the lead-acid type.

Testing Insulating Materials
By Attex P Cuip

'[‘ 1L insulating quelities of insulating ma-
terials are not always periect, and it 18
Lumed that there is a certain amount of
power absorbed in them when they are used
w or near a circuit in which alternating cur-
rent Hows. .

The power loss can be simply expressed
by the phase difference and when the phase
lifference is small it equals the power rfactor.
Lither of these quantties is obta‘ned by
measuring the equivalent resistance and

wacity of a condanser made up of the
aterial and the frequency the al-ernat-

pared in the test with that of a stan
variable condenser.
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A general view of the apparatus for measuring
phase difference. In operation, the whole is enclosed
in metal screens. Mote the standard nductance and
standard variable condenser. On the rizht side of
the table is the test specimen condenser and above
it the sensitive galvanometer. The connection of
this apparatus is given in the diagram at the right.

WNOUCTANCE-L, | T‘TN(LMM'-[NLNT radio frequency currents in the measurement

X . . SPLOIAL SWITCH
Dielectrics in condensers are playing so important WITH MCRZURY WELLS
a role in electrical work. notably in high frequency e

l b

—_ SHILLOLD CABLL measurement of the factors of electrical insu

experiments and in the construction of radio appa- : z c,+ used are described.

ratus, that these investigations are very timely.
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ontact terminals is used in the measuring

e

The test specimen is made the dielec-
tric of a condenser with mevrcury plates
The capacity of this condenser is com-

dard

Above is shown the generating circuit empioyed
by the Bureau of Standards for the production of
of the

dielectric constant of insulators. The diagrams are
reproduced from No. 471 of the Scientific Papers of
the Bureau of Standards, where the methods for
lating
T 7 SHILLD GROUNOLD materials is fully discussed and the processes
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The Color-Sound Piano

A Combination of Music and Painting by Dr. Alfred Gradenwitz

Below is shows the keyboard and performer, the
latter playing om the color-sound piano which has
The projec-
tion apparatus is back of the musician, if we may

heen recently developed in Germany,

so call him,

The central picture shows the color projected
on the screen. The tints may be supposed to
compare in their color relations with tke rela-
tion of the musical notes. On the right, the
projection apparatus with the connecting wires
are shown and the performer seated at the
keyboard, The back of the keyboard in this
case is toward us

HOUGH presenting ai first sight some

analogy to the clavilux or colur or-

gan, Alexander Laszlo's Color-Sound
Piano is not acwtiadly it competitor, 1or,
not superseding the vocal harmonies of mu-
sic by color symphonics, it aims at a com-
bination of the two.

It is perhaps not generally known that
inany persous o viewing a painting will
receive a musical impression, that is to
cay, will with their mward ecar seem to
perceive actual sounds. while on the other
hand, listening to a picce of music ofiten
gives rise to an accompanying percepiion
nf motion, color, light and darkness.

Though this evident relationship of the
iwo arts seems to point to a fcasible com-
bination, no success worth speaking of lhas
so far been achieved in this way, the eye
proving unable (o grasp and enjoy the ul-
tra-rapid  suceession of colors individually
associated with as many sounds of music.

Our senses of visionn and hearing being
bused on radically different  physiological
conditions, the eyes ahsorb colors in slow
changes, soft truansitions or, in the cvent
of a sudden appearance. at proper iwter-
vals; whereas e ear has no difficulty in
perceiving even the most rapid succession
of sounds, Each color pereeption shonld,
accordingly, be associated with a sequence
of several sounds (as in a melody), with
several sounds produced one above another
(as in a chord) or. finally. with a succes-
sion of sounds superimposed upon one an-
other (as in a melady comprising harmo-
nies).

Alexander Laszl6, a Hungarian pianist,
living in Munich, has been the first to eluci-
date this law, which is in close agreement
with artistic reality and which holds aut

unexpected possibilities for the future. A
plurality of sounds, i e., a musical motic,
is the counterpart of cach individual cor.

After many years of painstaking work
during which he had to contend with all
the difficulties generally placed in the way
of imventors, though entirely unacquainted
with the technicalities of the problem, he
succeeded in perfecting an apparatus which
on the screen reproduces his compositions
of color and light, that is to say, pictur-
esque 1llustrations of the strains of music.

This apparatus, as constructed by the
Erremann Works, comprises two main. twe
seccondary and  four Toot-light instruments
all of which are controlled from one play
ing desk not comnected with the musician:
{pianist, singer or orche-tra) and operated
by an artistically trained playver in close
agreement with the interiions of the com
pined nwsic-color composition.  Thirty-tw.
color switches, four levers in connection
with diaphragms and two switchout levers
operating instantancous shutfers serve to
actuate the Color-Sound Piano, thus caus-
ing color paintings of an ahstract character
simultaneously with ‘he music to appear.
unfold. vanislt or shift color and brightness
on a large three-sectioned screen.

The combination of soumd and music en-
tails a common dynamical and rhythmical
adjustment, musical qualitics, “piana” and
“forte” corresponding  to  “soft” and
“strong” colored lights respectively.

The succession of cclors appears in s
given rhythm by double, triple or quadruple
projection (i. e., from rtwo, three or four
«hjectives respectively) on the same screen.
Colared Tight is like music, it is played in
a given cadence, e. g. 2/3. 3/4 or 4/4,

The enlor projector or Sonchromatonscope

as the apparatus is termed, enables the col-
ored light to be produced from and spread
out in all directions, from right to left, or
leit to right, from top to bottom or inverse-
Iy, emerging from and vanishing into noth-
ingness.  The equivalent of timbre in the
musical part, wonld be the different color
shades as produced either by addition or
subtraction of transparent diapositives.

Inasmuch as the combined art for its re-
production obeys the same laws as music,
it requires a similar system of annotatinn
for the proper plaving of a piece of music-
color, and following which the operator of
the sonchiromatoscope, independently of nw-
sical instruments, will he able to play the
color compnsition in the same manner as he
would an ordinary picce of music.

There is an analogy between sound asul
light, as hoth are produced hy frequency
action.  Generally it is said that they are
due to waves. The waves of the air are the
nsual vehicle for carrying sounds through
~pace, while the phenomena of light are re-
terred to ether waves, which move through
space at enormously  higher velocity than
that attained hy waves in air. [t is. there-
fore, quite natural to try to carry out the
analogy, and it has often heen done, by as-
signing a sort of octave relation to light of
different colors.  If one light is due to the
double frequency of another light it is one
octave above it. It is not stated how far
this idea. however, is carried out in the
mstrument we illustrate. The color combi-
nations which it gives are said to be quite
fascinating and it is casy to sce that music
can he written for them. Owing to the
structure of the eve. the range of light
waves on the octave hasis is very small as
the range of visual rayvs is small
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A Local Electro-Plater

By Earnest Coler

Fig. 1 shows an automobilist plating = -
lis lamp, In Fig, 2 the 1 sekeeper is plating with
the nse of » storage battery only, Fig. 3 shows the pliers or T

clamp used to hold an article while being treated.

shiown connections for plating the lamp
as in Fig. 1

S T T T

A PORTADLE, low-vo'tage electro-plater

X has been invented whicl, in spite of the
fact that it employs the same working prin-
ciple as the commercial bath process. does
not require the use of tanks and is so com-
pact and simple that any one may plat
table ware, household and lighting fixture:
and other metal objects with nickel, copper.
silver or gold.

The necessary electric current may he
taken from a pair of ordinary dry cells or
from the automobile or radio battery. In
plating automobile parts. such as head-lamps.
radiators or dashboard instruments, it is not
necessary to take them from the car. The
only precaution necessary in this case is to
make certain that the negative side of the
hattery is “grounded” to the car, and not
the positive side, as is the common practice.

The plating outfit proper consists of a
so-called plating pad and two insulated cables
provided with clips. \When secured to the
battery the negative terminal is cormected
to the previously cleaned article that is to he
plated. The pesitive wire is led to the plating
pad, which within a f. bric container holds 1
dry compound made up of acids and the finely
powdered pure metal that is to he deposited.

After being soaked in water for five
minutes, the pad is slowly passed over the
surface, the electric circuit being completed
when the moist pad touches the object. The
thickness of the coating depends on the time
given to the operation. A deposit heavy
enough for practical purposes is obtained in
about three minutes.

The manufacturers claim that the wiping

action of the pad has a burnishing effect so
that no oxidation can take place during the
process. This, it it said. makes it possible
to electro-plate iron and steel without first
coating it with copper. as is now necessary
with the conventional tank system.

The promoters also point out that an im-
portant industrial use of the new e'ectro-

In a theatre Osglim lamps indicate the seats
by illuminating letters on glass, hehind which

the lamps are placed, It will be observed that
there is one letter for ench second step, as thers
are two steps for one row of seats.

orld Radio History|

In Yig, 4 are _—

plater is in the case with which steel that
is to be case-hardened may be plated in spots
that are to remain unhardened so that they
may be drilled or machined without having

to be spot-annealed. The local plating pre-
vents the combination of the surface laver
beneath it with the carbon of the case-har-
dening compound. This ensures local soft
spots exactly where required.

Seat Indicators for Movies

HHERE is some difficulty in finding one's

seat in darkened theatres, especially mov-
ing picture houses. A1l of us are familiar
with the theatre usher and her ubiquitous
flashlight with which she picks out the num-
ber of the seat.

In London a system has been adopted for
indicating the rows of seats, not the specific
numbers. and this is shown in our illustra-
tion. We quote irom our contemporary, the
London Electrician:

The indicator consists of a lighting unit
composed of an Osglim lamp. which is fit-
ted at the back of a special rectangular
shaped diffusing glass. One unit is reces-
sed into. and is flush with, the top of the
steps in line with each row of seats. *

Index letters indicating the row are
painted on the under side of the glass, and
when the lamp is lighted the letters stand
out black against a background of soft and
well-diffused illumination. The whole of the
steps down towards the auditorium can be
clearly seen from the top of the circle, and
each indicator can be seen some steps before
it is reached.



“Sixty hours’ leisure-
ly cruising — leisurely
for the Ark — brought
the ship over Tokio just
a f t er midnight. Two
hours were occupled in
a very thorough demon-
stration, in which the
gold chests of the Japa-
nese war fund were sad-
ly depleted, and after a
casual replenishing .of
t he airship’s gasoh!le
tanks from a handy oil-
s hip, Yckohama was
descended upon in the
first grey of dawn.”
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[What Has Gone Before]

A number of New Yark banks have been rabbed.
The time is near the end of this century. Tie Pres-
ident aof one of the banks stands by his san's bed-
side early in the morning and tells him of strange
robberies. They fly to Neiwe Yark in an girbiane.

They find that "throughout the financial district
cveryane has fallen senseless. Automabile engines
have mysteriously stopped.  Everything of gold,
watches, cotus, gold leaf signs and the like haie been
tarnished. The vaults of a number of banks have
been cut open, apparently by axyacetvlese, and
robbed.

Powdercd glass is found in the street to add to
the strange cvents. Little lead ecases eane into the
Past Office by mail. Radium salts were enclosed in
thens.

The airplane Merlin, the fastest of all airplanes,
takes an active part in the story. The mystery deep-
ens witcn it is found that same wmillions of dallars
af securities have been returned to the banks. but a
slightly larger amoannt of gold has been taken.

They go aut on the famans Merlin in search of
the lisner Parnassic after having vainly tried to find
how the gasoline was taken fram the station: they
hear that there was a cabin in the air when the
1obbery iwas being perpetrated. Going ont to sea.
they land upon the Parnassic. Evervane av her is
vecoveristg from a irance, the Captain goes to the
treasure safe and finds it vobbed.

Lord Alierie, a well preserved man of 6D, joins
them. The crew recovers. A discussion ensues and
it is eoncinded that the raiders used an asrplane.
The Merlin starts off after the ship’s engines begin
to turn, with Miss Tarrance, Lord Almeric's wniece.

Now sews comes that ilouisville has beew at-
tacked, and an hour and forty minutes takes the
Merlin to Louisville. wheve the New York vaid has
been duplicated. Next the Atlantic is crassed to
Eurape.

A robbery of tiie Bank of England is invests.
gated. AMysteriously, only a velativelv swmall amannt
of gald was taken. Gasoline has been taken rram
the English tanks. The House of Cammans weas sub-
Jected to the ‘soporific ayent and when they recov-
ercd members on the Trcasury bench found their
faces blackened with busnt cork. Paris and Berlin
are raided on the same duy. Radium left by the
raiders is still a mystery.

A scarch for the miystevious aivship or rcider
begins in earwest.  The Merlin shortly aftcr the
take-off from England reaches America and Gar.
diners Bay without sight of the enemy. And now
our hero wants a roving commission for a mew
Verlin to carry out his awn and his associates’
tiews ax to the vaider. He proposes to erm his
airplane and go off prepared for attacking and for

cfense.  An appointment with the President of
the United States is made and the Merlin gaes to
the fedeval capital. The interview with the Presi.
dent follows, a wery cordiai ouc, as young Boan’s
father is a friend of Mr. 1I°hitcomb, the President.
Miss Torrance has been picading the cause of the
Mevlin at the Hhite Hause.
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The search is prosecuted and the enemy s
sighted. Lager to attack, @ gas defense by the eneimn,
threatens.

Au_girplane is launehed fram an English cruises
ta join the attack. Signal flags transmit messages
back and forth between the cruiser and the Ark of
the Covenant.  Then comes a deseription of the
landing of the Merlin on the deck of the English
cruiser, and the Ark of the Covenant wmeanwhil
has disappcared at amazing speed.  In England
there is a business panic; the Government falls.
The Merliy: and Iter erew at last return to Amevica.
Infoymation comes dircctly from the raider that
she desires to stap all war.

The narthern eoast of South America is patrolled
in search of the great dirigible—she is secn—but
escapes the crippied Merlin. A strange desalate
district is discoi cred by her erew in South America,
and the presence of rhodalite, the radio-acti-e
niineral, accounts far the desolation. And now
begins the stary of Shalta Sctan telling all abowt
the history of the Ark of the Cozvenant and the
efforts ta anwihilatc war.

Now cames the story of the formation of the
TLeague and the gathering of a creww. A wew ele-
ment aud a new gas have been disco: ered; the
earth is drilled for the gas. The great divigible
proposed is described. and tests with the spectro-
scope and electrascape reveal strange substainces m
the eavth of the South American cavers.

The stary gocs on to tell of the radinm emava-
tions, the anaesthetizing gas, and then the getting
of recruits ta use these rowerful weapans in the ad-
ventures in the cave. The stary of the airship .a
her travels foilows.

Tihe lcader of the raids continues his stary of
their achiezements. Picturesquely he deseribes the
Merlin’s attack wupor them. Next we come back to
our old friends. They are wmade prisoncrs in the
cave: they Jdescribe ‘the chicf of the cxpedition
and are put on parale. Participants in the first
part of the story ga off in the Ark on her newn
cruise.

A TERRIBLE POWER
l

For some time after our capture. Milli-
ken and I were very much left to ourselves
as far as Dan Lamont was concerned. OQur
iriend haunted the laboratory of the Chief
of the League. and it was evident that al)
his scientific interest had been aroused by
the things he saw there.

He grew more and more silent, and the
boyishness left him. He was preoccupied
and grave, with only rare flashes of his
careless humour, but in his gravity he was
perhaps more lovable than ever. The Dan
Lamont who stood in the front rank of the
scientists on both sides of the Atlantic was
on top.
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The Chief gradually fell to treating Dan
as a big fellow scientist, there was no
doubt oi that. We would often sece the
pair of thiem strolling about the caves, ab-
sorbed in deep discussion, and while for
the most part Dan’s share scemed to be
in listening, we could ~ce that his opinion
counted with the amazing leader of  the
League. Ii Milliken and [ encountered our
iriend while he was in the company of the
Chief, the greeting we got was an absent-
minded smile and nod. nothing more.

My mechanic and 1 were coutent enough
with the arrangement, tor Milliken shared
the lively respect | had for Dan's ability, and
we arzued that Dan was after stuff that
neither of us could begin to grasp.  So we
waited with patience until Dan was ready
to speak to us of his discoveries. or of the
revelations made to him by the little leader.

That we shoukl have something to hear
was plain from what we had seen in the
airships themiselves.  Setont in showing us
cver the vessels kept nothing back.  We
wnly saw, however. the instruments and ap-
paratus used for controlling the mysterions
powers of the League.  Scton did not pre-
icnd to any deep knowledge of the means
by which these instruments were worked.
The Wonderful Airship—More Than a Mztch for

the Merlin

The airship was a constant marvel to
Milliken and myself, and it was clearly
<hown what little chance our Merlin would
have had against her in our encounter if
her full powers had been exerted. Apart
irom any weapon of offence. her mere pow-
or of climbing—by reason of that extremely
light gas used to buoy her and the marvel-
lously adjusted apparatus for suddenly ex-
pandizg it in her ballonets—would have
taken her far out of our reach at any mo-
ment, This. in combination with the en-
gine-stopping ray, would have made our
best manoeuvres en the Merlin quite inef-
icctive.

ven if we had succeeded with our con-
templated quick dive in smashing the stern
engines and contrals, the airship would still
have had ample power and manoecuverahility
1o rise to a great height and procecd home.
Even a swarm of Merlins would not have
heen able to master the ship.  Seton hinted
at other weapans to he used as a last re
ort, weapons that in a few seconds could
have disposed of the bigeest air fleet imag-
inable. leaving no trace of man or metal.
Yet, understanding all this, Milliken and [
were even then hardly prepared for the
revelations Dan made to us one night when
we had been in the cavern some weeks.

We had seen nothing of Dan all day, and
when he appeared Milliken and 1 were
about to go to hed.  Our little companion
was white and almost shaking., as 1f he had
jnst seen a vision, and he looked old.

“\What's the matter, Dan?” T cried, and
ran to help him.

He <at down on
me wianly,
he World is Beaten by the Discoveries of the

Master

“Timmy.,” he <aid, “the world is heaten!

Tt wilt have to surrender to the TLeague of

his bed. and looked at

the Covenant! That little man—my God!
—how big he is!”

“There's no  donbting that, Danny,” 1
said quictly, “his bigness, 1 mean.”

“1t takes a man trained in science to un-
derstand fully how great that little fellow
st said Dan, “though even then it is diffi-
cult o believe what he savs is true. But |
have seen proofs, Jimmy—proois that must
convince the veriest sceptic amongst us,
among men of science. You know I'm reck-
oned to be no smouch at my job—I can say
that for myselt 27 he pleaded.

“Sure. Danny,” 1 replied soothingly, he
was so painfully modest in making the
claim. “All the world knows you're a
wizard."”

“I'm glad if I count for something.,” he
said—"glad because they may take my word
for it that we're beaten.  They'll have w
tahe my word for it—they’ll just have to!
We can't Jet the League exert its greatest
power. If the peoples don't believe—then
it's all up with the earth as we know it
God knows what will happen!”

“\Will the Chief push that power?” 1
anked.

Dan looked at me pityingly.

“Can yvou doubt that determination-—ihe
will that’s behind that personality? My
dear Jimmy! Don't let the fact that the
Chief has been so careful of human life

up to now blind you to the real issue. If
humanity does not come to heel and behave,
humanity will be destroyed. If anything
is sure, that is.  The Master is a scientist,
when all’s said and done, and is probably
inclined to look upon man at long last as
‘merely small crawling masses of impure
carbohvdrates” That's all man will be if
he refuses what the Master offers.  Then
there's the will of him! Why, T believe the
man we know as the Chief has been deuad
for years. The torture he has endured fo
vears no human could endure and live!
There's nothing there but the \Will—and, Iy
God'—what a force it is! Only the will
keeps him alive with that mighty big hole
in his side—and he won't die until his task
is finished.  IFinished 1t will be. too, even
if it means the destruction of the carth.
It might mean the destruction of the solar
svstem—of  the universe!”

He broke off in a whisper. For a minnte
or two he remained silent, while Milliken
and [ sat gazing at him, in awe of his un-
wonted vchemence. Then he looked up
with a hint of his usual grin.

“Think I'm mad. 1 suppose. old Jimmy?”
he smiled. I don’t blame you if you do—
but I'm sane—as sane as any physicist
could be after to-night's expericnce.  What
do yon know abont the atomic theory, lim-
my " he broke off.

“Oh, just layvman's knowledee,” T an-
swered—"the nucleus and the odd electrons,
and the periodic law kind of thing .

Dan nodded. and turned to Milliken.
“And vou, Milliken?”
“About the same, sir” said  Milliken.

“Fnough, anvway.,” he added surprisingly.
“to realize that this hight gas the l.eague
has is likely to upset the present table of
afomic weights”

World Radio Histo
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More About Aithon, the Lightest of All Gases
“Good for you, Milliken,” Dan laughed
through his gravity—for indeed one never
knew what Milliken had stored in that
head of his. “But it still has to be shown
that the table has been so greatly upset.
So far, the Chief has not been able to
determine absolutely the constitution of the
aithon wnit, except that it has no valence—

that its sy~tem is a satisfied one- ¥
“Ts that the same as inert, ~ir?”

Milliken.

asked

(Continmed o page 110)
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“Jamaica, though we could see nothing of it
or of the sea, lay on our port bow ahead.
Quickly the light grew, and the clouds under
us, now paling to delicate green, began to break
up into patches and to disperse.”

“Then in a flash of time we saw through a
break in the veil of cloud an arc of bright scin-
tillating spots against the dark blue of the sea.
The spots were planes, no doubt, thrown out to
intercept the passage
approach that way!”

of airships should they
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The Evolution of the Dacuum Tube

By Leon L. Adelman, AN, LR.E.
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The world's greatest inventor—Thomas Alva Edison—at 78.

I DO not make  too hm ul a
tie t 11 S¢ lm
Ny R the

i O I(I'(‘)'/ I'[ ( 'A'Il'l.( g I" N

cocr crealted FFor, is it not true that our
trans-continental telephone. our radin broad-
cint public address systems, trans-
mission of photographs by radio, and other
very mmportint necessitics of modern life de-
perrd upon the vacuum tube and the control-
ling actions of its elements on electric cur-
rents, whichi®are sometimes of inconceivably

stattons,

slieht tntensity ?
And to think that at the base of all these
wondertul inventions lies the so-called “Edi-
Pfees.” aodiseon made vears ago and

at so carly a date that it was little thought
of Tor several decades atlterward!

The actual circumstances in  conunection
with Mr. Edison’s discovery of the woder-
tul phenomenon and its adoption by Fleming
in his two-clement valve and later by De-
IForest in the three-clement tube are described
in the following paragraphs:

The discovery oi the "Edison Iiffect”
came as a hy- -product of Mr. LEdison’s work
in investizating the peculiarities and behavior
of the incandescent lamp.  His work led
him into study of the physical and chemical
actions which take place in highly evacnated
olass hulhs containing an incandescent fila-
ment. and the discovery of the cffect was

n tal to his scier msight m(l
lu.nml audacity In pursning to completeness
huctmnlc entirely unknown problen.
3y veffects” physiciats have long desie
nated phenomena or groups of phenomera
which

are new themsclves and which (ail
to arrasge themselves into any given theo
ctical as~ification or to admit of an ex-
plar um»n under C\hlll)" thearies.  Thus we

have in physics a large number of effects, to
which have beer given the names or their
t[mn\tuh all of whom have been distin-
Lllh]lul in the field of pure science, steh s,
for instance, the Peltier cffect, having to do
with the absorption and cvolution of heat
at the pmction of two metals carrving cur
rent; the Thomson elfect Im\nw to do wit

thermo- clectrical currents in a given mu.xl.
the Hlall effect, having to do with the devia
tion of currents in a thin film under the
influence of a poweriul magnetic field: the
Purkinje effect, having to do with the varia-
tion ot sensihility of the eve for the red awd
blue end~ of the spectrum with high aul
low illumination; the Zeeman efiect. having
to do with the displacement of spectral lines
when a rarliating gas is submitted to a pow
erful magnetic ﬁcld ete.  Of all these ef
feets, none has been \(r prolific in practica
consequences as the Edison effect.

In patent No. 307,031, filed by Thomas A

“dison on November 13, 1883, will be foiund
the iollowing statement :

“I have discovered that, if a conducting
sthatance is interposed anvwhiere in the vacu-
o~ space within the globe of an incandescent
lamp. and said conducting substance is con
nected outside of the lunp with one termi-
nal, muc rably the positive one, of the in

q ductor, a portion of the cur-

‘hen the lamp 15 operation pit~s
1!1mn“,' the s ulnt cn'cult thms formed, which
hunt includes a portion of the vacuous space
within the lamip. This current 1 have found
to be proportional to the degree of incan-
(Icwvnc«' of the conductor or candlepower
of the famp.”

In his endeavor to give the world a cheap
and efficient electric lamp, Edison conducted
numerons  experiments  and spent Illlltl\
money. e sent men to all corners of the
globe to cather materials for the filament~
of his lamps.

Carbon was used quite extensively and his
close observations showed  that the elass
elobe hecame discolored or blackened hv an
paqie deposit.

\Very natur rdimn tried to find out
the reason for Further investication dis-
closed that frequently there was on the hulb
in the plane of the filament, a line which
was not blackened and which looked like a
negative of the shadow of one leg of the fila-
ment. It was also noticed that the leg of
the filament which cast the shadow was the
one connected to the positive side of the cir-
cuit. It seemed as though the negative leg
of the filament shot off minute carbon parti-
cles which went past the positive leg and de-
posited themselves everyvwhere on the glass
bulb except behind the positive leg,

Spurred on, Edison counducted some exper-
iments to determine the clectrical condition
of wires and plates set up between the two
legz oi the filament and with such an ar-

n
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Fig. 1. llustrating
the “Edison Ef-
fect.”” When the
galvanometer
switch is thrown
to the positive side
of the battery,
there is a constant
deflection of the
needle. No reading
occurs w h e n the
switch is on the
negative side.
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Fig. 2. The Edison
bulb of 1883 used
by the great inven-
tor in his early ex-
periments. Note
that the plate is
supported between
the legs of the fila-
ment.

- - - (- () .

rangement as in IFig. 1, found that a cur-
rent passed through the vacuum or rarefied
atmoszphere of the lamp when the filament

was incandescent. A galvanometer in the
circuit showed that when its terminal was
connected to the negative leg of the filament,
no current passed. Here was something dis-
tinctly new and interesting and which was
later destined to revolutionize the world as
far as long distance intercommunication is
concerned.

This phenomenon, although somewhat ir-
relevant to the pursuance of the plan to per-

fect an efficient electric lamp, was not
thoroughly investigated as the {ollowing
words by Mr. Edison will show:

“As to the ‘'Edison Effect’ let me say

that I was investigating to find the reason
why such black shadows were cast by the
filament. This led to the experiment.

“\Iy theory was that the residual gas
coming in contact with the filament, and
part of the filament itself, became charged
and were attracted by the glass and dis-
charged themselves.  As the polarity was
unchanged, I thought this should give a con-
stant current.  The extra pole was put in-
cide afterward to increase the current, as my
first experiment was with only a piece of tin
foil pasted on the outside of the bulb. This
gave a good deflection on the galvanometer.
In fact the needle went off the scale.

“QOn putting wires and plates on the in-
side of the hulb the effect was greatly in-
(fC.lse(l so much so that at the Plnh(ldplna
]‘_.\p()altlon I put a telegraph sounder in cir-
cun and it worked well.

“As I was overworked at the time in con-
nection with the introduction of the electric
light system, I did not have the time to con-
tinue the experiment.”

And the writer feels quite safe in sayving
that had Edison pursued his experiments
and investigations further, the art of radio
might have been advanced by fifteen years.
Tor we all know with what persevering
:horoughness Edison tackles a problem. Are
not the brilliant inventions of the phono-
graph, the electric light, the multiplex tele-
xzraph the telephone microphone, the moving
pictures and hundreds of other humanity-

benefitting inventions, the result of the un-
tiring and never resting brainwork of the
world's greatest "cnllh—ThOIH.h Alva Edi-
son? We are all lll(]LblL‘(l to Edison and his
work will go down to posterity—a lifetime
of work which proves that he has given
more to the world than any other man, liv-
ing or dead. .
But to get back to our subject again.
After the announcement by Edison of the

new phenomenon, several contemporaries
took up the study. Among them Professor
J. A. Fleming who introduced metallic

shields around the filament at various places

79

and thought he had shown conclusiveiy that
the effect was due to projected particles neg-
atively charged. quite in accordance with
Edison's earlier beliei. It was not until the
modern theories of the conduction of elec-
tricity by gases. that the nature of these par-
ticles, now known as electrons, and which
carry the current or rather constitute the
current, was understoad. Richardson’s for-
mulas governing the laws of emission and
Langmuir's  supplementary  work  showing
the mfluence oi the “space-charge effect.”
have now been generally accepted as the final
development of the theory. It goes as 1ul-
lows:

In the interior of a metallic conducior,
iree clectrons are supposed to exist, the mo-
tion of which constitutes the conduction of
an electric current. A force exists, which
in some substances is stronger than in
others and  which  keeps these electrons
within the body of the conductor. If the
temperature of the comductor is raised, such
as may occur when an electric current is
passed through it. the activity of the elec-
trons 1s increased and some of them breaic
through the surface and escape from the
conductor as free, minute charges of nega-
tive electricity.

Li no meuns are employed to carry away
the free electrons from the vicinity of the
surface of the heated conductor, the so-
called “space-charge,” or repulsive charge in
the vicinity of the conductor retards the
emergence  of durther clectrons.  Again,
some of the electrons in remaining close to
the conductor, are drawn back to it. When
such a state js reached, where the number
eiven off equals the number returning, a coi-
dition of saturation is obtained.

In order to increase the number of elec-
trons emerging from the conductor, it is only
necessary to remember that unlike charges
ofi electricity attract each other. Thus in the
“Edison Effect.” the negative clectrons are
attracted to the positive leg of the filament
or other plate which is connected to the pos-
itive leg. The resulting current of electrons
which flow is called a thermionic current,
which passes from the negative leg to the
positive leg of the filament. The mtroduc-
tion of the plate between the legs of the fila-
ment, as shown in the Edison patent, en-
ables this current to be detected. In strik-

(Continued on next page)
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Fig. 3. Showing an
early type of Flem-
ing valve of 1905.
Fleming placed
single and double
plates around the
filament and expe-
rienced only a fair
degree of success
in using the valves
as wireless detec-
tors.
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Fig. 4. The com-
mercialeFleming
valve of 1913,
showing the cylin-
drical plate. This
design was the
forerunner of the
tubes used at the
present d ay, De-
Forest inserting
the third electrode
around the fila-
ment, between the
latter and the
plate.
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ing the plate, the electrons give up their
charge to it.  This charge is cunducted by
a wire {o a galvanometer which is comnected
to the positive leg of the filament and a cur-
rent can be detected flowing from the posi-
tive leg to the negatively charged plate. 1t
i~ ¢evident that no current would result it a
connection were made to the negative leg.

—

Dr. Lee DeForest, the inventor of the three-
element vacuum tube. DeForest is still in his
prime, being 52. His latest invention is the
Phonofilm—the talking movie film.

Right here we have the sushtance of a rec-
titving valve which will conduct currents in
one direction only.  And again stressing the
point that Edison was too busy with the de-
velopment of the electric lamp, and that the
world was not ready to utilize his discovery,
his_invention was not applied practically
until Fleming took advantage of the “Edi-
son Effect” and of its rectifving praperty

(Continued from preceding page)

when wireless telegraphy was in process of
growth, and applied it to the reception of
signals in wireless telegraphy. In Fleming's
own words in “The Principles of Electric
Wave Telegraphy.” he states that: “A third
method of utilizing the properties of rarefied
guses for the purposes of a cymoscope was
discovered by the author in 1904 based npon
a fact discovered by him in 1890* in the
course of some investigations upon incan-
descent clectrical lamps.”

This statement would lead one to believe
that FFleming was responsible for the discov-
ery of the fact that electronic emission takes
place when a filament is heated and that the
electronic stream is conductive in one direc-

time and it has remained unsatisfactorily an-
swered: ““ * * * \hether the current is flow-
ing from the positive 6r from the nega-
tive?” However, the majority of scientists
have accepted the statement that an clectric
current is a flow of electrons, and therciore,
since it is accepted as true that the emission
is from filament to plate, the current flows
from filament to plate. disregarding the fact
that convention calls for the How of current
from a positively charged body (one at a
higher potential) to a negatively charged
body (one at a lower potential).

[t was not until 1904 that Fleming used
the "LEdison Effect” in what was termed the
“I'leming Valve,” but as a wireless detector.

Showing the va-
rious steps in mak-
ing a three-element
vacuum tube. Note !

'
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tube and final
product ready for
use.

the plate; grid; ! i

filament assembly; [' : 3
positioning of all ! H 2 '?F
elements; ready for : [”
exhausting; sealed ’
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tion only. Instead the full credit helongs to
LEdison, since what Fleming did was merely
to apply the known principle to the rectifica-
tion of wireless waves. The fact that no men-
tion of the “Edison Effect” has heen made
in leming’s book has been erroncously con-
strued by some to indicate that Fleming first
came upon the principle, but it is hoped that
the situation has been clarified for our readers.

In a paper read before the American In-
stitute of Electrical Engineers at Philadel-
phia in October, 1884, entitled “Notes on
Phenomena in Incandescent Lamps.” Pro-
fessor Edwin J. Houston brought forth some
very interesting facts concerned with the
“Edison Effect.” Tt was asked for the first
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Fig. 5. DeForest
audion of 1908.
Note the single
grid, plate and
double filament. It
marked a tremen-
dous stride for-
ward.
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Fig. 6. The fam-
ous “audiotron’ of
1917, heralded by
many as the most
sensitive detector
tube ever pro-

duced.
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Fig. 7. An early
type of double grid
and double plate
telephone repeater
tube of 1914. These
tubes are now the
best type of tube
made.
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‘It should be borne in mind that she "Edison Effect”

the lamp was not particularly effective.

It remained for DelForest in 1906 to malke
the great step in advance by introducing be
tween the filament and plate, a third clement.
the grid which could regulate the passage of
the clectrons—a most remarkable step for-
ward.

In this connection it is apparent that
Fleming does not recognize DelForest’s mar-
vellous invention as original, for in his hook
he writes:

“As a radintelegraphic oscillation detector
precisely similar or else closely resembling
the author's oscillation valve has been de-
nominated by Mr. Lee Delforest an andion.
and claimed by him as a novel invention of
his own. it may be well in the interests of
scientific history to recapitulate the facts on
which the author relies in support of his own
priority of invention. As far back as 1889,
the author had independently noted (see
Proc. Roy. Soc. Lond.. vol. 47, p. 118, 1890
the unilateral conductivity of rarefied gases
when one of the electrodes (the cathode)
was rendered incandescent. * * * [n Novem
ber, 1904, the author discovered that a glow
lamp with a metal plate sealed into the bulh
carricd on a third insulated terminal seale!
through the glass, might be used to rectify
clectric oscillations. * * * [t is therefore
abundantly clear that hetore October, 1906, a
glow lamp having a metal plate sealed into
the bulb was described. used and patented
by the author as a radiotelegraphic receiver.
Yet at this date, Mr. Lee Del orest described
identically the same device as an invention
of his own under the name of an andion in
a paper reaisl before the American Institute
of Electrical Engineers. Since that date, he
has employved a modification of it in which
a metal plate and a grid are enclosed in tl
bitlb in place of a single plate.” (All the
difference in the world!) Continuing :

“Although the scheme of circuits is some-
what different from that used by the author
vet the operation of the glow lamp with
metal plates inserted in its bulb is essentially
that of a rectifier of trains of oscillations de-
pending on the fact of the unilateral conduc-
tivity of rarefied gases when one electrode
of the gaseous conductor part of the circui:
is incandescent and the other cold. The au-
dion is not therefore essentially a different
invention from the author’s osciliation valve,
no matter how used.”

was discoveredzabptripurrevenn years before this date, and was made the subject of a paper readl

Jctober, 1884, by Professor Eidwin [. Houston, at a meeting of the .\ iebicknihsodielot? £21ectrical Fngineers.—T. A. E.
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[n the face ol these written statements,
it would appear as though Fleming were re-
sponsible not only for the discovery of the
unilateral conductivity property of the Flem-
ing valve, but also for the andion as con-
ceived by Delforest!

The audion or three-clement tube, in iis
propesty ol operating as a detector or recti-
ner of signals, as an amplifier and as a gen-
crator of alternating currents of any fre-
quency s a most wonderiul and versatile
picce of apparatus, It is these three valu-

«hie and  characteristic properties  which
make it so indispensable to our evervday
needs.

Since its inception by Deliorest, it fas un-
dergone some very remarkable development,
nmuch of the work being dene in the Dell
Telephone Laboratories at the instance of
the American Telephone & Telegraph Com-
pany. IFrom the small and unpretentious
“peamut tube” to the 100 kilowatt water-
coled power tube is a long stride which has
been made in a relatively short space of
time.

We owe much of our progress in the s
called process of evolution, to the fulfillmen:
of dreams made possible by the three-cle-
ment vacuum tube. \We must remember Edi-
son as the pioneer who discovered the basic
principle, and DeForest as the brilliant en-
eincer who added to this hasic principle with
such remarkable success—a success crowned
with the achievemenut of bringing together

Doubling

I.L radio amateurs are desirous of in-

creasing the volume and clarity of

reception.  In general. there are three
wava of doing this, either improving the set
by the addition of more tubes. or by con-
structing a better circuit, or by employing
4 mere efficient and accurate loud speaker.
The first two methods are expensive and to
the average young enthusiast who finds radio
a drain upon his pocketbook, it is a mecans
lie tries to avoid as far as possible. With
this iz mind, let us turn our attention to the
phone unit.

A really good loud speaker is costly, but
the results are worth the initial outlay. One
of the most successful ideas for increasing
the volume was to make use of extra elec-
trical power to excite a magnetic field and
tierehy augment the signals.  This scheme
received practical application in several types
of speakers, but it has the bad feature of
con~uming too much of the “A” battery
current.  Other units merely utilize better
electr-magnets or have as their outstanding
features an improved winding, a better core,
or a more sensitive diaphragn.

While performing some experiments with
levers, I hit upon another means of better-
ing the spcaker. Before describing the
result of my effort, it would be best to ex-
plain a few principles of physics upon wliich
thie device depends.

Volume, in the field of acoustics, depeuds

1
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VIBRATING
DIAPHRAGM

Showing the application of the principle of
levers to the loud speaking arrangement sug-
gested by the writer. This is an excellent idea
which we recommend to our readers.
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An array of
tubes of all de-
scriptions made by
various manufac-
turers in different
parts of the world.
No matter what
shape, size or form
is veverted to, the
basic principle re-
mains the same.
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sae peoples from all corners of the earth,
wd conveying to them the thoughts and ac-
tivities ol the world's leading minds. We
must al-» remember that the whole art of
radio rests upon arother Edison foundation
stonte, namely,  the carbon  microphone,
wlhich was wholly and entirely his invention.

What the future will bring is a matter for

the Dolume of

By Harry M. Wright

upon the amplitude of vibration.  This varies
with the distance between thie points  of
max:imum retfraction and those of maximum
condensation of a sound wave, or as shown
in the figure of a vibrating diaphragm. the
distance between A and B, In simple
language. this means that the greater the
diaphragm vibrates, the greater will be the
intensity of the sound. To realize this, a
simple fundamental law of mechanics was
put into play. The waves of the ocean have
their amplitude defined by their height.

Were we to push down an inch on one
side of an evenly balanced lever, the other
sidle would rise an equal distance. Dut it
we move the fulcrum away {rom the center.
we realize a mechanical change. Now were
we to press down at A, B would go up
considerably more (I9ig. 1), This is prac-
tically known to everybody., but has been
lit'le used in radio. It was recasoned that it
the diaphragm of a unit could be attached
to one end of such a lever, a greater ampli-
tude of vibration would bhe received on the
diaphragm of the other (Fig. 3).

[t was quite a job to properly devise a
satisfactory apparatus that would accur-
ately transmit the sound vibration. The
difficulty lay in the requirement of a very
rigid and minutely adjusted fulerum. which
was necessary to avoid distortion and loss.
I overcame the drawback when I thought of
the phonograph amd its splendid sound arm.
An examination of the machine will show
that it has approximately a mechanical “step-
ping up” of 114 to 1 when the needle is in-
serted. I had an ideal apparatus before me
and I set out to use it.

Actual Construction

Remove the top of vour loud speaker unit
sn that vou can have free access to the dia-
phragm. Procure an old sewing machine
needle, for it is made of the finest steel
and just right for our purpose. With the
aid i a hot iron and some solder. connect
the points of a phonograph needle and the
sewing machine needle so that they are
at rieht angles to cacl other. Then. as is
secn in the illustration, solder the free thick
end of the sewing machine needle to the

Radio Histol

81

conjecture, but it is certain if one can judge

from the advance made in the past score
of vears, that there are no known bounds—
that that which was scemingly  impossibke
has been found completely possible and that
those sceptics who shook their heads in dis-
belici and exclaimed. “lt cau’t be doue.”
will have been banizhed from this carth.

Your Set

centre of the loud speaker diaphragm.  See
to it that it stands periectly vertical. The
crver can now be replaced on the loud

speiaker and evervthing is complete except
a small stand to rest the unit upon. Insert
the needle in its proper place in the phono-
graph and. while still holding the unit, meas-
ure the distance irom thie bottom of the case
of the speaker to the record disc. With
this measurement vou can build a correct
sized rest for the device. | made mine from
a round loop of stiff brass wire. to which
were soldered three wire legs of the proper
length, A few picces of felt or rubber
tubing, such as spaghetti, stuck on the ends
of the feet act as cn-hions to avoid any
scratching or moving of the stand. When
finislicd, the unit is at:ached to the sound
arm by means of the needle that is tightened
by the talking maclhine screw, and the sup-
purt is properly adjusted.
Advantages of the Device

Desides materially increasing the volume
of the signals, their clarity is greatly im-
proved. The phonograph is the result of
many years of work. and at one stroke we
take advantage of the experience of many
experts.  We actually utilize the sound arm
itsclf and not only the horn as other phonn-
graph  attachments do. By employing
the sound arm. we use the machine’s reson-
ance chamber, a big factor that is missing
i1 most loud speakers.

PHONOGRAPH REPRODUCER

TONE ARM

The completed reproducer showing needle
soldered to center of phone unit diaphragm and
also to phonograph needle. Using the tone arm
in this way results in excellent quality of
reproduction.
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Disualizing Radio Circuits

T is surprising how few people under-

stand the true workings of radio. Thus

our radio experts advocate low-loss ap-
paratus and when the public asks, "Why "
they are shown diagrams of flat topped tun-
ing curves, proving that resistance in radio
circuits causes broad tuning and a decrease
i osignal strength. This explanation 15 ac-
cepted by the average person, but reasoning
individuals logically contend that though re-
cistance undouhtedly will decrease the sig-
nal strength, why should it also cause broad
tuning ? The honest radio expert must ad-
mit the truth of this logic and at hest, re-
<orts to a mathematical demonstration in-
volving caleulus to explain the above ex-
perimental results,

Many who are interested in radio, such as
radio amateurs and radio constructors, are
therefore, handicapped in their efforts to
pet a clear conception of the science. De-
velopments are being made by radio special-
ists at suclr a pace as to outstrip the leisure-
Iy minds of the public.  LFor this reason, the
author has developed the following mechan-
ical analogies which give a simple descrip-
tive and qualitative analysis of radio, to
satisiy the needs of radio constructors who
are in most need of this knowledge. espe-
cially when they attempt designing.

To begin with, the first clear conception
«i radio was originated by Clerk Maxwell in
1873. irom experiments on clectricity and
magnetism made by Faraday some time pre-
vious. This was accomplished by Maxwell
:hrough the use of a form of mathematics
known as vector analysis, which treats of
forces by their representation as lines, vir-
wally circular functions, whose lengths de-
pend upon the magnitude of these forces.
Maxwell was thus able to formulate the ei-
fects ol electricity into the laws that govern
alio
It therefore hecomes apparent that since
decrricity was formulated according to our
cxperiences of forces involved in mechanics.
clectricity must necessarily he analogous to
mechanics.  Uniortunately, this  viewpoint
s soon lost sight of by the many to whom
clectricity appears in the form of amperes,
volts, inductance and other factors; magni-
wudes, which. even after they are defined,
remain difficult to  understand simply  be-
cause we do not recognize at first glance the
familiar mechanical form which they repre-
~ent. Although previous attempts have heen
made 1o explain eleetricity by hydraulic
analogies which are sufficiently simple to ex-
plain direct current phenomena clearly, these
become  complicated and difficult to handle
when applied to radio circuits.  The author
has thus reverted hack to the simple lines
with which radio was first conceived by its
first law maker. Clerk Maxwell.

Consider first an ordinary battery cirenit.
indicated in Fig. la.  When this circuit is
represented by the new method, it changes
shightly to the form shown in Fig. 1h and
the mechanical equivalents for the different
clectrical magnitudes and parts are as fol-
I()\\'S:

The clectrical circuit of IFig. la is repre-
sented in Fig. 1h by the circuit of the string
passing over the pulleys.

The conventional representation for the
direction of current flow as made in Fig. la
is similarly represented in Fig. 1h.

The battery of [Fig. 1a may be in Fig. 1h
cither one of the pulleys, which may he con-
idered as the driver.

An ampere has for its equivalent the vel-
acity of the string, so that a quantity of elec-
ricity or coulombs has for its equivalent
a length of string.

The voltage hus for its equivalent the
force with which the ~tring is moving,

By Sander Stern, E.E

The resistance or ohmage of our mechan-
ical model is determined by the iriction oi-
icred by the pulleys against the motion of
the string.

When the circuit of Fig. la is broken, no
current will flow. The same thing happens
when the circuit of the string in Fig. 1D
is broken, its velocity of motion is halted.

Thus far there has been given an exact
and equally simple representation of a direct
current circuit of the series type. A circuit
of the parallel type as conveniently shown
in Fig. 2a gives the diagram shown in Fig.
2b. In the latter, the driver pulley (A) is
taken as the battery and (B) and (C) as
the parallel branch arms. It 'is not difficult
to sec that the equivalent mechanical repre-
sentation will exhibit the same properties a-
experienced in the similar electrical circuit.

Proceeding now to circuits  including
inductances and - capacity, it would be just
as well that we consider alternating circuits
in which they are commonly found.

Thus in Fig, 3a we have the conventional
representation of an A.C. circuit having an
inductance (L), a capacity (C) and an al-
ternator or oscillator (A), all connccted in
serics. Is equivalent representation is shown
in Fig. 3b, where the following analogics
are made:

The inductance (L) has for its cquivalent
the mass ()M).

The capucity (C) has for its cquivalent
the cantilever spring (S), held firmly in
place at one end and secured firmly 10 the
string line circuit at the other end. The valud
of the capacity in this spring will depend
upon its length. the electrical charee upon
the amount of deflection of the end secured
to the line circuit, and the difference in po-
tential by the difference in tension of springs
placed on each side of the cantilever spring
in the line circuit.

Considering the electrical circuit indicatcd
by Fig. 3a, we know from experiment that
at resonant frequency the maximum current

its inertia that opposes the motion of the
string cirenit. and as before, the current or
string velocity is decreased.  When the fre-
quency is brought in resonance to the me-
chanical circuit. the mass and the spring
move violently back and forth showing that
we get our greatest velocity at this {re-
quency, and therefore in this respect. the
mechanical model represents the electrical
circuit.

In the first paragraph it was stated that
there was no reason why resistance in the
circuit of Fig. 3a should cause broad tun-
ing. To verify the truth of the clectrical
experiment, resistance may be introduced
conveniently in the mechanical model of Fig.
3b, by simply putting sand on the pulley
shatts or hearings. IFirst. the effect will he
to decrease the current or string velocity,
Secondly, it is fotmd that the resistance is
not affected by any variation in the f{re-
quency, so that at frequencies near the res-
onant frequency the resistance predominates
over the possible cffects of the mass and the
spring.  Thus there is a tendency for the
current or cirenit velocity to be the same at
frequencies near the resonant, which effect.
when plotted, gives a flat-topped tunine
curve. This, besides verifving the electrical
experiment, gives the experimenter a clearer
insight into the nature of resistance as com-
pared with the reactance effect of inductance
and capacity,

To show a complete similarity between
IFigs. 3a and 3b, the tuning velations niust
be the same in hoth cases. That is, when
the inductance (L) or the capacity (C) i~
changed in Fig. 3a, the wave-length of the
circnit is also changed and there will also
be a new resonant frequency. To prove
this, the same changes must he made in I<je.
3b, where an equivalent wave-length will be
the distance covered by one forward and
one backward movement of the string cir-
cuit.  Thus, if the capacity is reduced u<
by decreasing the length of the sprine. it

il
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. Radio circuits and their analogies.
circuit; Fig. 3, a circuit comprising inductance
capacity in parallel; Fig. 5, a radio frequency a

will flow through the circuit and at {requen-

cies above and  below  this, the current
quickly diminishes.  This fact is clearly
shown by the mechanical analogy in which

at low frequencies the stiffness of the apring
opposes the slow motion of the ~Mring cir-
cuit. thereby  decreasing  the velocity, At
the higher frequencies it is the mas- duc
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Fig. 1 is an ordinary serics circuit; Fig. 2 is a paralle!
and capacity in series; Fig. 4, an inductance and
mplifier circuit.

is known from experience that the frequency
of vibration will he greater, with a corre-
sponding shorter deflection of its vibrating
end.  This should reduce the amount of for-
ward and back motion of the string circuit,
therehy reducing its wave-length. Tncreasine
the capacity will. of course, result in an is.-
CContined on next page)
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A Piezo Quartz Wavemeter

N2 of the most interesting oi the recent

developments in the laboratory side of
the radio art is the use of polished disks of
cry~talline quartz to provide a wavemeter
standard.  This form of primary standard
i< more reliable than the conventional type
of precision wavemeter, as its frequency can-
not be changed. The quartz plate may be
carried from point to point. shipped, handled
and wed for vears without changing its fre-
quency. A severe shock or overvoltage will
destroy the calibration, to he sure, but only
because it destroys the plate.

The commercial form of the quartz stand-
ard is shown in the illustration. The panel
contains a meter which indicates when the
circuit is oscillating, a coil for coupling to
other circuits and provision for plugging in
various sizes of quartz plates. The cabinet
contains the tube, batteries aud associated
equipment, making an entirely self-contained
unit.

The great reliability of this instrument is
due to the Tfact that the irequeucy at which

The
thicknesses and diameters, these physical di-
mensions being directly responsible for their
fundamental frequency of vibration.

quartz crystals are cut to varying

the quartz plate allows the cireuit to oscil-
late is governed by the dimensions ot the
plate.  The plate may be ground aud nol-
ished for the proper frequency, which it will
maintain as long as the plate itseli lasts.

By Alfred B. O'Hara 290G
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The cabinet containing the complete piezo-
quartz oscillator. Such a device offers unlim-
ited opportunities for experimenting.

Photos Cavrtesy af the General Radio Cowpans.

Pure crystalline quartz must be uscil for
the oscillator. The tused variety is worth-
less for this purpose. Blanks cut from
quartz are cliecked as they are received and
the freguency at which they oscitlate is re-
corded.  When an order for an oscillator is
received. the nearest blank is selected. Ii it
is near enough the desired frequency to meet
the requirements it is polished and monated.
Usually, however, it is necessary to grind
the blanks to abtain the desived irequency.

Grinding is an extremely dilticult aud criti-
cal operation.  The plates are by turn
eround and checked for frequency. As the
desired frequency is approached great care
must he taken lest too much material be
around off. for i1 this occurs, the work must
be begun cwer again on another piece.

Omnce the plate has been ground, polished
anrl mounted. it may be carried anywhere
and plugged imo an oscillator, always pro-
ducing the samg fraquency.

A great many harmonic frequencies also
oceur in the tube output. These are «f the

same constancy as the fundamental, so that
each crystal may be used as a standard for a
number of frequencies.

A number oi the large broadcasting sta-
tions are experimenting with piezo control
of transmitter frequency.  Developments
aleng this line may mcan a great deal to
broadcast listeners.  Broadcast wave-length
assignments are at present so close together
that to avoid interference each station must
<tay exactly in the center of its channel. It
is not possible to do this with the preseut
cquipment of ost breadcasters.  Another
difficulty is that the standards used in dif-
ferent districts differ somewhat.

The quartz plates. by providing a means
of holding the station to a standard which
is the same for all diztrictz, give great

promise of relieving hroadcast congestion
and interference.
HF
CRYSTAL

COUPLING
L.F CoIL

A BATT. fl
—llllll——/ )

WIRING
DIACRAM OF
2IEZO OSCILLATOR

B

"8' BATT.

The circuit used by the oscillator. The coup-
ling coil can be placed in inductive relation to
an amplifier system to produce a powerful car-
rier wave whose frequency will be governed by
that of the oscillator crystal.

Disualizing Radio Circuits

crease of wave-length. Changing the wave-
length by varving the inductance or the mass
(M) will bring about the same change. Thus,
increasing the mass (M) will add weight to
the end of the spring ($). which will give a
arcater deflection to it, in this way increasing
the wave-length as desired. Decreasing the
mass (M) will naturally result in a decrease
of the wave-length. It will also be noticed
that a decrease in the wave-length produced
an increase in the frequency and a decrease in
the frequency produced an increase of the
wave-length. which shows the reciprocal re-
lation *hetween the wave-length and the fre-
quency, Therefore, the model of Iig. 3h
has completely duplicated the properties of
the electrical circuit of TFig. 3a.

When the combination of an inductance
and a capacity are put in parallel as shown
in Fig. 4a with its mechanical equivalent mn
Fig. 4b, it becomes necessary to introduce
two floating pulleys, in order to preserve
the continuity of motion of the main line
circuit (A). These two floating pulleys
therefore act as connectors or terminals for
the mass (M) and the spring (S). TE it is
desied to add a capacity in series with the
inductance or mass (M), this is done as
:hown in Fig. 4c where S is the series ca-
pacity.

This tvpe of circuit will have different op-
erating characteristics from that of Fie, 3h.
At low frequencies it is known that all the
current will pass throngh the inductance (1.)
of Fig. 4a. This will be repeated in the
mechanical model of Fig. 4h. where the

(Continued from preceding payey

stiffness of the spring will only aliow for
the motion af the mass (M), showing that
all the current passes through the induct-
ance. At very high frequencies, it is known
that all the current wili pass through the
capacity (C) of Fim 4a. This time. it is
the areat inertia of the mass (M) against
sudden changes n motion that makes #t nec-
essary for the spring to vibrate, which in
turn shows that at high frequencies, the
mass (M) acts as a choke. while the ca-
pacity readily passes current threugh its
branch of the cirenit. At resonant fre-
quency, in Fig. 4a, the fine current is prac-
tically zero and the currcnts in (1) and (C)
are a maximum and equal. The sawe is
found to hold frue for the mechanical model
of Fig. 4b.  Here a¢ resonant frequeney. the
sudden string  circuit changes are not so
areat as seriously to bring into play the
inertia of the mass (M) but these changes
are sufficiently great to overcome the stiff-
ness of the spring. Therefore the mass and
the spring move back and forth vinlently
with equal current velocity. while the motion
of the line circuit is hardly perceptible. be
ing just sufficient to overcome the losves in
the branch circuits. This shows that the
niechanical model of Fig. 4b is for all elec-
trical purpeses identical with that of Fig.
Ha.

SQince these mechanical model analogies
represent faithfully the fundamental radio
circuits, they may be applied to analyze our
common radio circuits. In Fig. 5a and Fie.
3h, there is shown a diagram of a one stage
tuned radiv [requency cirenit and “ts me-
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chanical analogy. To produce the ampliti-
cation effect of the tubes, lever cranks are
added at (CC)Y. In the previous diagrams,
no mention or wmethol of coupling was
shown, but may rcadily be inserted by put-
ting stiff rods between the coupling masses.
Shonld it be necessary to vary this coupling,
this may he done by placing springs on either
side of the coupling bar, which retards the
coupling motion of the bar and gives the
same effect as weak coupling in an electrical
circuit.  When both (A) and (B) are tuned
to the incoming [requency of electrical cur-
rent or circuit velocity. it there should exist
any coupling between these two circuits, it
is obvious that the wuplitied motion of the
combination (B) will he rted back again
into that of (A). This process of re-feed-
ing will build »p until the orizinal frequency
is destroved and the whole combination will
move very erratically unless there is put
somewhere in the circuit, a neutralizer, or
a proper resistance to limit the amount of
feed-back. This stray coupling nuisance i<
experienced often in this type of circuit and
a study of the analogy will give a solution
for the trouble more readily than is possible
with the actual radio circnit.

The reader by this time must have al-
ready hecome aware that this form of an-
alogy opens up a great number of possihil-
ities for the discovery by logical means of
new radio circuits and new radio devices.
He will get qualitative and quantitative re-
sults of his ideas, thereby giving him a
arcater insight into the actual workings of
the radio theory.
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Notes on Transmitters
By A, P. Peck, 3MO. Assoc. 1. R. E.

OT only should the amateur he con-
N cerned with having a set work fairly

well and heing able to reach out a
Little ways with it. but he should be con-
stantly and vsuvally is, on the alert to make
changes and improvements that will result
in better operation from all standpoints. It
is surprising to see how many changes are
postible in the average transmitter, which
witl mvariably aid in clearing up some

ironblesome point.  The writer has often
heen asked questions regarding  various

phases of transmission and the solutions
have been such that they have led to the col-
leetion of data on various points; such data
is presented in this article.  The writer does
not claim that everything contained here is
original, but all of the kinks described and
illustrated will be found helpful.
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Compensating Winding

In the average transmitter, where two
transformers are used. one to supply the
filament voltage and one for the plate volt-
age, a drop in filament voltage is almost in-
variahly noted when the key is pressed. This
is hecause of the fact that a load is placed
o the secondary of the plate transiormer
by the action of closing the key and. there-
fore, there is a correspondingly greater load
placed on the primary ol the plate trans-
former. “This primary then takes some of
the current that would otherwise be used
by the primary of the filament transformer
and causes a drop of voltage in the sec-
ondary of the latter.  Sometimes. particu-
larly with home-made or poorly designed
trar.sformers, the resulting filament voltage
drop 18 so great as to be troublesome and
cause a variation in the transmitted note.
This is, of course, most undesirable, par-
ticularly on the short waves where changes
of this nature are more noticeable. It has
heen found that this trouble can be reduced
and usually eliminated by means of what
is known as a compensating winding. F.or
the data on this system, the writer is in-
debted to the operator of stations 2QS who
15 using the system and who finds perfect
satisfaction m it.

The idea in essence is illustrated clearly
in IMig. 1. A few tirns of wire are placed
on the plate transformer and constitute a
second secondary.  The number of turns in
this winding are comparatively few and
must be determined by experiment. As seen
from the drawing, this auxiliary or com-
pensating winding is connected directly in
series with the primary  of the filament
transformer and the 110 volt A.C. line.
\When the load is placed on the plate trans-
former, this  compensating  winding  will
have a current set up in it that will add
to the current in the primary circnit of the

fament transformer.  The additional wind-

[ J “TOV.AC.
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ing is so designed that the current furnished
by it will exactly overcome the filament volt-
age drop in the secondary of the filament
transformer.  \With a  correctly designed
winding of this nature. it is possible tu key
the circuit without any drop whatsoever in
the filament voltage.

The construction of this winding is very
simple.  No. 18 bell wire can be used and a
suggestion for the placing of it is shown in
Iig. 1. Here, a standard tyvpe oi Acme
plate transiormer is shown and the com-
pensating winding is placed directly over one
of the secondary windings. It is Jocated on
the outside of the insulating cover. One
end of it is comnected to what was formerly
the common councction between the primar-
tes of the plate and filament transformers
and the other end is counected to the fila-

FIG. |
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Fig. 1 at left
shows the neces-
S ary connections
for the installation
of a compensating
winding on the
plate transformer
of a C.W. trans-
mitter. The illus-
tration to the right
of the circuit
shows one method
of placing this
compensating
winding directly
over one of the
transformer coils.

COMPENSATING
WINDING
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PLATE TRANS.

ment translformer as showi.

Probably the best way to design this aux-
ibary winding is by the cut and try method.
Place 5 turns of wire on the plate trans-
former, then connect up the circuit and
press the key. Note whether or not the
filament voltage drops.  If it does, you do
not have suflicient turns on the compensating
winding. Increase them until placing of the
load on the plate transformer does not cause
a decrease in filament voltage.  When vou
have rcached this point, you can fasten the
compensating winding in place by means of
a few drops of sealing wax and then it can
be forgotten entirely. Do all this work with
the entire transmitter in operating  condi-
tion,

“Audible” Transmission

s made from spark
accompanying noises

When the change we
transmitters with their
to the quict CAV. sets of today, many op-
crators found diffculty in manipulating the
key, hecanse when pressed. there was no
corresponding crash of the spark across the
cap. A good many heginners also find trou-
ble in operating the quict C.AV. sets because
they arve not sure of what they are trans-
mitting.  This can he overcome in a very
simple manner by using an arrangement suqh
as that shown i Fig. 2. The key proper is
screwed to its hase or to the operating table.
preferably the latter, as it makes a more
permanent  installation. Then a  spring
tempered hrass hracket is made of the shape
shown and is screwed to the table directly
in hack of the key hut insulated from anv
part of that instrument. The insulation af-
forded by the wooden top of the table will
he amply sufficient as only a low voltage
is carried in this circuit. The upper horizon-
tal arm of the spring brass bracket is drilled
and a nut to take an ordinary 8/32 thread
thumh serew soldered over the holes.  The
end of the thumb serew: is filed off perfectly
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A Few Tips to the Transmitting Ama-
tewr Which Wil Aid in Getting the
Best Possible Results.
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smooth and square. The top of the space
adjustment thumb screw on the key is also
filed perfectly clean.

The auxiliary contact screw is turned down
until it is the correct distance from the
thumb screw on the key as shown in Iig. 2.
This spacing must be determined by the
distance which separates the contacts on the
key. The bracket is made of spring brass of
rather light construction so that the spuc-
ing there can be made slightly less than that
between the contacts.  Then when the key
is manipulated. the auxiliary contact wiil
be touched by the adjusting thumb screw on
the key and a circuit will he made through
the buzzer and battery. If rigid material
is used for the bracket. it will be found
almost impossible to adjust the two sets oi
contacts so that they will work together
correctly.  Therefore, use thin yer strong
and springy material.

Now it is obvious that when the key is
depressed and the current is sent through the
CAV. transmitter, the current from the local
battery will also pass through the buzzer
and cause it to operate.  In this way, faith-
ful reproduction of the CAV. signals that
are being sent ont will be made audible to
the operator. 11 the power switch is leit
open.  this arrangement can he used {ior
practicing transmitting, as the buzzer is al-
ways connected in the circuit and to operate
it it is only necessary to press the key.
Therefore, we find that an arrangement of
the type shown in Fig. 2 has a twoiold use.
It takes the place of a separate huzzer prac-
tice outfit and also aids in steady transms-
sion by allowing the operator to hear his
own signals with the same spacing that will
be audible to the receiving operator. 1t is
preferable to use a constant tone high pitchied
buzzer in this circuit as it gives a2 more
pleasing note and will be less disturbing.

Filters

This subject seems to be a great bughear
to all transmitting amateurs. judging by the
A.C. notes that are heard on the air toduy.
Some show an absolute lack of filter amd
others show that the transmitter is using a
filter entirely too small for the purpose. It

AUXILI ARY CONTACT

SOLDER NUT l SPRING BRASS BRACKET
TO BRASS
KEY T~ 'm
2 AT | |
T T —=

BUZZER

FiG 2

How an auxiliary contact is arranged for
code practice, it can reproduce signals being
transmitted.

is quite true that filter choke coils are
rather expensive when purchased on the
open market, but everyvone can find near at
hand a mighty good substitute in the form
of Ford spark coils. In these coils. only the
sccondaries are used and it is preferiable to
use two, one on cach side of the high volt-
age line as shown in [Fig. 3. The filtcr
condensers, C, are then connected on either
side of the two choke coils as shown. Con-
densers having a capacity of 1 to 2 mfd.
should be used in this position and they
should be amply strong enongh to withstand
the voltage used in the transmitter.

A filter system of this nature is quite
practical for S-watt transmitters but should
not he used on higher power. The wirc ™
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the Tord spark coils iz 10 small to carry an
uxeessively heavy current and if you try to
mitke them do so, they will only hurn out
and cause trouble.  However, for all trans-
mitters carrying up to ) or even 60 milli-
amperes in the plate circuit, Ford spark coil
secondaries will be found quite satisiactory.
Do not attempt to use the primary coils as
they are not necessary.  Ieave them in place
but do not connect any wires to them.
Key Thumps

Key thumps, key clicks and key hits as
they ure variously called in differéit locali-
divs are often a source of great annovance
o nearby B.C.L's. They are nothing more
or less than Ittle clicks that can be heard
‘n broadcast receiving <ets even though the
s¢is are tuned to comparatively high wave-
icngths. There are two clicks to every de-
pression of the key. one when the circuit is
made and one when the circuit is broken.
It is not necessary. however, for a transmit-
‘er to radiate clicks «f this nature if proper
precautions are taken 1o climinate them,
Emproper methods of ke ‘ing will lead to
the production «f key clicks to the annoy-
inee of all concerned. i, therefore, you
would keep the goad will of your neigh-
hors Jook to vour keying svstem and if it is
net correct, change it so that the trouble
will be entirely c¢liminated.

In Ifig. 4 we <bow part of a standard
ransniitting circult thar will serve to illus-
irate the various points where keyving should
1 should not he wed. The four points in-
dicated by X1, N2, N3 and N4 are probhably
the worst offenders. It is nat advisable
10 key in any one oi these positions. Now,
aside from these positions, there are only
about two others where kuyving can he ac-
complished and they are the two that shonld
be used. It for instance. vou use a trans-
former that supplics b-th filament and plate
voltages, vou will bave a resart to the po-
~ition indicated by N3 In other words. in-
sert the key in scries with the rectifier and
the filter system. Than thie kev clicks will
be partially or tually abs wrbed by the filter
syvstem and they will not act out on the air
to cause trouble.  However. aside from all
these positions, the very best af them all is
wWhit is known gs primary keving and is il-
lusirated in Fig. 1. Here the key is placed
i serivs with the primary of the  plate
tran~formers, where two <eparate transform-
crs are u~ed. Tt is almost impossible to get
key clicks with this system. 1f vou do.
hewever, vou will find that they are prob-
ably lacalized and can-ed by <parking at the
key contacts.  In such a case. fixed con-
denser with a capacity of 1 w0 2 mid. should
he <hunted directly acrass the key so as to
ubsarh these sparks.

FORD SPARK COIL SECONDARIES

TO
LCAD

T0
RECTIFIER

FIG. 3
How two Ford spark coil secondaries and
two condensers are arranged in a filter system.

A cood rule to {ollow in
C.W. transmission is 7 u~ a svstem that
docs not allow the high voltage to be ap-
plicd to the plate when the cirenit is not in
c-cillation.  Any one i the keving methods
indicated hy NT, N2, X3 and X4 will allow
this to take place as the high voltage cir-
it iz not hroken.  Such svstems  often
tend to make the tube heat up zbove normal
temperature and this of course shortens the
Ienath of its life.  Thereiore. always he
sure to break the high veltage circuit with
vour key and this can emly be accomplished
by keying at N5 in Fie. 4 ar at the point m-
dcated in Fiew 1. Try keving at the filament
center tap, shewn ot NG,

keving  for

Variable Grid Leaks

Oiten, the standard fixed grid-leaks sold
for radio transmission purposes are not of
the correct value to give the best results in
a transmitting circuit, A variable grid leak
is a decided asset as a tube can be worked
at its greatest efficiency when the grid leak
is at the correct value. lHowever, transmit-
ting grid-leaks of the variable type are quite
expensive to purchase and home-made ones
are seldom satisfactory. Thereiore, it is
necessary to resort to a substitute and one
has been found that will give quite excel-
lent results.  Use a Bradlevohm No. 5 or
No. 10 having resistance ranges of from

G.L.
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ment transiformer, old motor controllers can
often be used. Some of these take the form
of large rheostats and these can often be
picked up at second-hand electrical stores
for a very small sum. Obtain one that has
a comparatively high resistance, or else get
one that is large enough physically for your
purpose and rewind it. Take off the wire
on it and obtain a quantity of resistance wire
heavy enough to carry the primary current
supplied to the filament transiormer. Then
wind enough of this wire on the sector of
the power rheostat to give sufficient resist-
ance to properly control the primary of the

transformer.  These rheostats are usually

RF CHOKE _ITER

S

4

al

= >

2 P TO RECTIFIER
AND

H.V. TRANSFORMER

FIG 4

This simplified circuit diagram indicates the various points at which C.W. transformers may

be keyed.

In the text will be found a full explanation of the best places to accomplish this work

in order to prevent overloading the tube and to avoid key clicks.

1.000 to 10,000 and 10,000 to 100.000 ohms
respectively.  Connect it either across the
standard grid condenser or from the grid to
the filament as indicated by dotted lines in
FFig. 4. Tune the set. Then increase or de-
crease the resistance slightly and unote the
results.  Small changes in the resistance of
the grid leak and of otlier variable factors
of the set will bring about highly desirable
results.  The addition and proper use of a
variable grid leak in a transmitting set will
often clear up a poor tone and aid immeas-
urably in working more “DX." The latter
is because of the fact that it is well known
that a clear tone will carry much beiter
through QRAM and QRN.

Primary Rheostats

A good many amateurs are struggling
along without the use of primary rheostats
and in this way are subjecting their tubes
to hard usage or clse are not operating them
at a high enough filament voltage to obtain
the best results. Here again, substitutes can
often be found and one or two of them will
be mentioned here. Particularly with the
new transmitting tubes rated at 7.5 watts
and drawing only 1.25 amperes for the fila-
ment, can  a substitute be employed. A
standard receiving Bradleystat, if connected
in series with the flament as in FFig. 1, will
control the output of the filament trans-
former quite nicely. FEven when used over
periods as long as an hour, they do not show
any particular tendency to heat up excessive-
Iv. True enough, the rheostat will aet warm
hut not cnough to cause any particular
damage. Such a primary rheostat is com-
paratively cheap and probably cvery ama-
teur has one lying around somewhere and
not in use.

Even one of the old tvpe of wire-wound
rheostats designed for use on the one am-
pere tvpe of tubes can be of service. par-
ticularly if the secondary of the filament
transformer supplies only a slightly higher
voltage than is desired.

For higher powered sets or for installa-
tions where a comparatively large primary
rheostat is necessary in order to cut down
an excessive secondary voltage in the fila-

rld Radio Hi:

well made and their sliding contacts are
good,  You should have no trouble in re-
constructing one of these instruments to
suit your own purposes.

The use of a primary rheostat is always
advisable inasmuch as the placement of a
control device in series with the filament and
secondary tends to throw out the center tap
so that it is of no use whatsoever. The un-
balancing effect obtained in this wayv often
causes an otherwise good transmitter to emit
a very poor nute. Such a note is hard to
read due to its characteristic low uneven tone.
If you would work your transmitter at its
greatest cfficiency, employ some type of pri-
mary rheostat in your iilament circuit even

John L.

Reinartz, one of the United States’
foremost experimenters, is shown working with
his short-wave transmitter and receiver above.

though it be only a make-shift. Tt will he
far superior to any secondary rheostat. It
is of prime importance that detail of this
nature be carefully considered in the con-
struction of a transmitier.
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S Qe T CURPENy

of the Jewel
wrent Co.

The three-range voltmeter used in the testing
outfit described in the article.

OLLOWING is a doscription of an
instrument  devised to shorter time
required, and make more cerfain i

Yhotos  Courtesy Clectri-a’ Justr -

result, the ever growing problem of
testing continnity of circuits in the more
complicated broadcast receivers of  today.

Although primarily of interest to the sery
ice man. it will submit to adaptation and
should prove valuable to the constructor.
Whether it be used by the technical exper
or the non-technical “Trouble Shootes,” iis

low cost, and diverse usage will surcly ap-
peal to both.
The parts needed are:
o '--)ﬂ-
1 Jewel No. 33 voltmeter with triple
reading.
1 UV199 or C299 tube.
1 UV199 aor €299 tube base.
1 Lengths Noo 18 or No. 20 solid cop-
per wire, cut 1747, 2", 2t4" qul
3
4 3() Ieneths of Hexable strul_l(lc-'l«in-
sulated wire. each length of ditfer-
ent color—red, green. yellow 3wl
black are recommended.
p—

Obviously, if the sets to be tested are of
the storage battery tube variety. the tube
and tube base should be ot the 201-A type.
It is possible, however, to make the in-tru-
ment for 199 type sockets. and by u-e of a
adapter to make its nse wv’ versal.  Im this
instance. the flament circuit should e ¢ 1
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A Circuit Tester De Luxe

By Jack

te~ted, unless the voltage can be kept below
three volts, otherwise the tester tube may
be blown out.  Method of assembly tollows.

Solder the four flexible lewds to the base
of the 199 tube using the suggested color
cuide as follows: Red to plate. green to

erid, yellow to A4 and black This
iz done to avoid confusion later. Then solder
the tour solid wires to the terminals. These

can he inserted in the contact pins in the
ha~e through the holes in them. Insert for
about 3/8-inch and solder firmly,  Be sure
these and the councctions of the flexible
wires are firm.  For the placing of these
leads, sece Fig. 1. The councction for the
201-A tvpe tube are shown in IMig. 2. The
prepared tube should then appear as shown

in Fig. 3, ready for mounting on the base.
This base zhould bhe well cleaned and the
contact pin_holes freed of all solder.  As

~hm\n in Fie. 4 there should be a uotch
fed m the ~ulL of this base at a 90 dearee

Rear

view of the voltmeter showing binding
post terminals and switch.

angle from the bhavonet pin.  Thiz notch
should be made 3/10” deep and 3/8” wide.
It is for the accommodation of the four

tlexihble wires which are to he brought out
and should be a snug fit.

Now take the prepared base, and one by
ane insert the four solid wires through the

BAYONET PINS
e

*UV-199

UV-201 A+
CONTACT PING - =
FIG. FIG. 2
BASES

«—— N218 WIRES
FIG 3

{ REAR OF METER

CONNECT
BLACK

I60V. RED
80 V.GREEN
BV.YELLOW

FIG. 6

S '*--..,._"r'“’
\_,.,
NOTCH

A FLEXIBLE
LEADS

Holloway

holes. Then bunch the flexible leads on the
slot side of the tube base and push up firm-
Iy. Be sure you have the bayonet pins on
the two bases in lne, and solder the four
solid wires where they come out of the lit-
tle tubes in the base. Do thiz welll usinz
the soldering work on the base of a new
twbe as a model.  Lumpy soldering at this
point will cause trouble.  Cut oft the pro-
truding wires and make the joint smooth.
Next solder the junction ot thc two metad
hases as depicted in Mig. 3, or, if yvou are
ustng the bakelite type of base, cement welt
hefore pushing the two bases together, then
let the cemented joint set.

Now connect the four flexible wires to
the meter as shown in Fie. 6. and cable
them with waxed cord.  Cabling consis’~
ot a series of half hitches spaced about once
inch apart.  The instrument is now com-
plete. and we are ready to test any  se
which we may think detective. The pro-
cess is casy, consisting of inserting the tube
in the sockets in suceession and readine :
filament, grid and plate circuits. These
circuits make up over 90 per cent. of the
wiring and include the majority of the ap-
paratiis i any vacuum tube receiving set
manufactured today. 'l'hc followine oeneral
outline of the readings is subject to revisios
to meet the consianis of the particular set
under test.

Radio Frequency Grid Circuits

Reading here should be a violent negative
detlection unless the circuit 12 refloxed, wiwen
it will mnclude the resistance of the seeond
ary of the reflexed Andio Tran~tormer. Ut-
der this condition, the deflection <hould be
about 1i-volt negative. T1 the deflection i
slight on straight R.F. there is a high re-
sistance connection in the circuit. A read
me of zero will denote an opeen circu®.
Under the reflexed condition, the presence
af a violent deflection will tell of a grounde.l
audio transformer or a short-circuit. in the
secondary ol the transtormer, or by-pass.
condenser while reading will denote an apen
cireuit. probably in the scecondary or the A
I, transtormer.  Potentiometer  comtrolle !
circuits are checked very efticiently: inser:
tester in the socket, turn to point 2. and
the potentiometer should give a smooth var
able voltage of {rom 3'. volts positive th
zero.

Detector Grid Circuits

Owing o the preseice of the
al erid condenser in the lmwluh'
today, it cm be sately said that there sht!
be o zero reading at this point.  Any de-
flection, \\'hether positive or negative, will
mean either a defective condenser or arid
leak,

conventing-

receiver o

Audio Frequency Grid Circuits
Reading of about 4-volt negative
rect here.  Tf higher, the sccondary of the
transformer is shorted or grounded: lower.
there i3 a faulty connection. Zero reading in-
dicates open secondary or hroken wire in
ctretnt.,
Radio Frequency Plate Circuits
About 85—90 volts is the

iz cor-

correct range

for the reading.  If the reading iz lower.

fook Tor high resistance leak, or leaking hy-
(Continieed on page 109)

—

Fig. 1 shows the relative position of the ter-
minals on the base of a type UV-199 tube,
while Fig. 2 is of the type UV-201A. Fig. 3
details explicitly the method of fastening the
flexible leads and bus-bar wire. In Fig. 4 is
shown the exact position in which to file the
notch in the hase of the tube. The complete
assembly is depicted in Fig. S, while Fig. 6
shows the connections to the terminals of the
meter.
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The radio expert
points out wherein

the trouble may

lie with the receiv-

s ing set. A poorly
| soldered joint, a

loose connection,

or other faulty
electrical contact
often results in
o much noise.

O - () - ()

OU will note that I have mentioned oscil-
lating receivers as next in importance to
be considered. This type of interierence is not
s0 severe, but it is with us continually, un-
less we are so remotely removed from ucigh-
boring radio listeners as tu be outside the
range of the interference thus cr(:utcd. But
this is rarely the case, rather it is the ex-
ception to the rule.  This is because radio
has advanced to the point where practically
every community, no matter how small, has
a uumber of radio enthusiasts operating
<ome sort of regenerative receiver. And
wherever we have a radiating receiver, un-
less steps are taken to suppress oscillations
in the set or the continunui waves sct up
in the antenna, we are certain to have this
«vpe of interference. ) o
As is generally known, single circuit tun-
ers are in the majority of cases the cause
of all the whistles, chirps and squeals which
interfere with amateur and breadcast recep-
tion. However, thanks to the current periodi-
cals, this type of receiver is rapidly being
modified or replaced entirely. The radio
public is at last being educated tm\.'ar(l non-
radiating receivers. However, this change
is slow in the making and I am very desir-
ous of adding impetus to the movement 1t I
may. ) ]
Those of vou who are nsmg regenerative
receivers, please, oh please, use your receiver
w0 a5 to cause no interference tu your neigh-

r. .
OThc hroadcast listener can accomplish this
by tuning for broadcasting stations with tl}c
receiver in a non-oscillating condition. This
«an be done by proper adjustment of the ont-
put to input; in other words, do not permit
vour receiver to whistle at you, for if you do
it will whistle likewise for your neighbor.
That inlicates, as I have mentioned above.
that means have not been talken to prevent
these local ascillations from being transfcn:cd
to the antenna. A few of these preventive
methods T have in mind are the changing ot
the coupling of the antenna to the receiver
from conductive to inductive or in the case
of the average neutrodyne, the capacity feed-
hack in the tube mnst be neutralized by proper
adjustment of the neutralizing condensers,
plate circuit resistance, ctc., td prevent os-
cillation over any part of the broadcasting
bands.

It sometimes happens that users of super-
heteradynes who are of an experimental dis-
position, have found that an iacrease m dis-
tance and volume is sometimes possible by
coupling the local oscillator loesely to an an-
tenna svstem, thus aiding or possibly entirely
supplementing the loop as a collector of radio
waves. However, they da not discover the
fact that they are actually blotting out for
their neighbors, whichever station they may
be listening to, and even some who are lit-
erally so far removed that it would be a
stretch of ones imagination to classify them

as neiehbors.  This super receiver 1s no long-
er in the receiving class bat closely upApro:lch-
es a transmitter.  Luckily, owners ol supers
are not usually experimenters and also luck-
ily, supers do not ordinarily require any out-
dide assistance such as a pretentions antenna
westemn.  As a warning to a few who might
e foolish enough to want to try this scheme,
domt do it! It is possible that signal strength
is increased but at the same time the noise
level is raised enormously and the question-
able henefits derived are not benefits at all
hecause the resulting programs will be seri-
ously interrupted and interiered with and that
is just what we are trying to get away from.

The amateur. at the present time, is using
very loose coupling between the antenna cir-
cuit and the secondary—either inductively or
capacitively coupled—oscillations being set up
in the input and output circnits, necessitating
the use of such loosely coupled circuits.  This
is very necessary now that everyvone is using
continuons waves. These feeble chirps must
not be interfered witlt by any superflrous
waves and as amatenrs, with few exceptions,
are mostly cooperative in theiv relationship
one toward the other, they each do their part
toward clearing the air in their respective
wave hands.  Another point in their favor is
that the smaller current consuming tubes as
the TV-199 or C-209 have proven superior
on the high {requencies to most others as os-
cillating dctectors.  Such tubes are far re-
moved from the power tube class and therve-
fore can radiate but little in any type of cir-
cuit.  And, while T am on this subject, heware
in vour use of the type 201-\'s and 301-A’s.
They are excellent power factories, so notice-
able, that oftentimes they are used by ama-
teurs for transmitting tubes, setting up rela-
tively enormous disturbances in the ether. In
passing, allow me to suggest to those who are
using  semi-power tubes, high “B” battery
voltage and hoosted filament current in cir-
cuits such as are heing generally used at the
present time : aren’'t you hindering those weak
signals by passing them into this power fac-
tory of oscillating energy when with less cur-
rent consumption and maintenance your conld
rectify those feehle impulses more efficiently
and cffectively by use of well-designed cir-
cuits and apparatus  properly operated?
Wouldn't such operation permit maximum
signal to stray ratio in the passing of this
valuable iota of energy into a delicately bal-
anced and properly functioning detector, the
heart of the amateur receiver? You wonld
not use a receiving set ‘o talk to Europe—
then why an approach to a transmitter to
receive them? FEven a fool may he con-
sistent but it takes the successful radio man
to he logical!

Aund now we come to our next subject
which is that type of inferference caused hy
one transmitting station interfering with an-
other, This is caused by the frequencies of
two stations approachieg one toward the
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QRM—[1 am being Interfered with]

PART IL

By Georqge S. Turner

At Radio Inspector, 9th Governmental District

other with a separation for broadcasting sta-
tions, of less than five or six kilocycles, de-
pending upon the modulation and receiving
svatem, For amateurs. stations using un-
modulated contimous waves may  approach
very much closer,

It is the present practice in the broadcast-
ing band to separate cach channel by ten kito-
eveles. By way of explanation, KY'W is ten
kilocycles higher in freunency than KSD and
WOANW ten kiloeyeles higher than KYW—
cach being separated by the ten kilocycles.
This has been found to cause no audible
heterodyne or beating as it is sometimes
called. However, because of the large number
ot broadcasting stations and the proportion-
ately small number of available channels in
the broadcasting band, the Department of
Commerce has found it necessary to duplicate
waves of certain stations which are widely
separated geographicatiy, over 500 miles apart,
depending on the power used.  As an illus-
tration, Washington, D. C., and Los Angeles,
Californta, are using the same channel with-
out any division of time. It is to be expected,
therefore, with a very sensitive receiver lo-
cated anywhere in the broad middle-west and
with both stations operating simultaneously,
a beat note of low audible {requency can he
expected.  This is ordmarily and naturally
taken care of by the wide variance in time
between these stations or ¢lse by varyving at-
mospheric conditions governing radio recep-
tion.

Another causze for heterodyning is a shift
or variation by a station from their as-
signed  frequency.  With only a ten kilo-
cyele separation it is absolutely necessary
for a station to maintain its frequency under
all conditions.  The reason for this is self-
evident. Tlowever, for certain station own-
ers who are prone to vary from thier own
“straight and narrow” occasionally, T shall
elucidate. For instance:—if K'Y W, whose
frequency is 5360 Lkilocycles shonld get off
wave by so much as 2 kilocyvcles and this
cariation should happen to be a decrease in
their frequency, then they would be operat-
ing on 538 kilocyeles. Turther, if K S D
whose frequency is 530 Lilocylcles should
et off wave by as much as 2 kilocvcles
and their variation on the other hand should
happen to be an increase in their frequency,
then they would be operating on §52 kilo-
cyvcles, Now compare the frequency of the
one station to that of the other and vou
will find they are no longer separated by
tl.lc. required 10 kilocvceles but by only 6.
This is usually what has happened when vou
tune into a station and find a continual
whistle there to greet you.

Amateurs, luckily, are not troubled with
this tvpe of interference for the simple rea-
son that they are ouly operating spasmodic-
ally and then their transmitter is only in
use for a {ractional part of the entire time
they are at the set.  The nature of amateur
comnmumnication  proves 1y statement: he
opens up, calls his man—signs off. If
answered, he again transmits and then there
passes a few words of friendly chatter or,
perchance, a message or two and they sign
off. The entire transmission has been of a
Hm;t(-(! duration.  Another important ele-
ment in faver of the amateur is the wide
choice of waves at his command. In terms
of meters, his choice is rather limited but
in terms of frequency which is really the
determining factor, his is the wealth of the
air.  And if he so desires, he may be li-
censed for any or all of the available fre-
quencies. These are some of the reasons

(Continued on page 108)
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" Chemical Fun with Light Rays

Left: Two pieces of paper are
impregnated with silver chloride
and starch; one piece contains in
addition a very little mercuric
chloride. Light turns the first
paper dark, bit has no effect upcn
the second; the mercuric chloride
prevents actinic action.

By Raymond B. Wailes
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Center: Bromine and toluene when exposed to the light react almost instantly,

Right: Paper is brushed over with
a solution of gelatine or glue to
which potassium bicbromate has
been added. When dry it acts like a
photographic paper for taking sil-
houettes of opaque objects. The so-
lution must be made and applied and
the paper must be dried in the dark.

combining chemically, but the action takes place very slowly in the davk.

CTINO-CHEMISTRY or light chem-
Aistry affords much amusement. It is

very peculiar and interesting to mix
several light reactive substances and  then
expose them to a source of light and see a
wonderful transformation take place before
vour cyes.

1t is true that there are not very many
chemical reactions which are produced by
light ravs, but one in particular, the slow
conversion of carbon dioxide of the air into
oxveen by green leaves in the presence of
cunlight—and only in the presence of sun-
light—is almost the most wonderful actino-
chemical change in the universe.

By many simple chemical reactions which
progress by the aid of light rays are pos-
sible right in the experimenter's laboratory
as will he shown.

Place several cubic centimeters of toluene
in a test tube and add several drops of bro-
mine water to it.  Place the tube in the
dark and prepare another tube identical with
the first.  Expose the second tube to the
sinlight or the light from a 200-watt famp.
The bromine will hecome almost immediately
decolorized, having combined with the toluene
only in the presence of light. This will be
found 1o he true by examining the tube in
the darkened room. It will be found tn
have suffered no change.

A test tube containing a solution of ferric
chloride and another tube containing oxulic
acid solution will produce carbon dioxide
gas when the contents of the tubes are
mixed together after saturating both with
carbon dioxide gas and exposing the mix-
ture to sunlight or artificial light from a
high voltage lamp.  Sometimes it will be
found hest to expose each of the tubes to
the light hefore mixing them.

Bichromate photographic  paper  always
works very well in making sun pictures of
leaves, plants, flowers and designs.

This chemical reaction is hetween glue,

or gelating and potassiurt bichromate. To
make the sensitive paper. a solution of gela-
tin in hot water is made. and finely pulver-
ized potassium bichromate, or bichromate of
potash, as it is sometimes called, is added to
it.  Coat sheets of cardboard or paper with
this mixture, which should be thin and
watery-like, and must have dissolved all of
the hickromate added, and dry the coated
sheets in the dark, To expose, hold a leaf.
stencil, or other object, in contact with the

A solution of silver nitrate will become rapidly
darkencd approaching blackness, if a few par-
ticles of zinc oxide are added to it, when it is ex-

posed to light.
World Radio Histo

side

cuated
expose the whole to sunlight or to a high

seusitive or of the paper and
wattage lamp. Continue this for several
ninutes and then wash the coated paper
thoroughly in running water. The portions
unaffected by light wash away, while the
hichromate renders the glue, which has been
exposed to light, insoluble and leaves the
design on the paper.

To make regular hlueprint paper, prepare
the following salutions :

Solution A:  Potassium ferricvanide, §
grams: water, 40 cc.  Solution B: TFerric
ammomum citrate, 7 grams; water, 40 cc.
Mix equal parts of the above solutions, A
and B, and coat paper with them. Dry in
the dark. Designs, drawings, leaves and
opaque or partly opaque objects, when laid
against the sensitive or coated side of the
paper. should be exposed to the sunlight or
to the electric arc for about a minute. The
paper should then be immersed in running
wiater, which will “develop™ the image form-
me a blue background.

IF'or a brown background, coat a sheet of
pl_:lin white paper with a solution of 4 grams
of uranium nitrate in 60 cc. of water. Dry
the paper and then coat it with a solution
of 1 gram of potassium ferricyanide in
30 ec. of water. Dry and use as above for
blueprint paper and the print will be hrown.

I several drops of a chloride or of hydro-
chloric acid are added to a solution of silver
nitrate, silver chloride will he precipitated.
This white precipitate will become purple
andd then black when exposed to a strong
light. A peculiar fact here is that if a
small amount of mercuric chloride be mixed
with the silver chloride, it will not turn
purple or black. Mercuric chloride solu-
tion can he used as the retarder here.

The same cffect can be seen if silver
chloride and starch water are spread on a
<trip of paper and exposed to the light from
a 100- or 200-watt lamp. The paper will



The Experimenter for December, 1925

turn dark. Another strip of paper similarly
coated but mixed with a few drops ot
mercuric chloride solution will not be at-
fected by the light.

Four grams of ammonium oxalate dis-
solved in 10 cc. of water and mixed with
10 cc. of a 5 per cent. solution of mercuric
chloride will give a white precipitate when
exposed to a moderately strong light. The
white precipitate is mercurous chloride (calo-
mel). Ammonium chloride and carbon di-
nxide gas are the other products oi this
actinic chemical reaction.

If a 34 x 6-inch test tube is filted  with
the above two solutions and suspended with-
in a 1 x06-inch test tube containing water.
the light rays will pass through the water
oi the outer tube and still produce the
chicmical change. If the water in the outer
tube be replaced by some of the mixture
which is contained in the smaller tube. the
outer tibe only will be tnrned white, show-
ing that the chemical light rays are cut off
by the solution and not by water.

Ii a silver nitrate solution is exposed to
sunlight or artificial light no change will
be ohserved, but if a bit of zinc oxide is
added the mixture will become dark colored,
due to the separation of finely divided
metallic silver.

Pulverized iodine crystals, when shaken
with strong ammonium hydroxide solution,
yield nitrogen iodide crystals when the
whole is dried. These crystals. hy the way,
are extremely sensitive to friction, explod-

Chemical Hood for Laboratory

By Raymoxp B. WAILES

~—~VERY experimenter knows the advan-
td tage of a fume closet, or chemical
hood. This item, I dare say, is absent in
more than 99 per cent. of the workshops
and laboratories.  But it should not be.
The unpleasantness ol an atmosphere laden
STOVE PIPE FLUE

A very nice hood or evaporating chamber for
the laboratory. It has a sliding shutter which
avoids the annoyance of a door sweeping across
the table and upsetting apparatus.

with such gases as sulphur dioxide or tri-
oxide, hydrogen sulphide, chlorine, etc.,
makes a houd a welcome addition.

A simple inside hood is not difficult to
construct.  Although it does take up much
room and looks like an indoor dog house,
it is professional-like and effective in every
sense of the word. The writer for several
years has used one as described herein and
has found it very serviceable. In every
instance, the natural draft of the flue car-
ried the gases completely out of the hood.

The body of the hood is made of wood
of 14" stock. The building needs no stress
here, although the dimensions given will
Ye found to serve well for ordinary work.
1{ the hood is to be used for distillations,
it should be made wider, for a condenser
and distillation flask cover up several feet
of space.

The door slides in two grooves, one groove
in each of the guides EE. It has a glass
front and is equipped with a handle.

The main objection to a hood of this
type is that it requires indoor space. The
guides EE add to this objection, for they

If a tube containing a light-sensitive substance
is placed within another tube containing water,
the water will shield the action of the light rays,
and no reaction will occur.

ing. usually harmlessly, when touched by a
fly or a ifeather. It the solutim oi the

stand out in air as it were. The whole
case can be set upon a table which will
make the hood about the correct height.

The top is of galvanized sheet iron, or
<heet “tin” of the sheet metal workers. It
mayv be bevelled as shown, or have a flat top.
The flue pipe, which should extend out-
doors and serves as an exit for the gases,
can be made of 4”7 spouting. Solder the
seams, together with the stack take-off
near the top of the hood. The top of the
hood is iastened to the body proper by
means of large-headed nails about an inch
long. Copper nails would be better than
iron ones. Any crevice here does not par-
ticnlarly matter so long as it is fairly close
fitting.

Don't fail to install gas, water and elec-
tric lizht in the hood if possible, for they
will be a convenience.

READY supply of hot distilled water
« for washiug precipitates, ete., is a great
convenience m the laboratory and saves the
time required for heating water in a wansit
bottle.  The ordinary wash boule is of
limited capacity, and if much washing must
be doue. soon requires to be refilled.  The
constant blowing becomes fatiguing it lons
continued. For these reasons the writer
long ago discarded the old-fashioned wash
bottle for use with anvthing except fur >uch
special washing sohitions as are rather scl-
dom used. The plan adopted was as fol-
lows: The distilled water supply ‘s con-
tained in a 6-liter Florence flisk (Pyrex).
upon a “Simplex Quality” 3-heat electric
hot plate mounted upon a shelf abont 4 eet
above the work table.

A length of Pyrex tubing suitably bent
is used to siphon out the water as necded
to its lower end. being attached to a fnur-
or five-foot length of small rubber tuhing
with a pinch-cock and a glass tip. The
whole outfit is firmly clamped to a support
screwed to the shelf. The writer pours
fresh, distilled water into the flask as needed.
seldom oftener than once a day. If a great
deal of water is required, the supply may
be kept in a 5-gallon bottle, slightly elevated
above the flask, an arrangement of glass
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substance in ammonium hydroxide in the
test tube before drying is exposed to the
light from a 100-watt lamp, bubbles of
nitrogen gas will be seen to be evolved.
If the test tube is immersed in a larger
test tube filled with water, and then ex-
posed 1o the light, the bubbles will still come
ofi. showing that heat is not the cause of the
decomposition, but light. for the water will
cut off much of the heat radiated from the
Tamp.

Cupric chloride is sensitive to light rays.
Dissolve several grams of cupric oxide in
about 10 cc. of strong hydrochloric acid.
Coat a sheet of clean copper with the solu-
tion and allow it to stand for about 10 min-
utes.  Remove the copper, wash with a
aentle stream of water and lay a leaf or
other design against the now grey side.
Iixpose to the light for several minutes.
The unexposed portions under the leaf will
be lighter in shade than the exposed portions.

The experimenter can vary the experi-
ments contained herein and conduct a bit
of investigation on his part. For instance,
different colors of light can be used as the
exciting source. This can be done by inter-
posing colored glasses between the light and
the sensitive substance. Different screens
and tanks of different colored solutions can
be interposed hetween the source and the
object and the effect of light absorption
studied. A thin battery jar can serve as the
screen, filling it with colored dye solu-
tions, etc.

Substitute for the Wash Bottle

By Harry L. ELpEr

tubes after the principle of the Mariotte
bottle maintaining the constant level in the
flask. The lowest leat will maintain the
water at a temperature, but little below
boiling. and the second heat will boil the
water in the flask, according to the writer's
experience. The third heat will boil a flask
full of cold water in one-half hour.

If not too fine a tip is used for washing,
the temperature of the water delivered is
only a few degrees below boiling, at least
as hot as that usually furnished by the ordi-
nary wash bottle. The stream of water from
this tip is much more easily controlled than
that irom a wash hottle, and may be directed
in any way desired without danger of spurt-
ing or risk of throwing precipitate from the
filter.

GLASS
SIPHON

HOT PLATE

PINCH COCK
GLASS TIP
&
TABLE
e e

Water siphoned from the flask serves for
washing precipitates so as to dispense with the
use of the ordinary wash bottle.
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Home-Made Chemical Apparatus

N order to conduct serious experiments
in chemistry, a considerable amount of
apparatus is required. To purchase all
of this apparatus from the scientific
supply companies means quite an outlay of
money. Buving a great deal of this appara-

— ) —

CALCIUM
+5{— CHLORIDE

DEPRESSIONS |

OR
STRICTURE

MADE IN |, FIBRE
TEST TUBE WASHER

\ 7‘" ‘h,’

Fig. 1. Test tube with depressions or strict-
ure near its bottom connected up as shown
gives an excellent drying tube and if soda-
lime is used in it, it will absorb carbonic acid
gas.
tus, however, is entirely unnecessary, as the
experimenter can easily construct tle larger
proportion of it.  Again better yer, some
ol this home-made apparatus is superior in
strength and durability to the purchased ar-
ticle.  Several articles of this kind are
shown in the illustrations. The only arti-
cles that must be purchased are beakers,
flasks and similar glass objects.

In making the apparatus listed below
every effort should he made to do necat and
clean-cut work.  Properly-made apparatus
and a neat laboratory lead to productive ex-
perimenting.

U-tube Substitutes. Figure 1 shows an ef-
fective substitute for the U-tubes so often
required in performing experiments with
gases.  An ordinary test tnbe (the larger,
the better) is taken and heated near the
bottom in a Bunsen burner flame. When
the glass has become soft, four depressions
are made in it with a nointed piece of wood
or better yet, a uniform groove or stricture
is formed around it. This supports the fibre
washer as shown in the figure. This can
be made of fibre or of rubber and is per-
forated with small holes together with a
larger central one for admitting the glass
tube as shown.

The glass tubes are cut and bent to the
proper shape in a gas flame and fitted in
place with a cork or rubber stopper. The
tube is to be charged with a snitabhle mate-
rial.  Usually these tubes arc emploved for
drying gases and granulated ‘calcium
chloride is placed in the tube. Broken pum-
ice stone soaked with sulphuric acid may
also be used as an effective drying agent.
Needless to say, several of these tubes can
be hooked up in series and when used in

. - RUBBER TUBE -
Fig. 2. A laboratory clamp, a substitute for

the pinch cock, and really superior for the

larger rubber tubes.

this way take far less room than U-tubes.
Clamps for Rubber Tubina. Clamps are

necessary articles for regulating the flow of

gases and liquids  through rubber tubes.

By Earl R. Caley, B.Sc., M.Sc.

These are made from brass or iron strip,

preferably the former, and with suitable
bolts and  wing-nuts, The illustration
shows the method of construction. A clamp

made in this manner is stronger and more
cfficient than the purchased laburatory
clamp.

Sund Baths and Air Baths. A sand bath
is simply a dish filled with dry sand heated
from below on which are placed beakers and
dishes for boiling and evaporation. A sand
bath lessens the chances of breaking frag-
ile glass apparatus. A simple bhath can
be made by using a pie plate or graniteware
dish carried upon a ring stand. A larger
sand bath can be made from iron baking
pans which are mounted upon suitable iron
supports. The latter are conveniently made
from iron piping or strip.

Air baths are simply drying ovens or hol-
low boxes heated by a burner. These are
necessary  adjuncts  for  drving  chemical
preparations. Any convenient metal box can
he made to serve this purpose. Holes must be
left for the circulation of air and one to
insert a thermometer held in a hole in a
cork. Neat drying ovens can be made by
mounting a pie plate upon a tripod stand
and placing over this a large. clean flower
pot. The hole in the top of the pot can be
used for inserting a thermometer also pro-
vided with a cork.

A Rose Burner. The illustration shows a
burner for giving the wide spreading flame
often needed in heating large objects. This
is made by drilling holes in a brass door
knob or making cuts in it with a hack saw.
This can then be mounted upon a Bimsen
hurner or on the burner base by proper
filing and fitting,

A Laboratory Condenser. The chemical
laboratory must be cquipped with condensers

<w
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Fig. 3. A brass door knob is drilled full of
holes and mounted on a Bunsen burner base.
This gives a divided flame of excellent effect.

for making distilled water, for purifying
other liquids and for use in experiments.
At least one good condenser is indispensable.
The usual form is made almost entirely
from glass.  Besides being expensive this
kind is especially liable to breakage.

A home-made condenser is shown that is
easy to construct and very satisfactory in
service, outlasting the usual all-glass form.
The outer jacket is made from a length of
galvanized water pipe of seamless steel tub-
ing or of large brass tuhing. A glass tube
is fitted into this with rubber stoppers along
with two other smaller tubes which serve
as outlet and inlet for the cooling water.

Iater Baths and Sicam Raths. These are
devices for heating vessels by contact with
steam or hot water. Ordinary enameled
dishes make excellent water baths. Tt is
preferable to buv one with straight sides
made out of white enameled iron. These
can bhe used for hoth water and steam
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baths. In the iormer case breakers or
other vessels are placed in the pans which
are partially filled with water and lheated
with a Bunsen burner. [For use as steam
baths metal covers should be made ior
the dish, having different sized lioles in
them. The vessels to be heated are then
placed over these holes, the enameled dish is
filled with boiling water and the rising
steam plays on the bottom of the vessel
being heated The steam bath is heated
with a Bunsen burner. In using these

Fig. 4. A Liebig's
condenser made with a
piece of iron water pipe.
Spiral leader pipe is ex-
cellent also for the
casing and is light-
er than the reg-
ular iron pipe,

INLET

stearn baths care should be taken to pro-
vide a vent for the excess steam.

In line with apparatus of this nature
should be mentioned the often needed pueu-
matic trough which is used in the prepara-
tion of gases. This is merely a box that
holds water, having in addition a movable
shelf. These can be improvised from metal
pans using a strip of metal for the shelf.
I-xcellent ones can be neatly made of wood.
These can be coated with parraftin to make
them waterproof.

Graduated Test Tubes and Graduates, The
careful measuring of all solutions differen-
tiates the real experimenter from those who
simply play around with chemicals and
never discover anything. Measuring vessels
are usnally expensive, but this expense can
be reduced to a minimum by the exercise of
a little ingenuity. A standard measuring
pipette nmust be obtained. Small ones are
obtainable at a small cost from an appara-
tus dealer. They are tubes graduated to
hold a certain amount and to deliver a cer-
tain amount with great accuracy. The best
size is one holding five or ten cubic centi-
meters of liquid. To graduate a test tube
with a pipette. the test tube is placed up-
right and successive portions of distilled
water delivered into the tube with the pi-
pette, the height to which each portion fills
the tube being carefully marked with a
sharp file. When the tuhe is graduated the
file marks can be enlarged, or the tube can
be etched with hyvdrofluoric acid as described
in the article on glass working in the March
issue of THE EXPERIMENTER.

Fixcellent large graduates can be made
from storage hattery acid jars which are
obtainable at small cost. In this case a
shellacked cardboard strip can be pasted on
the outside of the jar to mark the gradua-
tions.  Other vessels can he graduated in
this manner which is accurate enough in
serve most purposes.

Spoons and Spatulas. For handling small
portions of dry chemicals it is usual to em-
plov spoons made from porcelain or horn.
For many of these uses ordinary tahle
spoons serve just as well. For handling cor-
rosive chemicals suitable ones can be cut
from fibre or celluloid sheet. Spatulas or
flat spoons which are nften used in weigh-
ing can he cut from sheet brass or fibre.
Ordinary table knives can he made to serve
this purpose. The painter's knife is excel-
lent.

Ring Stands, Clamps and Funnel Sup-
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forts. These very necessary pieces of appa-
ratus can be nearly all made by the experi-
menter. A ring stand or universal support
can be made by fastening a three-eighths
iron rod standard into a flat oak base board,
which may be finished in a suitable manner.
Rings for this support are best purchased,
but with the exercise of a little ingenuity
these as well as clamps can be made. \Wood-
en fltering supports are easily made and a
great number of varieties of these can be
devised. Test tube racks are also articles
easy to manufacture. These wooden objects
should always be coated with several lavers
of spar varnish to prevent warping when
they are moistened by laboratory solutions.
Holders for hot test tubes and beakers can
be made from heavy wire and are very
satisfactory.

Thistle  Tubes. For
thistle tubes are necessary. The usual form
however is very easily broken. A home-
made one is pictured that possesses the ad-
vantage of being made of ordinary mate-
rials and which can be made over again
when broken. It is simply made by putting
together a discarded funnel, some glass tub-
ing and a rubber connector.

Apparatus from Old Bottles. Discarded
glass bottles are a great source of apparatns
for the experimenter’'s laboratory, especially
if the experimenter has knowledge of the
proper method of cutting such heavy glass.
Discarded glass bottles that acids come in,
«r large bottles that distilled water is sold
in. make excellent containers for distilled
water. A large bottle of this nature fas-
tened near the ceiling of the lahoratory and
cquipped with suitable glass tubes is a most
converient appliance to distribute distilled
water for use in the laboratory.

Smaller narrow-necked bottles are suit-
able for holding solutions of various chem-
ical salts. Discarded glass stoppers can be
gronnd into the mouths of ordinary bottles
by using emery dust and water, and such
bottles make suitable containers for holding
corrosive liquids. Wide-monthed bottles are
uced for holding dry chemicals. Excellent
specimen bottles can be made from empty
«live bottles and other containers of this
kind.

In addition, as remarked above, much can
be done by cutting off the tops «or bottoms
cof bottles. Nany devices have heen resort-
ed to in order to accomplish this in a sat-
iefactory manner such as using a hot iron.
strings soaked in turpentine, etc. The best
way of all, however, is to use a hot chisel-
shaped glass rod. This is made by heating
a piece of glass rod in a hurner flame for a
few minutes and then flattening the end
with a piece of wcod.

Care must be exercised in selecting the

generating gases

Better Liqg

WAY 1~ overcome the disagrecable

glare from an eleciric light and to oh-
tain a better distribution of the light is
piainly shown in Fig. 1. Here an ordinary
electric bulh is silvered on one side: the
mnsilvered side faces the wall.  Thus, in-
ctead of the light shining straight out, it is
reflected first to the wall, and thence through
the room giving a more even distribution.

A good formula for silvering the electric
hulbs is: :

(a) Reducing solution: In 12 oz. of
dictilled water dissolve 12 gr. of Rochelle
calts, and boil: while hoiling, add 16 gr. of
nitrate of silver dissolved in 1 oz. of water
and continue the boiling for 10 minutes
more: then add water to make 12 oz.

(b) Silvering solution: Dissolve 1 oz.
of n'trate of silver in 10 oz of distilled
water, then add liquid ammonia until the
brown precipitate is nearly, but not quite. all
diccolved ; then add 1 oz. alcohol and suffi-
cient water to make 12 oz.
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Fig. 5 shows how test tubes or measuring cylinders can be divided off into cubic centimeters and
Fig. 6 shows a funnel with broken stem which is restored to usefulness by a rubber tube and a larger

glass tube to surround the rubber tube.

Fig. 7 shows more laboratory appliances which are so

clearly shown and named that a description is not needed. Fig. 8 shows the cutting of bottles. To
get a straight cut a piece of paper may be pasted around the bottle or a rubber band may be sprung
around it as guides. A cut is started and led around the bottle with a hot rod, which may be of glass

or may be the stem of a clay pipe.

bottle to work on. No success will be ob-
tained with bottles having sides ol marked
uneven thickness or bubbles or other defects.
Having taken a good bottle to work on, the
slass tool is heated nearly red hot and
pressed on the bottle at the point where the
crack is to begin. The glass must be hot
enough to flatten a little.  Usually the bot-
tle will crack. If not a drop of cold water
will cause the needed starting cruck. The
crack 15 then led around by keeping the
heated tool pressed on the glass a little
ahead of the crack. In this way a straight
crack completely severing the bottle into
two parts can be easily made. Good crystal-
lizing dishes can be made in this way.

o /o DV N
7.7 WAL - 7
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l.arge bottles with the bottoms cracked oft
are excellent bell jars. To make a neat fin-
ished job in this manrer it is necessary to
grind down the sharf edges left by the
cracking. A flat piece of sandstone and
plenty of water will serve the purpose. The
grinding must be done by giving the vessel
a rotary motion, never a back and forth mo-
tion as this will causz cracking. An ex-
cellent way is to use a piece i double thick
window glass with a lot of sand and water
to rub the bottle on. With practice the
work is quickly done .and the edge is very
true. With practice much excellent appa-
ratus can be made from otherwise discarded
bottles.

To silver: Take equal parts of (a) and
(h), mix thoroughly, and lay the glass bulh
face down on top of the mixture while wet,
after it has been ca-efully cleaned with
“caustic soda.” and well rinsed with clean
water. About 2 dr. of cach solution will
silver a surface of two square inches. The

An incandescent lamp bulb is silver-plated
over half its surface and is placed in a bracket
so that the silvered side is away from the wall.
This gives indirect illumination. the silver re-
flecting the light to the wall and the latter re-
flecting it into the room.

solution should stand and settle two or three
days hefore being usec and will keep good
for a long time.

For a quick frosted finish the bulb may
be daubed with a lump of glazier's putty,
carefully and uniformlv, until the surface is
cqually covered. This is an excellent imita-
tion of ground glass and is not disturbed by
rain or dampness.

Contributed by Georaqe E. Johnson
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Home-Made Geissler Tubes

By F. Castro

HOLD HERE AND
TURN ABOUT

’xg_“‘:\‘] CONTINUOUSLY

GLASS TUBING HANDLE
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Figs.
give it a distinctive shape.

%, 2, and 3 show consecutive steps in sealing platinum wire electrodes permanently into a Geissler tube and the blowing bulbs thereon to
In Fig. 4 hydrogen is being introduced and the oxygen generating tube is ready for giving it oxygen.

Fig. 5 shows the

sealing off process and Fig. 6 shows its connection to a Ford induction coil for the explosion of the mixed gases, to get the vacuum.

NOVEL and simple method for con-

structing at lome and at small cost some
of these beautiful tubes is illustrated. The
apparatus required is that owned by any
amateur chemist, and the materials reduce
to thick glass tubing. some common and
cheap chemicals, and about three cubic inches
of mercury.  The platinum wires required
can he casily made out of the plate and grid
ot a discarded radio tube.

Figs. 1 and 2 <show how to seal the plati-
num wires through the glass; in hoth cases
the heating should continue until it is firmly
scaled thereto. 1In IFig. 3 a sunple and etfec-
tive form which can be given to the tube is
depicted ; the bulbs are casily made by blow-
ing and turning the tube about, while heat is
being appliecd.  Other forms can be casily
given, if only a httle care and ingenutty s
exercised.  All depends on the manipulator.

The next step (Fig. 4) is to fill the tube
with mercury and note the volume required
to completely fill it. To do this take the
capacity of a small bottle or beaker as unit

and calibrate the mercury dish by pouring
that known volume of water in it, and mak-
ing a scratch with a hle where the level ot
the water veaches each time. Then displace
exactly two-thirds of the mercury with
hydrogen, and the rest with oxygen. Both
of these gases can he generated as shown.
Now the tube is sealed as shown in Fig.
3; the flame is directed with a blowpipe or
a ptece of narrow glass tubing, connecting
with the large tube: while applying heat it
is slowly twisted untit the sealing is complete.
Last. clamp the completed tube as shown
in Fig. 6 and conuect the two upper platinum
wires to the secondary terminals of a spark
eoil; get at a safe distance (as the slight
explosion may break the tube), and close
the primary circuit.  The spark will cause

the rapid combmation of the two gases, leav
ing only a very small quantity of one of

them (it is never a mixture of hoth) and
a tiny speck of water. T'his produces the
high rarification necessary i the Geissler
tubes. If now one oif the upper wires and

the lower one are connected to the secondary
of an induction coil or to an influence ma-
chine. heautiiul rings of light will appew
in the tube.

If the tube is of sufficiently thick glas,
to stand a rather violent explosion. a better
plan is to fill it completely with mercury
invert it open end downward in a cistern ot
mercury and introduce  electrolytic  gas
evolved by the decomposition of water by a
hattery until the mercury is all displaced
The electrolytic gas should be dricid before
being introduced. which is readily done by
passing it over soda lime or other drying
acent.  When the tube is full and sealed off
the zas may be exploded, as describeld n
the preceding.

There is some slight danger that tive hot
glass may bring about a premature exploston
so as much moderation as possible is to ba
exercised in the application of the blow-pipe
flame.

Other gases were experimented with by
the above seem most satisfactory,

Acid, Alkah and Litmus

A rather clever way of remembering the
respective action of acids and alkali upon
titmus paper and of course upon the litmus
solution tests is shown in the illustration.
No. 1 indicates the action of an acid which
gives a red color. Now the word “acid” and
the word “red” both end in the letter “d”. so
as a memoria technica. the fact that acid and
red both end in “d” will fix the coloration in
the mind.  The <ame applies to the base
which is the alkali referred to.

Here the word “hase™ and the word “blue”

AClI
RE

BAS
BLU

How to impress upon the mind the respective
actions of acid and base upon litmus paper.
The acid giving the red and the alkali the blue
color. The last letters tell the connections.

hoth ending with the same letter “e” will fix
1w one’s mind that the two o together.

The action of litmus of an acid under the
tonization theory is the following:

When mixed with water in solution an acid
is ionized to a greater or less degree and the
ionized hydrogen is supposed to be the thing
which affects the litmus paper changing its
color to red if it is originally blue. In the
alkali. which is also hyvdrolvzed in solution
in water, the hydroxide ion is what affects
the color of litmus, turnineg red litmus blue.
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Simple Test Tube Stand

HE {ollowing design of test tube stand

i casy to construct and is practically
costless.  The necessary  material is a
wooden “Kraft cheese”™ box, some  copper
wire, and a few nails. The tools required
are a pocketknife, sandpaper and a ruler.

The ead picces of the test tube stand are
taken directly irom the box and are used
withont any  {urther cutting.  These «nd
picees are wide enough to allow three rows
of 34-inch test tubes when separated by sticks
$l-inch wide.

The dase of the test tube stand is made
irom one side of the box wnd the cight
sticks from another side.  The sticks are
cut into the proper lengths and shaped by
means of a ruler and a pocketkniie, These
parts after bheing sandpapered are ready to
be assembled.

The novel feature of this test tube stund
is that the difhcult process of boring many
large-sized holes through thin wood 15 dvme

vt -
N
‘Q—_“‘\‘—»" —

with

tube
strips of wood and wire and a *“Kraft” cheese

A cheese box test rack; some
box; a very efficient stand is produced. One
obvious advantage is that it cannot upset,
which is more than can be said for the regular

narrow racks.

away with,  This is effected by twisting
copper wires between the sticks at proper
spacings.

The assembluge is apparent irom the

figures.  All that need be said about it is
that the bottom row of sticks need not be
nailed to the ends. but are inserted tightly
between them. the pressure of the sides
bueing sufficient to keep the sticks in place.
A test tube stand 775 inches long, constructed
1 accordance with this design, will con-
veniently hold cighteen test tubes.  Glue may
be used to hold the sticks in place.

Glue 1= softened by moisture and this is
present in and about test tuhes, especially
after washing. So it 1 well to drive brads
through the sides of the hox into the ends of
the lower slats.

Contributed by Ierman Yaogodu,
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FRONT VIEW
The top and front views shown here with
dimensions make the construction of the box
clear. The dimensions are given in detail.
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A Chemical Cross-Word Puzzle

Solution 1o lovember Chemical Cross-Word Puzzle

IOS Ib

Hle o

'A L N|'A o [H
12 19 oy

A | H

Z5|n*

13
2
25

17 i8

Q A

23 \4/ 26 27 29
D S W M P
30 |3 32 |33 34 |35 |36 37 |38 39 (40
GlA Y K H AlG C B
3 42 33 (44 35 46 |47 48 39
N R cC\uU 3
50 |51 52 |53 54 |55 56 57 58
H E P B C O
159 |€ 6] 62 63 (64 65 |66 |67 |68 (69
S 2 A MR B A 4
70 71 |72 73 |73 75 |75
3 S R\U F |E
77 |78 79 80 (81 82 83 84
H 4 A H 2 N
85 86 87 (88 89 90 |9 g2 |93 |94
| S M C 4 N A
95 |96 97 |98 99 |io0 |01 102|103 104 [I05
0 G |E 4 4 E U T 1
106 107 |08 108 [0 (Wi e |3 14
3 C N
1S |lie Itz (18 19 120 121|122
A N 6 T L
123 |I24 I;S 126 (127 |I28 129 [I130 131|132
H 3 cCluo H|6 1 N
|36 134 135|136 137 | 140 (141 142
2 619 4 S
Here we have the solution of the chemical cross-word puzzle which was given in the November

issue.
it is not quite correct chemically.
wonder if any of our readers can detect it.

e

The section above shows how the wires and
sirips of wood are woven together to make the
top and battom sections of the test tube rack.
The sections may be kept in place by very
snall hrads or may he glued.

Coustant Filter

N filtering such things as Fehling's al
line tartraze solufian or  aluminnm
Iroxide suspensions  throigh Geochr ar
des. it requires mmch time and patience to
watch the filter and add a =mall bit oi the

mixture from e to time. Therefnre, a
nstant Hiltering  device  comes o YCry
andy.
The one-hole tS) is nscrted

e mouth of the fask () and a piece
olass tubing Hevelcd on the outside end
pushed through the stopper and the fla.w is
pickly inverted. so :ha: the end af the gk
bing (T) is about wpe-halt way down the

Looking at it, very fami.iar letters are seen, 4  be
Alse, there is one mistake which we Fave found in it; we

although as no small letters can well be used.

Goocll crucible. A clamy and stand s usd
w0 hold the flask i posivion over the cruci-
ble. Dy this arrangement the vacuum can
be torned on, the filter started and the at-
mespheric pressure will keep the level of
the liquid ir the Goach crucible at exactly
the end of the glass tuding.  This enables
the operatior. to be carmicd on without atten-
don i=om the Hperator until the last few
drops are pwred in. It can also be nsud
for fHilicring with ordina-y flter paper.
Contributed b Harry 1 Elder.
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A ccnstant filtering arrangement. Air cnters
bubble by bubbls into the upper vessels so as
to give a practically constant delivery of the
fluid to be filtered. It is applicable also to
supply.ng water baths with water.
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Seeing The Unseen

By Joseph G. Branch*

A -
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An interest-
ing high frequency
coil claimed to em-
body the features of
the Tesla and Oudin
coils is shown on the
left. The very neat
arrangemen t
of parts will be ob-
served. On the front
of the cabinet is a
multiple spark gap
with its wusual ad-
justment, and a
special condenser is
contained within the
cabinet. 1t must be
remembered that
the condenser in a
sense is the soul of
the high frequency
coil. With this coil
a 20-inch spark has
been produced.

On the right is
shown a photograph
of a brilliant display
of an almost pyro-
technical order with
the Branch coil,

O (- ) -1

N designing the apparatus illustrated in

this article, it was not my purpose to

sccure the usual spectacular display ob-

tained from the ordinary Tesla high
frequency coil, but I did it entirely with the
view of experimenting in the greatest and
most fascinating ficld of all science. that of
secking to discover one of the many ravs of
light that are far beyond our range of vision,
that is, to sce the unseen—the invisible rays
ol lieh:.

For many years it was thought that light
consisted of a swarm of flying corpuscles
which emanated or were discharged from
Inminous bodics. and, stimulated the sense
of sight when they struck the retina of the
eve.

While this was a very simple and plaus-
ible theory, it was found that it was prob-
ably not corrcct and while no definite con-
clusion has been reached as to how light is
transmitted, what is now known as the
cther theory, that is, that ether fills all
spece, and that ether waves transmit light,
is most generally accepted.

It was found from experiments that the
speed of light is independent of whether the
source whence it emanates is at rest or in

* President Joseph G. Branch

motion, and, which fact disproves
entirely the theory of a swarm of
corpuscles as being the source of
light.

\We all know that the different
wave-lengths determine the various
colors, and, if we compare in this
way red, yellow, green, blue and
violet lights, we find that the wave-
lengths are all different, red being
the longest, yellow 1ext, green
next, blue next and violet the
shortest. The wave-lengths of all
these lights have been accurately
measured, and the numbers repre-
senting  several wave-lengths  al-
ways represent unmistakable colors.

However, it has now been found
that there are many million other
rays, so that in describing the elec-
tro-magnetic spectrum, if we rep-
resent visible light by a space of
one foot on the spectrum, the en-
tire spectrum would be many times
this length,  This space of one
foot is the visible light that con-
stitutes the colors visible to the
naked eye, and, which were thought

Institnte of Engi ncering. Chicago.

for many years to constitutce the entire spec-
trum,

In order to understand more clearly what
is meant by this, remember that visible ligh:
as perceived by the human eve, consists of
one octave, and helow  this there arc nine
known octaves of infra-red or dark heat
rayvs, then comes a gap of four octaves of
unknown rays, then twelve nctaves of Hert-
zian waves, then dn-n']lu twelve octaves of
such waves as used in wireless telegraphy.
On the other end of the spectrum, hevond
the violet rays of lizht, there are three oc-
taves of ultra-violer and some twenty-four
octaves of N-ray and radium ravs

The hidden ray to be (Ihux\uul by some
scientist, or, pvlmxpa by a vouthiul amateur
may be the “death ray.” which means death
to armies and all life within its range: or.
it may give us the means of commmunicating
with the spheres which surround our earth,
thus realizing the drcam ol the great Tesla
of wmmuu'ultlwr with our nearest neighbor,
\Lu:. or, again, it may mean the tr(m\nn\-
sion of enormous power hundreds and thou-
sands of miles at an infinitesimal cost,

discovery of one of the rays may he
made by vyou, however unknown or limited
may be vour means. It has been found
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the course of humau cvents that some of
the world’s greatest discoveries have been
made most unexpectedly and by those un-
known to fame. 1i you possess paticnee
and determination, the great discoveries to
be made in this science. are open to vou.

In order to better understand the Tesia-
Oudin apparatus designed by me, and de-
seribed in this article, you must first -
derstand the difference between the D7Ar-
wnval coil, the Tesla eoil and the Oudin
coil. all of which cnils produce entirely dit-
ferent currents.

The D'Arsonval discharge is one of high
freguency. high vaoltage and high amperage:
tie discharge produced by what is known a-
the Tesla coil, is one of very high tension
and frequency, but the amperage is much
less than that produced by the 1)'Arsonval
coil s while the discharge produced by the Ou-
din coil, is of enormous irequency and very
little amperage.

In experimental work. as also in other
kinds of work, especially therapeutical, it
has been found that the high amperage of
the D'Arsonval current produced excessive
leat and for that reason is not available, es-
pecially  for experimental work. It was
further found that while the Tesla coil pro-
duces a very high frequency and voltage.
that the amperage is also objectionable. The
third current. or that of the Oudin coil.
while producing an enormously high Ire-
quency, possesses very low amperage., amd
i~, therefore, especially useful in the secking
1 these hidden rays.

Owing to the high veltage of the Oudin
current, which practically knows no insu-
lation, and, to the fact that very little am-
perage is present, the spark produced from
this current has been termed. “cold heat.”
which is especially desirable in your experi-
ments.

in beginning my investigation, T saw the
necessity of combining the Tesla and the
Oudin coils, in conjunction with a condenser
of a capacity far beyond that of any manu-
factured, so as to produce an enormous fre-
quency with practically no amperage. thus
producing no heat and capable of having all
inductances accurately tuned, or placed m
resonance.

it has been found that the frequencies
which can be transmitted by the ether, have
been explored from the zcro frequencies.
counsisting of the longest wave-lengths, up
to frequencies of the highest pitched X-rays.
and that within this range there are only
two narrow gaps that have not been te-
termined. The above range extends be-
tween the wireless waves aud the heat waves
to the ultra-violet rayvs and the longest

it
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N-rayvs. Devond the two extremities of our
preseit spectrum, are to be found countless
additional waves or rays.

While vou will hive no great difficulty in
constructing the apparazus necessary  for
vour work, you wili find yeur greatest dil-
ficulty in obtaining a concenser of sufticient-
1y high capacity that wili not puncture.

The Tesla-Oudin apparatus shown in the
iltustration is a 2 K W, ontfit, consisting pri-
marily of a 2 K.\V. high tension trans-
former with a wax immersed plate con-
denser and an 8-zection multiple spark gap.

The two sccondary coils are Oudin coils.
consisting of 600 wurns of No. 24 cotton
enameled wire: the pritaary consisting of,
ten turns of No. 6 copper wire, the latter

O3
[io [ TRANS. OUDIN COIL

1]

SWITCH

OUDIN COIL

E/""”‘

PRI.

J CHOKE COIL

The hook-up of the high frequency coil all clearly explained in the captions. The multiple spark
gap is one of the features and although six l.eyden jars are shown, they are only an alternative

for the condenser.

'World Radio Histol

coils being placed about four inches distant
from each secondary.

The ontfit has a control on the primary
circuit and there is also a rheostat mounted
on the outside of the cabinet, the apparatus
being operated from any 115 volt, 60-cycle
circuit. The number of primary turns per-
mit the adjustment of the inductances so
that a resonant condition can be casily ob-
tained. The four posts which support the
primary windings should be of rubber or
Bakelite. the primary wire being inserted in
holes drilled through the center of the posts.
The posts themselves should be attached to
a wooden board. using fibre or rithber stubs.
No metal whatever shonld be used., as it
will canse arcing and burning

The success of vour experiments depends
almost entirely upon the accuracy of the
tuning of the apparatns. Tt is useless to
have either excessive voltage, or excessive
cavacity. unless you have vour coils in per-
fect resonance.

Instead of using the apparatus shown in
the illustration with a primary voltage of
30,000 and a plate conderser with a capacity
cqual to 24 T.evden jars. the experimenter
will find that by using a 1 KW, transformer
and six l-qnart Levdcn jars, connected in
series-multiple as shown in the diagram.
he can secure a frequency that will per-
mit him to make his investigation with prob-
ably as nmch success as obtained from far
mare powerful and expensive apparatus. The
telescope that disclosed the wonders of the
planctary system was constructed by a pen-
niless hoy from discarded material.

With this 1 KW, outfit. as shown in the
outline drawing. using the above number of
Levden jars. with a primary voltage of
25000 volts. the experimenter can obtain
good results, permitting him to make in-
vestigations far bevond what is possible with
the most powerful Tesla coil.  However,
should he wish to obtain a more powerful
outfit, it will be necessary for him to discard
the Leyden jars, using a condenser construct-

(Continued on page 109)
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Variable Speed Motors

By H. Winfield Secor
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Fig. 1.
the field by moving it up or down.

fields so as to change the distribution of lines of force.

HERE are a unwmber of uapproved
methods for varying the speed of
clectric motors, and some of the more
unusual methods  will be  considered
heres o most cases the speed ot an clectric
motor is controlled by connecting a variable
resistance, cither m the armature circuit or
n the tfield circuit, the clfect being to con-
trol the amount o clectric curreny passing
through the windings of the motor, and thus
in turn decrease or increase the magnetic
field from the current through the windings.

The ¢xperimenter will no doubt find the
control scheme outlined in IFig. 1 the most
interesting, due to its simplicity, A piece of
gray iron casting or wrought iron bar of
approximately the same cross-scctional area
&y the field poles, is arranged to slide up and
down on substantial brass guide rods.  Con-
trol of the position of this shunting bar is
vested in a heavy threaded brass rod. which
passes through a threaded hole in the hrass
voke secured to the motor frame, as Fig. 1
clearly shows. The end of the threaded brass
rod turns in the iron block. as the detail
drawing shows. the rod being held within the
opening in the block by means of a pin rest-
ing in a groove on the brass rod. Any other
mechanical arrangement for firmly and ac-
curately controlling the position of this iron
shunt can be used, of course. as the builder
may elect.

As the iron block is moved toward the
pole-pieces, more wnd more of the ficld mag-
netic Hux is shunted throngh the iron block,
and the speed of the motor armature in-
creases in proportion inversely with the sep-
arating space. There is a limit of course to
the speed regulation which can he effected
by this method, as a point is reached ulti-
mately when further weakening of the field
flux passing through the armature. #ia the
shumt, will cause undesirable sparking at the
brushes and commutator. The reason why
the motor speed increases as the main field
flux through the armature is weakened, is
becanse the armature will have to rotate
faster in order 10 generate sufficient counter
clectro-motive-force (LMY o halance
the other eclectrical quantities involved in the
cperation of all motors, The exact mathe-
matical relations  governing  this  condition
«re given herewith,

We have learned that when a conductor
moves across lines of magnetic force, an E.
AL T is generated in the wire. and this is
the fundamental principle of the dynamn.
Now, when the armature of a motor is
caused to rotate, by passing a current through
it. the very act of moving acrnss the field
of the motor canses the generation of an E.

M. I, Fhis E. AL F. is opposed to that ap-
plied to the motor and is known as the coun-
ter E. M. F. The greater the speed of the
armature, the greater will be this counter
15 AL ), as a larger number oi lines of
furce are cut in a given time. Also the great-
er the counter EALE. the less will be the
drop of potential in the armature, for the
cifective E. M. I%, is reduced as the counter
K. M. . inereases. The strength of the arm-
ature current will thercefore depend upon the
speed. When the armature is forcibly re-
strained from rotating, the current is at jis
maximum, being cqual o the E. M. F. ap-
plied at the brushes, divided by the resist-
ance.  On releasing the armature, the
strength of the current gradually decreases
as_the motor comes up to speed,

The drop of potential in a mator armature
is cqual to the applicd E. M. I°. minus the
counter E. M. F. Hence from Ohm’s law,
we have,

I— F—e

r
where I is the armature current. E the E.
M. F. applied at the brushes. ¢ the counter
E. M. P, and r the armature resistance.
This is the fundamuntal motor cquation,

I'rom this equation it is evident that when
¢ is small, that is. before the motor is up to
speed, the armature current will be large. As
the speed increases the counter E. M. F.. ¢,
is increased, causing the current to become
less and less until at full speed the current
is normal,

To arrive at a gencral expression which
will show upon what factors the speed of a
motor depends. we shall make use of the
@ame equation,

et s represent the speed of rotation. «
the number of conductors on the suriace of
t armature, f the field strength, and b a
constant. - As the E. M. F. generated by an
armature. moving in a field depends upon
the  speed. number  of  conductors.  and
strength of field. the counter E. M. F. of a
motor will he equal tn

c=safk

Substituting this value in the motor equa-

tion, we have therefore
E—Ir

afk
The armature resistance of a motor is
nsually very small, hence the product I ¢
would he small and may be neclected.
Therefore the expression for speed may
be written
1D

afk
From this (xpression it is evident that

safh="FE—-Ivr and s =

S$==
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A speed-regulating device for a motor based on bridging across between the pole pieces with a block of iron so as to weaken or strengthen
Fig. II and II-A show another method by which soft iron plungers are moved in and out of a hole through the
Fig. Il shows a conical armature which is shifted back and forth to regulate the speed.

the apeed varies direetly as the E. M. F.
applied at the brushes, if the number of arm-
ature conductors and the held strength are
constant.  An increase in I2 causes a greater
current to pass through the armature, which,
acting upon the same field strength, causes
an increase of speed, provided the torque ¢x-
crted 1s kept constant,

fi the number of armature conductors amd
the appliecd E. M. F. are cunstant, the above
expression shows that the speed varies in-
versely as the field strength, that is, if the
neld is weakened the speed is increased or if
the field is strengthened the speed s de-
creased. This is true, for if the field is
weakened the counter E. M. F. generated
by the motor will be less, allowing a greater
current to pass in the armature. This will
tend o increase the torque but if that is
kept constant, the speed  will increase, a
higher speed being now required to generate
the same counter E. M. F. as when the field
was stronger.

Ii the field strength and applied E. M. F.
are con~tant, the speed varies inversely as
the nnmber of armature conductors, that is,
a decrease in the number of armature con-
ductors increases the speed. 1f a reduction
15 made in the number of conductors, the
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Fig. IV shows the armature and the field
coil used in the watt-hour meter. Neither
armature nor field have iron cores, but only
air cores. This simple form of motor is more
accurate than one containing iron, with rela-
tion to the speed at varying current strengths
in the field.
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Fig. V illustrates tne enormausly greater

field strength required for a given size dyna-
mo or motor, the armature of which contains
no iron core. The field has to torce its flux
across the very large air gap in the second
case and is spread over a greater cross-area
50 as to be of reduced intensity.

motor must evidently run at a higher spzerd
in order to gencrate the same counter L.
M. F. as before, the torque being kept con-
stant.,

In TMig. 2 is shown oue form oi comuter-
cial variable speed D.C. motor operating
under the Stow patents,  This motor, which
is frequently built in the four pole field de-
sign, as shown here, operates in the follow-
ing manner, which will be of extreme inter-

¢« to all students of motor action. The field
poles are made hollow and inside of each
field pole there is a closely fitted iron cyl-
uder. as shown by the dotted lines, these

linders being simultaneously moved in or
ait by a set of bevel gears and shails, all
ol which are controlled by a single speed
reeulating wheel at the top of the motor. As
will be seen, the field flux passing from the
pole faces or tips into and through the arm-
cure i< inereased or decrcased, smoothly and
qeeurately, as these movable field cores are
propelled in and out by means of the gear-
ng.  Remembering that weakening the field
‘nereases the speed and tice versa, the speed
of the Stow motor i3 increased as the cores
wre propelled outward and decreased as they
wre propelled inward. Fig. 2 A shows a de-
il of one of these cores and one manner of

rranging for their movement.

Most interesting indeed is the clever speed
reeuliting feature of a motor manufactured
‘v the Reliance Electric & Engineering Co.
{Tere the variation in the field flux passing
irough the armature is varied by shifting
the position of the armature axially.  When
Jhe armature (together with its commutator
ind brush gear) is adjusted by means of a
B wheel and levers to the position where
it iz directly in line with the ficld poles. a
normal speed is obtained. Az the field flux
through the armature iz weakened by shift-
ing the armature away from the pole-pieces.
the speed of the armature increases,

AMany electrical students think that every
motor or dynamo must have an iron core.
Hath in field and armature. Tt s interesting
to note that inteerating watt-howr meter mo-
-ora are of the air core type and have no
‘ron in them at all. as Fig. 4 shows. The
point of interest to electricians in this con-
nection is of course that such a motor is
of very low efficiency, but the reason why it
s el in the watt-hour meter iz due for
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one thing to its true response to variations
in the electric current passing through its
field and armature, which current is that
passing into the house mains and the one
which is to be measured. Also the motor can
be used on A.C. or D.C. without interfer-
ing iron losses, which would complicate
matiers.

In the average watt-hour meter, the arm-
ature is connected across the line through a
resistance and measures the voltage or po-
tential component of the wattage; while the
current supplying the lamps or motors in the
liouse or factory passes through the heavy
wire field coils,” and these we may say do
their part in the motor action to measure the
current component of the wattage, The mo-
tor shaft rests on a jewel bearing, and brush
es and commnutator bars of silver are used. It
will be scen that this motor, wlhile very
wealk, has suiflicient power to operate
train of integrating gears. which in turn
carry dials irom which the meter-reader will
eventually take liis readings in order to make
out the monthly bill. The current passing
through the armature is ol course practically
con~tant, and variation in the load. or elec-
trical energy consumed, is taken care of in
the composite motor action by the increased
current passing through the tield coils.

Many experimenters are of course famil-
jar with the small toy motors made from
corks and what not. and in which the arm-
ature windines are simply placed on the cork
or wooden core.  Such motors without any
iron in their make-up are naturally very weak.
Ii the dynamo of Fig. V7 had no iron in
the armature, but had its armature coils
wound on a wooden or any other core except
iron. the field magnetizing force required
would be enormous, as shown graphically by
the drawing with the tall field pole-

Interesting practical considerations with

(Continued on page 108)
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These illustrations show sectional views of different types of armatures; they are explained adequately by the captions under each one.
arrangement shown in D may be taken as a perfect method from the standpoint of sgtrength, it is so
impractical except for special cases, Fig. B shaws a sort of modification of it, as does a
and F show what may be considered discarded systems of winding.

NOTE SMALL

I1so Fig. E.

FIBER PARTITIONS DRIVEN
IN SLOTS IN IRON ARMATURE
re

©)

ARMATURE\ WINDINGS
BETWEEN FIBER STRIPS

C

NOTE GREATER AIR GAP
FLUX HAS TO JUMP ‘

OLD STYLE ARMATURE
F

While the
difficult to wind that it may be considered
These two types are easily wound. Figs.
Fig. A is only applicable to watt-meters and the like.
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Analoqy of the Transformer
By Svoxey M. Dows
CVERY student of electrical enginecring
has, no doubt, wondered what might

possibly be the relation between the familiar
devices for multiplving force in mechanics

FIG |

A very interesting analogy for the electric
transformer is based on the use of the springs
(C C) shown above and two weights (S P)
mounted on rollers, in addition to the central

weight adjustable for position. Notice the
shape of the opening at S; at P there is a
journal,

and the devices for multiplying electromotive
force. A steady force of 110 pounds is
cisily “transformed” into a steady force of
1,100 or 11,000 pounds by means of a lever,
but a steady electromotive force of 110
volts cannot be converted into a steady
clectromotive force of 1.100 or 11.000 volts
by a transformer. Therefore, it would seem
that the lever and the transformer are
wholly unrelated. However, a lever with a
heavy weight instcad of a fixed fulcrum is
entirely analogous to a transformer, and
the equations of motion of such a lever can
be reduced to forms identical with the equa-
tions of a transformer. including such com-
plications as magnetizing current and mag-
netic leakage.

An ideal lever consisting of a weightless
bar with an indefinitclv large mass as a
fulerum is the exact cquivalent of the ideal
simple transformer. The to-and-fro veloci-
ties of the ends of the lever correspond to
primary and secondary currents: the force
(alternating) applied to one end of the lever
corresponds to the alternating voltage ap-
plied to the primary of a transformer, and
the force (alternating) exerted by the other
end of the lever corresponds to the secondary
terminal alternating voltage of a trans-
former. The velocity values are directly
as the lengths of the two arms of the lever
(this corresponds to the fact that the pri-
mary and secondary voltages of an ideal
transformer vary dircctly with respective
numbers of turns of wire), and the two
forces are inversely as the lengths of the
two arms of the lever (this corresponds to
the fact that the primary and secondary
voltages of an ideal transformer are di-
rectly as the respective numbers of turns
of wire).

When the working end of the lever 1s
rigidly fixed, we have a condition corres-
ponding to open-circuited sccondary. In this
case, the hand-end of the lever will not move
perceptibly if the fulcrum mass is very

great; but if the fulerum mass is moderate,
the hand-end of the lever will move us the
fulerum mass is accelerated and decelerated.
This motion of the hand-end of the lever
corresponds exactly to the magnetized cur-
rent of a transformer.

If the beam of the lever were without
mass the lurces at the end of the lever
wonld be in exact inverse proportion to the
lengths of the arms of the lever; but if the
mass of the lever beum is ctonsiderable. or
if there are weights attached to the ends of
the lever, then the lever acts like a trans-
former with magnetic leakage. Part of the
force exerted by the hand is used to accel-
crate tnd decelerate the weight at the hand
end, the remainder of the force exerted by
the hand is transmittedsto the other end of
the lever (being multiplicd in exact inverse

proportion to the lengths of arms or lever) ;‘—“-v'm

a portion of the force so developed at the
working end of the lever is used to accel-
erate and decelerate the weight at the work-
ing end, and the remainder is exerted on the
receiving device.

In all of the above, the lever is supposed
to be frictionless and the transformer coils
are assumed to have zero resistance. There
is no need to trace out the analogies be-
tween mechanical {riction and electrical re-
sistance. because. to make the analogy com-
plete. one has to assume that the force of
friction is proportional to the velocity of
the moving body.

= = ]

SPARK GAP
Tm—f O

FiG 2

Diagram of a transformer with inductances
(C C) and primary and secondary (P and S).
Referring back to Fig. 1, the letters correspond
in the two cuts, the springs (C C) representing
the condensers (C C) and the weights (P and
S) representing the inductances (P and S) of
the diagram.

IMysterious Electro~-Magmet

IRST procure a picce of Vi-inch jron

pipe 2%2 inches long, also a 6-inch spike

with a head large enough to drive tightly
into the pipe. It may be necessary to file
it before it will @o in. Cut it to the same
length as the pipe.

Next drill two :-inch ‘oles in the pipe
about Y-inch from cach end; file off the
burr and rough edges on the inside and out-
side left by the drill. Now drive the spike
head into the pipe (see Fig. 1) as jllus-
trated: be sure to have the spike centered in
the pipe, its end even with the open end of
the pipe.

Obtain a bar of iron the diameter of the
spike: it may be the left-over end of the
same; and a piece of tough paper 2 inches
square. Put one turn of the paper around
the spike and glue or shellac the rest of it;
roll on to form a tube. Do not put the
mucilage too close to the ends or it will
run out and stick the tube fast. Have the
tubes loose enough to pull off the spike.

Wind the tube with cotton magnet wire
about 1/100th-inch diameter, always in the
same direction.  As vou wind the wire on.

World Radio History

keep trying the coil to see if it will slip
inside the pipe over the spike core: when
vou have all the winding done that you can
get in. secure the protruding ends of the
wire and shellac them. T.ecave about three
inches free for cach end of the coil and
lave the free ends in line with the holes
in the pipe. Assemble the coil in the pipe
as shown and pass the free ends of the wirc
through the holes in the pipe, and shove in
the coil over the core, pulling slack wire at
the same time through the holes. \When the
coil is in, pour melted scaling wax in the

Fig. 1.
mysterious magnet with an inside and outside
coil, so as to produce the puzzling relation of
poles described in the article.

Section showing the winding of the

loles to prevent the wire making contact
with the core and short-circuiting.

Get two cardboard or fibre washers 114
inches in diameter and two discs of firm.
thin cardboard, just large cnough to cover
the end of the pipe, also two picces of tough
paper 174 inches square. Assemble as shown
in Fig. 1; put a cardboard disc on one end
of the pipe, put the paper over the disc and
pull back firmly over the pipe and tie with
thread. Now shove the big washers over
the paper. back about %4-inch from each end
of the pipe. Have two holes in the one
washer for the free ends of the wire from
the outside coil (next to be described) :
insulate the wires from the pipe with paper.

Now wind the space between the washers
full of No. 18 bell wire. Fasten the end in
line with thread and cover the wire outside
with tape or paper; shellac the magnet all
over to improve the appearance and keep the
washers in place.

Now., if a battery of four or two dry
cells is connected to the wire leading to the
inside coil, the core will be magnetized
on the open end onlv. Connect the battery
to the outer winding and the core will he
magnetized on both ends!  Asl somebady
to explain why.,  You will receive some
queer explanations. The mystery is good
to try on a know-it-all fellow who imagines
he knows considerable about electricity. The
ends of the core are covered to conceal the
construction,

Contributed by Garry RUNIONS.
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The diagrams show the poles de-
veloped in the mysterious magnet by exciting
the coils in different ways. In one case we
get north and south poles at one end; in the
other case they are all north at one end, with
a south pole at the other.
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Carbon Consuming Cell

CARBOXN consuming cell, which works
without external application of heat,
is constructed as shown in the figure. It
has the regular outer containing vessel, a
central porous cup (which may be a small
flower pot with the hole stopped up), a rod
of carbon (hard gas carbon), and a nega-
tive clectrode of aluminum sheet or rod.
The carbon rod in the purous cell is packed
tishtly around with granular carbon pre-
viously soaked in oil oi vitriol. The con-
taining  vessel  is  three-quarters  filled
with one part pure sulphuric acid to three
parts of water. In this condition no galvanic
wction takes place.

If powdered potassium chlorate is grad-
ually added to the sulphuric acid in the outer
vessel (and this had hetter be done in a
darkened room as snnlight may cause an
explozsion  of the peroxide of chlorine
evolved). the liquid becomes red, owing to
the separation of this compound.

ALUMINUM CARBON

PORO}JS CELt
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A very curious cell which is supposed to
oxidize carbon, which normally is the negative
electrode, but in this battery is the positive
one. Potassium chlorate is the characteristic
and essential excitant.

The peroxide of chlorine thus liberated
permeates the porous cell, and reaching the
crushed carbon therein contained is deoxi-
dized by it, vielding up its oxygen and giving
rise to carbon dioxide and chlorine gas.
This may be conducted into potassium hy-
drate solution when potassium chlorate is
regenerated.

As the fluid in the outer vessel becomes
decolorized, more potassium chlorate should
be added.

The E. M. . is about 1.25 volts.

Contributed by D. TERRIERE.

Push Button Switch
A SIMPLE push button switch., which will

cast practically nothing and can easily be
constructed is shown here. It will give very
anad service,

Ifirst procure a piece of wood, any size de-
sired, for the base. Drill two holes at each
«nd of the base as shown in the illustration
and after you have the holes drilled. sand-
paper the wood with a fine grade of sand-
paper.

After finishing the base, start making the
huttons. They are made from a round picce
of wood whittled down so that they will fit
the holes perfectly. not too lnose and not too

BUTTON B”

BUTTON A"

HEADLESS
BRADS

SWITCH BUTTONS

A push-button switch made of heousehold
material and which operates like the double
push-button switch used in house wiring; push-
ing one button opens the circuit, and pushing
(h; other closes it. One button releases the
cther,

tight. Dowelling may be used for them. Aidter
you have them fixed, make the small notches
in the top of both and a slot in one as shown
in the illustration. Cut them to the desired
length and then sandpaper them. When the
sandpapering is done, get two brads with
their heads cut off and hammer them into the
buttons as shown in the illustration.

Now get a strip of copper about one-inch
in length and about one-tourth of an inch in
width.  Drill holes as shown in the illustra-
tion.

I’rocure seven round hicad screws, a piece of
twine, and three rubber bands.  First put in
the buttons through the bottom side.  Then
fasten the strip to the bottom of the base with
one of the screws. Do no have thie screw too
tight or the switch will not operate as the
strip has to move frecly in order to operate.
Put in all of the screws as shown. Put them
in half way only. When the screws are in,
comnect the twine from the left-hand screw
o the hole in the brass strip on the right.

NAILS

WOOD SCREWS

BOTTOM VIEW

HOLES
COPPER STRIP

Elevation and plan view of the home-made
push-button switch. By following out the de-
scription it will be seen how the buttons act
reciprocally, one upom the other, by means of
strings fitting in the notches. Brads driven
through the plugs operate as stops.
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Then spring the three rubber bands into
place, so as to pull the plugs upward. The
wires are connected as shown. When the
right-hand button is depressed the pivoted
brass strip will be drawn into the notch in
the right-hand plug by the rubber band at
the strip's upper end.  This closes the cir-
cuit.  When the other button is pressed the
sring withdraws the pivoted strip and the
right-hand button springs up and opens the
circuit.

This switch was made by a friend and aiter
he had shown me how to make it. I was so
pleased with its results that I am passing this
on to vou readers.

Contributed by GrorGe KRIVISKEY.

Improvised Galvanometer

GALVANOMETER is an instrument
X which ecan readily be  contrived by
anyone possessing an ordinary small poclet
compass and a few old plug-in or honey-
comb coils. The arrangement is shown in
the illustration.

A small stand fitted with a pair of bind
ing posts and a plug-in connccting Dblock.
made from scraps. with a coil plugged into
the stand and a pocket compass laid inside.
are the parts. The stand is turned until
the needle lies north and south. The needle
must lie in the plane of the coil.

A galvanometer improvised from a radio coil
and one or two other accessories of a set.
pocket compass within the coil completes the
collection and if small enough will give an
approximate tangent galvanometer effect.

The coil is connected in series with a dry
battery and any line or coil of wire whose
continuity is to be tested. A No. 75 coil
requires a much larger current than a No.
300 coil (which gives a deflection of compass
needle with a current as small as two milli-
amperes) for an appreciable deflection.

It is a good plan to substitnte a marked
scale for the compass dial. The scale may
be drawn on paper and secured with shellac
upon the face of the original dial.

An interesting feature of this galvanometer
is that by using a very small compass and
supporting it in the center of the circle of
the coil an approximately correct tangeit
compass can be improvised. The principle
of this instrument is tha: the compass needle
<hall be of negligible length compared to the
diameter of the circle of the wire.

The tangent compass whose relative read-
ings vary with the tangents of the angles
of deflection of the campass needle is a very
interesting instrument. [Its work to an ex-
tent is basic and not hased on standardiza-
tion. This, in a sense, makes it a direct
reading instrument, where it is a question of
getting comparative values.

Contributed by Hyxux BusurLowiTz.
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Awards in the $50 Special Prize Contest

For Junior Electricians and Electrical Experimenters

Second Prize, $15
Tomas R. Santos
63 Buenos Aires,

First Prize, $25
Lawrence Brennan
519 East 7th St..

Third Prize, $10
Ralph Stewart
W. 811 Providence Ave.,

Honorable Mention
No Name
565 12th Ave.,

Anaconda, Montana

Sampaloc, Manila, P. I.

Spokane, Wash.

Salt Lake City, Utah

First Prize
Electric Soldering Iron

SOLDER HERE ON
INSIDE

PART TO BE
SOLDERED

A
WIRE SOLOER

CURLING IRON
«—RESISTANCE

1HOV. AC. OR D.C.

A soldering iron is made from a lady’s curl.
ing iron; this opens and closes and the pincer-
like action makes it possible for it to hold a bit
of solder., By the incandescence of the solder
touching the piece of metal to be treated, and
possibly by a minute arc, the solder is melted.

A N old clectric curling iron can readily
“ be converted mto an electric soldering
iron by means of a few changes.

The side clip ol the implement and the
resistance wire are removed and a small
hole L4-inch in diameter is hored in the end
of the iron to hold the solder, which is the
uznal solder wire.

One end of a connection from a 110 volt
circuit, either A.C. or D.C., is soldered or
hetter brazed to the iron on the inside at
the end of the handle. A resistance suit-
able for the iron is the next thing required,
whichh may be the heating coil taken from
the curling iron. or any other available re-
sistance, such as the unit from a flat-iron.

When the solder is tonched to the work
the incandescence will melt it, and by delicate
treatment more or less of an arc action can
he produced. This will increase the heating
effect. In this case. as in other soldering,
the great point is to get the work itself
heated. Tf it ix a heavy picce of metal it
~hould be pre-heated with a Bunsen burner
or alcohol lamp.

The arc effect can be favored by the manip-
ulation of the iron, withdrawing it and touch-
ing the work again with the solder.

Second Prize
Code Practising Apparatus

PHONES

% TOHOV-A.C.
TELEGRAPH KLY
This interesting connection gives a buzzing
sound for practising the code, the source of the
same being the cycles of the A.C. called upon
for the purpose.

UNIQUE code practising apparatus
4 which will eliminate the cost of buz-
zer and batteries, can be constructed eusily
in the following manner:

First. get an old electric lamp socket—
one with a base is preferable. Insert in it a
bulh, a 32-watt lamp will do for the pur-
pose, and wire it in series with a telegraph
key, as shown in the diagram. Now take
a piece of tin foil, enough to cover half the
bulb, and glue or cement it with shellac to
the bulb, as in the diaeram. Connect one

terminal of a teleplione receiver to the tin
foil and the other terminal to one line of
the lighting circuit. The apparatus is now
ready for use.

One advantage of this home-made code
practising apparatus is that one does not
only  learn the code casilv—because the
sound produced is high pitched—but it also
aids the student in comprehending how to
communicate by heliograph., in which the
dot and dash code is emploved.

Third Prize
Variable Condenser

HE illustration shows an idea which

I have been using in an ineffcicnt static
trap, but its other uses are many.

This variable coadenser consists oi one

test tube 174%inches in diameter, and a sim-

$50 IN PRIZES

A special prize contest for Junior
IZlectricians and [Electrical Experi-
menters will be held each month.
There will be three monthly prizes
as follows:

First Prize  $25.00 in gold
Second Prize $15.00 in gold
Third Prize $10.00 in gold

Total $50.00 in gold

This department desires particularly
to publish new and original ideas on
how to make things electrical, new
electrical wrinkles and ideas that are
of benefit to the user oi clectricity, be
he a houselholder, business man, or in
a factory.

This prize contest is open to every-
one. All prizes will be paid upon pub-
lication. 11 two contestants sumbit the
same idea, both will receive the same
prize,

Address, Editor, Electrical 1 rinkle
Contest, in care of this publication.
Contest closes on the 15th of each
month of issue.

There are dozens of valuable little
stunts and ideas that we young men
run across every month, and we mean
to publish these for the benefit of all
electrical experimenters.

ilar round substance of a size as regards
diameter to slide freely inside of the test
tube and still have a piece of tin foil al-

TINFOIL ON OUTSIDE
OF OUTER TUBE

TINFOIL ON OUTSIDE
OF INNER TUBE

FLEXIBLE

METAL BRACES
3" BOAROD

A variable condenser constructed on the tele-
scoping principle. Two test tubes each coated
with tin foil on the outside, or a test tube and
a round stick of wood, supply the requisite ma-
terial By pushing the one into and drawing it
out of the other, the capacity is varied.

W
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most its full length wrapped around it once,
corresponding to a similar  piece of foil
wrapped around the test tube on its outside.
If a test tube is uscd for the inside it will
he found advisable to put a cork in its opett
end to act as a convenient handle.

The one good method for fastening the
foil to a wire is to get a flexible wire and
spread it, wrapping the foil tightly around
it. The outside tube is then fastened by
padded metal strips to o hase-board of al-
most any size that is available. By pulling
or pushing the inside tube various small
capacities may be obtained which are always
handy in the experimenter’s laboratory.
_The binding posts are capped. buried or
rivetted at the top only to keep the battery
nuts from being lost. if the experimenter
wizhes to use the condenser inverted. as
more convenient in some cases.

Honorable Mention
Sheep Wool Trimmer

To prepare a sheep for exhibition the rough
ends of the fibres of the fleece may be singed
off. The idea is not to go too deeply, but
merely to secure an even surface, so as to make
the animal as presentable as possible.

Al\'()’l"lll".lx’ useiful application of elec-
< tricity is shown in an electrical sheen
wool trimmer. 1t consists of a poreelain
tube 10 inches by 35 inch. which is wonnd
with No. 18 climax hcating wire about 3¢
feet in length. The wire should come to
within ahout four inches of the head of the
tube 30 as to give room for a handle.

To this is attached a cord with attachmen*
plug. One wire of the cord is drawn hali-
way through the tube. to which is fastened
the heating wire.  The other wire is fixed
on the outside to the other end of the re-
sistance wire.  The porcelain tube has the
advantage of giving a cool handle and con-
fers a degree of simplicity to the apparatus

The apparatus is very cheaply made and
has proved eflicient and satisfactory {or
trimming sheep for exhibitions and stock
shows, It must be understood that the de-
vice is intended only for trimming the super-
fluous or ragged hair so as to produce a
perfectly level fleece and in general a gonn!
appearance.

It will. of course, be understood that there
is no idea of using this appliance for shear-
ing. Its sole object is to remove the rough
outer wool, and it can be readily scen that,
in preparing the sheep for exhibition at an
agricultural show or the like, this treatment
might count for a great deal. It remind:
one a little of the singeing process which
barbers apply to the hair of their victims.
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What Our Readers Think

Loss of the Historical Edison Relics

(A Letter from My, Mcadoweroft)
From the Laboratory of Thomas .\. Edison.
Orange, N. ).
Sept. 26, 1925.
Dr. T. O’Conor Sloane Managing Editor,
THE EXPERIMENTER,
§3 Park Place, New York City.
My dear Dr. Sloane:

Mr. Edison has kept me busy on some special
work for the last few days. which will account
;or a little delay in answering yours of September
1.

It is greatly to be regretted that we have no
examples of the old Ediscn effect bulbs. These
and many other old relics that were valuable for
historical purposes were destroyed in our great
fire of 1914,

1 am sorry that we shall be unabhle to contribute
what would be a valuable addition to your illus.
trations.

Yours sincerely,
WM. H. MEADOWCROFT.
Assistant to Mr. Edison.

(We had hoped to illustrate in our columns the
original bulbs on which Mr. Edison had based his
investigations of the Edison effect. Needless to say,
these would hare beem most interesting and valu-
able. Their loss in the fire coincident with the be-
ginning of the World War is a disaster compar-
able to the destruction by fire of the Volta relics
at Como, Italy, im the Exposition held there is
celebration of the centennial of the wvoltaic bat-
teyr.—EDITOR.)

Contributions From Readers
Editor, EXPERIMENTER:

1 am writing this to say that I think the Ex-
FERIMENTER is a fine magazine. I like the edito-
rials very much,

May ask a question? Is the Chemistry de-
rartment of the EXPERIMENTER open to contribu
tion by anyone, and if so, do_you pay anything
for articles in this department?

Yours truly,
GeraLD WELLS,

Niagara Falls. Ontario.

(Al departments of the EXPERIMENTER arc opew
10 comtributions by cveryone, and if such contri
butions are accepted by us we pay at the rate of
Tc a word therefor. The essential thing is tha:
the contributions shall have merit, that they shall
be new, and that they are clearly writlen o7
typed on ome side of the paper twith plenty of
space between lines: they should be accompanied
by photos or diagrams; wunillustrated matter is of
little walue to us.—EpIToR.)

Chemistry Section
Editor, EXPERIMENTER?

1 am not a subscriber to the “EXPERIMENTER”
Magazine, but I buy it every month, I think 1t
the most interesting magazine I've ever set hands
on. It's the Chemistry “department” that “gets’
me. You publish some real handy kinks in it. and
1I'm hoping you will continue the good work.

Your interested reader.
Rorert G. Durxior.

Saskatooz, Canada. i

(IWe feel that our Chemistry  Departient s
unique, owing to the adequate illustrations and t2
the full treatment swhich ecach subject receives.
We should be wery glad to make the scction long-
er. but we have only so many pages and thers
are many radio crperimenters who perhaps wevcr
look at the chemistry pages. so we have to take
care of them also. We hope we are aiving enonah
chemistry to kecp you as a friend and reader.—
Enttor )

Kodak Printing Box
Editor. THE FXPERIMENTER:

Ac a reader of Tur ExpErivexTrr T would like
a little article put in on building a Kodak printing
hox for 214 x 414 in. film with electric bullh n
the inside and the printing frame on hinges on
1op. to take the film and paper. like the Fastmon
printing hox.

As an cxperimenter and photographer 1 wou'd
1ike to build one.

A. J. Davics,

Seranton., Pa. .
(This suhject has alrcadx been treated in our
celumns.—EDITOR.)

Electric Tank Heater

Editor. FEXPERIMENTER:

Would you please tell me how much the cest
would be to operate the FElectric Water Tank
Heater described on page 830 of the Octoher issue
of Tur EXPERIMENTER, provided the heater would
be required to heat a tank withb a capacity of S0

These columns are reserved for YOUR
opinions. Do not hesitate to commu-
nicate your comments and sugges.
tions regarding Tue EXPERIMENTER.
—EDITOR.

1D D 3 G 1) W ) Py

gallons. The heater of course would be operated
on the standard 110 voit circuit. 7That 1s how
much would the heater cost an hour to run on
the above conditions, or how much a killowatt-
hour?

Also would you please furnish me with more
derninite explanations and drawings, or if you can:
not furnish e with these would you be kind
eaough to tell me where I could obtain them.

Very cordially yours,
l{onan E. MEeTzGER.

(The expenmse of running o water tank heater
depends om how well it is lagged or insulated
against loss of heat and on how much watcr s
taken from it. The thing for vou to do is to coat
it with asbestos sheet or composstion; them, once
the watcr is heated, it will stay hot for a long
time, The theovetical figure would be of little use.
The only detasl that amounts to amything is how

XPERIMIENTERS and amateurs,

we want your ideas. Tell us about
that new eclectrical stunt you have
meant to write up right along. but
never got to. Perhaps yvou have a new
tdea. porhaps you have seen some new
clectrically arranged “do-funny”—ive
want these ideas, all of them. For all
such contributed articles that are ac-
cepled we will pax one cent a word
wpon publication. The shorter the ar-
ticle, and the better the illustration—
whether it is a sketeh or photograph—
the better e lke it. 1hy not aet
busy at once? I rite legibly, in ink,
and on one side of the paper only.

EDITOR.

.

t0 insulate the wire as it cnters the metal tank,
and this is very easily dome by a fibre bushing,
or evem if vou have a metal coupling, by using
an insulating bushing or washer therein. No draw-
ings are necded as practically everything was con-
tained in the articlc.—EDITOR.)

Experiments as a Topic
Lditor, EXPERIMENIER:

1t gives me much pleasure to write a few words
for your fine magazine, THE EXPERIMENTER.

I like the new name because it gives it a much
wider scope. 1 like to read the experiments of
cther fellow experimenters as I get many novel
ideas while doing so. Also, vour magazine stim-
ulates people to experiment by offering prizes and
paying space rates for articles, and it forms a con-
necting link between amateur and professivnal ex-
perimcnters. Your magazine deserves every success.

Youars truly,
1. CARPENTER.

Burlington, Vi,

(The aborve letter cwas received along with o
number of nice little experiments, cach one with
its lustration. some of wchich sce hope to give
in an ecarly issue. Our corrcspondents cwill, of
comrse, understand that sce haie to discriminate
hetsecen the old and the newe and azoid aiviug
things which are familiar to ccrybody. Then aaain,
comes the question of howe good an _erperiment is,
and this does not mean hote complivated. oery
simple experimeent may bhe admirably illustratice,
just as a simple inieation weith its claim in the
fesoest possible cords max be worth millivus of
dollars.” The clue to Tur ExverivENTER Mavazine
is: “Erperiments.” These are tohat twe teant and
make cvery effort to give our readers. and e
wwant our readers fo send in contributions.—EpiTor.)

Connecting a Stop-Light on an Automobile

Editor, EXPERIMENTER:

Tn the Octoher EXPERIMENTER, in the “How
and Why” department, the answer to James P.
Noon's query of how to connect up a stop light.
12 mcorrect.

The answers state that he should run a wire
from the hatterv to the stoplight on the rear of

rid Radio Histo

the car. This was to go from the ungrounded side
of the battery. Then from the other terminal of
the battery, he was told to run a wire to a simple
contact so placed that it would touch the brake
pedal when the latter was pushed down. The
other terminal of the lamp was to be grounded.

Unless you wish to use a special switch, you
should run a wire from the ungrounded ternunal
of the hattery 1o one terminal of the stop-light.
From the other terminal of the stop-light run a
wire to an ungrounded contact so placed that it
will touch the brake when the latter is pushed
down. Your hrake pedal is grounded and so com-
pletes the circuit.

A special insulated switch may be bought or
designed and with it you can ground onec side of
your stop-light, but in this case you must run
two wires to the switch which is closed by mechan-
ical contact but not electiical contact with the
brake.

1 would like to see a department of automobile
electricity and astronomy added to the Exrew-
MENTER.

Yours sincerely.
RoBert E. WALTERS.

Logan, Ohio.

(The circust givem is crv properly found foult
with by you as it would mot work on a grounded
circuit battery. It would only work upon a double
wire circuit such as has been used on the Chal-
mers and other cars. although notv the grounded
circuit is pretty genmerally uscd.

In the past we had _an automobile section whick
was headed Motor Electrics, and we still hope
to give this section from time to time. Can you
not semd us some good copy twith illustrations for
it?—Ep1ToR.)

A Pamphlet of Short Circuits

Editor, EXPERIMENTER:

The column, “Short Circuits,” of your publica-
tion, has items that apply to accidents.

\We believe that these items will he of great
value to our school in presenting the facts in this
manner to the students who are taking up the
electrical course,

We therefore wish to inquire if you ean furnish
these items in pamphlet form.

Very truly yours,
W, G? SterHENS, Director.

State Trade School, Stamford, Conn.

(There is much wery taluable mattey that ap-
pears in our columm and which we would be only
too glad to put into book form for permanent
preservation,  Your suggestion apropos of the
Short-Circuits is an excellent ome and the writer
can truthfully say that he would be delighted to
see st carricd owt. but it will have to wait. We
thank vou wery much for your inmteresting sugges
tion.—~EDITOR,)

Condensers with Vacuum as Dielectric

Editor, THE EXPERIMENTER:

Mr, Lagerquist, in his article on condensers in
the September issue of T'HE EXPERIMENTER, brings
forward the idea of using a vacuum as the insu-
lator in a condenser. This sounds all very good.
but the charge in a condenser is supposed to be
stored in the dielectric. and a vacuum is supposed
to he nothing, so it seems to me that Mr. Lager-
yuist's condensers won't take a charge. When cal-
culating the capacity of a condenser, the constant
of the dielectric is designated by K. If air is used
it ordinary pressures, the constant, K, will be
1.00, The ‘more von reduce the pressure the less
K hecomes: hence. by the time you have a vacuum
K will he pretty small and so will the condenser,

Yours for hetter condensers,
Apay J. KINkKALT.

Detroit. Mich,

(Ve vefer vou to the note in the vacuum insu-
lated condenser on page 43 of the November Ex-
PERIMENTER. Boltzman found that taking the spe-
cific inductive capacity of vacwum as 1, that of
air is 1.00050, @ wery slight diffcrence.~—EDITOR,)

Suggestions from an Appreciative Reader
Fditor, THE EXIERIMENTER!

T have just reccived the Mugust number of Tur
FxpertvENTER and thought T would tell you how
T like it. At first T was sorry to hear that Practi-
cal Flectries had ccased. but T sonon changed my
mind, T think Tur ExeFriueXTER is the best
magazine Mr. Gernshack has ever praduced.

T have only one objection to it: it has too much
radio. My ‘principal experimenting is in  elec-
tricity. though lately I’ve begun to dabble in chem.
istry. Radin takes too wuch money for me.

1" think that if vou would print the lives of
<nme great experimenter, such as Edison or Fara-
day, it would interest vour readers more than
fiction. Well, that’s just my opinion, but I'm
~ure some of ‘he others think the same.

Yours truly.
TTowarDp JAMES,

Olney Springz. Colo,

(IV¢" are always glad to reecive criticism  of
practical valte. Rapio News has been publishing
biographies, but TueE EXPERIMENTER c0v'¢rs so
much ground that spacc is the great desideratum.
We certainly welceme xour kind zwords. Remem-
ber there are a great many radio experimenters
among our readers, and we must take care of
them.—Ep1ToR.}
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Latest Electrical Patenis

Radio Receiver

A new circuit incor-
porating multi-stage
tuning with single con-

trol and a vernier con-
denser adjustment for

\ each stage is depicted
in the above circuit

diagram. It is claimed

by the inventor that

the feature of tuned im-
pedance coupling gives
greater amplification
per stage, and control
of self-oscillation is
simplified by effective

shielding denoted by 1,

This receiver comprises a diaphragm and a
magnet contained in a case as usual. The mag-
net is “E” shaped in contour and is forced into
the case with the back of the “E’ against the
back of the case and the diaphragm in front
as shown clearly in the drawings. In this
way, the use of screws and other attaching
parts is effectively avoided as the case is made
a little too small for the magnet so that it has
to be driven in by force.

Patent No. 1,545,920 issued to O. Oelze, Kiel,
Germany.

Magnetic Motor

This is a multipolar motor. A uniform torque
on the shaft is produced by a special excita-
tion of the various magnets. In some construc-
tions single magnets of the armature are ex-
cited at one time, and at other times compound
excitation of some of the armature magnets
along with the field magnet occurs. The connec-
tions, which are quite complicated, have to be
studied in the patent,

Patent No. 1,546,720 issued to R. H. Davis,
Dow, Okla.

i 2, 3 and 4.

| Patent No. 1,545,940

' issued to Sewall Cabot,
————————— -— Brookline, Mass.

Two-Way Telephone Repeaters

Two-way telephone repeaters which are pro-
vided with tuned circuits so as to enable them
to be used on carrier frequency lines, on which
a number of such systems, each responding to
a different frequency, may be employed.

Patent No. 1,533,842 issued to H. Fassbend-
er, et al. Berlin, Germany.

Automobile Horn

The inventor of this device claims that the
fullness of the tone and the sounding distance
are materially improved if at the horn side
of the diaphragm at the place of its greatest
oscillation some vibratory body is so affixed
that it is in contact with the diaphragm at
only that one point.

Patent No. 1,533,964 issued to H. Horig, of
Stuttgart, Germany.

Novel Battery Jars

Many storage battery troubles arise from
poor condition of the battery plates, large
quantity of sediment or low level of the elec-
trolyte. This invention provides a window for
each cell through which the condition of its
contents may be observed.

Patent No. 1,545,753 issued to C. F. Gilchrist,
Toledo. Ohio.

Arc Oscillator

By a peculiar shaping of the blow-out mag-
net poles, the inventor claims to increase the
efficiency of the arc generator. It is supposed
that in this type the arc will be maintained
at a low voltage during the major part of the
cycle, at the end of which the voltage rapidly
increases.

Patent No. 1,545.599 issued to P. O. Pedcr-
sen, Fredericksbers, Denmark.

Polyphase Vacuum Tube

Dr. Slepian of the Westinghouse Company has
designed this vacuum tube provided with a
plurality of plates and with a polyphase plate
excitation. The resulting potential of the poly-
phase system being constant in amplitude, the
effect produced is equivalent to direct current
excitation.

Patent No. 1,533,278 issued to Joseph Slepian,
Swissvale, Pa.

(Corrected from November Issue)

Telescoping Battery

This battery consists of two sections, one
telescoping into the other. To make it active
the inner member is pushed down, to make it
inactive it is drawn up. Thus it can be made
inactive for transportation and when received
can be made active by pushing down the in-
terior division.

Patent No. 1,533,012 issued to Harry M.
Koretzky, et al., Brooklyn, New York.
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HE idea of this department is to present to the layman the dangers of the clectrical current in a manner that can be understood by everrone, and that

will be instructive too.
ticular “‘Short.Circuit.” It is understood that the idea must be possible or probable.
have a good chance to win the prize.
you can do'

PRIZE
WINNER

M N

Quick was the demise
Of Jenny Van Stare.

A lightning stroke jumped
IFroni a socket to her chair.

Deep under this sod
Lies Jimmy McGuire,
He threw his antenna
Across the trolley wire.
—R. C. Hawkins.

ELECTROCUTED
Michael O'Brien, 30, of 183
Bloomfield ave., Montelair, N. J.,
was electrocuted yesterday when
his hand came in contact with an
electric wire and his head brushed
aga:nst a metal boiler, completing

| the circuit, in the boiler room of
emaind | yhe administration ' building at
ebt to| Church and Orange rds., Montcla:r,

mors | Churoh Workmen Killed Wher
their | They Drag Wire Across
High Tension Light Line.

ys held
{sarma-
t1] Eu
ry and

|

i

a debt
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:o:m::-!FOURTH BADLY BURNE

en n-.ei
ome to
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!
Detroft, Sept. 17 (IN&)—Thres mer\;
were electgocuted and a fourth badly,
‘burned’ todey when workmen on the
few 8t. Thomas Catholc’ Church and
-school dragged an elevator guy \rlu]
across & high-tenslon street 1ighty
wire. -

The accident occurred shortly b
fore noon when the streets were crowd:
ed with achool children.

The sudden electrical flash and ces;
of the .vuen as they dropped to the
ground resulted In & near panic.

Several chlidren became hysterkal.

The four men had been instructed to|
-ald In moving lhe .guy wires of the
construction elexator, "which weas be‘
{ng used to holst slone, wood, concrete
and’ other building ramterials. . While,
walking with the wire, it came in «on- |
tact with the street arc lght wire, and’
ithe men were killed Instantiy. ‘
&< An investigation of the accident willl
.be made lmmediately, ~the Corcner)
-aald.’ 5

owever,
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witzout
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Here lie the remains of
Chinaman Wun Lung Lee.

He turned on the current
\While doing his “washee.”

he treaty
fcial re
tion ir
the na
Ccessity

—John L. Staunton.

There is a monthly prize of $3.00 for the best idea on “short.circuits ”

—QO. P. Dickiason, Ir.

! DUF. A
l The
‘Coukd
subjec]
Sireel
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ook at the illustration and then send us your own par-

. If it shows something that occurs as a regular thing, such an idea will
It is not necessary to make an elaborate sketch, or to write the verses.

We will attend to that. Now, let's see what

'Neath this stone
Lies the late Bob McDoves.
He ridiculed the thouglt
Of wearing rubber glives.
—Glen F. Stillwell.”
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Shocking was the end
IFfor Mineralava Roth.
The switchboard she cleaned
With a soaking wet cloth,

—Paul Markarian.

In connection

Naturally, during this time, all of the simple ones have appeared, and we do not wish to duplic

month we receive hundreds of the following suggestions, which we must disregard, because the
hath tub being shocked by touching electric light fixture or electric heater.
line, People operating a radio outfit during a thunderstorm,
contact with a third rail.
not be submitted, as they stand little chance of being published.

with our Short Circuit Contest, please note that these Short Circuits started in our November, 1921,

tric _Boy flying kite, usmg metallic wire
g Stringing an aerial, the latter falling on lighting main.
Woman operating a vacuum cleaner while standing on floor heating register, etc.

issue and have run ever since.
ate suggestions of actual happenings or short circuits. Every
have already appeared in print previously. Man or woman 1n
as a string, latter touching an electric
Picking up a live troller wire. Making
bvious short circnits of this kind should

v

All o
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THIS department is conducted for the benefit of everyone intere<red in eleetricity in all it< phases.

of all, but necessarily can only publish such matter as interests the majority of readers.
1. Not more than three questions can be answered for cach correspondent.

2. Write on only one side of the paper; all matter should be typewritten, or clse written in ink.
4. This department docs not answer questions by mail free of charge.
On questions cntailing research work,

25 cents for each.
wil] be informed as to such charge.

Kindly oblige us by making your letter as short as possible.

Liebig's Condenser

condenser; the
lowest point and leaves
the opposite

How to set up a Liebig's
water enters at the
at the highest, taking exactly
course to that of the distillate.

(546) A, Lerner, Pittsburgh, Pa.. asks:

Q. 1. In a Liebig's condenser, should the
cold water for condensing enter at the top
or at the lower end? T understand that 1t is
cet in an inclined position.

A, 1. It should enter at the lower end
und on the bottom ouf the condenser. The
cffect of this is two-fold: if you will ~tudy
the illustration you will see that the cffect
will be to keep the interior of the con-
denser completely filled with water so that
the central tube is surrounded therewith.
The cold water gets heated as it passes
through the condenser so that the gas or va-

por to be condensed first meets the warm

water and leaves the tube subjected to the
water at its full degree of coldness.
Motor Specifications

(5347)  Edmund Harris, Antigo.  Wis,,
asks: ) )

Q. 1. Could you put a diagram of a mo-

tor in the EXPERIMENTER according to the
following specifications: Tuaking a 110 volt
motor. 5 amperes more or less of 14 horse
power, and changing the windings for a 6
volt battery which would run on a storage
battery. )

. 2. 1T am experimenting with a biplane
glider. Would yvou let me know where I
could get a ¥4 to | horse power gasoline
motor?  I'll be waiting for the next issue
of THE EXPERIMENTER.

A. 1. Your clectrical arithmetic is faulty
as vour motor is about two-thirds of a
horse-power. A rough way to calculate the
wire 1s to take the same weight of wire but
of twenty times the cross-sectional area for
the winding.

A. 2. It may be hard to find so small an
explosion motor. Do vou nat think that a
motor from a motor cyvcle might meet vour
requirements cven if the horse power were
a little high?

Duplex Wave Trap

(348) Jumes P. Madison. Spokane, Wash..
mquires:

Q. 1. Is it possible to construct a wave
trap which will readily eliminate interiering
frequencics, both above and helow the fre-
quency it is desired to receive?

A. 1. The accompanving diagram shows
how <imple it is to install such a device as

vou have in mind,  In series with the ground
connection i a 10-turn coil.  Closely coupled
to both stdes of this coil are two larger
coils, one containing 33 turns and the «wiher
62 turns. Both coils are tuned by means of
~eparate 0005 variable condensers, and they
can be independently adjusted o ¢liminate
any interfering frequency.  The sveiem is
capable i completely absorhing poweriul
local signals and allowine the reception of
distant ones.

:: A wave trap. The idea is to

catch waves of the desired
length and cut out other
waves which would interfere
with the reception.
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Static Eliminator

(34Y9)  Donald Atwell, Columbia, S, C,
writes as follows:

I read Tue ExperivexTir and have done
so for a number of vears. I am coming to
you with a question which I think will in-
terest vou and the radio world.

Q. 1. What would the Government or a
radio corporation pay  for a device that
would eliminate static and all noise from
radio?

A LI you could discover a way of
doing what you specify, and could protect
it by patent, and if no one else got up an
apposition wiy of doing it. vou would have
a_very valuable invention.  What any spe-
cific corporation or concern would pay for
it, we do not know., The Government prob-
ably would not buy it.

But do not imagine that vou have dis-
covered any such thing.

Gas Filament Lamp.
(). ). Huge. St. Lonis. Mo, writes
Referrine to the gas filament lamp

(550)

World Radio Histo

intricate calculations, patent research work, etc., a special charge will be made.

We are glad to answer questions for the benent

No attention can be paid to pcncileq letters.
The Editor will, however, be glad to answer special questions at the rate of

Correspondents

described in the July issue of Tue Exreori-
MENTER, what kind of gas is used?  How can
the tube be necandescent i1 gas is in it?

AL Various gases can be used in the
tube: neon would seern to he particularly
availabtc s the tube itself does not become in-
candescent. it is the gas within it which gives
the light. You can see this action in the num-
(rous neon tubes now used for advertising
purposes in the shape of letters, and also in
the mercury vapor lamps used by photo-
araphers and by moving picture producers.

Audio Amplifiers

(331)  Marcus Ducane, Pittsburgh, Pa..
LN
Q. 1. 1 have a carbm 1ype microphone

and would like to learn of the various ways
in which I can amplify the voice sufficiently
to he Joud enough ifor a maderately deaf
person 1o hear. Can vou give me the in-
Tormation?

1. If reierence i~ mude to the dia-
crams, it will be noticed that the first sys-
tem emplovs a set-up audio irequency trans-
former which can be of 4 to 1 ratio, and an
crdinary type 201A vacuum tube. The bat-
tery which lights the filament of the tube
also acts in the capacity of supplying the
microphone current. This system is by far
the best, although a bit more expensive thun
the others.  The voltage of the “B” battery
can be from 20 to 30 volts.

The sccond diagram shows the simplest
meihod, which consists merely of a smail
batiery giving 4 to 6 volts and a pair of tele-
Meme receivers.

In ihe third diagram, the use of a simple
~wp-ap transformer is depicted. This latter
~istemt is more generally used because of its
ruggedness and it furnishes sufficient ampli-
fication—-depending  upon the ratio of the
windings of the transiormer—for all aver-
age purposes.

Ao s
PHONES
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SPEAKER
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How to amplify sound by using an audion
bulb so that a moderately deaf person can
hear what is said; it can also be used with a
detectaphone.
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Three Brush Generator

(332) James A. Couper, Batavia, N. Y.,
S

Q. 1. Why does an automobile generator
having 3 brushes run harder with no bat-
tery connected than when it is counected?

Q. 2. Why is it that a spark coil giving
a 43" spark on 8 volts of battery will not
cive any spark to speak of when the vi-
brator is screwed down tight, and 5 am-
peres at 110 volts 23 cyeles pass through it?
It seems as though it ought to give at least
4- or S-inch spark, using so much more pri-
mary current and voltage.

(). 3. What is ultra-violet light? Can
vou recommend a good book on this subject
telling how to build apparatus to produce it?

Q). 4. Is there any available data on
building apparatus to produce ultra-high
frequency currents such as were used by
some scientist, I don’'t know his pame, who
rendered the plate of a vacuum tube trans-
parent giving the effect of cold light?

Q). 5. Please refer me to some guod books
on rare gases of the air, including labora-
tory technique f{or producing them.

Q. 6. 1s it legal to make ethyl alenhit
for chemical laboratory use without vilat-
ing the law?

A. 1. It all depends on how it is con-
nected. whether the hattery is connecte [ 39
as to drive it. or whether it is driven so
hard as to charge the battery.  When charg-
ine a battery it is working against the elec-
tro-motive force of it and this cuts down
the current it produces so that it runs easier
than if it were generating current through
a simple resistance equal to that of the bat-
terv. If the battery were running it as a
motor then it would run easiest of all

A, 2. 25 cvycles gives a very slow make-
and-break for a spark coil. The great dis-
plays given by the Tesla coil are due to the
rapid make-and-break incident to a spark
discharge.

A. 3. Ultra-violet light gives ether waves
of frequency exceeding that of violet light.
and therefore not affecting the eve, it is
merely a question of frequency of vibration.
\We have had several articles on the subject.
An arc lamp with metal electrodes gives
these ravs and a mercury arc lamp in a
quartz tube does the same. Glass will not
pass them while fused quartz does. There is
no book that we know of devated to this sub-
ject: both the are lamps are described in
several issues of our magazine.

A. 4. Ultra hieh 1requency currents
which you speak of might designate the
Tesla coil experiments: but we do not know
what you allude to.

A. 5. These gases are produced by lique-
faction of air: the most recent authority on
the subject is a work by Georges Claude an
the liquefaction of air, which you can pro-
cure at the scientific bookstores.

A. 6. You should not attempt to distill
an alcoholic liquid unless fully protectad
by permit from the Internal Revenne De-
partment of the Federal Government.

Ozonator
333) John O'Mara, Mt Vernon. N. Y,

(
asks:

Q. 1. Kindly give details of construction
of an ozone generator.

A. 1. You will need a small spark coil. a
alass condenser, 1 storage battery. a switch,
an inductance coil and a spark gap. Having

CONDENSER,

FORD COIL

11

Ozone is supposed to be beneficial to the
blood. Above is shown a simple ozonator which
can be cheaply constructed,

procured these materials, the spark gap is
enclosed in a wooden hox and an opening
made in one side to which is fitted a short
length of large sizerl rubber hose. The con-
struction of the condenser is as follows: 8
photographic § x 7 plates are used to sep-
arate sheets of tin foil, 4 x 6. This con-
denser is connected in parallel across the
secondary of the spark coil and in series
with the spark gap is connected the induct-
ance coil. The coil is comprized of 10 turns
nf No. 8 bare wire placed in an insulating
framework, six inches in diameter. Zine
terminals are used in the construction of the
spark gap.

[n the operation of the ozone generator,
care must be taken not to touch any of the
high veltage wires or else a discomforting.
but not serious, shock will result. As a pre-
caution, do not inhale too much ozone since
‘t will be detrimental in its effect upon the
hody tissues.

Electrically Operated
Phonograph

(334) W, Classon, Detroit, Mich., wants
o know

Q. 1. Can a phonograph be stopped and
started by electriciiy?

A. 1. As vou stand in front of the
phonograph you will see a little to the right
the brake or stopping piece. By providing
this with a spring to pull it open. so that
the phonograph will go, and attaching to it
an armature with an electro-magnet toa at-
tract it so as to put on the brake and stop
the phonograph, when current passes. you
will have an arrangement by which a bat-
tery will stop and start it. It will start it
by releasing the brake and stop it by put-
ting on the brake. The driving force of
course will be the spring.  As shown in the
illustration  push-huttons  are mounted on
the side of the case for stopping and start-
ine it, but these pash-buttons of course can
be placed in any desired part of the room.

BUTTONS

Showing how to start and stop a phonograph
electrically.

Gravity and Density

(335) John Timberlake, Shadyside, Ohio,
writes :

). 1. We have been arguing in our high
school physics class ws to whether a picee
of steel that was drepped in the ocean
would sink to the bottom at an unlimited
depth, Would like to have your opinion ou
this matter.

A. 1. The stee: wonld sink until it reached
a puint where the gravity of the water above
it would pull it up hard enough to compen-
sate the down pull of the water below it
or of the water and earth below it. as the
case might be. In the center of the earth
an object would have no attraction or rather
pull in any direction; but for all obtainable
depths of water on the earth the picce of
steel would sink to the buttom.

AConstant Frequency Oscillator

(356) Jerry Stoner, Oshkosh, Wiscousin,
asks:
Q. 1. Kiudly give me data for a radio ire-

'World Radio Histol
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Circuit showing how to wire a constant fre-
quency oscillator.

quency oscillator which will aperate at a rre-
quency of approximately 500 ke.

A. We are giving vou herewith the
details concerning the oscillator vou men-
tion. The grid coil is wound on a 374 inch
diameter form and ccnsists of 75 turns of
No. 18 D.C.C. wire. The plate coil utilizes
50 turns of the same size wire wound on a
similar form. The plate feed-back condenzer
is of 002 mfd. capaci:y while the auxiliary
shunt condenser across the grid and plate
may he of .0001 mfd. At Z, may he placel
a pair of phones anl if the oscillator i
coupled to an antenna, C.\V. signals of a 600
meter wave-length cin readily be heard.
Tlle nse of a grid leak and grid condenser
is optional and depends upon the type of tube
heing used. To make the oscillator cover a
large hand of frequencies it is necessary to
shunt only the grid irductance with a 0003
variable condenser.

A Le Clanche Type Cell

(357) David Reyaolds, Jamaica, West In-
dies, asks:

(). 1. Wil you please publish all the nec-
e~sary imformation cancerning the construc-
tion of an open circuit wet cell, preferably
using a tin can container?

A. L EFirst, clean the tin can thorough!y
and fit a hard wood eover boiled in paratin
to it. In the center of the cover. drill a hole
large enough to acconmodate a dry-cell car-
bon. Next. fill the tin can about five-sixths
full of sal-ammoniac solution. The solution
can readily be marde by adding a few ounces
of the salt to clear cold water. Tn the
original LeClaunché ccll, a cylindrical carbon
electrode encloses a zine rod which passes
through its center an:l is insulated from it
The use of the tin instead of zine shightly
lowers the potential difference available at
the terminals of the cell.

Foraweod coser

Wood-pin

-in-can

Sal-amorniac

Dry-cell
Solutior 452

“carbon

A simple wet cell of the Le Clanche type.
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Dariable Speed Motors

regard to the path of the magnetic flux be-
tween the field poles and across the arma-
iure gap, are shown in Fig. 6. At Fig. 6-A
we see that a wooden armature core would
result in an excessive  magnetic  leakage,
which firstly, of course, is wastein!: and sec-
SUB-NORMAL SPEED REGULATING

RHEOSTAT (REDUCES o mmcoomccecaaaeann a
MOTOR CURRENT) SUPER-NORMAL SPECD |
:

REG RMEO.(WEAKENS
\_‘

\ 1

FIELD: INCREASES sth):
D.C.

ARMATURE

SERIES FIELD
COoILs

o oomoccoed)

The use of rheostats in the armature and
field circuit of a series wound motor for regu-
lating the speed is shown here. 1t is all a ques-
tion of weakening or strengthening the field.

ondly, the amount of magnetic flux passing
across the polar gap in which the armature
rotates would be very small. Fig. 6-B shiows
the reduction in magnetic leakage and also
how the magnetic flux between the field pole
faces is carried through a toothed iron arm-
ature of the modern type. This type of arm-
ature is as ncarly periect as possible, the
armature windings or wires being carried
in the slots shown. The chief advantage of
the toothed armature is that its outer peri-
frey can be very close to the field pole faces,
as close as 1/32d inch in some small motors.
‘This results in a very high efticicncy for the
flux path through the field frame and in a
minimum requirement of magnetizing force
for the field. The more electrical energy
we have to waste in the field cxcitation, the
lower is the cfticiency of the complete ma-
chine, of ccnrse.

Fig. 6-C shows the old type of surface
wound armatnre. where the iron core has
slots cut longitudinally along its surface at
cqual intervals, corresponding to the width
of the coils. In these slots, fibre partitions
the length of the armature are driven and the
armature coils are then wound on between
them, over the proper core insulation of
course.  This makes a band winding job.
After all of the coils have been wound and
shellacked. they are hound in place by sev-

(Continued from page 99)

eral bands of steel piano wire or phosphor
bronze wire, soldered and held in place by
copper clips, these bands being wound over
mica.  The great defect in this old design of
clectrical machine, which was the principal
type found twenty-five vears ago. is that
there s a large air gap between the field
poles and the iron core of the armature.
This means a lower efficiency for the whole
machine, as a greater magnetizing force has
to be provided in the field coils to force the
Hux across these relatively large air gaps.

The surface wound armature of this type
is among the most undesirable of the designs
brought out, from an clectrical point  of
view: while mechanically it is also one of
the poorest.  The mechanical trouble lies in
the fact that the armature wires are not
held rigidly enongh in place. and at high
speeds or under sudden over-load conditions.
cic., the armiature conductors were  some-
times torn trom their positions, the wires
heing jammed between the armature and
field poles. In one case a ten horse-power
armatnre of the surface wound type. which
the writer had rewound, wnd which did not
have any fibre er other partitions between the
coils, except those at the ends of the arma-
ture, split in two halves shortly after being
put in place in the machine, and the wires
did everything but jam the air gap between
the armature and field. Nothing could be
done with the armature winding and it had
to be rewound again, which required several
days’ work.  The trouble in this case. the
explanation of which may prove of valie to
clectricians called upon to rewind such an
armature, was dne to the fact that the var-
nish used on the armature wimdings had not
been sufticiently baked and dried for one
thing; and secondly. there were not a suffi-
cient number of piano wire bands on the
armature to hold the conductors firmly to
the core. Tt should be noted at this point
that two very important things happen when
an armature rotates between the field poles
of a motor or dynamo.

The first thing that happens is that in any
surface wound armature wnarticularly, the
centrifugal force due to the rapid rotation
of the armature tends to force the conduct-
ors away from the core.  This mechanical
stress is frequently exceeded by the elec-
trical stress occurring, which is created by
the magnetic pull of the ficld poles on the

current carrying armature conductors. i
vou don't think there is much of a pull he-
tween a magnet pole and a conductor carry -
ing anywhere ifrom five to several hundred
amperes perhaps, just try it out in your lah-
oratory.  This magnetic stress has to he
taken into consideration hy electrical design-
ers, even for switchboards, owing to  the
heavy currents passing through the bus-bars
and the resultant powerinl magnetic fields
surrounding these bars, tending to dislocate
them or cause short-circuits.

Ilig. 6-D shows the most perfect magnetic
design for an armature that the writer ever
came in contact with.  This armature, built
up of anncaled steel laminations, had tumel~
provided for the armature wires. Of course.
this armature is impractical from the wind-
ing point of view, as cach coil had to he
tediously threaded and wound into place hy
means  of  small shottles or bobbins. Tt
SUB-NORMAL SPEED SUPER-NORMAL SPEED
REGULATING RHEOSTAT RHEOSTAT

0.C ARMATURE /

SHUNT FIELD
WINDING
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This is an analogous system to that shown in
Fig. 7, but applied to a shunt wound motor.
Both diagrams are practically self-explanatory.

stands at the head perhaps for magnetic ei-
ficiency, but the slotted toothed armature
used universally today is the acme in general
clectrical and mechanical design. Figs. 6-E
and I show the paths of the field flux in
the modern toothed armature design as con-
trasted with the old surface wound arma-
ture with its proportionately larger air gap.

Fig. 7 shows the use of rheostats in the
armature and field circnits of a series motor
for regulating the speed above and below
normal: while Fig. 8 shows the use of rheo-
sats for varyving the speed of a shunt or
compound wound motor ahove and below the
normal speed value. These methods are
more of the well-known and obvious types
than the ones described in the body of this
article.

QRM [I am being interfered with]

why amateurs are not concerned.

Not so long ago and particularly before
the Third Radio Conference held in Wash-
mgton, D. C., last October, it was the rule
rather than the exception for one service
to interfere with the adjacent service.
Those who live near the coast or lakes have
vivid memories of code interference that
once made broadeast reception unenjoyable.
This commercial interference has been al-
most entirely done away with so far as
American  stations  are  concerned. On
numerous occasions articles have appeared
regarding  the accomplishments of  these
annunal  Radio  Conferences. Particularly.
do T agam desire to mention the discontinu-
ance of the 300 meter and 450 meter wave
bands for the use of the commercial sta-
tions as having done more toward relieving
broadcast reception from bheing interfered
with, than any other official act since broad-
casting stations were granted other waves
than 360 mcters. In addition to the dis-
continnance of the above mentioned waves,
the old TInternational wave of 600 meters
has been changed so that now it mav only
bhe used for calling and distress signals and
at the present writing it is possible that

(Continued jrom page 89)

this is to be discontinned.  This moves
commercial code interference caused by
Amecrican stations to the use of waves

sufficiently in excees of the average B. C. L.
tuner. so that it i< almost impossible these
days to hear a commercial at all.

The Navy., Army and DPost Office sta-
tions are causing but little intericerence at
present—and what few harmonies, mush and
the like that do happen down on the lower
bands, is being climinated as promptly as
circumstances will permit.

The waves now granted to amateurs and
the ones most favorable to meet the ama-
teur's needs are those under 83.7 meters.
True, he is still licensed for operation in a
band bhetween 150 meters and 199.9 meters
which bhand merges into the Class “A”
broadcasting band. TTowever. few of themn
are using this wave at the present time and
it is my opinion that little complaint would
De made if half or all of it were given up
to broadcasting stations. Some persist in
clinging to the old waves and to the old
obsolete types of transmitters such as the
spark transmitter, ACCW scts or cven
ICYV and ’fone sets.  Some also use conp-
ling that serves to defeat the purpose of the

World Radio Histoi

law requiring coupling that is not conductive
or even approaching it. I now have refer
ence to certain capacity coupled transmitters
that pass harmonics with less reactance
than the natural wave and what is worsc,
kevelicks in abundance, also coupling that
i< inductive in design but far removed from
it m practice, coupling that is more jammed
than a  commercial sending out  distress
signals.  As in the old spark davs, there i~
i proper adjustment that is most efficient
and honestly, it s not the closest coupling
possible betwe  primary and secondary cir-
cuits.

Defective appa atus in these davs is not
a4 great canse for troublesome noises and
for that reason is only to be briefly
mentioned.  Occasionally it happens that we
permit our “B” bhatteries to hecome prac-
tically discharged and to develop a “noisy
cell” before we realize it.  This is often
the case when a 1 rge number of tuhes or
exceedingly high plate voltages are used.
Also, storage “B” bhatteries are a source of
annoyance providing they are of a type that
allows the acid to creep or spray. This.
likewise, annlies to storace “A” batteries
although the greatest cause of their being
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fesponsible for irritating noises is due to
electrical breakdown or leakage internally.
]t has even been found that storage cells
when charged too rapidly or when given a
long overcharge and when placed in serv-
ice immediately will cause noisy and fluctu-
ating reception.  Thie may be due to ex-
cessive gassing or bubbling. It is advisable
to refrain irom excessive charging or over-
charging. If not possible, either permit the
battery to stand an hour or so beiure plac-
ing it in service, or else possibly suffer un-
catisfactory reception.

It does not seem necessary to discuss in
detail the subjcct of connections.  Every-
«ne knows that each wnd every joint, con-
neetion and what not. are to be electrically
and mechanically pericct. Do not worry so
much about vour low-loss apparatus and
then overlook vaur ¢ nnections, Rememnber,
the chain is only as strong as its weakest
link; analogous to this proverhb aund a later
version is, no radio is more perfect than its
poorest contact.

Almost evervore knows that such tuhes
as nse thoriated filaments, ie.. type UV-
201-A or C-299, (tc.. are subject to vibra-
tions and jars and et up microphonic dis-
mirhances, especiallv  when amplifiers are
used.  The logical method of alleviating this
trouble is naturally to damp out these vibra-
tions hefore they are transmitted to the tube
elements. Spring s ckets, sockets mounted
on soft sponge rubber and suspended sockets
are some of the arrangements heing used.

IFaulty cords to radio receivers or speak-
ers are, and always will be, a common cause
for noises. Whenever your cords becumne
worn or frayed. replace them as a safe-
puard—they may often canse tronble even
thongh not worn.

Variable erid leaks give an unusually
Jarge amount of trouble, occasionally and
in my mind I do rct believe average con-

- e -

In helping the
Bghting company
to clear up trouble
with power leaks,
it is a good plan
to mount a loop
antenna and a
small receiving set
en the hood of the
inspector’s car.

- (. . .-

ditions warrant their vse. 2t is sufest to
nave a number of fixed leaks to use in a
clip mounting,

It is not necessary o go iiito mure detail
regarding the other picces of apparatus as
sockets-contucts, rheostats, poor  jacks,
sprung condenser plates, etc.. that can and
do ruin many an excellent program and try
a good man’s patience. Sufice tc sav, do
not expect more out of radie than vou put
‘nto it. Like everything else vou will find
the Golden Rule must be lived up to. If
you want somcone to see about that in-
ductive interierence ga out and get it your-
scli.  The next time a neighbor’s receiver
chirps or howls at you, ask vourself if you
are doing the same thirg to him by improper

When some other
service encroachcs upon vour pleasure an-l
interieres, take the matter up with the oi-

operation of yvour set.

fender and nmely-nine  times out of a
hundred you will find the gulty party 7s
ignorant of the interference he is cansing
and is very gratefal to you for your report.
This other party who is resentiul and un-
willing to act the nart of a gentleman should
be reported to the Radio Supervisor.

Now, to be concise and to put in a few
words what has previously heen said in
many, for after all this radio game is nat
for the individual but rather for the whole
of us—“Do unto others as you would have
%thcirs do unto you.” (Only do it first”—

D.

A Circuit Tester DeLuxe

pass condenser, e<pccially if the needle is
unsteady.  Zero reading will denote open
circuit.
Detector Plate Circuits

These should read 18 to 35 volts, depend-
ing on use of 221 ,-or 43-volt detector poten-
sial. Higher reading shows shorted or
grounded primary of the first audio trans-
former. Lower reading shows a bad con-
nection, or. if unsteady, a bad detector by-
pass condenser.  Zero rceading will denote an
open primary or a broken or disconnected
wire in circuit.

Audio Frequency Plate Circuits

03 to 75 volts is a currect reading. High-
¢r reading indicates shorted or grounded
primary of A.F. transformer. lower, bad
connections or poorly soldered ones. If un-
steady there is o leaking by-pass, and zero
reading indicates n (pen primary,

ed of the best cryeial elass of double thick-
nese, immersed in wax. the plates being at
jcast 8”7 x 10" of Noa. 32 soft brass. It was
found by me that the best crystal glass pro-
duced less heat than mica, and for this rea-
son wus less liable to puncture.

In using the apparatus as shown in the
illustration, I found that the primary coils
were of only cecondary importance to the
cuning of the apparatus as above described.
With this apparatus in complcte rezonance,
the results obtained far surpas<ed my anti-
cipation. The ordinary snarling and snap-
ping of high frequency currents passed en-
tirely away, and as the inductances hecame
more and more in perfect accord, such
staiic displavs ceaced altogether and the ap-

(Continued from page 86)

It will now be seer that we have tested
almost all the parts in the set, the wiring
and the conmections. Best af all, we have
done so without disconnecting the batter-
ics or removing the set from the cabinet.
and in about oue-hundredth of :he usual
rime.  Test the variable eondenzers for
touching plates, the detector grid circuit for
continuity and the antenna coil for open,
ard we are reasonubly sure that the set is
in perfect shape.

IFor sets of the “can” type. such as the
Radiola Super IHeterodyne and the Music
Master-Ware type No. 230, the tester is in-
valuable. 1t is the only quick way 10 check
up this type of set and was originally de-
signed for this purpose.

Improvements will readily suggest themn-
selves to the operat r for the particular
work to he done. The red wire or plate
leard may be broken and a 0 to 5 milliame-

Seeing the Unseen

(Continued from page 971

paratus stood bhefore me glowing with a
strange light, silent w'th the exception of a
hissing sound such as from steam cscaping
at a high pressure. The brush discharge
extended not only around the apparatus, but
around the coundenser also.

In reference to the danger from such an
apparatus. I found the effect entircly d:ffer-
ent from that produced by coming in cou-
tact with the ordinary 110 or 220 volt cur-
rent. It is sufficient to state tha: there is
no shock whatever, hut cauwght ~vithin its
embrace, the contraction c¢f the muscles
slowly paralyzes a person, and when pulled
loose from the apparatus there were no ill
effects, no burning of the flesh or rupture
of the blood vessels of the heart. or
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ter inserted enabling the plate current cn
cach socket to be checked. This connection
will catch many high resistance leaks.

Point 1 is used to determine actual fila-
ment voltage only. It will prove valuable
in the determination of proper rheostat
setting. Due to plate and grid connections,
a set will not work well while the tester is
in one of the sockets.

Ii difficulty is encountered in obtaining
the specified meter, another make may be
substituted. Thc one used by the writer is
extremely satisfactory in every respect and
superior to any he has tested for this pur-
pose. If the filamment voltage Teature is not
desired. the instrument can be made usirg
the plate, grid and negative "A" connes-
tions 1o any of the two scale meters nuw
on the market.  Connect sane to an old
tube bhase, and provide a suitable handle
for ease in use.

brain, as found i the ordinary electrocution.

As almost evervone is interested in the
transmission  of wireless telegraphy ard
telephony, the effect of this apparatns
upon  wireless  reception and ransmission
may be of special interest. When in oper-
ation all such transmission and recepticn
within a certain range is absc lutely impos-
sible. It was found that receivers within
our neighborhood, extending szveral blocks,
howled and shrieked. while those in the
immediate vicinity of the apparatns were
entirely useless.

In any event, you canuot experiment in a
field which promises more thar in this field,
that is. seeking :he unscen and communicat-
mg with the unknown.



College Chemistry

ELEMENTS OF CHEMISTRY. By Wil-
liam Foster, A.M., Ph.D. xviii. 576 pages
including index. D. Van Nostrand Co.,
New York, 1925,

Nearly 600 pages of print are devoted in this
buook to the elements of chemistry for the use of
students in colleges and universities. As we turn
over the pages, we are impressed by two features.
One is the brief treatinent given to each subject,
hut when in addition to this we realize the great
number of subjects which are treated. the neces-
sity for condensation hecomes very obvlous.

The hook impresses ns as being an admirable
compendium of chemistry. [Intended for students’
use, each chapter is followed by a summary of its
contents and a nwmber of guestions covering what
is treated in its pages. It is emphatically up to
date, and the exactne.s of the sub.divisions will
be realized when we find that there are 47 chap-
ters indicating great sstematization.

The only criticism possible to offer on this hook
is that if three or four volumes were devoted to
its topics it would he an improvement and this
rather obvious remark is the greatest compliment
we can give it, because nothing seems to have
heen missed. and we take pleasure in warmly rec-
cuunending it to our readers. A condensed man-
ual as good as this is very valuable. The division
is somewhat peculiar in some places, heing very
much up to date; for when we find bismuth and
autimony put into the nitrogen family we might
almost say that the hook is a victim to chemical
ntodernism.

The work is characterized by a very full pre-
sentation of the experimental side of chemistry, and
recent developments in manufacturing various com-
pounds are given well up to date. We note the
Atcheson furnace for maunufacturing graphite.
which originally was used principally or nearly
eutirely for carborundum products. ~ But when
the proper place is reached, carborundum is very
adequately treated with illustrations of the fur-
nace, although the first suggestion of Atcheson’s
work under graphite might make oune apprehen-
sive that carborundum is omitted. But it is not.

A quantity of interesting portraits are shown in
the book, of living men as well as oi the old
scientists; Bakcland, the inventor of hakelite:
Atcheson, the inventor of carbortundum and the de-
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velopruents which followed it, are amony the mod-
eru scientists whuse portraits are given.

How Atoms Are Constituted

ELECTRICITY AND THE STRUC-
TURE OF MATTER. BY L. Southerns,
M.A, B.Sc. 128 pages including index.
Oxford University Press. London.

This is an attractive little contribution in very
elemental style to the study of the theory of the
structure of atoms. It comes from the Oxford
University Press and the author is a lecturer in
the University of Sheffield. It is a picturesquely
written little book; the first chapter entitled
“Mainly Historical” is an excellent starting point,
recalling to our mind almost forgotten old time
experiinents. But not only that, coming down to
date, it treats of J. J. Thompson's work and the
name of Rutherford also appears in this chapter.

The anthor writes in rather a light vein. and at
first sight the hook appears too clementary; but
the writer of this review has so long advocated
starting at the bottom with the usual ran of hooks
oi this type. that he cannot with any consistency
criticize it for this feature. Cotning from England,
we do_uot find American scientists overlooked.
There is an excellent picture and description of
the Coolidge tube, and Millikan's work is appre-
ciatively reierred to, and when we get to radio
the Hertzian experiments are treated as the germ
of wireless telegraphy., In connection with the de-
scription of the audion or thermionic valve. as the
English author of the hook calls it. we would have
liked to see the Edison effect noted. It was in
1884 that Edison made the discovery which makes
modern radio what it is. few pages are de-
voted to atomic structure as investigated by X-ray
examination of crystals.

A curious little two page glnssary of terms and
a select list of books close the text of the work,
which is followed by a quite adequate index,

It is evident that 128 pages of a dun-decimo
book are hardly sufficient to cover the range of
science expressed in the title, but the fact that the
work conies from the Oxford University Press
lends it rightly aor wroagly an authoritative aspect.

Elsewhere in onr columus the Edison invention
is fully treated. Without it we should have had
but a very inferior radio. and the rapidly extend-
ing application of the audion links the names of
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Kdison and DeForest with some of the most in-
teresting developments of recent days, and it 15 2
prudeut prophecy to say that more 13 to come.

Lightinq with Neon Lamps
(Continued from page 72)

Zo @ w0 X

bility. consider a 13-foot letter “N.” A
single 15 mm. (6/10 inch) neon tube se*
along the center line of the 12-inch to 16-
inch channels has sufficient power to give a
brilliant illumination of the letter for its
entire width. The resulting illumination will
be far superior to that obtained with electriv
bulbs, and will not only be four times
chieaper in cost. but have greater visibility
and attractiveness.

The larger the installation. the greater is
the difference in operation costs between the
neon tubes and incandescent lamps. This is
a point worthy of the consideration of those
using or contemplating the erection of a
large roof sign. Many have held up or re-
jected the idea of putting up a large sign,
due to the large cost of operation. but with
neon tubes. such a sign becomes a possibility
within means and will permit longer dailv
use at a moderate operating cost.

The construction of the tubes is such that
the letters which they compose are safe far
operation at high potentials. However, when
the letters or words are too long and wou'd
thus necessitate extremely high voltage, the
tubes are made up in short lengths of two
or three feet. Inasmuch as 200 volts are re-
quired for every foot of tubing, the sections
are wired in series-parallel. As an example,
the words "THE EXPERIMENTER" in 4
forty-foot sign would require a potential of
8.000 volts for successiul operation which is
about the maximum voltage used.

There are two constructions of letters
shown. In one a single tube in the center or
axis of the trough-like letter gives a single
lighting effect. In others there are two
parallel tubes following along the edge of
the letters giving a double effect.

CThe Ark of the Covenant

“That's it. It won’t combins with anything.”

“And that's why our shells did not fire the gas
in the envelope?’ Milliken insisted.

“Exactly. The aithon would not make the nec-
essary combination with oxygen.” Dan said pa-
tiently.  “Now think of it. = We know hydrogen.
uunsatishied with its one external electron, has a
valence of one, Ifelium, the element next to hydro-
gen in weight, satisfied with its two electrons exter-
nal to the nucleus, has no valence whatever. Here's
a thing lighter than either, also with no valence.
What makes up its system? We imagine hydrogen
to have a positive nucleus round which is whirling
a negative electron—or that they're going round
each other like the knobs aon a twirled dumbell.
That's the simplest system we know. But this
aitherium—I mean this afthon—is much lighter in
mass than the hydrogen. and a simpler system is
argued. I'm putting it very crudely and in pain-
fully uunscientific terms, but' I want you to under-
st i

“We oget vou so far, Dan.” said 1. “What
follows exactly?”’

“One mustn’t say what follows—cxactly,” he
replied, “The thing must he determined by experi-

ment hefore one begins to talk in set terms, I
leave it so, aud get along to the next point,

“But it is a curious thing about scieutific dis-
crwery.” he went on, half to himself, “that cach
new step, at first thought revolutionary, serves hut
to il'umine older ideas. We can say that much
ahout the discovery of radio-activity. A few years
before the discovery of radium by the Curies in
1897, anyone postulating the now established facts
about radium weculd have heen laughed at; but it
was only by applying to the new facts of radium
the then established principles of science that the
full significance of these new facts was realized.
This may well prove to be the case with aithon,
when new instruments are made to examine it
more delicately than is now possible.”

We were now getting a taste of Dan Lamont.
tae university lecturer, and I dare say Milliken and

(Continued from page 77)
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were ganing at him, for he turned suddenly with
grin and said as if moeking his own seriousness:
“This is deep stuff, Jimmy!™

“You bet it is. Danny.” 1 said. “But go on."”
“I'm going to.” he declared. “I've got to
make you see, if I can, what has been going
on in  this cavern—aye. and for years hefore
in the brain of the Chief. Yon know what
happens when yon ionize a gas?"”
“You turn it into a conductor of

ity.” I suggested.

“Crude, crude.” said Dan, “and 1 wish for
the sake of hrevity your description  would
serve.  You make it. as a matter of fact. an
electrolyte. bringing it into a dissociated con-
dition_ of oppositely charged positive and nega-
tive ions.  These little fellows, the ions. hop
over to the opposite poles, making what's
called an electric current.  Well. you can ionize
done tounight. I've

this aithon. I've scen it
also  seen its  quite  distinctive spectrum. Tt
ionizes comparatively ecasily. That would make
vou think aithen had some atomic system as
we understand it now.”
e hroke off again to pace up and
the cave fcr a moment or two in silence.
“lLet us imagine.” he went on—"*"imagine the
sun to be the positively charged nucleus of the
hydrogen atom, and say-—leaving out the re-

Bl

electric-

down

mainder of the solar planets for the sake of
convenience—that the earth is the single elec-
tron,  Never mind the failure of the compari«
son as regards relative mass.  Bring the mass

of the sun down to the size of the nucleus of
the hydrogen atom. and say that we conld see
its electron, the earth. Do you get me?"”

“I get you, Dan.” said I.

“Well?> Have you nothing to ask me?>”

“No,” 1 said slowly. “Not a thing.”

Dan looked at me with great pity,

“I emhark on entirely unscientific anologies
to meet the deficiencies of yonr education, and
youn reward me s0,” said he. “What about you.
Milliken > ’
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“I'd ask you if thea moon came into it at
all.” Milliken said with a grin at me,

“There is halm in Gilead " said Dan. “That’s
the notion.  On the principle of ‘little feas
with lesser fleas'—how o we know that th-
electron. so called, is not like the earth, a mit

nute system in itseli>—held, it is true, by the
nucleus? Tt has heen proved hevond cavil ia
the laboratory next door that this new gas his
mass—yet its atomic weight is demonstrahly
lighter than hydrogen—seven times less. Are we
not brought to the conclusion. then. that beyoned
and within the present known system of the atom
there is another, infinitely more minute in unit,
and that that which we now know as the electron
is to those units merely what the atom is to its
electrons?"”

Dan is Excited After a Lot of Lecturing; He
Has Become Scientific

Dan was still walking up and down the cav~,
but now he was shaking his loose change in hi;
cupped hands, the old trick when excited. H-
turned to us with his eyves agleam.

“For the last year or two.” he went on, “much
of my experimenting has heen to discover why
electrons varied in hehaviour., The electrons of
different radio-active substances, though nominally
of the same mass and character. often failed t»
hehave similarly in like experiments. I wondered
why—why? T “begin to think that with the dis-
covery of this aithon we fringe on the cause. \We
may bhe on the point of solving that phenomenon
which, for lack of a hetter name, we have called
these many years the ether—that mysterious, sup-
posedly intangible medium to which. through its
lC_(;n("l_l,lCthn of the sun’s energy, we owe our very
1le

I

“The ether!” cried Dannv. “There’s a thought
to fire the imagination! What if it should arrive
that we find the ether to be our stamdard for
measuriug matter? What if it should prove that
the ether is composed of particles of matter in.



The Experimenter for December, 1925

‘ | ”'ﬁh u

11t

Designed by R. E. Lacaul, EE,
Chief Engineer of this Company,
and formerly Radio Research Engi-
neer with the Frerch Signal Corps,
Radio Research Laboratories.

To protect the public, Mr. Lacault’s
personal monogram seal (R.E.L.)
is placed on the assembly lock bolts
of all genuine ULTRADYNE
Model L-3 Receivers. All Ultra-
dyne Receivers are guaranteed as
long as these seals remain un-

i $135.00
i
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The Quiet Mdnner and
The Eloquent Tone

UNOBSTRUSIVENESS with sufliciency—the rule of good taste
—is the distinguishing grace of the ULTRADYNE lodel L-3
Radio Receiver. Ushers in a new ¢ra of radio reception—a new,
easier command of the air’s treasures.

A new artistic form of a radio receiver that blends happily with every
scheme of interior decoration. Pleases the eye with its charming lines,
its beautiful two-tone mahogany cabinet, its fine proportions. Has
the appearance of a decorative tablepiece. Utter simplicity with
superb receptive and reproductive qualities. Your local radio dealer
will gladly give you a demonstration of this new modern receiver,

The Ultradyne Model L-3 is a six-tube receiver emploving the fun-
damental principles of the best circuits greatly refined and marvelously
simplified. No dials—no panel ; just two inconspicuous levers. which
constitute a station-selector.  Volume adjustment, the only other
control.

Write for descriptive folder

ALTRADYIE

MODEL L-3
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How This Man

Won Success
As an Electrical Expert

Cencral Manager of his company at “B years of age!
({iz own hoss—owns his own home—married ard happy and
prosperous—that’s the reinarkable success achleved by Wal
lace H. Rohrschneider, now General Muapager, Secrerary and
Treasurer of the Hustisford Light, Power and Manufacturing
Cotipany of Hustisford, Wlscansin,

Mr. Rolirschneider got his start toward hls quick and
brilliant succeas at Nchool of Engineertng of Mitwaukee,
There he recelved the practical, intensive and specialized
training that enabled him to make good in a big way.

Why Don’t You Get Into
This Big-Pay Field ?

The same kind of training that put Mr. Rohrschnelder
into the ranks of ths highly-paid Electrical Speciallsts will
aquallfy you for hrilllant success in this fascinating firld of
untimited  opportunities. Come to Ameriea’s Great
Institution of Electrical Education. Learn by actual
vractice in our big labhoratorics with thelr magnificent equip-
aent, including motors, dypamns, switchboards. fignition
and lichting systems. etc.  Recognized expe-ts give you
personal instriction every step of the way

Earn Your Way Through
This Great College

You can earn money to help defray your espenses while
you are learning.  Our wonderful co-operative plan brings
an Electrical Carecer within the reach of every ambitinus
man. Our Free Employment Department secures positione
for those students who wish to earn part of their expenses
In addition, the Department willl help you get m good
position in the Eleetrical industry when your tralning Is
completed,

816G BOOK FREE—Mail the coupon tuday for sur big
wew illustrated catalog. (‘heck the courze that iInteresta
sou most and we will send you special information. Read
ahout the School that trains men for practicsl and quick
success. Nee how easy it 13 for you to wxet the training
that will enahle vou to step to a aplendid pocition and a
Bhandsome income. Mail the ecoupon right NOW. N« cosf
v oublgation,

Next Term Opens january 4th.

GEHDLof ENGINEERING

€-1225A, 415 Marshall Street, Milwaukee, Wis.
MAIL COUPON NOW

SCHOOL OF ENGINEERING OF MILWAUKEE
Oept, E-1225A, 415 Marshall Street, Milwaukee, Wis.
Ulease send me withaut any cost or obligation, full particu-
Tirs of the electrical course I have cheek-d and yeur hig
Iree Book telling about your institution ami bew it will tit
me for a big postticn in_ the electrical field.  Also ‘ell me
about your Earn-While-You-Learn plan.
(Check courses interested in, and
be sure to glve your edncation.)

~~Schoal of Practical Electricity-—6 months or 1 vear course.
Complete weneral cotrse, covering entire e’ectrical fleld.
—1tunior Electrical Engineering —12 to 20 months’ course.
Practical electrical training combined with tharough Acad-
emiec eduration.
—Cillege of Electrical Engineering—2 yveary’ course. TRegu-
lar colleglute work granting B.S. degree. 11 [Iligh Nchool
anits or diploma from our Junier llectrical Engiacering
Course required for entrance.

ommercial Electrical Engineering—1 yrar cowrse. En-
trance requirements samo as for B. K
—Electrotechnies—1 year course. Uspecially  adapted  ta
meet the needs of thoss who wish to hecarie a Commrerelal
Eleetrical Engincer but do not pgssess the necessary cn-
trance requirements,

-~School of Automotive Electricity—3 to 6 months. (‘orers
all systems of starting, lighting, ignition, and storage
batteries for automobiles, tractors, air-crufr, ets. Intensive

pra-tice course.

—Radio Sales & Servies.

—Electric Light, Heat and Power Wiring and Testing—3
to 6 months® course. Praretical and Intensive course,
—Armature Winding and Motor Generator Repair Course—
3 to 6 months’ course. Rrief, but fntersely practical, lead-
ing to well-paving positions,

—Electrical Home-Servica Training with laboratory factl-
ities, for thcse who cannot come to Milwaukee,

8%Y3 600000000009000060000005000000000G 00D DOGG G0AA00
BRMXXS oo 0o ooooosncoooooa
(M¥oao00000000000000000000000a0000000 State.. .......s.s
Ago. ... » Eduestion.......................l o
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The Ark of the Covenant

(Continued from page 110)

finitcly smaller than the clectron as we now under-
stand it? Proof of that would go far to upset our
present idcas  with regard to radiation, cnergy,
light—ch, Jimmyf—ch, Milliken? Upset them—or
clse illumine them still further!”’

It would he unfair to Dan if I attempted to re-
cord his development of the theme as if in his
own words,  Looking back on what 1've already
written from memory of what Dan said, it doesn't
seem at all up to the standard of his talk. I
couldn’t better it :f 1 rewrote it, so it must stand,
T'he subject is one on which [ have but the shght-
est knowledge, and nmch that Dan said that night
was completely over my head and Milliken's.

When [ ask Dan, a very husy muan nowadays,
even to read what I have written of our conver-
sation that night in the cave, he laughs and says
that what [ imagine he swmd will do well enough.
[f anyone wants accuracy there are plenty of
text-books. So I have to give what garbled and
hazy version of thecry and discovery [ must.

1t appears that the discovery of the new gas
by the Chief of the League came only as addi-
tional evidence of facts he had proved in years
of secret experiment, The finding of the aithon—
except in so far as the secretion and amount of it
is concerned—surprised the Master very little Ile
had proved long before to his own satisfaction a
fact that Dan had faint glimmerings off: that the
atom  with its system of nucleus and attendant
electrons was ot the smallest unit of matter.

Isaac Newton, more than two ceunturies ago, put
forward the hypothesis that light was simply the
radiation of minute particles of matter from a
klowing hody—an idea, according to Dan, which
modern scientists stitl valued as a startling sug-
gestion from the old hoy which anticipated later
discovery. The scientists valued it, though they
discarded it in favour of the wave or transverse
vihration of the ether theory.

Light and energy, as far as 1 follow the reason-
ing, were inseparable. The light iromn the sun
may come in waves, but waves cannot occur in a
void.  Matter of some sort is needed for the
transmission of vibrations. The medium lying in
space between the earth and the sun would there-
fore be matter. \When the shipwrecked mariner
put two watch glasses together with water be-
tween them, and focussed the sun’s ravs on his
tinder, setting it alight—what did he concen-
trate? Light or energy? Newton would have said
particles of matter. Maxwell or Hertz may have

explained it on the electro-magnetic theory. But
that, as Doc Peets of Wolfville would say, “is
however,”

When hydrogen is bombarded by alphs particles,
as shown by Rutherford 1n 1919, the heavier heli-
um atom (minus its two clectrons) sometimes has
a_head-on collision with a lighter hydrogen atom.
The latter is repelled in the same direction as that
travelled by the alpha particle, but, having smaller
mass and greater velocity than its repellent, travels
further through the hydrogen gas than the par-
ticle that banged it could. hese H-particleg
might possihly coliide with other hydrogen atoms
and so keep the hall rolling, as it were,

From similar phenomena in his own ohserva-
tion, the Chief was led to discard in part the later
theory of light, and to go back to the Newton

idea.  He worked on the assumption that . the
heat of the sun, and its light, was transmitted
throngh the material ether as varving forces of

kinetic energy by a progression on the same prin-
ciple as the H-particles were pellated through the
hydrogen. Light came, not so much in waves as
in particles at varying speeds, and the spectroscope
registered not so much waves or vibrations but
these particles at varying speeds. Bevond the
power of the spectroscope’s register lay the great-
est force of all—or almost the greatest—the ultra-
violet rays of the modern scientist.

The tangibility, so to word it, of the ether, and
its constant interposition of its atoms in the path
of the high velocity particles thrown off by the
sun, gradually diminished the force of these par-
ticles and probably changed their character, thus
saving the earth from the destruction inevitable if
this mighty energy had reached it anhindered and
unchanged, The ether, roughly speaking, acted
on the majority of the particles like the plant that
reduces the voltage of electricity for domestic
uses. Though in the course of the long journey
from the sun, throngh such a dense atomic blanket,
more particles had collision than was the case
with the alpha particles in hydrogen (since alpha
particles travel only at from 5.000 to 10.000
miles a second, while the 1z particles, with an
infinitely greater range and greater voyage, started
offt with an immeasurably greater speed than the
old conception of light speed: 185,000 miles per
second) a countless number of the w-v particles
won through. The cases of the alpha particles in
hydrogen and the w-z particles in the ether were
analogons in so far as both were heavier than the
atoms on which they impinged, the w.z particles,
h.o;\'c\'cr, being infinitely smaller than alpha par-
ticles.

The Neutral Tint Ray, a New Development in
Radiant Energy

As with all the series of rays thrown off by
radin-active minerals, which can be deflected in

World Radio Histol

their flight by electric or maxgnetic ficlds, so it
was discovered that the.e unseen rays from the
sun could be shepherded—and not only shepherd-
ed, but concentrated. But a. in the first experi-
ments with the rays from radium, where the high-
ly important alpha particles were neglected for the
more showy and more penetrating bets and gamme
rays, beyond the ultra-violet riys in the new sci-
ence was a varying ray less showy, but infinitely
more astonishing in its etfects—the Neutral-tint
ray.

In trying to explain the shurce of the energy
coutained in radinnm, the ~cientists of the catly
twenties pinned their belief to the more denion-
strable and feasible theory that the encrgy wat
inherent—thus  discarding ~ the apparently merely
romantic notion that the source of its energy was
cosmical. It was said, since it could not be
proved otherwise by any koown experiment, that
the 1ate or progress of radiation from these tew
clements could not he speeded up, and that radio-
activity could not be created, though it could be
indueed for a short perind of life in certain com-
pounds and elements brough: into proximity
with tadio-active substances,

In experimenting, however, on ralium bromide
with the concentrated Neutral-tunt rays from the
sun, the Chief discovered that the salts becatne
supercharged with energy, and threw off not only
the previously known rays of the alpha, beta and
vamma type at increased speeds, but other rays
of a different nature, still unnamed at the tims
of writing.

Uranium—supposed by the experimenters of ths
carly ’twenties to he the parent of radium—also
was subjected to the new rays, and in a day or
two had thrown off an appreciable Uranium X
emanation, which crystallized into pure ionium,
apparently missing two transition periods. The
tonium threw off all the new rays scen in the
treated radium bromide, and in a few hours it also
deposited a film on its container. That filin re-
acted chemically as pure radium! Thus, into a
few poor days of hwman life, the Chief packed
the work which normally OCCples nature over
eight thousand million years!

Che ultimate result” of his treatinent of the
radium was its reduction through the various
known stages to polonium and leadl. The uranium
and other radio-active elements were, in relation
to the intense radio-activity of the sun, just what
elements capable of inducerl raldio-activity were tn
radium, The radio-active elements were only sub.
stances peculiarly adap’erl for storing and throw-
ing oﬁ the evergy of the Neatral-tint and other
radiations of the sun.

The decision of the eirlier experinienters, neithar
that the rate of radiation from active substances,
nor that radio-activity could be produced artifi-
cially, was upset by these discoveries of the Chief
and by his later experiments on non-active sub-
stances With a weak concentration of the A-¢
ray on Boron, which was of the normal atomic
weight 11, he succeeded in producing a Boron
which was isotropic at 10, In the process. a zine-
sulphide screen, carefully insulated from the N.t
ray, scintillated to the pas.age of electrons thrown
from the Boron. With other clements, non-active
normally, he found on subjecting them to the A-t
rays that he could produce sub-rays very littla
different from the ordinary rav< of radium,

So far, the experiments of the Chicf had been
made with the selection and concentration of the
alc(ual rays from tune <un, and he <et himseli, since
the

new  rayvs  were demonstrably  electrical  in
ch_aractcr, to the production of an  artificial ray
with the same powers. Ile succeeded. And in

succeeding he discovered that the power of the ray
was controllable in a way not possible when he
had been reflecting the natural tays through the
regnlarly spaced molecnles of crystals.  Here he
came on an element of danger. for with his cath-
ode of a special and still seeret substance, he de-
veloped a power far beyond that of the natural
rass.  He found towards the highest power of his
profector that he coulll energize the atoms of dit-
ferent elements to such an extent that he feared
to exert the full power of the rays. But with mid-
dle variations of the power he was able tn alter
the atomic structure of any element, and bring an
actual chemical change.

He Had, In Fact, Discovered the Secret
of Transmutation!

Here was a mighty power! He subiectel hoth
actinium_and thoriunmt to a carcfully calculated d--
gree of his ray, making them, wheu they reached
the state D, expel alpha iusteal of beta particles
—and the result was gu/d? It was an isotrope of
gold, no doubt, but it was perfectly stable, and
to the ordinary reactions a goll that would pass
in the markets of the world.

With this power in his hand. the Chief of the
League of the Covenant was practically omnipo-
tent, He had fathomed the deepest secret of na-
ture and science. Tf he conldl make gnld of that
which was gradually resolving intn lead by the
slow process of nature, he was also able by the
touching of a screw to turn gold into lead. So
far from upsetting the basic principles of radio-
activity as understood by his scientific confréres,
his work in the miin went to support ani
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Two Big Barsains — Special Inducement

To get you started dealing with us, we offer special prices on these most popular two kits. But
your order will have to be sent by December 31 when our regular catalog prices will again be in effect.

Your chance to get the best kit at a big saving! Take it!

All of our Kits contain complete parts for receiver, including drilled and engraved Bakelite-Dilecto panel, finest, roomy mahogany
finish cabinet, simple new-style blueprint and instructions, everything—nothing more to buy. All parts highest grade—advertised, well-
known, reliable, dependable—fully guaranteed by manufacturers and ourselves, Look at these brands. You cannot get better kits!

our New Method of Wiring—Perfectly Simple—No Radio Knowledze Needed

No solder—No bare wires—No poor connections—No dissatisfaction.
No tools needed except a common screw-driver and common pliers.

o
and soldei. And in a

All connections are made by the use of our flexible, insulated eyeletted connecting wire in place of bus bar or wire, o
tight.

fraction of the time usually required when using the old fashioned way. And when the job is done it is neat and your cornections are

4-Tube Robertg'Kn%czk-ggg
s Spl, 34320 ki me

Combines principles of Reflex, Neutralization, Tuned Radio ¥ree
quency, Regeneration (without blooping), and rush-1"ull Amhllﬂ_cn-
tion, smooth-working—easily tnned—non-lluwling—non-sqnenlmg
—non-reradiative. Guaranteed absolutely to give entire satisfaction.

See what Doubleday, Page & Co., through Mr. Arthur H.
Lynch, Editor of their magazine, ‘‘Radio Droadcast,’” say
ahout the Radio Broadcast’s sensational 4-Tabe Knock-Out
Ret developed Ly Walter Van B, Loberts:

“Tube for tube, dollar for dollaw, result for result, we
will stack 1t up against any receiver for home construction
ever described by any radio publicarion and gamble that it
comes out winner.”

MR. LYNCH ADDS—READ IT!

It i, the best we have ever seer—and we have seen and
aperated ulmost evers tape made ard used during the past
twelve years. It has pulled in forty-six stations on a toud
speaker with two tubes, ucinx an indoor antenna. Its sik-
nals have been heard through the ir mome than a guarter
mile. It is not meralv the best four-tube receiver, but the
best by a very good margin.*

CUSTOMERS PRAISE IT!

Receives Calif. Schenectady, New York City,

Chi-ago, IDoston, ete.,
from N. Y. on neell not be mentioned, are

sets REGARDLEXS OF
NUMBER OF TUBES!

1 perfect, evep on Occasions

Two Tubes! when have used neither

I have followed the di- :ﬁ:?' "M";, \_'"L"ml‘l'wk‘.l (l“,:",
velopment  of the Robert when this "sﬁ eatveliio m;
circuit with results far be- sttention.’* L. T. Clifford,
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See What You Get—Best Quality

IMine Tx24x8 mahogany finish cabinet. drilled and engraved
extra good,
Siekles' Roberts’ coils, 2 Hammarlund low loss variable conden-
sers, 3 E-Z Toon vernier dials, Therdarson transformer. pair
Modern push-pull transformers, 3 I'acent rheostats. 4 Bell Bake-
tite low loss sockets. Improved single-circuit jack, Improved
double-circuit jack, Cutler-llammer inductance switch, Smilear

IBakelite-Dilecto panel,

filament switch, I'acent grid
mounting, 2 Hilco tixed

sheet.

condensers,
Aristocrat hinding posts, binding post strip. complete set “No-
Sod-er” connecting wires, hardware,
You can assemble in only three hours or so.

List price, $64.69; our regular catalog price, $48.56—Special
price to December 31, only $43.55.

non-warping baseboard,

leak, Hilco grid condenser and
Amplex grid-denser, 7

blueprint and instruction

Speciai Features

Great volume.

1"tmost clearness.
Sweetness of tone.
Highly selective.

Cheap to build,

Basy to operate.
Receives great distance,
Does

not radiate or
squealing in your
hors® receivers.

cause
neigh-

Low cost of upkeep.
It offers a better combination

of  sensitivity, selectivity
and quality for the total
cost than any other circult
we have ever known.

The best 4-Tube set for home

construction ever produced.

sond all expectations, Ifinl
it to e EXACTLY as effi-
cient as described, althouxi
1 was skeptical as to the

unusual  operation that it
was  sutd to have accom-
plished. I no longer have

any_donbts, for in the last
week of August and to date
in Septemher, I have re-
ceived KGO at least four
times. On one of these oc-
casions 1 received it on mv
Dictogrand loud speaker,
using only two tubes! I
have consistently received
long distance, such as Dul-
fas, Fort Woerth, Auburn,
l.a., Hastings, and Kansa:
City, in all about 63 sta-
tions, while just *‘fishing.*’
Locals,

3-Tube LoLos $2655

Explorer—Spl.

Stations Logged in 2
hours at New York City

All on Loud Speaker

Postpaid—KitKR6996
Range 1000 Miles on Loud
Speaker

Posttively a ““hummer!'” We have never
tested an outfit at anywhere near our price
more suitable fer long distance broadcast
reception.  Contains a low loss J-circuit
tuner, a low lass condenser, low loss sockets,
etc. Special Featuree: Nensttive—Selectlve—
(lear reception—Simple to construct—Simple
to operate—Dependable—Low loss design-

such as Pittsburgh, N

190 Necond Street, Fulton,
NEWwW YORK.

Selectivity Better
than Eight tube
Heterodyne

“Last week I constructed
the four-tube Roberts Knock-
Ouf set. 1 am more than
ple.sed by its operation, its
selectivity being better than
my eight-tube super-hetero-
dyre. On a poor night 1 was
abls to bring in WOS,
WON, WO, WRAT, Wi7Z,
and all at loud speaker in.
tensity 1 . Jeffrey,
51 N IToboken,

ot L
ewark Street,
3 Py

By O'LGR:Li"MN:f:!?" of Receives long distances—Great volume.
) : . .

e We Give You High-Class Parts
WEATF [ 86 77 [N, Y. City Fine 7x18x8 mahogany finish cabinet,
WFRIT | 65 | 21 [N, Y. City drilled and engraved Bakelite-Dilecto panel.
WEFAM | 55118 [Rf. ¢'loud, Minn. extra good, non-warping basehoard, Gen-Win
WOQAO | 73140 [N, Y. City low loss coupler, Hammarlund low loss varia-
WEBH | 75 1 43 [Chicago ble condenser, 2 Bell Bakelite dials, 2 Rasco
Wiy 72152 IN, Y. Clty verniers, 2 Pacent A. F. transformers, 2
KDKA |70 | 32 [E. Iitstourgh, Pa, Pacent rheostats, 3 Bell Bakelite low loss
WTAS | 67125 [Elgin, 111 sockets, Improved sinzle cireuit jack, 2 Im-
WGHRS | 67 130 IN. Y. City proved double cirveuit jticks, Smilear A bat-
WITN . 172139 IN) Y. City tery filament switch, Hileo fixed grid con-
WIAX | 88 | 48 CTevelarsd denser and mounting, Pacent grld leak, 7
wiT 75 | 82 [Philade'phia, Tu. Aristocrat mounlded biniling posts, binding
KYW 78 1 93 [Chieago post strip, complete set ‘‘No-Sod-er'’ con-
woce 23 171 IDavenport, Yowa necting wires, hardware, blueprint and in-
struction sheet, You can assemble in only

qu‘é‘f"“’"‘l’fr :“’;“'1-‘; Lih‘t l;y‘l't"t'_for parts, You cannot get better Kits anywhere!
H i ' S04, i og price, Fo i pectal

This is a dandy! Order it! prics 0 December 31, only $26.55.
R " B . — e —— - — —
g

- OLDEST RADIO ORDER DIRECT FROM THIS AD - ON APPROVAL NO MONEY IN ADVANCE: e cHIP |

— SHIPPED SUBJECT TO EXAMINATION WHEN REQUESTED WE PAY: IN :

MAIL ORDER TRANSPORTATION -24-HOUR SHIPMENT — SATISFACTION OR MONEY BACK : f

FIRM S (Foreign custemers will please remit with order and include enough for transportation and insurance which we do not pay.) E 2 HOURS F

—
IN Send for BIG CATALOG---68 pages, FREE = ——
H . H - - B - £ Israction
AMERICA Filled with big bargains in Kits, Parts and Accessories. Send today! = Guaranteed

. PO

RADIO SPECIALTY

CO.. Kit Div. 633Z, 245Q. Greenwich St.. N.Y.
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[By WiLL1AM R. DURGIN]

Don’t YO U make this man’s mistake! If you
seek a $100 a week pay envelope—yes, or $200
—don’t learn a fifty-dollar tradel

[ I

And don’t pick a line that’s hard work, and
HARD TOLEARN. It's just ordinary,
common sense to choose something that’s in-
teresting and EASY! A few months will
makeanyonewho can read andwrite, adrafts-
man. Tknow a man who KN OWS drafting
—and who will teach YOU,

* ok %k

DraftingisFAS CI NATIN G work. Some
of my friendsare learning at home, andIcan't
DR A G themout evenings. Nowonder! One
of them made $40 on the side last week—
drafting some plans for a contractor—and
he began this Chief Draftsman’s course less
than two months ago!

* ok ok

Goodmachinistswork W H E N WORKIS
PLENTY. Electrical shops have Waiting
Lists. I've seen “automotive experts’’ wash-
Ing cars! And a beginner in aviation needs
make only O NE mistake!

* % &

But I never heard of a draftsman who was
ever injured or laid off, Did you?

* ok ok

Takemy tip. Draftingis THE field. Every
barn that’s built, every wheel that turns, calls
first for DRAFTSMEN . You never see
work that you don’t see BLUEPRINTS!

* ok %k

If you don’t send for Dobe’s free book about
dralting—you are BLIND to your oppor-
tunity—that’s certain!

N SRS Chmn et Sty — a— ity t—a— s

CHIEF DRAFTSMAN DOBE, DIV, 14.79
1961 LAWRENCE AVE., CHICAGO

Please send me FREE and POSTPAID your book
Successful Draftsmanship, and all material needed to
see how drafting is learned at home, and whether I
would like it. ZInclude your offer of complete tools at no
extra cost.

Nume............

St.or No...

confirm all their thcories and generalizations—
except that none had believed  the power to ef-
fect the changes was attainable. But the apex
of his power was that he could unshackle the
energy of the atom-—yet cven he dreaded the
full exertion of this power, lest once begun he
cauld not stop the process. The consequence
of unloosing that power might rcadily mean
the destruction of the earth or even of the
universe.
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Tong into the night Danny talked to us, en-
folding mystery on mystery, and the further he

went the deeper grew the amazement of Milli-
ke and  myself.  Our little comrade held us
enthralled. lle seemed at times to grow in
stature, and his voice, normally slight and a
trifle stammering, became almost sonorous. He
never faltered.

Thread on  thread he gathered the various
scientific issues that had bewildered us, and he
wove them into a close pattern. The power that
was in the hand of the Chief was capable of the
most astounding variation. The anaesthetizing gas,
for example, the real composition of which is still
a secret, though it is something akin to nitrogen,
if infinitely more stable, was controlled, as we
had believed. A ray of the N-t series was directed
at it, and the atoms of the gas thrown into mag-
netic sworls, tractating one after the other to a
central nodality. \Where this nodality moved, the
atoms followed in a state of high activity, always
struggling to reach the magnetic centre, The ex-
planation of the tarnishing of the gold, as far as
I can remember, was something after this fashion:
That the N-t ray controlling the gas was of such
a character that it was inclined to rob the gold
atom of something over a hundred positive charges;
turning a slight outer skin to an isotope of cop-
per, which was then affectable by the anaesthetic
yas,
£ Another of the N-t rays, properly graded, had
an effect on the electric current of internal-com-
bustion engines—or indeed on any electrical cur-
rent—which so changed the character of the cur-
rent used for firing the gasoline vapour that a
spark could not he produced between the points
of the plugs. The interpiittent recovery of the
Merlin engines when we were sent down that day
off Madeira was due, we were told, to the difficulty
of keeping the ray on the engine as we hovered
down, but for later use the ray was given a wider
scatter so to speak, and the trouble of aiming was
obviated. Danny's cage would have been of little
value, as the ray was intended primarily for the
electrons passing through the engine's electrical
circnit.  Even the passing of a high-tension cur-
rent through the cage would not have arrested the
rav. Tt had enough power to pass beyond the
cage.

“There it ic. Jimmy,” Danny concluded an ex-
planation that had thoroughly absorbed both Aljl-
liken and myself il the break of day.

“That’s the power that is behind the League of
the Covenant. 1f the Chief chooses. he can up-
set the cnrrency values right through the world.
e can wipe out the stocks of gold and silver, or
by reversal of the jrocess he can produce the
metals <o cheaply that they would become value-
less. Think of the chaos he could create! e
could melt warships. destroy guns, reduce ma-
chinery to powder—the power beyond! Thank
Giod the knowledge came to cne of a spirit so
Lenign !

What the Master Dreaded With His Terrible
Powers; How Will Others Use Them?

‘“Thank God, indeed.” I echoed with a queer
feeling of reverence. "Any man smaller of mind
than he would have used his power for his own
cnrichment.  Tt’s a terrible power!”

‘A terrible power,” Dan agreed, ablaze with
enthusiasm, *‘but properly used, what a power for
good! The fall of Man, Jimmy, came from his
use of the kuowledge he had, not to think up-
wards and to ennoble himself, but to gratify the
beast in him. That's what the Master dreads.
Through all the history of science, each new dis-
covery has been prostituted for the support of
material, and even evil, purposes. Take radium.
Tt was immediately pinned on for the creation of
an industty—and what_did they do with it when
they got it? In the European War the price of
radium went up a hundredfold, and the people
who_discovered it and might have turned it to
helping humanity could not get enough of it for
their experiments,

“The Chief will give his knowledge to the world
—but he must have a guarantee that it won't be
used for war. The power he will give, properly
developed, can lead to the manumission of man-
kind.  So far, Jimmy, man has been struggling
along on the grudging supply of energy that
nature allowed him——and his greatest need has
been for energy. The Chief points the way to
unlimited, boundless energy—but it must be used
for man’s ennoblement, and for that only. Before
the secret shall be prostituted to mean ends. the
Chief will destroy the earth—aye, and world be-
yond. And he is right!”

Dan stopped his pacing about to throw out a
hand with an impressive gesture. X

“I'm not given to emotional utterance,” he said
slowly, “or to religious allusions, either--you knqw
that, Jimmy Boon. But [ will say that the air-
ship of the League is justly and aptly named. It
is truly the Ark of the Covenant—the ark of
that new Covenant which will free man from the
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hard struggle for existence, for hecanse of that
it is the very casket of arcana essentially holy.”

Here was a different Dan Lamont. Our little
comrade, although 1 never doubted the depths in
him-—even when I fooled with him in an ordinary
childish rough and tumble—thrilled me in a way
of which I never could have imagined him capable.
Milliken, too, was affected. Ie sat on his bed,
stockstill, and watched Dan open-eyed.

T don’t know how you fecl, Jimmy—or you,
old Milliken,” Danuy went on, “but 1’'m bound to
tell you that I'm with the Master and the League
of the Covenant heart and soul. He has trusted
me. lle has laid bare the innermost secrets of
his power such secrets that none else will hear—
and 1 swear here and now that the Chief has not
trusted me in vain! I'm with him. And if he
were to die tomorrow, before the accomplishment
of his task, the realization of his big dream—I'm
here to say that it would be my great honor to
carry out his idea to the very end—God helping
me. So there it is, Jimmy—there it is Milliken.
I'm turning my coat, if you like—deserting. 1'm
crossing to the other side!”

For a moment or two Milliken and I sat in
silence, and we both looked on the ground. Then
Dan came over to us, suddenly the dear, lovahle
boy again—almost a kid.

“Do_you blame me. fellows?" he pleaded. ““Do
you, Jimmy?—you Milliken?"’

Well—for an answer I did what I’ve never done
before or since—hugged a man. 1 got up to my
feet and squeezed the little fellow in my arms.

Milliken, less emotional, perhaps, just wrung
Danny’s hand. But my mechanic was black in the
face—so I gauge that if his method of expression
was different, his feelings were very similar to
my own.

CHAPTER THREE
THE WORLD AT BAY
I

From the day, in the middle of June, of our
capture by the League, until that night when
Dan Lamont partially revealed the secret power of
the organization, and declared his adherence to
the cause of the raiders, a month had elapsed.
Throughout that period the League had been very
active.  We saw the great airships depart and
return successfully several times, and we heard
that Madrid, ILisbon, Rome, Berne, and some of
the manufacturing cities of
had been raided.

From newspapers picked up in several of these
towns it hecame apparent that the whole world
was in a turmoil. None of the plans made for
the destrnction of the airships showed the slightest
sigh of success. Hordes of aeroplanes had been
sent up against the airships, only to be sent down
before they could approach within attacking dis-
tance. Nor were anti-aircraft guns of any value.
The ship had such power of stealthy approach
and swift descent, that she was nestling over the
buildings of the cities hefore the artillery could
come into action, and the get-away was made
so quickly that she was out of sight by the time
the guns opened fire,

France and Britain

A Systematic War on Commerce by the Raiders
to Repress War

In each raid the ledgers and account books of
hanks and bond-houses were destroyed. together
with heaps of sccurities representing millions of
dollars, and the chaos that ensucl in business was
terrible.  Public confidence was completely under-
mined, and business all over the world was at a
standstill. Now there was no abstraction of gold
from the banks and treasuries. The only obhject,
apparently, was the destruction of the mechanism
of commerce.

Each day the note of the journals we saw grew
more and more hysterical, and there was a rising
demand that if the raiders could not be discovered
and destroyed, they should be asked on what terms
they would ccase operations. It now was accepted
in the more staid sections of the press that the
Lcague of the Covenant was not out for gain.
Several of the big English newspapers joined to
broadcast a radio to the League, asking what its
purpose was against the world. The answer came
agaiu from mid-Atlantic, the same laconic-: “To
stop war!”’

Right on the hecls of this message, several of
the American citics on the Great Lakes, and a
few on the Atlantic seaboard, were visited by the
airships. The American journals then began ask-
ing on their own bchalf what purpose lay behind
the raids, and they were answered in the same
cryptic fashion. Immediately the American jour-
nals asked a further question: “Will the League
of the Covenant enter into a parley ?”

The reply to this was that as soon as the gov-
ernments were ready to parley, the League would
make itself heard.

The journals on hoth sides of the Atlantic in-
stantly began campaigns for urgiug their govern-
ments to meet the lLeague. The answer of bnth
British and American authorities was to redouble
the efforts for the destruction of the League. Of
planes and airships scouring the face of the earth
for the hiding place of the League the number
was legion, and, in fact, air machines were passing
over or within sight of the plateau almost every
day.

yl‘hc disappearance of the Merlin and of my
party was a matter for comment and speculation
not only in America, but in England, for we were
supposed to be the first victims of the raiders.
The pilot of the airplane which had passed us that
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HOW TO MAKE
YOUR OWN
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Speech Amplifier

ICRCPHONE Transmitter Buttons have been used for a number of years to

make powerful sound transmitting elements.

These very sensitive amplifiers

offer every “Radio Fan” the means of building his own powerful speech amplifier.
We offer herewith to the constructor these special Amplifier Units.

These units carry about 4 ampere without heating bevond a safe limit. which current at 10 ohms

resistance will correspond approximately to a power of i owatt.

L
HIGH RESISTANCE PHONE

AMPLIFIER
UNIT

HIGH RES. PHONE

LOW RES. PHONE

q DR);‘(‘.'HLS
6-V STORAGE BAT.

MICROPHONE
TRANSFORMER

HIGH RES.
PHONE

HIGH RES.
PHONE S ﬁ
AND
2 LOUD
MPLIFIER
6 VOLT BATTERY TALKER
BATTERY UNITS <
Fig. 4 Frg.5 2
F1G. 1 shows the amplitier unit, actual size the impedance of the telephone in Fig. 4 is much higher than the resistance
R of the unit, it may De 200 times as great, a transformer laving a stepeuj
FIG. 2 shows how the unit is attached 0 a telephone receiver, Th'-‘:': G jatio i~ u~ed to match up the rcsistance of the unit with the impedance of
procedure i~ to mount the unit on the diaphragm of a telephine rveceivet. the loud ~peaking telephone. In other words, the prunary cil of the trans

which usually is a high resistance teleploue, either 1,000 or 1.3

Next we select the loud speaking telephone. Ii a low resistance telephone
i~ available. it should have for maximum efficiency an impedance equal to the
resistance of the .nnphﬁel unit, or about 10 obnt~; it i~ connected up a- show
m Figure 3. A 3 ohm telephone receiver is used in this circuit with a b\vvlt
storage battery.

Two telephones taken fram a good double head-set of 2.000 to 3.00n ohius
\\hlch do not rattle on stroug currents, are empoyed in Fig, 4. one at tle
receiving end. the other as loud talker. In thi~ avok-up there is one instru-
wment which must absolutely be used with this combination, the transforme:
As stated before in conmection with Fig. 3, the impedance of the telqwlu»nr
if used in direct comuection, should cqml the resistance of the unit. But a-

innumerable other interesting
Every amateur shoul(l have

These and
possible with these amplifiers.
one or two in his “Lab” or workshap.
pamphlet is sent with every unit.

SPECIALLY PRICED 85

While they last ......... ...
OR TWO FOR $1.50

The supply which we have is very limited, so to avoid dis-

appointment order today.
hevewith.

experimeits
at lcmt
A\ four-page instruction

FFor your convenience use the coupon
All orders filled in the order in which they are received.

rmer should have an impedance (\\Imh i~ sometimes called “A, (. vesist
ance™) equal to the resistance of the unit, or about 11 ohms, and the secondary
coil should have an impedance cqual to the mmml.mw of the high resists ance
teleplmnc This transformer may be purcha-ed in any Radio Store and i-
called a microphone transformer or modulation trans fmn\cr, designed primarily
to u-e in radio tr1n<nnn|ng sets, .\ 6-volt battery gives rhc best results.
The current passing through the unit will vary from .1 to .25 ampere.

FIG., 3 shows a cirenit for further increasing the volume of sound. This
is simply two of the circuits, such as shown in Fig. 4, linked together. This
ent i~ highly 5en~nne and the telephones on which the units are
should be packed in a box of ecotton, as the sligh:est vibration ot
" in the room will be picked up and heard in the loud talker. Any
- :Mn\c radio loud talker may be uscd in this particular circuit.
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11 your invention is new and usefu? it i3 patentable, send
me your sketch. Inventions developed, patented. Trade
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PN

EDITED BY JOSEPH H. KRAUS
N this page every month we will give our readers the benefit of our experience on
patents and questions pertaining to patent law. Years of our treatment of the subject
of patented. patentable (and many unpatentable) devices has proved satisfactory to

hundreds of thousands of cxperimenters.

The writer, who has handled the Patent Advice

columns of SCIENCE AND INVENTION MAGAZINE for the past seven yvears, will

answer questions pertaining to the experimental side of Patents in this publication.

If you

have an idea, the solution of which is puzzling you, send it to this department for advice.

Questions should be limited to Electrical, Radio and Chemical subjects.

Another of our

publications, ScIENCE AND INVENTION, handles patent advice in other branches. , Address

“Experimenter’s Patent Service,” ¢/o The Experimenter, 53 Park Place, New York

City.

Manufacturing a Set

(23) S. J. Morrissey, Huron, South Da-
kota, asks what steps e should take in order
to secure the right to manufacture a radio
set of the ordinary five tube tuned radio
frequency variety after having first secured
the right from the manufacturers of parts
to incorporate such parts in the make-up of
the set. He also desires to know whether
or not the tuned five tube radio circuit of
which we sece so many sets on the market
is patented, and who holds such a patent,
and whether the Government requires the
individual or company carryving on the man-
ufacturing of radio articles to be specially
licensed.

A. The orcinary type of five tube tuned
radio frequency circuit is not protected by
any patent rights and any manufacturer can
build that set. If the five tube tuned radio
frequency set is neutralized by neutralizing
condensers, or if a potentiometer is em-
ployed to effect such neutralization, the
right to manutacture this set should be se-
cured from the companies who hold the pat-
ent rights to the particular form of neu-
tralization. The Government makes no man-
ufacturer pay tfor license rights on any ra-
dio outfits and tae United States is one of
the very few countries in the world where
such freedom is enjoyved by its citizens.

VDariable Condenser

(24) Lester Kibler, Luray. Va., submits
a photograph of a variable condenser which
he has built in which the rotor and stator
plates are of cyvlindrical semi-circular con-
tour, one semi-circle rotating within the

sent Free on request.

Chicago Offices:
1114 Tacoma Bldg

Pittshurgh Offices:
514 Empire Bldg.

PATENT

Before disclosing an invention,

for our blank form “RECORD OF INVENTION”.

Highest References
FREE COUPON

VICTOR J. EVANS & CO., Patent Attorneys

New York Offices: 1001 Woolworth Bidg.
MAIN OFFICES: 930 NINTH, WASHINGTON, D. C.
Address .

&
TRADE-MARKS
COPYRIGHTS

the inventor should write
This should be
signed and witnessed and returned to us together with model or
sketch and description of the invention for INSPECTION and IN-
STRUCTIONS FREE. Electrical cases a specialty.

Our illustrated Guide Book, “HOW TO OBTAIN A PATENT,”

Prompt Attention Reasonable Terms

(TR I HINEN

San Francisco Offices:
1010 Hobart Bldg.

Philadelphia Offices:
518.519 Libertv Bldg.

other. He wants our frank opinion as to
the value of this idea and would like to
know whether he can patent the same.

A. We would not advise your applying
for a patent on this suggestion by reason of
the fact that it is extremely old.” In one of
the very first editions of the “Wireless

Course” this same style of condenser was
Consequently you will immedi-

illustrated.

View qf the proposed rotary variable condens-
er showing the rear plates thereof. The dial
is seen also from the rear.

ately note that the suggestion is not by any
means new, as it appeared in publication as
carly as 1911, Both the single and the mul-
tiple plate designs were there shown,
Unless you can greatly improve upon the
s¥stem so as to prevent buckling or bending
of the plates. we doubt if vou will be able
to find any manufacturer willing to consid-
er the idea. It is difficult to make plates
in the particular style vou have designed;
it is more ditlicult to prevent shorts, and the
only advantage which such a condenser pos-
sesses is that it has a straight line wave-
length curve. Inasmuch as nearly all con-
densers are gradually going over to the
straight line frequency style, and may cven
evolve from that to a still more improved
type. we wonld not suggest digging up
corpses of condeusers long discarded.

This shows a front view in part of the ro-
tary condenser where the graduated dial is
seen with its handle. These two views are from
photographs sent us by our correspondent to
illustrate his device.
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on How to Proceed

The books shown here contain valuable information relating to
patent procedure that every inventor should have. And with
them I will also send you my **Record of Invention” form, on
which you can sketch your idea and establish its date before a
witness. Such evidence may later prove valuable to you. Simply
mail the coupon and | will send you the books, and the *“ Record
of Invention™ form, together with detailed information on how to
proceed and the costs involved. Do this NOW. No need to lose
a minute’s time. The coupon will bring you complete informa-
tion entirely without charge or obligation.

Prompt—Careful
Efficient Service

This large. experienced organization devotes its entire time
and attention to patent and trademark cases. Qur offices
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PROTECT YOUR IDEAS
Take the First Step Today—

If you have a useful, practical, novel idea for any new article or for an improvement on an old one, you
should communicate with a competent Regrstered Patent Attorney AT ONCE. Every year thousands of
Frequently two or more applications are made
for the same or substantially the same idea (even though the inventors may live in different sections of the
In such a case, the burden of proof rests upon the last
application filed. Delays of even a few days in filing the application sometimes mean the loss of a parent.
Get in touch with me at once by mailing the coupon below.
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But FIRST—clip the coupon and get my
free books. Do THAT right now.
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More Money For You

»*RADIO

THE amazing expansion of Radio

has opened up hundreds of won-

derful new positions on land and
sea. Big salaries, fascinating, easy
work, short hours, and a wonderful
future are offered to ambitious men who
get into Radio now.

Take advantage of these wonderful
opportunities to step into a big paying
position in this great new field. You
can stay at home and work up to a posi-
tion paving up to $10,000 a year, or
Radio offers you an opportunity to travel
and see the world, with all expenses
paid, and a fine salary besides. One of
our recent graduates, Emmett Welch of
Peculiar, Mo., secured a position one
week after graduating, paying a salary
of $300 per month, Hundreds of others | |
report equal success.

Easy to Learn
Radio atHome

Thousands of Certified Radio-tricians
are wanted to design Radio Sets; to
make new Radio improvements; to man-
ufacture Radio equipment and to install
it; to maintain and operate great broad-
casting stations and home Radio sets;
to repair and sell Radio apparatus; to
go into business for themselves; to oper-

ate aboard ship and at land stations.

You can easily and quickly qualify in your
spare time at home through the help of the
National Radio Institute, first school to teach
Radio successfully by mail, established 1914,
No previous expericnce or training ueeded.
Prominent Radio Experts will help you in
every problem, giving you personal dtteution,

You learn by actually doing. as we furnish
free with the course, circuits and parts for
building latest receiving sets, making the work
thoroughly practical. You learn quickly and
easily—right at honte,

This is an ahsolutely complcte course which
qualifies you for the real “hig pay jobs™ in
Radio and our big Fmployment Department
tielps you get one.

Send for FREE'BOOK

No other field today offers such great oppor-
tunitics as Radio. Take your choice of the
many wonderful openings evcr_y\\'here: Pre-
pare now to step into the most interesting and
best paid profession today. Read about the
opportunities open now—the different kinds of
work—the salaries paid. Write today for the
48-page book that tells how America’s biggest
Radio correspondence school (government rec-
ognized) can teach you to become a Certified
Radio-trician in your spare time and also
Special Offer to those whno act at once! Mail
coupon or write letter now.  National Radio
Institute, Dept. 38-OB, Washington, D. C.
National Radio iInstitute, Dept. 38.08,
Washington, D. C.

Without obligation, send me your baok. “Rich
Rewards in Radio,’” which tells all about the oppor-
tunities in Radio, how spare time study at home will
qualify me quickly as a Certifled Radin-triclan so 1
can get one of these splendid positions, and how your
Fmployment Service helps me to secure a big pay

job. (Please Write Plainly.)

NADIE. .. cerearrvanessssassanrsossasscaes AZCs. .. |
GUPOBL . ..oreea-crceerriarensasiontrriaenes |
CILY .. .vcecenaaaanaanaanss State t

day after our capture had reported sighting us,
and that we were heading in good shape for
Caracas. The conclusion was ultimately arrived
at that we had either inet with an accident, or
had leen seut down by the raiders and sunk in
the sca. We were given up for lost. and Dan
and 1 had the doubtiul pleasure of reading our
own obituary notices, The anxiety of my father
and his sorrow for my supposed demise gave me
a great deal of concern, a feeling shared by Dan
and  Milliken on account of their relations and
iriends. . But we were forbidden to attempt any
communication with the ont-ide world. nor would
the Chici permit the sending of any message that
might have allayed the doubts of our iriends,
since it would perhaps have been obvious that we
were captured  somewhere on onr jounrney from
Guayaquil, a revelation that might have brought
greater numbers of searchers oun our trail. We
knew. from the American papers. that both Didcot
and Dick Schuyler, on new Mertlins, were search.
ing the Caribbean and the Antilles for some |
trace of us. |

Our duays in the cavern were full of interest.
At first, Milliken and myself had been content to
go about looking round us, but as week aiter
week passed, we found our hands could no longer
keep still, and we began to help the compauny in
small ways that did not offend our consciences.
With Lord Devonridge and MHayues, and with one
Moggs. an ex-gamekeeper of the former, we weunt
out hunting, and we ifound the three Englishmen
excellent companions. QOur huuting expeditions
had to be worked i between raids. for both
Devonridge and Ifaynes had special duties on the
ships.

The raids were always made in pairs. The first
ship would go ont with 25 men or so on board,
and on its return the second ship wonld depart
inunediately with a fresh crew. except for the
Chiel, Seton, and a few of the officers, who seemel
capable of sustaining the most prolonged strains.
At the end of the second voyage a period of rest

would ensue, and then the process would be |
| started all over again.
WANTED
LECTRICAL articles on auto-

mobiles. also electrical short-cuts.
kinks and handy turns for the car
and the man who goes camping.
There are thousands of little ideas
of use to the automobilist, tourist and
the camper, and it is such ideas that
the Editor of Motor Camrerr & I
ToURIST requires, which are paid for
at the regular space rates. |
In order to acqmaint yourself with \

-

what is wanted secure a copy of the
magazine from vour newsdealer. If
he cannot supply you write for free
sample copy to

MOTOR CAMPER & TOURIST
§3 Park Place New York City

Lamont Adheres to the League, and a Friendly
Tone Obtains

Dan Lawmont was now installed definitely as
«cientific helper to the Chief. and, save that he
did not accompauy the leader on the raids, he
worked uuntivingly.  Ilis adherence to the cause

of the League did not bring any estraugement be-
tween him and Milliken and myseli.  Our vicws
with regard to the members of the ILcague had
taken on a complete change of color, for the sin-
cerity actuating these men was unmistakable, and
I truly think that botli Milliken and T secretly
envied our comrade his courage in opeuly takiug
the course his couscience dictated.

{lowever that may be, Milliken and I could
not find it in our hearts to take the same step,
and T dare say the thounght of Kirsteen Torrance
was in the mind of Milliken as wmuch as in my
own. If we coulidl have declared our purpose to
her. and could have put the ideal that underlay
the operations of the l.cagie before her, the step
wmight have heen possihle,  For myself, as an
additional factor. T still had the President’s com-
mission in my pocket, and until I could hand it
hack to him in honesty. U could uot depart from
its terms. But I am certain that the opinion of
Kirsteen counted most with me,

Yet, with this eunforced aloofness to the purpose
of the Lecague. it was not possible for either
Milliken or myself to regard its operations without
something of a thrill.  That the struggle between
those scifless men and the world at large was near-
ing its climax could not be dotuhted. Each new
demonstration of the power of the League was
more atnazing than its precursor, Towns were
attacked—if that word may be used regarding
raids so careful of human life—with more open
methods cach time. No longer was the approach
made in the dead of night. The airship would
come down on a city in broad day. and the busi-
ness of creating chaos in commmerce would be goue
about as coolly as in the night. The best efforts
of the anthoritics against the raiders were com-
pletely uscless. Each day it became wore certain
that the world was at the mercy of the League |
of the Covenant. The marvel was that the several |
governments remained so stubborn,
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2-Yead
GUARANT Ep
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ey Battery Prices

SMASHED?!

To Consumers Only
Here is a real battery quality,
3y guaranteed to you at prices
¥ thatwill dthe entire bat-

tery-buying public. Order Di-
rect From Factory. Put the
Dealer’s Profit in your own pock-

et. You actually save much more
23 than half, and so that you can be
convinced of true quality and perform-
ance, we give a Written 2- Year Guaran-
tee. Here is your protection! No need to
take a chance. Our battery is right —and
the price ia lowest ever made. Convince
yourself. Read the prices!

Auto Batteries  Radio Batteries
§Volt,11 Plate,$9.50 6Voit,100 Amp.$9.50
6Volt,13 Plate.11.30 6Voit,120 Amp.11.80
12Volt, 7 Plate,13.00 6Volt,140 Amp.13.00

Buy Direct—Send No Money
We ask no deposit. Simply send name and ad.
drees and style wanted. Battery will be uhSped
same day we receive your order Express C.0.D.
subject to your examination
on arrival, Our guarantce
accompanies each battery.

We sllow 5% discount
for cagh in full with or.
der. You cannot lose!
Send vour order today
—NOwW!

ARROW BATTERY CO.
Dept. 14, 1215 So.
Wabasn Ave.,Chicago

.o 4
¥

)DRAFTING Lessons
actually sent FREE!

to prove you can learn AT HOME
In your spare timel

OUTFIT] I have made Drafting so simple to learn,

GIVEN that any fellow with commoun schooling can
o how master it qiuc)(ly and easily at homs
high grads| 1in spare time! I will send you 3 interest-

ing lessons I'ree to show you that you can
ecome an_Expert Draftsman. At the
same time I will tell you all about the
wonderful opportumities and big salaries
open to Draftsmen, There’s a blg demand
for men wno know Drafting from begin.

Instruments,
Triangle, T

oxers cost.] ping to end, at $76 to $126 a week.
Train' Job*2 Raise oy

If yon're earning less than
§40 a week, go into Draft-
ing. You can learn by my
new job-method in a few
months. Free Job Service
has_provided thousands of Jobs
for both Students and Graduates.,

yoor opportunity to et
into Yo Flal nt work, wher
you are in line for prnmodon.nna
where salariea are BIG.

F
Send Today!? For,S fre fes-

money-back rant -
ico lnlnrmut?(:ln.. utc.. e

Chief Drafting Engineer

AMERICAN SCHOOL,0et. p360.Chicago

You've heard
your neighbor praise the
old reliable Pathfinder, the
wonderful national weekly homs
magazine that 3 million people read. You
can try tins unbinsed digest of domestic and world affairs far a tr!
fle, The Pahfinder is in a class by itself —nothing else to equal i
time-tested, wholrsome. Chuck full of the choicest reading—ths
cream of everything. Science, politics, travel, fun, question box.
health, radio elc. ;real stories, pictures—instruction, entertainment,
for all. Send 15¢ (coin orstanips) for thisbig paper on trial 13 week
or $1for full year (52 issucs). Pathfinder, Washington,D.C.

Chemical Experimenters!

Send for our Free, Illustrated
Price-List of
Chemicals, Apparatus,
Reagents, etc.

Baker & Unwverhau, Dept. E.
Hicksville, L. I, N. Y.

Insure your copy reaching you each month,
Subscribe to The Experimenter—$2.50 a year.
Exp;nménter Publishing Co., 53 Park Place,
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can still be found in

CHEMISTRY /

00od Chemists Command High Salaries

and you can make yourself [what Some of Our
independent for life by un- [Students Say of This

. . y | Course:
earthln One of chemlstr s 1 have not wrltten since I receired the big
set. I can still say that it for exceeded my
L4 anticipatioms, Since I have been studying with
i t rour schoel 1 have heen :ppointed chemlist for
ye un lscovere secre s. the Scranion Ceal Co. testing all the coal and
arh by presimate ana ysis.  The lessons are
helping me wonderfully, and the interesting

, i Q way in which they are wiitten makes me wait
Do you re.men.lher how the tales of pirate go]d used to fire s b e Sl R Tl
your imagination and make you want to sail the uncharted EXS.

g 1 g ’ ? 1ol T wish to express wy appreciation of your
seas in search of treasure and adventure? And then 1 T AT T SR G S
would regret that such things were na longer done. But that smendation 1o the Geneal Eleotric Co, T in-
is a mistake. They are done—ioday and everyday—not on | ieni o starC e’ cudit enciecing Soure it
desert islands, but in the chemical laboratories throughout Iines, but the fact that T had a yecommenda-

ietl . icallv, th B s ‘s tiem from a oeliable sehoal no douht had con-
your own country. Quietly, systematica v, the chemist works. culerable influence in helping me to secure the
His work is dithcult, but more adventurous than the blood- | sob.—L. VAN BENTHUYSEN.

. . . . So far I've heen nmore than pleased with
curdling deeds of the Spanish Main. Instead of meeting an T GRS ] e foing ,,,fel,. P

‘1 hore, h ather: 1 he your henor graduate this year.—J. M.
early and violent death on some forgotten shore, he gathers Nonkinr g

1 find your course excellont and vour instruc-

T. O’'CONOR SLOANE, wealth and honor through his invaluable contributions to hu-
A.B., A.M.,LL.D., Ph.D.. manity, Alfred Nobel, the Swedish chemist who invented tion, tiuthiully, the clearest and best assem-

Noted Instructor, Lecturer and

blrd T have ever tauken. aad yours is the fifth
Author. Formerly Treasurer Ameri- 5

dynamite, made so many millions that the income alone from | git ! bave wer taken, o U RELLY

o Chemical Soclety and a practical | his bequests provides five $40,000 prizes everr year for the From the time I wae having ¢ hemistry it
chemist w many w " . e e A B :

achievements to his credit. Not advangement of science and peace. C. M. Hall, the chemist - ""l““l‘fl"e;'w})"'l“‘:le‘n"?;},ﬁ"“;‘m'g]i:nﬁlya.,mun};
oaly bas Dr. Sloase taught chemis- | who discovered how to manufacture aluminum made millions | friende ami weoqmmenaing son bich members

try for years but he was for many z " X L ng RipS . pers
yoars onguged in  commercial | through this discovery. F. G. Cottrell, who devised a valu- | {4 @0 «éunization —CHARLES  BEN

3 i .
shesiistiyiwor able process for recovering the waste from flue gases, James 1 <hall always recominerd your ool to my

I

H fricnds and let them kaw him shople your les-
Gayley, who showed how to save emnrmous losses in steel P AT —C. J. AMISE HL.

manufacture, L. H. Baekeland, who invented Bakelite—these 1 wm mote tian pleased.  You cig right in

o from the :tart. I am going 1o ger samenhere

are only a few of the men to whom fortunes have come WItIE thisheniles s At o o
through their chemical achievements. you.—A. A CAMERON,

I use your le 19 constantly as T flnd it

1mme thorough than s, test books 1 can

.
ecure,— WM. H, TIBLS.
NOW ls the Tlme to . 'I"]I:znking you for 301; tessons, which I find

" ot only dear and coneise, et wonderfully
St d ‘ :h t intaesting. 1 am—ROBT. H. TRAYLOR.
u y em]s ry I received employment in the (onsolidated
Gus, ('n,r } apullv(-iula Wy nmuch  the good
Not_only are there beundless ohportunitivs for amassing fadice of the school vhen a yecummendation
nealth in Chemistry, tbut the protession uflords » mgenial was asked (1. —JOX. IIECKER.
employnient at good ralarics 1 hundreds of thousands who
merely follow out iis present application . Thee appli-
cations are innutierab e, touching intimately evers husiness and every modict the ver The work of the /
chendst ran havdly bo called sork at all. It is the keencst and most enjoyable kind of pleasure. Tre dayy
in a ehemdeal laborarmy arn fAlled with thrilling and delighttvl experimentation, with the a.luring /
brospect of a discovery that may sphell 'oitune alvays at band to spur your enthusiasm. ‘

You Can Learn at Home V4

2 To qualify for this 1amarkable culling tequires eluborate fpeciclized training.  Formerly {t wa /
neecessary to attend a univarsdy tor seweral ves in'ng, but thavks to cw

= te acquire that tr
» highly perfected and ‘horough sy-tem of inst o, Yo ean aew s at howme, Keep your /CHEM!CAL
<5 . vositlon, and let us educate you in Chemistry during your spare time. en with only comimaon /
4 }jj scheoling )ou’um tike our course wnd equip yourself for fmmediate practical sork in a of emiral INSTITUTE
.: laboratory, ¥r. Sleane gives ¢very one 1f his students the sume carctul, personal soper /
vision that made him celebrared thraughicut his leng career as a collepe nrofessor.  Your OF NEW YORK
instruetion from the rery heginning is made interesting and practical, and ve supply sou Hom.eA Extension
with apgaratus nndl chemicals 01 neitcim ne the fascinating analyses and «xperimental / Division 8
. o work thet ])l:l_\‘SA such a large gart in our method of teaching, and you are anarded the 66. X —=West Broadwa
EXPerlmental EqUIPment Institute’s ofticial diploma after you have satisfactorily contpleted the course. "Now York City

FurniShed to Every Student Easy Monthly Payments You ean / Fleae send me at once,

You don’t havo to have even the small price of the course to start, without any obligation on my

N q i g 1 monthly amounts--so small that you won’t feel ti t wr free ook **Opportuni-

o i " . 4 ary 1s Dav for {t in sma ] 3 cel them part. sou ve i
l“e' “!l“‘e \ux’,ﬂﬁﬂy ;:lc(llﬁg'in;!‘ll{]:].?tu\s-I;li(lll(:“;:;l:«}(l'sc‘(‘)’fm(:(;h(::la- The cost of cur courie is svery low, und includes evervthing, even the ties for Chemiste,”” and full par-
fory awparatus and’ sunnlics, and forty dilTerent ohe mieals  CROWISTe outfit—there are no extras to kuy with our course, - Our plan ticulars ahout the Experimental Equip-

of montlly payments iilaces a chemica) educatin within the reach of ment given to every <tudent. Also please
eversone  Write us awd let us explain our plan in full—give us the /tPlI me aboitt vour plan of payment and
opnortunfly of showing you how you can qualify for a highly trained / yaur special o day offer

technical position witheut even giving up your present employment. /

and reagents, These eomprise the apparatus and chemieals
csed tor the experimental work of the course,  The fitid
Lieavy wooden bhox scives mot only as a case for the outfit
hut aleo as a usceful laberatory accessory for performing

countless esperiments. Special 30 Day Offer
Besides furnishing the student with his Experimental /1\' 3+ > B 200
Equipment, we are making an additional shecial ntter for / A a0 00C00200860000080800006 b

CHEMICAL INSTITUTE oo et oo ror ' (oot (0,57 oot
book “Opportunities for Chemists.”” Send the coapon

OF NEW YORK, lnc. right now while it is fresh in your mind  Or j.:t /ADDBEES eoeseeenanee BBee. WB.ann. o

write your name and acddress an a postal and mail /

A Avie) it to va. Rut whatever you de, act today before
Home Extension Division o this offer {s withdrawn. /
66-X—WEST BROADWAY NEW YORK CITY DON'T WAIT—MAIL COUPON NOWI CITY..... STATE. . . =
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scumol_ oFENGINEERING‘

Corner of One of the Seven S. of E. Laboratories

TAKE THIS SHORT CUT T0
ACCOMPLISH YOUR AMBITION

The fleld of electrical engineering offers wonderful

opportunities for trained men to direct and carrs out
groat  Industrial and commercial projeets. Get a thor-
ough and practical training liere in our course of

ELECTRICAL ENGINEERING
with B. S. Degree in 3 Years

A fuculty of speclalists Is leading hundreds of am-
bitlous young men to sure suceess. Why not you?

If you are lacking some preparatory slndlcs you ean
make them up here as you go along. This is an cx-
ceptional obportunity to heeome an electrical engineer
in the shortest possihle time.

COMMERCIAL
ELECTRICAL ENGINEERING
in 1 Year
Unparalleled  opportunities  for  Dbrilliant, suecessiul

careers In the new tleld of Commetcial Electrical Eu-
gineering. To meet the extraordinary present-day de-
mands for tralned clectrieal husiness men, consulting
and efficiency engincers, we offer this thorough cons
densed and very practi training, especlally adapted
to high scheol gradua

JUNIOR ELECTRICAL
ENGINEERING in 1 to 2 Years

Fram 1 to 2 years in_ this course makes you a com-
pletely trained Junlor Electrieal Engincer prepared to
fill such positions as genersl plant superintendent. di-
rector of construction, superintendent of tmaintenanrce,
chief drafteman, ete.  The Junior Electrical Engincer
i< the man between the FElectrical Engineer and the
FElectrician—a well paid posftion and a srepping stone
to hizher execntive work. A grade schocl diptoma o
enuivalent admits you without cxamination. New term
apens every 6 weeks.

ELECTROTECHNICS

in 1 Year

Phis course Is espeefally adapted to meet the needs
of those young men who wish ta become a Commereial
Eleetrical Engineer but do not possess thie necessary en-
trance requirements. In addition to the Practical Com-
mercial Elvetrieal Engineering studies, you will receive
some academic subjects.

PRACTICAL ELECTRICITY

In this eomplete 6 month-' Electtical
Leurs daily—you can learn house, factory and theitre
wiring, testing and meter work, A.C. and D¢, Arma-
ture Winding and all necessary mathematies,

A 2 months® course in A, and .. Armature
Winding, ar a 2 months’ Course in Light and Mutor
Wiring and Testing is offered to those with limited
time and means.

AUTOMOTIVE ELECTRICITY

Electrieal speciallsts whe instinctively diaguose and
lacate automotive electrical troubles command hlgh jo-
sitions and ure well paid.  Npecialize in starting,
lghting, fgnition and storuge batteries and eommand
a hig joh at a big salary, "

“EARN WHILE YOU LEARN

We agree to provide, fur a limited number of worthy
soung men, half-time jobs ut pood wages, and perma-
nent  positions with unlimited prospects to all duly
qualified graduates. Here is the opportunity of your
life to acquire a thorough, praetical training for hig-
paving profession that is in urgent need for trained men.

ESTABLISHED 20 YEARS AGO

The 8. of K. stands absolutely alone in the field of
thorough, practieal electrical eduration and in com-
mereinl and electrical engineering,

NO NEED OF YOUR BEING WITH-
OUT AN S. OF E. TRAINING

It adoes ot natter how old you are or what school-
ing you have had. Students from 16 years up to 50
are_in attendance heve.

Fill out the following coupon and mail it today.

New Term Opens January 4th

ourse— <

Milwaukee
Founded in_ 1905 __

Schnol ot Engmeermn of Mulwaukee.
E.-1225, 415-17 Marshall Street,
Milwaukee, Wiseonsin,
Without sabligating me in any way, please mail free
2-pago Illustmle(l Yook, “'Eleetricity and the One Dest
\\ av to Learn It."" and partieulars regarding the course
1 huve marked with an X
Hlectrieal Engincerlng
Commercial Eleetrical nzincering
Junior Electrical Engincerin
Flectrotechnics
IPractieal  Electricity
Armature Wiring
Light, Motor Wiring and Testing
Automotive Electriclty
Racio Sales and Serviee
T am interested fn your *
nlan,
Name
Address
City
State
Education

Eamn \While You Learn'

Ane

Of the feats pcrformcd by the Ark of the
cnant, its flight across the Pacific to Japan
—where Tokio and \()I\ohanu were subjected to
similar treatment to that suffered by New York
in the first raid of all—was in some ways the
most amazing. The Japanese. who were perhaps
the mu~t deserving of a lesson from the Leagnue
by reason of their everlasting itch for power
through the agency of war, had obviously re-
garded the problem affecting the Western Ilemi-
sphere with a degree of complacency,  The raid
on the capital and chief seaport of the Eastern
evimpire went far to destroy this Japanese smugness
and sense of <ecnrity.  Here, by the very unex-
pectedness of the raid as a result of that complac-
eney, the punic caused was greater than anywhere
il\(. and the Pacific radio stations simply hummed
in the next days with the frantic messages that
cutated trom Japan to the other powers.

This was the most daring of raids. On a Sun-
day night in August, the Ark of the Co:enant
s¢t out on its long flight over the Pacific. Sixty
hours” leisurely cruising—leisurely for the Ark—
hronght the ship over Tokio just aiter midnight.
Two liours were occupied in a  very thomngh
demmonstration, in which the gold chests of the
Japanese war fund were sadly depleted, and after
a casual replenishing of the airship’s gasoline tank-
from a handy oil-ship, Yokohama was descended
upon in the first grey of dawn. Here the second
chapter of a smart lesson was read Nippon, and
the vk of the Cotvenant immediately set out on
the return voyage., In spite of the tluu\\mg out
Ul cordous of air scouts 41011;: the Pacific coast

ol America, on request of those frantic cables
fromi Japan, the airship was  berthing in her
hangar-cave at dusk on the Friday night.

Japan Receives Her Lesson and Enters Into
the Fray.

II

The ruid on Japan brought matters to a head.
The Powers of the Western Hemisphere had been
working together for a long time, pooling their
ideas, as far as international jealousies would per-
mit. for the scotching of the raiders. Now Japan
mile a tardy entrance into the fray, and for the

$5000 Contest!

Prizes totaling $5000 will be award-
ed in the new contest announced in
this issue.  The rules are simple and
tite contest is of such a nature that
anyone and evervone can participate
it

Interesting Articles to Appear
In December Issue of
ScIENCE AND INVENTION

A Novel Audio Amplifier,
“Electric Eye” Grades Cigars.
Chemical Diffusion Experiments,
By Raymond B, Wailes.
Radio Wrinkles.
Oracle—General Science Problems Solved
and Queries Answered,
Radio Oracle—Radio Questions Answered,

first time slncc the heginning of the raids all the
Powers were in something of an agreement for a
single purpose. But to enter into a parley with
the [League formed no part of their mutual under-

{ standing,

I

[t seemed as if the several governments con-
sidered 1t beneath their dignity to discuss terms
with mere pirates. All they decided was to adopt
further measures for forcibly removing the menace
to their happy pursuit of trade-snatching, scabbard-
rattling, trucnlent schemes: but that they were at
a loss for further methods to accomplish this aim
th(‘ reports by radio left no room for doubt.

This was the moment chosen by the Chief of
the League for issuing his ultimatum to the world
in general.  The ultimatum was aildressed through
the President of the United States:

“From the l.eague of the Covenant to Bring
Peace on Earth (it ran) to the President of the
United States of Ameriea.

“Sir: The object of the Leagne of the Covenant
has been put hefore you heretofore in brief. It is
now set out in full for the first and last time,

“The League of the Covenant is composed of
men who have suffered in the past from the horror
of war, and that in the patriotic service of their
various eonntries, They are determined that never
again, if they ean prevent it, will war be seen on
the faee of the carth. To this end. for the last
five months the T.eagne has been demonstrating
by humane methods the power it has for enforc-
ing its will on the nations.

“The efforts of all the governtments against the
operations of the League have been of no avail.
The lLcague exists unharmed.

“But time has passed. and the several nationus
who have felt the power of the League have made
no attempt to cnter into negotiations  with  its
menbers.

The time iz when the

approaching, therefore.
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201 and of us -
Eq d ith Sol d Rubber L .
-e.'é“’.:?a it Stid Bl B0 por cen '""‘""“ sosinet
Ru‘l': zz;ugn 2-Year Gunrlnteo Bond
in Writing
WORLD Battery owners *’tell thelr
friends.’* That’s our best proof of per-
formance. Send your order in today.
Solld Rubber Case Radlo Batteries
8-volt, 100 Amperes .
8-volt, 120 Ampares ,
e-volt, 140 Amperes
Solld .Ilbb.

1000 wa l t
Worid Stor-
atu B-nery

ll e
l2vvoll 7-Pllla s e

SEND NO MONEY

ate battery wantad and we will ship day order
ved, b: ., aubject to your

Extra Offer: 5 per cont dis-
WORLD .AT‘I’ERV COMPANY

Dept.
1219 So. Wabuh Avo.. Chlcago, INN.

World

cash in full
with order.

ving to you.

Rare Gas and High
Vacuum Laboratories

Neon, Helium, Argon, Etc.

We specialize in construction and de-
velopment of all types of special ther-
miionic valves, Neon glow lamps, Neon
arc lamps, Mercury arc lamps, hot
cathode and gas filled rectifiers, tubes
utilizing the alkali and alkaline earth
metals, and photo sensitive apparatus.
We supply testing apparatus for capac-
ity and resistance measurements using
neon lamps. Safest and quickest
method.

Also, bigh vacuum pumps, manifolds,
etc., made of lead, lime pyrex or quartz
glass. Special high frequency appa-
ratus for electronic bombardment.
Photo electric cells $20.00 each. Three
electrode potassium sodium tubes
$10.00 each. Complete equipment for
high vacuum work installed.

1 RADIO ELECTRICAL WORKS
Research Division

23 W. Union Square New York, N. Y.

TUBE
GUARANTEED

BIG POWERFUL
/@mﬁowm

Write |
MIDWEST RAOI0 CORPORATION

Pioneer Bui
180+B-E Bth Sty Clncinnati, Oho
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League of the Covenant must lay aside its forwner
humane methods, and exert the terrible powers it
truly possesses. It is in the power of the leaguc
utterly to destroy Mankind, to Dbring about the
end of this cosmic day, and bring a new dawn in
the history of the Universe. This will the Lcague
of the Covenaut do rather than fail in its object.
Let there be no mistake. The League of the
Covenant has deliberately brought chaos into the
world's commerce, so that its power should be
anderstood.  Should its fiat not be obeyed, it will
put humanity beyound even the need of commerce.

The Fiat and Ultimatum of the League of the
Covenant; All for Peace

“And here is the fiat of the League of the
Covenaut :

“The armies of all countries throughout the
world shall be disbanded, all weapons of war shall
be destroyed, all ships and air-vessels of war shall
be scrapped, and the maicrials converted to peace-
ful uses. Only sufficient men and material of war
shall Le leit for that police work made necessary
by the uncivilized state of mankind.

“For the carrying out of this fiat, representa:
tives of the nations of the world shall be gathered
in \Vashington under your championship, sir, with
full power to arrive at an _international under-
standing which will make effective a League of
the Nations for Peace: and at the conference thus
convened there shall be decided once and for all
tine the forces that are to be left at the disposal
of each mation, taking into consideration the popu-
lation, and the territorial extent awd world disposi-
tion of the possessions of each nation.

“A month from the date of this ultimatum, the
representatives of the natious shall be gathered
in Washington to meet the representatives of the
League of the Coveuant, when a complete scheme
of disarmament will be put beiore the conference
for acceptance.

“Your ucceptance, Mr. President, of this order
for conference shall be hroadcast by radio telegra-
phy far seven nights aiter your reception of this
document.

“No less than the complete fuliillment of these
demands will the League oi the Covenant accept.

“There remains that which the IL.eague of the
Covenant will do for the real hrotherhood of man,

“In return for the complete disarmament of the
nations the League of the Covenant will place in
the hands of an International Board the secret of
a power that will bring a new day in the history
of maukind. Through that power will be opened
a road which will lead to the end of man's struggle
for existence, which will lead to the comnplete
manumission of humanity ifrom the curse of labor.
No longer will man need to eke out a precarious
existence with such small leavings of energy as
nature so far has allowed him, Into his hands
there will be put the means for arriving at energy
untimited, the boundless energy held together in
nature itself.

“To put such power, sir, itto the hands of men
whose thoughts are turned to urworthy pursuits—
the pursuit of war, as an example—you will readily
understand would be to invite misery and appalling
suffering on the head of mankind, The seccrets
held by the League of the Covenant can only be
given to the world under the strictest guarantees.
Failing such guarantecs, the ILeague of the Cove-
nant will turn its power to the swiit destruction
of the world, rather than stch power, otherwise
discovered, shoukl destroy the world in conditions
of prolonged iisery and suffering.

“The League of the Covenant will hand over to
the new League of Nations for Pcace. together
with the airship already proved invincible. secret
weapons which will cnable the Tuternational Arbi-
tration Board to enforee its ruling on recalcitrant
states.

“In the event of your failure to inforin us of a
movement for convening the conference herein
demanded, you are warned that at noon, on the
Sixteenth day of September, American tinte, the
capital city of Washington will be the object of
a visit by the League of the Covenant, in circum-
stances where the shedding of blood will be in-
evitable. You are warned, further, to cousider
the probable effects of our anaesthetic alone upoun
the city at the time of full pressure of traffic.”

This document was unsigned, but at the sug-
westion of Dan, who was terribly coucerned at the
prospect of the ultimatumn being ignored. the Chicl
was persuaded to allow all three of our party to
put their names to an addendum. Apart from my
own desire that the authorities should treat the
demands of the League understandingly, I was
all too willing, since my father—and Kirsteen—
wotlld be informed that we were alive,

“DeakR Mr. I'RESIDENT (we wrote),

“In the hands of the League of the Covenant
by capture, we have become certain that the power
it holds cannot be resisted. In the air. no knowu
craft is capable of carrying out an attack on the
airship with the slightest success, and, scientific-
ally. there is no known counter-weapon of defence
against the terrible devastating force embodied in
the weapons of the League. so far unused in its
operation. The purpose of the League has been
truly stated.

(signed) Jyues V. Boox,
Daxier LasosT,
W. DMiLLtren."

Mailing the Fiat, and Ensuing Confusion of the
overnment When it is Received
I

For the purpose of forwarding the ultimatum
to the President. a small town in Alabama was
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gasscd one night, and the envelope containing the
document w slipped into the box at the little
post office. Then the raiders retired to the cavern
of the platean to await developments,

In the week that followed, no answer was forth-
coming from the President, but we gathered
from the news that was being broadcasted by the
agencies that he had received the document. At
first the ultimatum was considered to be a hoax
—the Merlin party was under the sea, it was
said, and the signatures were forgeries. Then
came the word that my father and several others
had identified the signatures, and the fact that
Dan and Milliken and I were in the hands of
the raiders was made much of.

The genuineness of the signatures heing set-
tled, it was then declared that our testimony to
the power of the League had been secured under
compulsion—a declaration not very flattering to
any of my party, The raiders were putting up
one big bluff, was the next idea—if the League
of the Covenant had such an ideal purpose, why
had it made off with so many millions in gold?
“Fudge and TFiddle-de-dee!™ said one journali-t in
a paper secured by another mild raid.

In some of the Detter journals that we saw
readers were reminded of the gifts of radium,
and it was demanded that the government should
meet the members of the League as suggested.
At least. said sonme of the editors, with an eye
perhaps on sensational copy, let us have a look
at the men who have bamboozled the best brains
in Europe and America'—let us mcet them and
call the biluff, if it is a bluff.

The voice of America, so far as it was echoed
by the newssheets, was all for calling the con-
ference,

From the President, however. no direct reply
came. Ille was reported in the newspapers to have
taken up a strong attitude, a report that in my
conception of Mr. Whitcomb as rather an ob-

stinate and self-willel man I was inclined to be-
lieve.  No negotiation with these pirates was
said to be his pronouncement—Ilet them exhibit

their mighty powers if they dared—let them come
to Washington on the day appointed, and it

CThe Regenera-

tive Interflex
By Huqgo Gernsback

The latest development of this inter-
esting circuit is the addition of regen-
eration. making an efficient, one dial,
one-comtrol receiver.

Other Interesting Articles in
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Rap1o NEws

Thirty Years in a Dark Room.
By W. B. Arvin
Biography of D. MacFarlan Moore, the
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Britain’s New Superpower Broadcast Sta-

tion,
By A. Dinsdale
Transatlantic Telephony.
By G. C. B. Rowe
Multiple Grid Vacuum Tubes and Their

Advantages,
By Theodcre H. Nakken

would give definite warning of a raid? This too
able or not! Was it at all likely that the raiders
would give definite warning of a raid? This too
was mere blutf and bLraggadocio!

Altogether, it was difticult to find out what
the President’s attitude really was. _No official
interview was published. But by his very si.

lence, the DPresident seemed to assent to the atti-
tude attributed to him. The weck of grace
elapsed, and no direct reply was received.

The raiders knew, from a question and auswer
reported from the British Ilouse of Commans,
that the DPre~ident had not issued any invitation
to the conforence demanded.

“In view.” the report of the M.D.'s (uestion
ran, “‘of the appalling condition of business in
the country, as a result of the continued raids
of the so.called Teague of the Covenant, would
the Secrctary for Forcign Affairs ]1elp.tn_ .’ll_]uy
the natural concern of the nation by indicating
the attitude of the Government towards the con-
ference demanded by the League?

“Tue Sec. ForeicN Arratrs: ‘The Government
i5 without official information recgarding any de-
mand for such a conference.

“Tur Ion., Memerr: ‘The honorable gentle-
man has doubtless seen the demand reported in

the press?’
“The SECRETARY (shortly): ‘Ves.’

“Tue Jlon. MewBer: ‘In view of the urgeney
of the situation., where an apparcntly invuherable
League with undeniably  high jdeals' (cries of
“Oh!")r ‘demanded a conference of the Powers,
would the Government not discard red-tape for

The Experimenter for December, 1925

(nue in a way, and take steps to make that con-
feremce  an ~ accomplished  fact?”  (Opposition

SECRETARV  (with considerable warmth):
‘The honorable member is unfortunate in his
choice of words. It must be obvious to him that
no league of pirates is “invulnerable,” and that
however “high” of *ideals” as far as lip service
is concerned such a League may be, it is in no
po~ition to “demand” anything from such a great
nation as America—or as Great Britain.’ (Loul
cheers.) ‘The honorable member is mistaken in
helieving that either of those nations is to be
frightened by melodramatic vapourings into un-

heard.of concessions to a gang of criminals.'
(I'rolonged cheers.)”’ .
From other Furopean countries eame report:

suggesting that the various goivernnments were op-
posed to the idea of conferring with the lLeague.
The raids had touched the nations in their most
tender spots—their pockets—and resentment was
bitter, The official slogan cverywhere seemed to
be: No negotiations with the pirates!

Knowing as we did the determination and pur-
po<e of the Chief. and the appailing power that
was in his hand. we in the cavern were amazed
at the folly and stubbornness of the DPresident
in particular and of the world in general. .As
the days went past aud the date fixed for the
taid on Washington approached our apprehension
decpened.  We knew that the Master would carry
out his purpose to the very end. even if indeel
it involved the world’s destruction. None of us
doubted his power.

I have given, T am afraid, but a poor descrip-
tion of the personality of the Chicf of the Leaguc.
Words fail me when I try to tell of the power
that emanated from that frail little man. But in
the last days in the cavern, when the world
seemed to hold him as naught, while the men
round him went about with the cshadow of death
upon them, quietly doing their tasks with no di-
munition of energy or efficiency, the magnetism
of the Master seemed to heighten. Ile held the
men to him, though it seemcd he had only deaih,
<wift death to offer them—since the world by
failing to estimate the real value of his promis.
was sweeping to its doom.

To say that all the men composing the Leagnuc
of the Covenant accepted the situation uonchal-
antly would he to exagmerate, but that none of
them faltered in allegiance to his Chief and tli
purpose of the Lcague is simple truth. There
was a sct look on the faces of all the men. Even
that licensed jester of the company, the insuppres-
¢ible Lord Devonridge. developed an air of grav-
ity, just as in the old days I have seen other-
of his kind develop that air when on the point
of going over the top. That the normal gaiety
of men would return in the case of Devonridge
md others when once the “zero”” hour was past.

was as certain as that the raid on Washington
was inevitable.  But until the actual moment
arrivedd when the fate of the world and of the
Jcague would be decided. anything hut real seri-
cusness would have rung false.

felt, myself. <omething like an innocent man
in the condemned cell of the felon, but I hal
fodings to spare for experiencing a deep admira-
1in for the courage and eonduct of the men who
had captured me. I thought it a great pity that
such excellent fellows could not act as a leaven
to humanity in genefal, for they made one proud
of one’s kind.

The two or three days before the sixteenth of
Scptember  were  devoted  to conditioning  hoth
~hips. for the two were to act simultaneously.
From a small cave all the gold taken in the raid-
¢ince March—minus that left in the Banque dc
France—was hrought out and loaded into the
shipe, Every gas and spirit tank was filled to it~
utmost capacity, and every instrument thoroughly
tested.  Such ‘of the ducks and chickens as sur-
vived in the cavern were given their freedom.
and the personal stores of the men of the League
were Ioaded into the ships.,  Nosey, the toucan he-
Irnging to Smithers, that unloquacious mariner.
was given a perch ahoard one of the vessels.

The Plateau of the Red Scar and its cavern
fystem was heing ecompletely evacuated by the
Lcague of the Covenant. for failure could hope
for no return.  Success would make a return un-
necessary.

Impending Exhaustion of the Aithon Gas Supply
Just as the Ark is Starting

We learned now that the reservoir of aithon
gas was almost exhausted, which means that the
Ark of the Covenant would soon he without ite
marvellous 1ift, by which it had econtrived to
avoid bloodshed in its operations, and that its
future invulnerability ecould only come from the
exercizse of its more” ruthless powers.

Milliken and T were not excluded from the
final meeting of the fifteenth. We were treated
as mecmbers of the League. for indeed our syme
pathies were all with its purpose,  Thus it came
that we heard the Master speak to his followers.

H“Gentlemen.” he said in that level, elear voice
of his. “before I do anything else. I have to
thank you. T have to thank vou for a devontion
to the cause I have offered you, devotion such

as has mnever heen nparalleled in history.  But.
gentlemen—my  eomrades—I  am persnaded  that
our cause is worthy of even such devotion as
yours,

“We take an offering of frecedom to our brother
man. Onr gifts to him can be large. On the
nther hand, we may end by shattering him and
the world he has "known into fine particles  of
witer—for T dare not prophesy what the fate
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of the world will he if we are forced to uze th-

height of our power. This we undoubtedly will

use. before we brook that the smallest fraction

ol the freedom we offer mankind shall be mneg-
atived,

**1 have had so many exgmples. such a reveal. \

|

fng  exeperience, of the high courage that aqi-
mates every single man of you, that [ am certain
not one of you will falter i steadfastuess to
the last—even if that last should mecan oblivion.
But my faith is that our cause will prosper. that
the League of the Covenant will tiumph,
“Gentlemen, | salute you! With ¢ deep pride T
hail sou a band of brothers wothy of their
cause! And T tell you with that ertainty which
Gften comes to a man whose course is almost run
that you cannot fail!™
That was all he said.
quetice or rhetorical  ettect,
unemotional voice of his. I thoght they would
Lave chieered him, hut as le titshed something
like a sob—or half @« ~<igh—wet up from the
assembled meu, 1 suddenly undestood, It was
Yie first time that the little Chif had acknowl. {
edged the drain on his vitality from the great

with no cttempt at elo-
in tat level, c<lear,

wounds on his frail body. . [
To sce him there, so gentle. ) still. and so
wable, and with the knowledge that his every

linute was one of terrible agony tugged at the
reart~trings and Dbrowght a lumyto the throat.
It was casy to sce why the menwyho faced hin
were ready to follow him to the catl.

It came close to nine o'clock  The Master
“ad Dheen going round the nien shifting from
sroup tu group, talking to them qetly.  He rose

ki~ feet. ) )
«Come. gentlemen.” he said =inly. “We must |
start on our voyage.'

\With Milliken, [ was clase tohim when he |
and I turned to him i a impulse.
1 said., “may 1 follor wu on my sca-
ane? You have my word thatlyon't betray—"
[le stopped me with a gestur «f lus one hand. |
“Please. Boon, please!™ he s “l know you
would mever betray. Jt is wot . I know, “he-
lieve me. that a man can come [ove a machine
a: he might a gallaut horse. tut the end i< |
nwot vet. Boon. The League of 0 Sosenamn. ol
winm—and in that case you will e vour Merlin |

Fo

|
!

again, She may even do a lafsﬂ-\-i!:e to the
1.eague of the Covenant. I bavey mind a u-e |
for vour planc. Trust me—wW you,  James
Roon?™

sir.” 1 sort of ped, “And— '

“I'll trust vou, Sir. o
it in honour. sif'y hoping—

and if 1 can say
I'm hoping—— )

[ broke off stammering. and heye Liis haud
ander my arm with aun inhnite “kl\e<<.

“\Why. that's well.”” he said. "I\ plad that
we are 1ot enentes. Conte—you s 4il with
vour friend  Dan  Lamont and Mu{ oy our
hip—and  Milliken, too.

Good-bye to the Merlin, off in Ak !
The men were trooL»ing silentlv ou
recreation cave, and Scton and the '\‘:r, Dau, |
Milliken, and I, followed at the  redjien to
the hangar-caves. The JIL_'um.‘lonkmgr) ity
. rainst the mas~ of the big ships. lay ledge
hetween the two air~hip caves, and as pas~ed
her, Milliken <hook @ _Ilu:n strut as it e
an example 1 had to {follow.
“Hellt whispered  Mulliken.

the big

“fen't just

|
ne. . .
And with a shrug of his hig shoule iy,

mechanic began tu elimb the ladder to 25
Sip: gangway. I followed him, and in % ¢ |
the Chief’s assurance, 1 felt sad to lL'lll) |

! o . .
was in command of one ship wige
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Seton
the men as crew, and the other was in 1e
Cf the Chief himsclf, with Lord Devonrido
navigator.  Milliken and  Dan .’\u(_l [.\\‘cl'c’,
the Chief as Qe had promised.  Scton’s sln‘ |
the way. muik‘\"hcn Ler hull lhiad passed thr
e main mouth of the great caveri, our
at under way.  When we were beyond  tlh
ate-, Setou was a-hore with a small  party
en to close them.  We saw the lights in

amd the big tlaps of the door sw

cavern go out,
and below us hovered

L. We mounted high,

dear hull of Seton’s ship. At the mouth
the cave some one ran by the basin's edge wi.
u electric torch—Seton, T took it to be. The
taat light vani-hed, and prescntly in th
dim  light of dusk and the stars we saw the
hull below us come up. N
Seton's voice eame. casta’ and familiar. through

the Chicf'~ highly tive radio phone:
=All aboard, sir! . o . .
“Very well. then, Setou. thc‘(lncf's:nd quiet-
Iv. “Fall astern we go. Everything as ar
ranged.”
cAve. sirt” .

A gesture from the Chiet
the great ship wathered speed.
ped—on to  Washington.

CHAPTER FOUR

The Last Raid
The airships flew at a great height, a h_eight‘l
had never imagined would have been possihle for
divigibles of such a low cubic capacity.  We were
breathing compressed air. all apertures heing closed.
No sign of earth lay below us and. exeept for the

Selisl

as

and
night

to Devonridge.
Into the

bavely perceptible throb of the engines and the
el of that wonderful navigating globe, nothing
ivlicated the high speed at which we were trav
elling. No lights were shown externally, but the
ol e of the stars in the tropical night was enough
dimaly to illnmine the shape af  our sister  ship
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Caper Weights, ete. We furnish forms with
ite outfit for specdy production.  Absolutely
serience or touls necessars : no special plnc'e
¢ Small investment puts vou on road to sue-

clemand exceeds supply and we assist yon and |
pre with onr mannfacturers in selling their
ane We put vou in touch with the buvers
bure an ontlet for your goads,  Strietly a
vitoroposition and thosongh mvestigation in-
profplendid opportunits for an enormous and
pisiness for ambitions nen. No othess

oly. Catalog and information mailed

on reqguest
ME cAST PRODUCTS CO.

‘6 Boston Road. New York

el s ]
T ce of writing machipes—at a vargain pr 1
f’i(lele_ tlil]ﬂla and easiest morthly paymemgs if {"c-:eblxlyf\l
. is Underwood No.S—rebuilt from top to bt tom— l
0wm;ar-guamn{eea—:cmo\'cs the la.t xcason for not
O £ your own machine. Get our proposit'cn with

v and valuable Typewriting Manual, free.

FREE' Type ting Manual, largs cataiog, and
*

1] ars of free course in touch
A writing, if you mail this to Six -
Warp Mrc. Co,,8539 Shipman Blig., Cin‘;ugo e

Name
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Power Measured in the Millionths!
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Radio Books
that tell how—
when and why

Tips for the Radio Amateur Constructor
Many men fafl in building their Radio sets
because of some triviai error that rould
easily have been corrected before it was teo
late. The E. 1. Company has compiled a
book that will help you avoid all the com-
mon pitfalls while building your Radia sets.
Book No. |I—Price 25¢.

How to Make PRACTICAL Radio Receiv-

ing Sets
The man who wants to build only these
PRACTICAL Radlo Sets thal are guaran
teed to give good results when properly con
structed will need this bock, Gives the pria-
cipal successful hookups of practical Radio
Constructicn. Book No. 2—Prico 25¢.
Radio Questions Answered

Question No. 1—What 1s Radio? This is
the nature of the questions that this book
answers, Then it answers questions on zll
the principal parts of a Radto Recelver. It
is a handy book to keep in your Radic File.
Book No, 3—Price 25e¢.

Radio Frequency Amplification
Distance lends enchantment—and it's the
Radio Frequency Amplification that brings
in the distance on your Radio Recelver, It
sou contemplate adding any Radic Fre-
quency to your set you will want this bcox
at your side, Book No. 4—Price 2%,

How to Tune Your Radio Set

Don’t struggle in the dark, looking for sta-
tions—here is an inexpensive book that
gives you detafled fnstructions on just how
to handle your Radlo set. You will be sur-
prised at the increased results that ran be
obtained through proper tuning. Book No, 8
~—Pries 25e.

100 Radio Hookups
No better book for your work bench. Gives
diagrams, hook-ups and details on Radlo
Hook-ups galore. One of the mast complete
hcok-up books published. Authentie and
up-to-date in every respect. ‘Third edition
now ready. Beok No. 7—Price 25¢,

All About Radio Parts

Everyone who constructs a radio set should
know the simple fundamentals of the vari-
ous parts of his set. The E, 1. Company
has set these forth in a compact little book
that is valuable at all times. Book No, 8—
Price 25e,
History and Operation of the Vacuum Tube
The Vacuum Tube fs a marvelous plece of
upparatus. A short study of it as given
in this book gives you the principle on
which every Vacuum Tuhe Radio Recefver
operates. Book No, 9—Price 25e.

The Neutrodyne—All About It
Everrbody knows the famous Neutrodyne
hook-up. One of the finest Radlo Receivers
tn use today. This 54-page E. 1. Company
hook gives an explanation of every detall of
the Neutrodyne and how it all works. Beek
No. 10—Price 25e.

How Radio is Received

The simplest and yet most complete Radlo
Guide Raok for mf amateur broadcast Hs-
tener. In print only two weeks, fresh from
the press. Book No. fl—Price 25¢.
How to Locate Yroubles in Your Radio Set
Anyone with this handy book as a guide can
repair and keep in order his own radio set.
C‘overs every detail of the modern radio sets
and tells how to locate and repalr any
trouble, Book No. t2—Price 25e.

Radio Refiex Receivers
Just off the press. Hock-ups galore on the
finest and most up-to-date reflex circvite in
use today. Diagrams and descriptions on
every mcdern reflex. Book No. (3—Pries
25e.

‘E. I. Co. Books

are sold throughout the

country by all Radio and
News Deslers

If Your Dealer Canwot

Supply You, Write Direct

The Experimenter for December, 1925

The tiny impulses tha reach
your radio receiv:r are
measured in Millioths of
Watts—Yet they prouce the
magical wonders f radio

The most remarkable fact in radio is that on}€ mMost infinitesimal
portions of the power sent by a broadcast sta- Stiike your receiver.
Instruments of marvelous delicacy must be ud0® Measure the power
of an incoming signal.

'Yet a radio receiver is a remarkably simple pief @PParatus—thousands
build their own receivers with undeniable suc

You can get the mos: from this weak impulsrd preserve the full value
of vour set, whether it is home built or 't complete with a little
knowledge of what is going on in your 'Vers and where to look
for trouble.

The books described on this page have IWritten _“’ith the needs of
the average radio listener in view, They!"¢XPensive, easy to under-
stand and contain just the information ° culd have while operating
a receiver.

Books are 25¢ €ach, within the reach ~¥one. They offer the sim-
plest and most inexpensive way 10 un/™¢ < adio.

SELECT THE BOOKS YOU ‘P_AND ENJOY YOUR
RECEIVER TO ITS FULLEST-UE

THE E. I. CCPANY, Inc.

233 FULTON STREET NEW YORK, N. Y.
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Stamp out

Tuberculosis
with these

Christmas
Seals

Merry Christmas
and Cood Healih

The National, State, and Local Tuberculosis
Associations of the United States

RADIO MAILING
LISTS

18,119 Radio Dealers, per M. .$7.50
970 Radio Dealers in Mexico, per list. . .10.00
2,324 Radio Jobbers, per list. .20.00
1,808 Radio Mfrs., per list 15.00
597 Radio Mirs., complete sets. . 5.00
128 Radio Battery Mirs. ... .
125 Radio Cabinet Mfs, .
25,000 Radio Amateurs, per M,
325 Phonograph and Music Radio Dealers... 500

Guaranteed 98% correct. Ask for General Price
List showing 4,000 other lists.

A. F. Williams, Mgr

166 W. Adams St. Chicago

LATEST WHOLESALE
DAY for big 64-page bovk
c»(plmnmg liberal propo:i-

§$100 a week, and tow to get latest radio goods
at wholesule. Lt dealers and agents wanted.

R EE Simply  send name T®.
tion paying agents $60 1o
STANDARD RAD!O CO.. 1436 Walnut, Kansas City, Mo.

LAME PEOPLE

Need my Nature-Forn Extension Shoe. Makes
both feet look alike. Ready made Shoes worn.
Possess style. comtort and security
Nistance no barricr.  Write for Booklet.

A. Ex. SINN, 748 Bergen Street, Newark, N. J.

astern, a little tn the side to escape the backwash
of our six propellers.

After a steady progress of about seven hours,
the silver hulls were tinted by the first flush of
dawn, while the sea of cloud far helow us still lay
unlit and inky. We were approaching Windward

Passage, between Cuba  and  Ilaiti. Jamaica.
though we econld see nothing of it or of the sea,
lay on our port bow ahead. Quickly the light
grew, and the clouds under us, now paling to
delicate green, hegan to break up into patches and
to disperse. Then in a fash of time we saw
through a hreak in the veil of clouwd an arc of

bright scintillating spots against the dark blue of
the sea, The spots were planes, no doubt thrown
ont to intercept the passage of airships should
they approach that way!

At a word from the Chief, one of the men turned
a little wheel, and almost at once hoth ships
floated in a thick vapour that soon dispersed in
the air behind them. while a mass of it yet secmed
to cling abont the hulls.  From below the effeet
mitst have heen as of two slight wisps of extrente-
1 high cloud,

(To be continued)
(Copyright hy Harper Bros.,, New York.)

STATEMENT OF THE OWNERSIIIP, MAXN.
AGEMENT, CIRCULATION, ET(.. RE-
QUIRED BY TIHE ACT OF CON.
GRESS OF AUGUST 24. 1912
Of The FExrerivMeENTER, published monthly  at

New York, N. Y., for Oct. 1, 1925,
STaTE oF NFw \ok}\»
CorxTy of New Yorxg, ss.

Before me, a Notary Public in and for the
State and county aforesail, personally appeared
Hugo Gernsback, who, having been duly sworn

according to law. deposes and says that he is the
editor of Tur EXPERIMENTER, and that the follow-
ing i<, to the best of his knowledge and belief, a
of the ownership, management

true  statement
(and if a daily paper. the circulation), ete., of
the aforesaid pnblu.mnn for the date shown in

the above ecaption, w-uure(l I)y the Act of \‘llmht
-AWS

24, 1912, embodied in section 411, Postal
and Regulntiuni. printed «n the reverse of this
form, to wit:

1. That the names and addresses of the pub-

lish cditor, managing cdRor, and business an-
AEUrs are:

Publisher, FExperimenter  Publishing Co,, Ine,
53 Park Place. New York City.

Fuditor, Ilugo Gernsback, 53 Park 1'Mace, New
Yurk City.

Aanaging  Editor, lhunms O'Conor Sloane, 53
PPark DMlace, New York Uity

Business Manager, Robert W, De Mott, 53 Park

Place, New York City.

2. That the owner is:
tion, its name and address must be stated and
also immediately thercunder the names and  ad-
dresses of stockholders owning or holding one per
cent or more of total amount of stoch. If not
owned by a corporation, the names and addresses
of the ‘individual owners must be given. Ii
owned by a firm, company, or other unincorpo-
rated concern, its name amnd address as well as
those of each individual member, must he given.)

Germott Publishing Co., Inec., successors to

I'ractical Kleetries Co., Tuc., whose stockholders
consist of:

(if ownud by a corpora-

Hugo Gernshack, 53 Park Place. Now York
City.

\ulne\ Gerneback, 33 Park Vlace, New York
1

I{uhvxt AW, De Mott, 53 Park Place, New York
City

3. That the known bondholders, mortgagees,
and other sceurity holders owning or holding 1
per cent or more of total amount of houds, mort
gages, or other sceurities are: (if there are none,
S0 state.) Nome. .

4, That the two paragraphs next above. giving
the names of the owners, stockholders, and  se-
curity helders. if any, conzain not only the list

of stockholders and sccurity holders as they ap-
pear upon the hooks of the company but also, m
cases where the stockholder or sceurity  holder
appears upon the hooks of the company as trustec

or in any other lulucmry relation, the name of
the person or corporation for whom such trustee
s acting, is given; also that the said two para-

zraphs contain statements (mhr.unm affiant’s  full
knowledge and belicf as to the circumstances and
conditions under which stockholders and security
holders who o not appear upon the books of the
company as trustees, hold stock and sccurities in
A capacity other than that of a hona fide owuer;
and this afliant has no reason to believe that any
ather person, association, or corporation has any
interest dircet or indireet in the said stock, honds.
or other securities than as no stated by him.

5. That the average number of copics of each
issue  of this publication sold or distribnted,
through the mails or otherwisc. to paid subserib-
ers during the six months preceding the  date
shown above is
(This information is
cations only.)

required from laily publi-

H IERXSBACK,
subseribed Lefore me th 19th

Sworn to and
day of September. 1925,
(Seal) Jaseph . Krans,
Oueens County Register’'s No.
New York Connty Register's No.
New York County Clerk’s No,
My commission expires March 30, 1027,

4523,
7364,
481,

Salary increased
300% in few months

Chief draftsman of big company re-
ceived big increase even before he had
completed his course with the I, C. S.

“At THE time I started my 1. C. S. course 1
was working in a paper mill,” writes A. J.
Hutchins, Chief Draftsman for the Awmeri-
can Strawboard Company.

“Before T had completed the course I was
called upon to make drawings in cne of
the company’s largest mills and was ap-
pointed Superintendent of Censtruction at
an increased salary of 300 per cent.”

Fvery mall brings letters from stwdents of the Inter~
natfonal Conespaculence  Schsols telling of increases in
salury due to sparestime :tuey.

Why doa’t yon study ton end prepare for a real jcb st
2 1eal salary? You can o it if you really try.

Just mark and mall the eoupon and we will send you
complete information about the 1. C. 8. drafting courses
or any other course in which you are interested,

INTERNATIONAL CORRESPONDENCE SCHOOL
Box £886-E, Scranton, Panna, s
Oldest and largest correspondence schools o the tworid
Without cost or obligation on miy oart. rlease tell
how I can qualify for the Dosition tn th j e
which I hzve matked an X .h " G LD QD (RS UG
BMechanical Drawing Strurtural Drafting
Draftsmen’s Course Ship Drafting
CArchitectural Drawing
[DElectrical Engtneering O-Arelitect
OElectrie Lighting (JArcidirect s’ Blueprinte
OMechantes! Engineer (JContractor and Bullder
(JMachine Shop Prictice O¢Concrete Bullder
ORallroad i’ositions Struetural Engineer
[j(:as Englsie Operating Chenistiy O3 Pharmacy
E ivil Engineer O-Autcmobile Work
Rurveying and Mapping Oirplane Engines
O Metallurgy I Mininz O\ xtiru’ture and Poultry
Steam Enineering [ Kadto [JMathenatics
BUSINESS TRAINING C®URSES
[OBusiness Manage nent Ralesanshitp

LHndustrial Management H.\(Iw ‘using

Oleisonnel Organization [JBetter Letters

OTraffic Management [J=haw Card Lettering

(JBusiness Law (JStencrraphy and Typing

OBanking and Barking Law 13usiness English
Accountancy (Including C.P.A.) CICIVI] Service
Nicholson Cost Avcounting (Ilaileay Mal Cloric
Bookkeening {JCom. 0n Nehool Xubjects

OPrivate Scretary {1k, Sehool Subjects

U=panish O French Ulllu-.mllng

YT o0 oo acoeoen csomoeoenoms

Ntreet

Address. o o

City... _.State.

Occupatlon

If vou rezide in f"mnda eend this voupon to the Interna-

tional Correspondenre Schoois Cunud’un, Limited, llontrcal

£
£
A
R

AVIATION

j K,.

R

AVIATION NEEDS TRAINED KEN QDAY AS NEVYR BFFORE, GXT INTQ

THIS NEW .KEAT INDUSTRY WHILE I° IS STILL YOUNG. SEND 257
FCR OUR GE ILL'STRATED BwCKLIT WHIGCH T.1LS HOW YOU CAN
. DESCHIPTION OF CUk ummlcn..rmrm. AND HOMB
ES IN AVIATION. ICN'F DKLAY! WL.ITE K
VARNEY AIRCRAFT CO. PE‘(?E-'X’.‘ e,

Print Your Own

(ards, Stationery, Circulura, Paper, ete. Save
& moner. Printlor others, hig profit, Complete
outfits $8.85. Job fress $12, £35, Rotary $150. All
ecasy, rulessent. Writefor mlnlmz precses type
ote” THE PRESS CO., Y-86, Meriden. Conn.
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Kegping Fewith the Wt treateet Aehirements
i R
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a8 ST B 4 L
RADIO 5 GREATEST MARALME B »

Do you want to
know what is going on
in these great fields from , e
month to month? Y= = ”?‘?%

g N A
\%w 'MATCHCRAFT |7

RADIO NEWS

Tells you about the whirlwind progress of the mighty new
force in the life of the people throughout the world. Rapio
NEws is radio’s greatest and largest magazine, containing
new hook-ups, up-to-the-minute news and information, illus-
trations and all the details of the great Radio Industry.

SCIENCE AND INVENTION

Contains page after page of startling, new scientific achieve-
ments with plenty of news and pictures from every corner of p ; 23

the world. A never-ending panorama of events in the great PV S =
world of Science and its co-partner, Invention. Everything 3
in SCIENCE AND INVENTION is illustrated in pictures or draw-
ings and many novel ideas are explained for home builders.

THE EXPERIMENTER

Any man who loves to build things at home and develop and
design his original ideas should read THE EXPERIMENTER.
It is full of news, hints and suggestions for the experimenter
and contains page after page of information on new experi-
ments, large and small. Every word is of benefit. Inter-
esting from cover to cover, THE EXPERIMENTER will afford
many hours of pleasure and entertainment.

ENTER

Erectricity 0 - Cradiory

PERI
The Elec;o-;;;s-ﬁc %A
Crystal Globe

9

Published and Distributed by

THE EXPERIMENTER PUBLISHING CO.,Inc.
53 Park Place New York, N. Y.

r--------------------‘------—-------------------------------------------v---------------

EXPERIMENTER PUBLISHING CO., Inc,
53 Park Place, New York, N. Y.

Get These Valuable Premiums

With every subscription to any one of our maga-
zines we are giving free, your choice of a beautiful
“Ekko Stamp Album,"” the new radio craze for keep-

CEaAA S SSSSaASSSSaAEvaAaESaEnSS

ing stamps of various stations logged, or a copy of
the “"Radio News Amateurs' Handibook,”” a compact,
illustrated Radio Instruction Book containing over
200 pages of radio data and information,

SUBSCRIPTION OFFERS

Gentlemen:

I am enclosing . ... for a

............. vears

subscription to 0 RADIO NEWS, O SCIENCE AND INVEN-
TION, O THE EXPERIMENTER.

NAME . m o 0 e e P
One Year's Slsxbscripiion to:— p— ADDR
RADIO NEWS ., .......iiiuiiiiiennnaranss o R
SCIENCE & IN\I/-:E'y;_'ElF({)N .................. ggg ESS
THE EXPERIMENTER .. ..........c.c.0u. .. .
. o CITY ... STATE
Combination Subscription
Any two magazines, One vear each ......... $4.25

Or any one magazine for Two years.

PRENTUNI DESIRED

-4--------------n---------------------------u--I-----------------.-------u--.--------v----3




